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Abstract
Epilepsy is one of the most prevalent neurological disorders both in the 

United States and worldwide.  It is present in 0.5-1% of the population, with a 10% 
lifetime risk of experiencing a single seizure. Anesthesiologists are frequently 
faced with the management of seizures in epileptic and nonepileptic patients in 
the intraoperative, emergency, or intensive care unit settings. This review aims 
to provide an update on the pathophysiology, clinical presentation and treatment 
strategies of perioperative seizures and the pro- and anti-convulsant properties 
of anesthetic agents, focused on neurosurgical populations. 

Many aspects of anesthesia may affect seizure incidence in the perioperative 
setting, including changes in antiepileptic drug regimen causing sub therapeutic 
antiepileptic drug (AED) blood levels, nil per os (NPO) status, anxiety, sleep 
deprivation, and drug interactions. Several general anesthetics and drugs used 
during anesthesia possess pro-convulsant properties that may trigger clinical 
seizures at induction or emergence. Anesthetic-induced epilepsy has been 
described during anesthesia with sevoflurane, isoflurane, etomidate, local 
anesthetics, opioids, propofol, as well as other anesthetics and auxiliary drugs. 
In neurosurgical patients, perioperative seizure risk is highly relevant, especially 
in patients with brain tumors, subarachnoid hemorrhage (SAH) and traumatic 
brain injury (TBI). Although common in practice, routine antiepileptic prophylaxis 
in neurosurgical patients remains controversial. 
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neurotransmitters like glutamate and GABA, interact with specific 
receptors, (NMDA, AMPA and GABA) to control signal conduction, 
neurocircuit activity and neuronal synchronization within the CNS 
[4-6]. 

Understanding the pathophysiology of seizures and epilepsy 
is the initial step in exploring the pro- or anticonvulsant effects of 
anesthetic drugs and establishing rational therapeutic measures [7].

Epileptogenesis is a sequence of events that turn the normal 
neuronal network into a hyperexcitable one. Progression to 
neuronal hyperexcitation results in functional reorganization at the 
synaptic and network levels and predisposes to structural changes 
[8]. The underlying biological mechanisms of these changes are 
not fully understood and studied. Complex intracellular and 
extracellular ionic shifts, osmolar changes, neuro-glial and synaptic 
deregulation, neuroactive substance and cytokine release, alterations 
in gene expression and action of micro RNAs all contribute to the 
development and maintenance of the hyperexcitable state [6]. 

Neuronal hyperexcitability is facilitated by acute changes in 
transcellular electrolyte balance. With increases in intracellular sodium 
(Na+) and calcium (Ca2+) concentrations, decrease in extracellular 
chloride (Cl-), and blockage of rectifier potassium currents as well 
as decreased GABA-ergic inhibition. Metabolic changes induced 

Introduction
Seizures are the clinical manifestation of the brain’s abnormal 

electrical activity with enhanced synchrony. They emerge from a 
hyper excitable focus within the brain where synchronized electrical 
activity has been formed [1,2]. Epilepsy can be defined as recurrent 
seizures unprovoked by acute systemic or neurologic insult [2].

Worldwide, around 50 million people suffer from epilepsy. In 
developing countries the annual rate of new cases reaches 6-10 per 
1000 of population [3].  Since the introduction of anesthesia in medical 
practice, numerous reports of perioperative seizures have been 
published in medical literature.  Many anesthetic agents have been 
shown to either increase or decrease seizure threshold. Nonetheless, 
the incidence, risk factors, pathophysiological mechanisms and 
prophylactic measures of anesthetic drug-induced seizures are still 
not fully understood. 

This review focuses on the pathophysiology, clinical presentation 
and treatment strategies of perioperative seizures and the pro- and 
anticonvulsant properties of anesthetic agents.

Pathophysiology
Central nervous system (CNS) synchronicity and excitability 

are controlled by multiple factors. Excitatory and inhibitory 
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by tissue hypoxia and ischemia, hypoglycemia and other factors, 
may further increase the epileptogenic potential in the brain [6,9]. 
Massive ionic fluxes and excessive depolarization may result in 
simultaneous neuronal discharges and synchronized oscillations of 
the membrane potentials [6]. Important potential master regulators 
of epileptogenesis have emerged in recent years, including brain-
derived neurotrophic factor (BDNF)–tropomyosin-related kinase B 
(TRKB) also known as NTRK2 signaling, the mammalian target of 
rapamycin (mTOR) pathway and  the RE1-silencing transcription 
factor (REST) pathway [10,11].

In addition to up regulation of specific transcription factors, 
substantial structural changes develop in brain tissue during formation 
of the epileptogenic focus. These include neurodegeneration, 
neurogenesis, local gliosis, axonal damage or sprouting, dendritic 
plasticity, blood–brain barrier disruption, local recruitment of 
inflammatory cells, reorganization of the extracellular matrix and 
molecular architecture of individual neuronal cells [8].

Excitotoxic cell damage during epilepsy is one of the major 
mechanisms determining disease progression and treatment outcome. 
Uncontrolled release of excitatory neurotransmitters triggers massive 
transmembrane Ca2+ influx and its release from the intracellular 
storage compartments.  This initiates a cascade of downstream 
reactions resulting in structural membrane damage, edema, apoptosis 
and necrosis. Additional contributors to progression of the disease 
and irreversible tissue damage include hypermetabolism and 
mismatch between the demand and supply of oxygen and nutrients, 
metabolic and respiratory acidosis, hypoxemia, and cerebral ischemia 
[6,12].  

Increased neuronal synchrony in thalamocortical neurons both 
during anesthesia and sleep is one of the proposed mechanisms for 
the development of anesthetic drug-induced seizures. These events 
happen more commonly during induction and emergence from 
anesthesia [7,13]. Synchronous patterns happen typical during the 
sleep period and can be detected on the electroencephalogram (EEG) 
as slow cortical oscillations (<1 Hz) and delta activity (<4 Hz). Similar 
patterns can be registered during induction and maintenance of 

anesthesia [7]. 

Sleep spindles appear in response to inactivation of low-threshold 
Ca2+ spikes and hyper polarization of cortical and thalamocortical 
neurons, mainly those of the reticular nucleus of the thalamus. 
Increased cortical oscillation and synchrony are intimately associated 
with spike-wave seizures. During wakefulness, sleep oscillations are 
suppressed and low-amplitude rapidly irregular frequency alpha (8-
13 Hz) and beta (14-30 Hz) bands dominate the EEG tracing  [14].

Gowers [15] observed an exclusively nocturnal occurrence of 
generalized seizures in 20% of patients. He also observed a peak 
occurrence around bedtime and waking up hours, 9-11 pm, and 3-5 
am respectively. This time pattern was also observed in an analysis 
of two large series of patients with tonic-clonic generalized seizures 
[16,17].  A high incidence of seizures during the awakening period 
was found, also called ‘awakening epilepsies’ [14].

Besides sleep patterns, there are other factors associated with 
an increased risk for seizures in the perioperative setting: anesthetic 
usage, electrolyte abnormalities, hypoglycemia, medication 
withdrawal, patient age, hyperventilation, and changes in usual AED 
regimens [18]. 

Classification 
Seizures can be classified in two major groups according to the 

extent of the electrical disturbance [11]. (Table 1).

Implications in the perioperative setting

Intraoperative seizures may evoke patient movement during 
surgery, interfere with airway patency and ventilation, induce 
cerebral and systemic acidosis, increase intracranial pressure, and 
cause cerebral edema [2]. In severe cases, status epilepticus (SE) 
may develop [2]. This is a serious condition that carries a short-term 
mortality of up to 22% and long-term mortality of 43% [19]. Multiple 
factors related to perioperative patient management may contribute 
to seizure development. For example, changes in antiepileptic 
drug regimen due to patient noncompliance or NPO status sleep 
deprivation, fatigue, stress, surgical pain, adverse drug reactions and 

International Classification of Seizures

Partial Seizures

Simple partial seizures (consciousness not impaired)

- With motor symptoms
- With sensory symptoms

- With autonomic symptoms
- With psychic symptoms

Complex partial seizures (with impaired consciousness)
- Simple partial seizures followed by impairment of consciousness

- With impairment of consciousness at seizure onset

Partial seizures evolving to secondary generalized seizures

- Simple partial secondarily generalized
- Complex partial secondarily generalized

- Simple partial evolving to complex partial evolving to generalized

Generalized Seizures
- Absence seizures (formerly called petit mal)

- Myoclonic seizures
- Clonic seizures
- Tonic seizures

- Tonic clonic seizures (formerly called grand mal)
- Atonic seizures (drop attacks)

Table 1:
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interactions between anesthetics and anticonvulsants [2,20]. 

In 2005, Akavipat [21] identified a perioperative seizure incidence 
of 3.1 per 10,000 patients. According to the authors, up to 67.9% of 
cases were related to surgery, 54.72% were attributed to patient-
related factors, and 30.19% of cases were directly associated with 
anesthesia. 

Niesen [20] retrospectively studied 6-years of medical records for 
641 patients with a preexisting seizure disorder, who were admitted to 
the hospital for at least 24 hours after anesthesia for non-neurological 
procedures. Among those patients, 3.4% experienced perioperative 
seizures. Clinically significant factors associated with increased risk 
were younger age (40.3 ± 22.2 vs 53.3 ± 22.6 years; P=0.011), more 
frequent seizures at baseline, and a shorter length of time between the 
last seizure and hospital admission (p < 0.001).  Perioperative seizure 
activity of these patients was related to sub therapeutic blood levels 
of AEDs. 

A multidisciplinary approach might be required to effectively 
manage the patients at risk of perioperative seizures, including those 
requiring multiple medications to achieve seizure control and patients 
with a history of frequent or recent seizures [20,22]. It is important 
to determine baseline AED blood levels to ensure perioperative drug 
compliance and prevent sub therapeutic levels. Special attention is 
needed on patients in which medications that alter AED absorption 
and metabolism are prescribed, such as, rifampin, carbapenems, 
sucralfate, antacids, cisplatin, etoposide and other chemotherapeutic 
drugs [23,24]. Anesthesia providers should have sufficient knowledge 
and expertise to assess the blood levels of AED medications, existing 
options of antiepileptic therapy and the possibility of adverse drug 
interactions [20].

Once a seizure takes place, measures must be taken to prevent its 
progression into SE. The most common causes of perioperative SE 
are AED withdrawal, alterations in dosing, switching to alternative 
drugs, and comorbid conditions including cerebrovascular disease, 
epilepsy, fever, systemic infections, malignancy, metabolic disorders 
and  drug toxicity [19].

Benzodiazepines are considered first line drugs for termination 
of convulsive status epilepticus (CSE). Initial management of CSE 
includes general resuscitative measures to support the cardiovascular 
and respiratory function, securing adequate intravenous (IV) access, 
and IV administration of a benzodiazepine [2]. In the operating 
room, thiopental and propofol can also be considered as reasonable 
first choices [25]. 50 ml of 50% dextrose should be administered if 
hypoglycemic seizures are suspected or 250 mg thiamine and glucose 
(dosage) if impaired nutrition or alcohol abuse is suspected [2].

Seizures lasting over 5-30 minutes are considered established status 
epilepticus and phenytoin, fosphenytoin, valproate, phenobarbital, 
and levetiracetam should be considered for treatment. If SE persists 
after therapy with 2 AEDs, a refractory SE is diagnosed, and general 
anesthesia should be administered. Propofol, thiopental and 
ketamine infusions, as well as inhalational anesthesia with isoflurane 
or desflurane, have been shown to be effective in the management of 
refractory status epilepticus. Continuous EEG monitoring is required 
to assess epileptic activity and to monitor weaning. Maximal therapy 
should be maintained until twelve to twenty four hours after the last 

clinical or electrographic seizure [2]. Thereafter, a gradual tapering of 
IV AEDs with a switching to enteric route is carried out.

AEDs and anesthetic drugs

Anesthetic agents do not significantly alter AED pharmacokinetics 
[2]. However many AEDs induce or inhibit the expression of 
cytochrome P450 isoenzymes thus modifying the metabolism of many 
drugs used in general anesthesia [23]. Phenytoin, carbamazepine, 
phenobarbital, and primidone stimulate the metabolism of fentanyl, 
vecuronium and other non-depolarizing neuromuscular agents, as 
well β-blockers, (propranolol, and metoprolol), and calcium channel 
antagonists, (nifedipine, felodipine, nimodipine, and verapamil). 
Other medications affected include psychotropic medications, 
immunosuppressants, and antibacterials [23].

 In contrast, new generation AEDs such as gabapentin, 
lamotrigine, levetiracetam, tiagabine, topiramate, vigabatrin, and 
zonisamide do not have clinically significant enzyme-inducing 
properties.  Valproic acid is an enzyme inhibitor and may inhibit the 
metabolism of amitriptyline and nortriptyline, which could lead to 
overdose and seizure precipitation [23,26].

Generally, perioperative AED drug blood level monitoring is not 
required. However, in critically ill patients admitted to the intensive 
care unit (ICU), antiepileptic therapy in conjunction with closely 
monitored blood concentrations may be a safe and reliable approach 
[2,27].

NPO and AED therapy

Niesen [20] underscored the importance of maintaining inpatient 
dosing regimens as close as possible to what the patient is accustomed 
to as an outpatient. Preoperative consultation with a neurologist may 
become necessary in those cases requiring multiple medications or 
when a parenteral formulation is unavailable. Assessment of the 
potency of parenteral formulations is necessary to avoid perioperative 
seizures related to in-hospital alterations of the antiepileptic regiments 
[20].

Wichards [28] reviewed the currently available parenteral options 
for AED substitution during the perioperative period. They divided 
the AEDs into groups based on the availability of equivalence data 
for parenteral or rectal dosage forms. Drugs such as benzodiazepines 
(clonazepam, diazepam, lorazepam), phenobarbital, phenytoin, 
valproic acid, gabapentin, lacosamide and levetiracetam have 
equivalence data for parenteral or rectal dosage forms [28]. 

Drugs with little data on parenteral administration include 
clobazam, nitrazepam, carbamazepine, ethosuximide, primidone, 
lamotrigine, oxcarbazepine and topiramate. AEDs without available 
parenteral replacement require use of alternative medications. In 
these cases, parenteral benzodiazepines may prevent withdrawal 
seizures [28]. In cases where combination therapy is justified for 
seizure control or when perioperative substitution with intravenous 
agents is required, interaction between various AEDs needs to be 
taken into account and dose adjustments made. Regular therapy 
with oral medications should be resumed as soon as the patient can 
tolerate the oral intake [28].

Sleep deprivation
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Sleep deprivation (SD) predisposes to clinical seizures as well as 
epilepticform discharges on the EEG [29] even in patients with no 
prior seizure history.

Transcranial magnetic stimulation studies suggest increased 
cortical excitability in sleep-deprived patients. Selective rapid eye 
movement (REM) SD significantly reduces silent period duration 
and intracortical inhibition [30,31]. These SD modifications in 
cortical excitability may be mediated by GABA ergic neurons. As 
SD is associated with seizure induction as well as increased intensity 
and duration of seizures [32], it seems rational to promote healthy 
sleep for at-risk patients undergoing anesthetic procedures. Such an 
approach is especially important for patients with underlying seizure 
disorder [32].

Fatigue and Stress

Patients report stress and tiredness as factors that precipitate 
seizures and increase their frequency. Nakken [33] studied the 
relationship between different precipitating factors and the occurrence 
of seizures in 1677 adult patients. In their series, emotional stress and 
tiredness were among the three most commonly reported factors 
(20.9% and 9.5% respectively) with equal distributions between 
generalized and partial seizures [33]. In children, however, the most 
common precipitants reported were illness and fever (32%) [34].

Mechanisms on how the stress can predispose to seizures are 
not fully understood. Nevertheless, perioperative stress reduction, 
although difficult, should be taken into consideration as a non 
pharmacologic means of seizure prevention.  In addition to direct 
antiepileptic effects, preoperative benzodiazepines may also promote 
anxiolysis and relieve stress.

Hyperventilation

Hyperventilation is associated with a decline in PCO2 and 
subsequent decrease in cerebral blood flow. These changes tend 
to decrease the normal alpha and beta activity on the EEG and 
induce a synchronous delta activity (<4 Hz). The epileptogenic 
effects of hypocapnia have been used as a diagnostic tool during 
electrophysiological diagnosis of epilepsy [35].

Children are especially sensitive to PCO2 variations. 
Hyperventilation-induced EEG changes occur in 95% of epileptic 
children compared to 40% of epileptic adults [35].

In contrast, voluntary hyperventilation studies in epileptic 
patients have shown a low incidence (5%) of epilepticform EEG 
changes which rarely manifest clinically in adults and adolescents 
[36]. According to Holmes [36] only 0.52% of patients with localized 
epilepsy and no patient with generalized seizures developed clinical 
seizures in response to hyperventilation. Interictal electrical 
discharges, increased in 12.2% of patients with generalized epilepsy 
and 3.4% with focal epilepsy.

Thus, currently available data recommends avoiding 
hyperventilation in patients prone to development of epileptic 
seizures, particularly, in pediatric patients and in patients undergoing 
induction of anesthesia with sevoflurane [37]. During induction in 
epileptic patients, slow preoxygenation is preferable compared to a 
fast oxygenation technique, as the latter may trigger a clinical seizure 

(unpublished own data). 

Anesthetics

In 1990, Modica [38,39] analyzed the pro- and anticonvulsant 
properties of anesthetic and analgesic medications. Following their 
publication, the epileptogenic potential of anesthetic drugs has 
been widely studied. Pro-convulsant properties have been mainly 
attributed to local anesthetics, volatile agents, opioids, ketamine, 
etomidate, propofol and low doses of methohexital. 

Local anesthetics

CNS compromise resulting from the local anesthetic-induced 
systemic toxicity (LAST) is well recognized. The overall estimated 
incidence of perioperative seizures related to local anesthetic toxicity 
is 120 per 10,000 [40].

Since the early 1900’s, many studies have demonstrated both 
the pro- and anticonvulsant properties of local anesthetics [19,39]. 
In lower doses, local anesthetics produce an antiepileptic action, 
while proepileptic effects become more pronounced after increasing 
the dose and plasma concentration. One of the explanations of the 
neurotoxic effects of local anaesthetics is their ability to rapidly cross 
the blood–brain barrier [41] and decrease seizure threshold in the 
hippocampus, cerebral cortex and amygdala, predisposing the patient 
to seizures. In lower concentrations, they act as anticonvulsants by 
depressing cerebral electrical activity, metabolism, and blood flow 
[18,42].

Kopp [43] found a 5.8% frequency of perioperative seizures 
in patients with a history of seizure disorder undergoing regional 
anesthesia (epidural, caudal, or peripheral nerve blocks). Nevertheless, 
they concluded that this type of regimen is not contraindicated in 
epileptic patients. 

Anesthesia providers should focus on increasing patient safety 
and implementing strategies that decrease LAST incidence during 
regional anesthesia. In patients predisposed to seizures, current 
recommendations include utilization of lowest effective anesthetic 
doses, using less toxic anesthetics, such as lidocaine or mepivacaine, 
and providing postoperative analgesia with opioid infusion [44]. 
In case of LAST, treatment recommendations include prompt 
airway management and lipid emulsion therapy with an  initial 
bolus of 1.5 mL/kg of 20% lipid emulsion followed by an  infusion 
of 0.25 mL/kg/min, not exceeding 10 mL/kg over 30 minutes. 
Concomitantly, benzodiazepines, propofol, or thiopental should 
be administered. If seizures persist despite benzodiazepines, small 
doses of succinylcholine or another neuromuscular blocker should 
be considered to minimize the motor manifestations of seizures and 
reduce acidosis and hypoxemia [45].

Neuraxial anesthesia, as well as high brachial plexus blocks, should 
be performed with monitoring for the possibility of inadvertent 
intrathecal injection of high doses of local anesthetics. In such cases, 
seizures and other symptoms of neurotoxicity may develop following 
injection. The rate of this complication can be minimized by adequate 
training, continuous patient monitoring during the injection, 
avoidance of high drug concentrations, and application of test doses 
prior to administration of the full anesthetic dose [46,47]. 

Volatile agents
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The pro-convulsant potential of volatile agents is explained by 
their ability to destabilize the cortex and delay inhibitory circuits [7]. 

Voss [13] compared the cortical effects of desflurane and other 
volatile anesthetic agents in sheep to investigate their ability to 
produce interictal spike discharges that could potentially translate 
into clinical seizure. They demonstrated that desflurane produced 
less cortical spikes compared to other inhalational anesthetics at 
a maintenance dose.  The agents could be ranked by their relative 
ability to cause spike activity: enflurane >> sevoflurane > isoflurane 
= desflurane [13].

Studies with sevoflurane have demonstrated subclinical 
paroxysmal cortical electrical excitability in epileptic and nonepileptic 
patients at surgical levels of minimum alveolar concentration 
(MAC) [28,48]. Constant [49] analyzed the EEG epileptic activity 
of sevoflurane and suggested clinical practice guidelines to limit 
the expression of the epilepticform phenomena. The epilepticform 
discharges were shown to be proximal to burst suppression periods, 
and spikes increased at MAC >1.5 in a dose-dependent manner. 

During sevoflurane anesthesia in children, the authors recommend 
keeping the maintenance doses below 1.5 MAC and premedicating 
the patients with benzodiazepines to avoid cortical hyper excitation 
and development of seizures [49,50].These recommendations can be 
applied to all patients at high risk or a history of seizures who undergo 
inhalational anesthesia. 

Intravenous agents

Propofol at low doses can induce both epilepticform activity on 
EEG and overt seizures during anesthesia induction and emergence. 
This may be explained by rapid changes of propofol concentration 
in the brain at the beginning or end of anesthesia [51]. Glycine 
antagonism and specific GABAA receptor agonism appear to mediate 
the epileptogenic potential of propofol [51]. According to Hadipour-
Jahromy and Daniels [51], propofol increases the inhibition of GABA 
ergic thalamopetal inputs to the thalamus, generates thalamo-cortical 
oscillations and promotes high-voltage spike and wave spindles and 
clinical seizures in animal models. 

As with many anesthetic agents, higher doses of propofol exhibit 
anticonvulsant properties attributed to NMDA antagonism and 
inhibition of neural firing by GABA [51,52]. Propofol selectively 
suppresses the L-type high-voltage-activated Ca2+ and Na+ currents, 
thus modulating neuronal excitability [53]. In cortical pyramidal 
neurons, propofol has been shown to decrease the duration and 
number of action potentials [52]. It also has been recommended, in 
combination with midazolam, for the management of seizures and 
refractory SE due to its GABAA activity, rapid titratability and short 
duration [54,55].

Etomidate: Etomidate acts on GABAA receptor β2 and β3 
subunits. The mechanism of its pro-convulsive action may be related 
to excessive activation of GABA ergic β2 receptors located on GABA 
ergic interneurons [7]. Another proposed mechanism is its effect on 
KCC2 co-transporter, chloride dominating GABAA influx currents, 
and excitatory response to GABA [7] Recent studies of epileptogenic 
properties of etomidate in patients undergoing electroconvulsive 
therapy showed longer seizure duration measured by EEG and motor 

activity compared to other anesthetics. It is considered the drug of 
choice in patients undergoing electroconvulsive therapy owing to its 
ability to induce high quality spikes on EEG [56].

Ketamine: Ketamine acts on NMDA glutamate receptor as 
a noncompetitive antagonist. Although some cases of ketamine 
induced seizures have been published in animals, multiple case 
reports suggest ketamine as an effective second-line strategy in the 
management of status epilepticus. It is suggested that during status 
epilepticus there is a down regulation of synaptic GABA receptors 
while NMDA receptor expression increases. These changes may lead 
to prolonged SE due to a decreased response to GABA agonists and 
increased glutamate stimulation respectively.  Besides the ability of 
ketamine to act independently of GABA receptors and to antagonize 
NMDA receptors, ketamine therapy produces less hypotension. 
Further studies are required to determine the optimal use of ketamine 
in seizure management [57,58].

Methohexital’s: Methohexital’s epileptogenic potential and 
ability to induce interictal spiking has been used to localize the 
epileptic focus during intra operative electrocorticography and 
epilepsy surgery. Methohexial has been shown to increase the 
duration of seizures in electroconvulsive therapy. During preoperative 
intracarotid barbiturate testing, performed occasionally for language 
and memory lateralization, methohexital injection may confer a 
higher risk of seizures in epileptic patients [59].

Opioids: Multiple mechanisms have been suggested to explain 
the epileptogenic effects of opioid analgesics. Neuro excitatory activity 
has been described for hydromorphone, morphine, meperidine, 
remifentanil and fentanyl [60,61]. Experimental models suggest that 
neuronal excitation is mediated via selective stimulation of κ and µ 
opioid receptors in a dose-dependent manner, decreased GABA ergic 
interneuronal inhibition of pyramidal neurons [62] and inhibition 
of hyperpolarization-activated K+ currents [7]. The ability of opioids 
to increase the epilepticform activity and duration of the seizure is 
routinely being used to localize the epileptogenic zone in patients 
undergoing electroconvulsive therapy and surgery for seizures 
[62,63].

In the perioperative setting, opioid-induced agitation, myoclonus, 
and seizures should be avoided. The excitatory activity of opioids 
is concentration-dependent. Low opioid doses with addition of 
adjuvant medications may help to prevent or decrease the incidence 
of perioperative seizures. Preventive and treatment options for 
opioid-induced seizure activity include facilitation of drug clearance, 
administration of benzodiazepines and opioid rotation [64].

Neurosurgery 
Brain tumors

Up to 60% of patients diagnosed with brain tumors develop 
seizures after diagnosis or already suffer from it at the time of 
presentation [65]. In patients with high risk of seizure development 
for example patients with gliomas, AED treatment with initial 
monotherapy at minimal effective dose is recommended. First-line 
agents include valproic acid, phenytoin, and levetiracetam. In a case 
of treatment failure, alternative AEDs, combination and / or adjunct 
therapy are indicated [66].
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Perioperative antiepileptic prophylaxis in patients with a brain 
tumor and without a prior history of seizures remains controversial. 
In 2009, a Cochrane review [65] estimated the effectiveness and 
rates of adverse events with AED-based (phenobarbital, phenytoin, 
and divalproex) seizure prophylaxis in patients diagnosed with 
brain tumors. They found no difference in first seizure prevention 
between intervention and control groups. However, an increased risk 
of adverse events, nausea, skin rash, sore gums, myelo suppression, 
vertigo, blurred vision, tremor, and gait unsteadiness, was found in 
patients receiving AEDs (Number Needed to Harm 3; RR 6.10, 95% 
CI: 1.10-34.63; P = 0.046).

The benefits of routine antiepileptic prophylaxis for neurosurgical 
patients are not obvious. Wu [67] recently conducted a prospective 
trial to study phenytoin as a prophylactic antiepileptic drug versus 
placebo in patients undergoing brain tumor resection. Patients 
received the investigational drug for 7 days after the surgery. The 
trial was terminated early after an interim analysis demonstrated no 
clinically significant difference in the incidence of seizures between 
the prophylaxis and the control groups (p=0.51) or the incidence of 
early seizures between both groups (p=0.62). The authors concluded 
that the overall incidence of seizures is low in patients undergoing 
brain tumor surgery. Furthermore, there was a significantly higher 
rate of adverse events in the phenytoin group (p<0.01). Future well 
designed prospective studies may help to define the subgroup of 
patients that will benefit from prophylactic antiepileptic therapy [65].

Subarachnoid hemorrhage

 The estimated incidence of seizures in patients with aneurysmal 
subarachnoid hemorrhage (SAH) is 5-8%. Up to 26% of seizures occur 
during the acute phase [26]. Patients at higher risk include those with 
cerebral infarcts, primary lesions located in the territory of the middle 
cerebral artery, hydrocephalus and intraparenchymal hematomas 
[68]. Multiple studies have demonstrated unfavorable outcomes in 
stroke patients receiving AED prophylaxis. In 2009 Resengart [68] 
analyzed 3552 patients with SAH. Among them, up to 65% received 
AEDs prophylaxis, phenytoin being the most commonly prescribed 
medication (52.8%).  The patients who received prophylactic AED 
showed a higher risk of unfavorable 3-month outcome. Naidech 
[69,70] also linked phenytoin prophylaxis with poor cognitive and 
functional outcome. 

Chumnanvej and colleagues [46] conducted a retrospective 
analysis of 453 patients and showed that a 3-day phenytoin prophylaxis 
prevented seizures in cases of SAH. In contrast to previous reports, 
they found a significant reduction in the complication rate with 
prophylactic therapy (p=0.002). 

According to the Guidelines for the Management of Aneurysmal 
Subarachnoid Hemorrhage, Special Writing Group of the Stroke 
Council, American Heart Association (2009) [71], administration 
of prophylactic anticonvulsants may be considered in the immediate 
posthemorrhagic period (Class IIb, Level of Evidence B). However, 
the routine long-term use of anticonvulsants is not recommended 
(Class III, Level of Evidence B) but may be considered for patients 
with risk factors such as prior seizures, parenchymal hematomas, 
infarcts, or middle cerebral artery aneurysms (Class IIb, Level of 
Evidence B). 

SAH-induced seizures must be recognized by the anesthesia care 
team as an indicator of severe SAH. All available risk factors should 
be taken into consideration to assess the potential benefits and risks 
of prophylactic anti-seizure therapy in patients diagnosed with 
aneurysmal SAH.

Brain stimulation

Cortical stimulation is essential in neurosurgical tumor resection. 
Intra operative mapping of the motor cortex and descending 
cerebrospinal pathways helps to preserve the motor function and 
avoid inadvertent trauma to the brain. Szelényi [72] showed that 
stimulation-associated seizures are a common occurrence with an 
incidence of 9.5% with 60-Hz stimulation and 1.2% with the train-
of-five technique (p<0.001). According to the authors, stimulation-
associated seizure risk is not affected by previous symptomatic 
epilepsy.

Seizures are less likely with brief high-frequency pulse trains and 
have not been reported with single pulses [73] 

Stimulation-induced seizures are mostly self-terminating.  
However, any focal seizure developing after electrical stimulation can 
be effectively treated with topical application of cold Ringer’s lactate 
solution or IV administration of barbiturates. [Sartorius and Berger, 
as cited in [72]]. Increases in post-discharge activity may be indicative 
of impending seizure, and will justify interruption of direct cortical 
stimulation. 

Traumatic brain injury

Posttraumatic epilepsy is one of the most common causes of 
acquired epilepsies. The likelihood of posttraumatic seizures (PTS) 
increases with the severity of the injury. Devastating lesions of brain 
parenchyma, such as intracranial hemorrhage and SAH, increase 
the risk of seizures. The incidence of early posttraumatic seizures 
(<7days) varies between 2.1-16.3%, and the risk of late posttraumatic 
seizures ranges from 2.1% to 25.3% [53].

Seizures increase local and systemic metabolic requirements, 
causing hyperemia, tissue hypoxia and release excitatory 
neurotransmitters. It may significantly compromise respiration and 
airway patency, and in refractory cases, intracranial hypertension may 
develop. Thus, development of clinical seizures in patients suffering 
from severe TBI justifies early intervention to prevent progressive 
metabolic derangement and further tissue injury [74]. 

The American Academy of Neurology and Brain Trauma 
Foundation recommend using prophylactic phenytoin or 
carbamazepine during the first 7 days following severe TBI [75]. 
However, such therapy is not recommended for late PTS prophylaxis 
[75]. The major advantage of phenytoin is the lack of sedation in 
therapeutic doses which is beneficial in TBI patients requiring 
frequent neurological assessment. The risk of short-term side effects 
of phenytoin is considered to be low [76].

Levetiracetam is an alternative to phenytoin for PTS prophylaxis. 
Recent studies suggest that the drug has an equivalent prophylactic 
potential [77] although it can induce epilepticform activity on EEG 
[78,79].

Conclusion
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The risk for development of perioperative seizures increases with 
fluctuations in AED intake and with many precipitating factors like 
hyperventilation, fever, electrolytic abnormalities, intra operative 
manipulations (transcranial stimulation) and other factors [20]. 
In high risk patients, epileptogenic properties of commonly used 
anesthetic drugs should be taken into consideration, as well as the 
possibility of adverse pharmacological interactions [7,25] 

EEG is diagnostic for seizures and helps adjust therapy based 
on the individual requirements of each patient. Intraoperative 
electrocorticographic monitoring allows for identification of the 
epileptogenic foci during epilepsy surgery as well as safer and more 
radical resection of tumors located in highly eloquent cortical regions.

The rationale for routine antiepileptic prophylaxis in neurosurgery 
is debatable, and more research is required to identify the patients 
who will benefit from such therapy. Antiepileptic prophylaxis is 
indicated early in severe TBI, while prophylactic AED administration 
is generally not recommended in patients with brain tumors, SAH, or 
TBI during the later phase of treatment [80].

Perioperative seizures may occur in patients with or without 
any history of epilepsy. Anesthesiologists should be familiar with 
the pathophysiology, risk factors and management strategies of 
perioperative seizures and should be able to undertake appropriate 
prophylactic measures in high risk patients. 
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