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Comorbidity of Epilepsy and Stroke

Cerebrovascular disorders are one of the most common identifiable causes of epi-
lepsy, especially in the elderly [1]. Seizures after a stroke can occur early, within 
7–14 days [2–6], or late, after 14 days [7–10]. Early seizures do not necessarily 
progress to epilepsy, but may result in increased morbidity and mortality. Reports 
vary considerably regarding the incidence of single seizures and epilepsy after a 
stroke. In adults younger than 50 years of age, 12.7 % with ischemic strokes and 
25.6 % with intracranial hemorrhage developed epilepsy. This study used the more 
recent definition of epilepsy, which is the occurrence of a single seizure associated 
with an enduring condition associated with epilepsy. Another large study reported 
the occurrence of seizures in 168 (8.9 %) of 1897 persons following an ischemic 
stroke and 28 (10.6 %) of 265 after a hemorrhagic stroke [4]. Most seizures occurred 
within 2 years of the stroke.

A critical question addressing the issue of treatment is the occurrence of a second 
seizure after a single seizure. Unfortunately, this is a difficult question to answer 
from the literature. Many physicians initiate treatment with antiepileptic drugs 
(AEDs) following a single seizure because of the perception that there is a high risk 
of additional seizures in the context of stroke and seizure. Thus, reports of recur-
rent seizures are confounded with treatment, and it is difficult to establish the risk 
of epilepsy as defined by two or more unprovoked seizures. In one study by Arntz, 
75 % of persons with an ischemic stroke and 80 % with a hemorrhagic stroke were 
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prescribed AEDs. Nevertheless, nine with ischemic and four with hemorrhagic had 
additional seizures during AED treatment.

There is a paucity of data regarding morbidity and mortality resulting from sei-
zures after a stroke; however, at least one study, the Canadian Registry, has shown 
a higher mortality rate at 30 days (36.2 %) and 1 year (48.6 %). The presence of 
seizures may also lead to longer hospital stay and disability [11].

Management

Clear evidence to support the role of prophylactic seizure medications in patients 
with ischemic and hemorrhagic stroke is lacking. The Cochrane review published in 
2010 (covering a period of almost 60 years) did not find any randomized controlled 
trials evaluating the role of AEDs in either primary or secondary prevention of sei-
zures post stroke and highlighted that there was not enough evidence for the use 
of AEDs in either primary or secondary prevention of seizures post stroke [12]. A 
more recent Cochrane review for primary or secondary prevention of seizures after 
subarachnoid hemorrhage (SAH) did not show any evidence to support or oppose 
the use of these as prophylaxis [13].

Based on currently available evidence, most neurologists support not initiating 
an AED for prevention of poststroke seizures. However, if a seizure occurs in the 
setting of a stroke, an AED is often started due to high risk of recurrence due to 
the underlying structural lesion. The duration of treatment depends on many vari-
ables. The risk–benefit ratio must be evaluated carefully, particularly in the elderly 
patients. A careful review of all the other medications that may interact with the 
AED chosen (including lowering of seizure threshold) has to be done to avoid poor 
outcomes. In most cases, a single AED is sufficient to control poststroke seizures 
when treatment was required [8].

The choice of an AED depends on many variables as well. No randomized clini-
cal trials have explored the evaluation of older versus newer AEDs in stroke-relat-
ed epilepsy. However, the newer agents offer the advantage of fewer side effects, 
which makes them appropriate to use particularly in the elderly [14, 15, 35]. A few 
studies have shown gabapentin and lamotrigine to be effective in the treatment of 
late-onset poststroke seizures [16, 17].

Several studies have tried to review early versus late onset of seizures and the 
role of AEDs. In poststroke seizures, there has been no evidence that AEDs affect 
the course of recurrent seizures after treatment is discontinued. Some studies sug-
gest that AED treatment can be discontinued in early seizures after a month if there 
are no further seizures noted [18, 19].

The effects of poststroke seizures on the outcome of stroke are unclear, with 
conflicting reports from different studies [20]. However, the factor with the most 
impact on stroke outcome is the underlying cause of stroke itself.
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Choosing the Right AED

Stroke incidence rises with every age decade, and the bulk of stroke patients are 
over 60 years of age. Age-related physiologic changes directly impact the blood 
levels of AEDs by influencing protein binding and reduction in liver volume and 
blood flow. Because of the complexity of confounding variables and the lack of 
correlation between simple measures of liver function and drug metabolism, the 
effect of age on hepatic drug metabolism remains largely unknown [21]. Interest-
ingly, genetic determinants of hepatic isoenzymes may be more important than age 
in determining a person’s clearance [22].

Renal clearance is the major route of elimination for a number of newer AEDs. 
It is well known that an elderly person’s renal capacity decreases by approximately 
10 % per decade [23]. However, there exists a substantial amount of individual vari-
ability because clearance is also highly dependent upon the patient’s general state of 
health [24]. Thus, purely age-based dose recommendations may not be appropriate. 
Measurements of serum creatinine and estimations of creatinine clearance may be 
more helpful in determining the dose. Measurement of the actual AED concentra-
tion at steady state is the most accurate means to determine that the dose is ap-
propriate. Despite the known effects of age-related physiologic changes on drug 
disposition and the widespread use of AEDs in the elderly, few studies on AED 
pharmacokinetics in the elderly have been published.

Variability of AED Levels over Time

Studies have shown that in compliant patients, the variability of AED concentra-
tions over time is relatively small. Compliant clinic patients experienced variability 
of approximately 20–25 % [25, 26]. Approximately 5–10 % of this variability may 
be due to inter-laboratory variability in measurement of drug concentrations, al-
though laboratories not following rigid quality control standards may experience 
even larger amounts of variability. The remainder of noted variability arises from 
day-to-day alterations in absorption, metabolism, or differences in AED manufac-
turing processes between brand and generic drugs. In nursing homes, however, 
some patients experienced a difference in concentration of two- to threefold from 
the lowest to the highest level [27].

Clinical Trials of AEDs in the Elderly

All major AEDs have a Food and Drug Administration (FDA) indication for use for 
the seizure types most likely to be encountered in the elderly. However, there are 
little data relating specifically to these drugs in the elderly, and those that are avail-
able have been limited to the community-dwelling elderly. One post hoc Veterans 
Administration (VA) cooperative study of carbamazepine and valproate found that 
elderly patients often had seizure control associated with lower AED levels than 
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those seen in younger subjects. Notably, these elderly patients also experienced side 
effects at lower levels compared with those seen in younger subjects [28].

A multicenter, double-blind, randomized comparison between lamotrigine and 
carbamazepine in newly diagnosed epileptic elderly patients (mean = 77 years of 
age) in the UK showed that the main difference between the two groups was the rate 
of drop out due to adverse events, with lamotrigine incurring an 18 % dropout rate 
compared to that of carbamazepine which incurred a 42 % dropout rate [29]. The 
VA Cooperative Study #428, an 18-center, parallel, double-blind trial on the use of 
gabapentin, lamotrigine, and carbamazepine in patients ≥ 60 years of age found that 
drug efficacy did not differ, but the main finding favoring the two newer AEDs was 
better tolerability than carbamazepine [30].

Choosing AEDs for the Elderly

At the present time, there are little data regarding the clinical use of AEDs in the 
elderly. The paucity of information makes it very difficult to recommend specific 
AEDs with any confidence that outcomes will be optimal. A drug that is optimal 
for the elderly healthy with only epilepsy may not be appropriate for elderly with 
multiple medical problems or the frail elderly.

Phenytoin

Phenytoin is effective for localization-related epilepsies, and thus has an efficacy 
profile appropriate for the elderly. Evidence for this can be gathered from a VA 
cooperative study that included elderly patients that found phenytoin to be as effec-
tive as carbamazepine, phenobarbital, and primidone, but that phenytoin and carba-
mazepine were better tolerated [31]. Phenytoin has a narrow therapeutic range, is 
approximately 90 % bound to serum albumin, and undergoes saturable metabolism, 
which has the effect of producing nonlinear changes in serum concentrations when 
the dose is changed or absorption is altered. Clinical studies in elderly patients have 
shown decrease in phenytoin binding to albumin and increase in free fraction. A re-
cent study suggested that metabolism does not decrease greatly with age in healthy 
elderly. Using stable-labeled (nonradioactive) phenytoin to very precisely measure 
the phenytoin clearance, one study found that advancing age was not as much of 
a factor as had been previously reported [32]. A range of 5–15 mg/L total may be 
more appropriate as a therapeutic range for the elderly due to abnormal protein 
binding [33].

Phenytoin has many drug–drug interactions and should be used cautiously in el-
derly patients receiving other medications. There is also some indication that selec-
tive serotonin reuptake inhibitor (SSRI) antidepressants may inhibit the cytochrome 
2C family of P450 enzymes responsible for metabolizing phenytoin. Fluoxetine and 
norfluoxetine are more potent inhibitors of this enzyme, followed by sertraline and 
paroxetine. The latter two SSRI antidepressants may prove to be a safer choice in 
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the elderly. Coumadin also has a very complicated interaction with phenytoin, and 
often doses of both need to be manipulated.

Phenytoin is also known to be a mild blocker of cardiac conduction, and should 
be used cautiously in persons with conduction defects, especially heart blocks. Phe-
nytoin is the least expensive major AED, but because of its issues that may lead to 
complications, its global cost may be greater than the cost of newer AEDs.

Carbamazepine

Carbamazepine is effective for localization-related epilepsies, and thus has an ef-
ficacy profile appropriate for the elderly. Evidence from two large VA cooperative 
studies showed it to be as effective as phenytoin, phenobarbital, primidone, and 
valproate, but better tolerated than the latter three [31, 34]. Two studies of new-
onset epilepsy in the community-dwelling elderly found it to be as effective as la-
motrigine, but noted that it had a higher incidence of side effects [29, 30].

The apparent clearance of carbamazepine has been reported to be 20–40 % lower 
in the elderly as compared to adults [26, 35, 36]. Carbamazepine has some signifi-
cant drug–drug interactions with medications that inhibit the cytochrome P450 en-
zyme, CYP3A4. Among the inhibitors are erythromycin, fluoxetine, ketoconazole, 
propoxyphene (Darvon), and cimetidine (Tagamet). At least one food (grapefruit 
juice) has been identified to interact with carbamazepine, causing increase in its 
serum concentrations. Elderly healthy patients will need to be cautioned about these 
interactions, and should be instructed to inform the physician whenever they are 
beginning a new medication, including any over-the-counter medications. A major 
concern with carbamazepine is its effect on sodium levels. The hyponatremia as-
sociated with carbamazepine is more pronounced as a person becomes older [37]. 
This may become more problematic if a person is on a salt restriction diet or a di-
uretic. Carbamazepine is also known to affect cardiac rhythms, and should be used 
cautiously, if at all, in persons with rhythm disturbances.

Phenobarbital

Although phenobarbital is the least expensive of all AEDs, its side-effect profile, 
which includes worsening of cognition and depression, makes it an undesirable 
drug for the elderly, especially in the nursing home setting where declines in cogni-
tion are already present.

Valproic Acid

Only a few studies have compared the pharmacokinetics of valproic acid in young 
and old patients [38, 39]. Total valproic acid clearances are similar in young and 
elderly individuals; however, unbound clearance is higher in the elderly [40].
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Much like phenytoin, valproic acid is associated with reduced protein binding 
and unbound clearance in the elderly. Because of its effects on mood stabilization, 
it may be especially appropriate for elderly patients with a need for this effect.

Gabapentin

Gabapentin is effective for localization-related epilepsies, and has an efficacy pro-
file appropriate for the elderly. Gabapentin is not metabolized by the liver, but rather 
renally excreted; therefore, there are no drug–drug interactions [41].There is, how-
ever, a reduction of renal function that correlates with advancing age, so doses may 
need to be adjusted. Because gabapentin is effective in treating neuralgic pain, it 
may be additionally beneficial for someone suffering from both epilepsy and pain. 
The VA Cooperative Study #428 compared carbamazepine with gabapentin and la-
motrigine. Efficacies were similar but withdrawal related to side effects was highest 
for carbamazepine [30].

Lamotrigine

Lamotrigine is effective for localization-related epilepsies, and has an efficacy pro-
file appropriate for the elderly. However, very few studies regarding lamotrigine 
and its effects on the elderly have been published. Lamotrigine is primarily me-
tabolized by the liver using the glucuronidation pathway, which, unlike the P450 
system, is thought to be less affected by age [42]. Data from a population pharma-
cokinetic study of 163 epilepsy patients, which only included 30 subjects greater 
than 65 years of age, 10 subjects between 70 and 76 years of age and no subjects 
from the old-old age group, showed that age did not affect lamotrigine apparent 
clearance [43]. Based on a study of 150 elderly subjects, the dropout rate due to 
adverse events was lower with lamotrigine (18 %) than with carbamazepine (42 %). 
The difference was attributable to the finding that lamotrigine subjects had fewer 
rashes (lamotrigine 3 %, carbamazepine 19 %) and fewer complaints of somnolence 
(lamotrigine 12 %, carbamazepine 29 %) [29]. Elderly community-dwelling epi-
lepsy patients aged 59–92 years from the VA Cooperative Study #428 showed that 
lamotrigine apparent clearance can be effected by blood urea nitrogen and serum 
creatinine ratio, weight, and phenytoin use [44].

Levetiracetam

Levetiracetam has been approved as an adjunctive therapy for partial-onset seizures 
in adults. Levetiracetam is extremely water soluble, which allows for rapid and 
complete absorption after oral administration. Levetiracetam is not metabolized by 
the liver, and thus is free of nonlinear elimination kinetics, auto-induction kinet-
ics, and drug–drug interactions. Lack of protein binding (< 10 %) also avoids the 



12710  Medical Management of Seizures in Cerebrovascular Disorders

problems of displacing highly protein-bound drugs and the monitoring of unbound 
concentrations. Also, lack of drug interactions would make it useful for treating 
elderly epilepsy patients, particularly those patients who have other illnesses and 
are taking other medications [45]. Notably, the manufacturer reports a decrease of 
38 % in total body clearance and an increased half-life up to 2.5 h longer in elderly 
subjects (age 61–88 years) who exhibited creatinine clearances ranging from 30 to 
74 mL/min. However, doses do need to be adjusted depending on the renal function 
of the patient as measured by serum creatinine and levetiracetam concentrations 
[46].

One prospective phase 4 study indicates a favorable efficacy profile in the el-
derly [47]. Levetiracetam also appears to have a favorable safety profile. It was 
initially studied as a potential agent for treating cognitive disorders in the elderly, 
and thus a considerable amount of data regarding its tolerability in this age group is 
available. Analysis of 3252 elderly persons involved in studies of levetiracetam for 
epilepsy and other conditions demonstrated that levetiracetam was well tolerated 
by the elderly [48] .

Oxcarbazepine

Oxcarbazepine appears to have a more powerful effect on sodium balance than 
carbamazepine, and this effect has been shown to increase with age resulting in 
more pronounced hyponatremia in this age group [37]. This effect may make it a 
particularly problematic AED in the elderly who may likely be on antihypertensive 
agents and other drugs that can alter sodium balance.

Pregabalin

Pregabalin is related to gabapentin but is more potent, with doses of only one fifth 
those of gabapentin needed for therapeutic effect. Its absorption also appears to be 
more predictable because of the lower amounts transported across the intestinal 
system. Although it may prove to be a favorable AED for the elderly, its cost and 
lack of experimental and clinical data may limit its use.

Topiramate

Topiramate is effective for localization-related epilepsies, and thus has an efficacy 
profile appropriate for the elderly. Topiramate is approximately 20 % bound to se-
rum proteins and is both metabolized by the liver and excreted unchanged in the 
urine. The enzymes involved in topiramate’s metabolism have not been identified; 
however, the cytochrome P450 system may be involved. Topiramate clearance 
may decrease with age, causing higher than expected serum concentrations with 
doses that are used in younger adults. Topiramate does have effects on cognitive 
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functioning, especially at higher levels. However, it is not known if the elderly will 
be more sensitive to this problem.

Zonisamide

Zonisamide is effective for localization-related epilepsies [49]. Protein binding is 
approximately 40 % and its major elimination pathway is hepatic as a substrate of 
CYP3A4. It may thus have interactions with other drugs using this pathway. In ad-
dition to the usual side effects of AEDs of somnolence and dizziness, zonisamide 
may be associated with weight loss. It has an association with the development of 
renal calculi in approximately 1–2 % of persons during chronic use [50].

Drug Interactions with Non-AEDs

Co-medications are frequently used by elderly patients. Many concomitant medica-
tions taken by elderly patients can alter the absorption, distribution, and metabolism 
of AEDs, thereby increasing the risk of toxicity or therapeutic failure.

Calcium-containing antacids and sucralfate reduce the absorption of phenytoin 
[51, 52].The absorption of phenytoin, carbamazepine, and valproate may be re-
duced significantly by oral antineoplastic drugs that damage gastrointestinal cells 
[53, 54]. In addition, phenytoin concentrations may be lowered by intravenously 
administered antineoplastic agents [53, 54]. The use of folic acid for treatment of 
megaloblastic anemia may decrease serum concentrations of phenytoin and enteral 
feedings can also lower serum concentrations in patients receiving orally adminis-
tered phenytoin [55].

Many drugs displace AEDs from plasma proteins, an effect that is especially 
serious when the interacting drug also inhibits the metabolism of the displaced 
drug; this occurs when valproate interacts with phenytoin. Several drugs used on a 
short-term basis (including propoxyphene and erythromycin) or as a maintenance 
therapy (such as cimetidine, diltiazem, fluoxetine, and verapamil) significantly in-
hibit the metabolism of one or more AEDs that are metabolized by the P450 system. 
Certain agents can induce the P450 system or other enzymes, causing an increase 
in drug metabolism. The most commonly prescribed inducers of drug metabolism 
are phenytoin, phenobarbital, carbamazepine, and primidone. Ethanol, when used 
chronically, also induces drug metabolism [56].

The interaction between antipsychotic drugs and AEDs is complex. Hepatic 
metabolism of certain antipsychotics such as haloperidol can be increased by car-
bamazepine, resulting in diminished psychotropic response. Antipsychotic medica-
tions, especially chlorpromazine, promazine, trifluoperazine, and perphenazine, can 
reduce the threshold for seizures, and the risk of seizure is directly proportional to 
the total number of psychotropic medications being taken, their doses, any abrupt 
increases in doses, and the presence of organized brain pathology [57]. The epi-
leptic patient taking antipsychotic drugs may need a higher dose of antiepileptic 
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medication to control seizures. In contrast, central nervous system depressants are 
likely to lower the maximum dose of AEDs that can be administered before toxic 
symptoms occur [58–60].

Compliance

Adherence to a prescribed regimen (compliance) is a challenge in the elderly due to 
multiple medications, memory problems, and visual issues. In general, twice-daily 
dosing is preferable. In long-term care facilities, drug adherence may be less of an 
issue than with community-dwelling elderly patients; however, reductions in staff 
and time spent on the multiple administration of medicines may help to reduce er-
rors and cost [61–69].

Summary

Seizures after a stroke are not uncommon, and early recognition and appropriate 
management can lead to reduction in morbidity and mortality as well as contribute 
to reducing functional restrictions. This is particularly important in the elderly, who 
may have other comorbidities which result in delayed diagnosis, especially if non-
convulsive status epilepticus is present. Although there is no role of primary preven-
tion of seizures after stroke, AED is often introduced after a seizure. The duration 
and choice of agent have to be carefully determined according to patient profile. 
As the care of both stroke and seizures continues to improve, better guidelines may 
emerge in the future to evaluate, manage, and prevent further morbidity and mortal-
ity in those patients with poststroke seizures. At the present time, management of 
seizures in the elderly is more an art than a science, and more studies are needed.
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