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Background: Antiepileptic drug monotherapy is the mainstay of treatment for epilepsy;

however, the efficacy of different antiepileptic drugs in reducing the incidence of seizure-

related hospitalization among older adults, who are at higher risk of developing epilepsy

compared to their younger counterparts, has not been examined.

Purpose: The objective of the present study was to compare the rate of seizure-related

hospitalization among older adults on levetiracetam compared to different antiepileptic drugs

(AEDs).

Patients and methods: This was a retrospective cohort study of older adults (≥60 years) in

two tertiary care hospitals. Patients who are 60 years of age and older, have a confirmed

diagnosis of epilepsy, and are taking a single and the same antiepileptic drug for at least 36

months were included. The patients were followed up for 24 months after 12 months of

treatment with no incidence of seizure-related hospitalization via their health records.

Multiple Poisson regression with robust error variance was used to estimate the relative

risk of hospitalization for patients on levetiracetam compared to different antiepileptic drugs

controlling for age, gender, number of prescription medications, dosage strengths, and

Charlson Comorbidity Index (CCI) score.

Results: One hundred and thirty-six patients met the inclusion criteria and were included in

the study. The recruited patients were on one of the following four antiepileptic drugs:

carbamazepine (n=44), levetiracetam (n=39), phenytoin (n=31), and valproic acid (n=22).

Patients on levetiracetam were more than twice as likely to be hospitalized due to seizures

within the 24 months of follow-up compared to their counterparts on other AEDs (RR=2.76,

95% CI=1.16–6.53, P=0.021).

Conclusion: This study suggests that older adults on old generation AEDs such as pheny-

toin, carbamazepine, and valproic acid appear to have a lower risk of seizure-related

hospitalization compared to their counterparts on levetiracetam.
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Introduction
Older adults are more likely to develop seizures compared to their younger

counterparts.1 This can be attributable to a multitude of risk factors that older

adults are usually presented with such as stroke, head injuries, and dementia.2–4

The incidence of epilepsy is reported to be as high as 60 per 100,000 people in

those aged between 40 and 59 years,5 though it can be more than 135 per 100,000
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people in those aged 80 years and older.3 Additionally, the

rate of epilepsy-related mortality is two to three times

higher among older adults (e.g., ≥60 years) than their

younger counterparts.6 The World Health Organization

(WHO) estimated that epilepsy may represent 1% of the

global burden of disease since its lifetime prevalence could

be as large as 70 million people worldwide.7,8 The rates of

mortality and hospitalization have increased within the last

decade, especially among newly diagnosed patients.9

However, age was not found to be associated with health-

care services utilization according to a study that explored

the predictors of healthcare resources utilization among a

sample of epileptic patients in the United States,10 though

the cost of healthcare services utilization is believed be

significantly higher among older adults with epilepsy than

those without epilepsy.11

Epilepsy management is largely based on pharmacother-

apy. Many antiepileptic drugs (AEDs) used in epilepsy

treatment have variable efficacy and safety profiles.12

Currently, there are two generations of AEDs. The first

generation of AEDs, such as phenobarbital, phenytoin, val-

proic acid, ethosuximide, and carbamazepine, are still used

extensively in the management of epilepsy across different

age groups; however, the risk of adverse events is generally

higher with those AEDs compared to the second generation

of AEDs, such as levetiracetam, lamotrigine, oxcarbaze-

pine, zonisamide, and topiramate.13–16 It is known that

appropriate selection of an AED can result in effective

management of epilepsy and long-term remission shortly

after the initiation of treatment, and approximately 70% of

the patients can achieve seizure-freedom with a single

AED.17 Therefore, different professional organizations,

such as the International League against Epilepsy, have

published guidelines that assist clinicians in choosing the

right AED for their patients.18,19

Multiple studies have compared the efficacy and toler-

ability of several AEDs. Brodie et al,20 compared the

efficacy and tolerability of levetiracetam vs controlled-

release carbamazepine in a sample of adult patients with

newly diagnosed focal or generalized tonic-clonic seizures

in a randomized, multicenter, double-blind trial. Although

the withdrawal rate due to adverse events between the two

drugs was higher among patients on carbamazepine, the

percentage of patients who achieved seizure-freedom was

slightly higher among patients on carbamazepine com-

pared to their counterparts on levetiracetam (58.5% vs

56.6%).20 Similarly, in another multicentre randomized

controlled trial that investigated the safety and efficacy

of levetiracetam vs sustained-release carbamazepine in a

sample of 106 older adults (>65 years) with post-stroke

seizure, levetiracetam was non-inferior to carbamazepine

in achieving seizure-freedom for 52 weeks, but patients on

levetiracetam had a significantly lower rate of adverse

events overall compared to patients on carbamazepine.21

However, this was not the case with the risk of fracture in

which patients on levetiracetam, carbamazepine, or val-

proic acid had the same risk of fracture after 15 months of

follow-up.22 Additionally, the new AEDs, such as levetir-

acetam and lamotrigine, do not appear to lower the rate of

adverse events compared to old AEDs, such as phenytoin

and carbamazepine, according to another study that com-

pared the self-reported rates of AED adverse events in a

sample of older adults.23 The SANAD study group has

conducted an unblinded randomized clinical trial to com-

pare the efficacy of carbamazepine against lamotrigine,

oxcarbazepine, gabapentin, and topiramate for controlling

seizures in patients with focal seizures. Lamotrigine was

found to be non-inferior to carbamazepine and clinically

better than other AEDs in the study for focal seizures.24

For generalized and unclassified seizures, the SANAD

study group conducted another study to compare the effi-

cacy of valproic acid vs lamotrigine and topiramate for

controlling seizures. Although valproic acid was signifi-

cantly better than topiramate for controlling generalized

seizures, it was not better than lamotrigine.25 The findings

of the SANAD study group’s unblinded randomized clin-

ical trials for focal and generalized seizures were con-

firmed in the latest network meta-analysis by the

Cochrane group, which suggests that carbamazepine and

lamotrigine should be considered as first-line treatment

options for patients with focal seizures while levetiracetam

can be considered as an alternative. In contrast, valproic

acid and lamotrigine should be considered first-line treat-

ment options for generalized seizures with levetiracetam

being considered as an alternative.17

Although multiple randomized controlled studies have

compared the efficacy of different AED monotherapies,17

very few studies have examined their efficacy in elderly

patients (≥60 years).26–29 Moreover, these clinical trials

have looked into the efficacy of different AEDs among

older adults in terms of retention time as well as seizure-

freedom over a 12-month period at most following the

initiation of AED treatment.17,30,31 However, the efficacy

of different AED monotherapies in terms of preventing

seizure-related hospitalization, which is defined as inpati-

ent hospital admissions due to uncontrolled seizures,
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following 12 months of stabilization with no incidence of

seizure-related hospitalization has not been examined

before in older adults with epilepsy. Therefore, the aim

of this study was to compare the rates of seizure-related

hospitalizations among older adults with epilepsy on leve-

tiracetam, which is the most commonly used new AED

among epileptic elderly patients in Saudi Arabia, com-

pared to different AED monotherapies over a 24-month

period following 12 months of treatment with no incidence

of seizure-related hospitalization.

Materials And Methods
Study Design
This study was a retrospective review of medical charts of

older adults visiting outpatient neurology clinics at two

tertiary care hospitals in Riyadh, Saudi Arabia. Patient

medical charts were reviewed by two neurologists to con-

firm their diagnosis with epilepsy prior to their inclusion in

the study. We identified 556 consecutive elderly epileptic

patients who were at least 12 months free from a seizure-

related hospitalization, from patients seen in outpatient

neurology clinics from Jan 2015 to Jan 2016.

Retrospective data were collected from Jan 2014 to Jan

2018 using both paper and electronic patient medical

records. Patients who were on more than one AED or

not on a single AED for at least 36 months or who did

not have complete data on prescription medications, and

other comorbidities were excluded. Patients’ age, gender,

education level, nationality, marital status, type of seizure,

number of prescription medications, and name and dosage

of AED were collected. The burden of illness was assessed

using the Charlson Comorbidity Index (CCI), which

assigns weighted scores to 17 different medical conditions

depending on the severity and nature of the medical con-

dition that patient has; higher CCI scores are associated

with worse rates of morbidity and mortality.32 The study

was approved by the institutional review boards of King

Saud University Medical City and King Faisal Specialist

Hospital and Research Center in Riyadh, Saudi Arabia

(project numbers E16-1933 and 2161160) were the data

collection took place. The patient population in these two

public tertiary care hospitals is mostly Saudi citizens who

have been referred by the ministry of health. The study

was granted a waiver of the consent form by the institu-

tional review boards of the two hospitals since no personal

identifiers (e.g., name, address, and national identification

number) were collected. The ethical principles for medical

research involving human subjects as stated in the declara-

tion of Helsinki were adhered to.

Participants
Older adults aged 60 years or over with focal or general-

ized seizures and on a single AED were recruited to the

study. Patients had to be on the same AED for at least 36

months and must not have had any seizure-related hospi-

talizations in the first 12 months of treatment prior to their

follow-up for an additional 24 months. Cancer patients,

and those with missing observations on prescription drugs

and other comorbidities as well as those with no neurology

outpatient clinic visits for regular check-up, and those with

no electronic medical record were excluded from the

study. Furthermore, patients who did not fill their medica-

tions on a regular basis were also excluded.

Statistical Analysis
The chi-square test or Fisher’s exact test was used as

appropriate to compare the percentages of categorical vari-

ables, such as gender, across the different AEDs. Analysis

of variance (ANOVA) was used to compare the means of

continuous variables across the patients on different

AEDs. Multiple Poisson regression with robust error var-

iance was used to estimate the relative risk of hospitaliza-

tion for patients on different antiepileptic drugs controlling

for age, gender, number of prescription medications, and

Charlson Comorbidity Index (CCI) score. Furthermore, the

dosage strengths of AEDs were controlled for using the

interaction terms between the utilization of each AED and

its dosage. The minimum sample size was estimated to be

68 patients based on α=0.05, power of 0.8, and medium

effect size (F2=0.15).

Results
Of 556 elderly epileptic patients who were identified

between Jan 2015 and Jan2018, only 136 met the study’s

inclusion criteria and were included in the analysis, as is

shown in Figure 1. The patients’ sociodemographic and

medical characteristics are summarized in Table 1. More

than two-thirds of the patients (71%) were on old AEDs,

such as carbamazepine (32%), phenytoin (23%), and val-

proic acid (16%), while approximately 29% of the patients

were on levetiracetam. The mean ages of the patients on

each AED were comparable, and their overall mean age

was approximately 70 years. Most of the patients were

married (84%), with no formal education (57%), male

(54%), and from Saudi Arabia (93%). Approximately
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47% of the patients had generalized seizures, 26.47% had

focal seizures, and 26.47% had unclassified seizures. The

mean number of prescription medications and the CCI

scores for the patients were approximately six and three,

respectively. The mean dosages of patients on levetirace-

tam, carbamazepine, phenytoin, and valproic acid were

approximately 1011, 456, 245, and 934 mg, respectively.

Approximately 51% of the patients on levetiracetam, 39%

on carbamazepine, 36% on valproic acid, and 19% on

phenytoin had an incidence of seizure-related hospitaliza-

tion within the 24 months of follow-up as is shown in

Figure 2. The utilization of levetiracetam was associated

with almost a 3-fold higher risk of hospitalization due to

seizure within the 24 months of follow-up (RR=2.76, 95%

CI=1.16–6.53, P=0.021) compared to other AEDs control-

ling for age, gender, education level, number of prescrip-

tion medications, dosage strength, and CCI score, as

shown in Table 2.

Discussion
The current study examined the rate of seizure-related

hospitalizations among older adults with seizure disorders

on levetiracetam monotherapy compared to different old

AED monotherapies, such as carbamazepine, phenytoin,

and valproic acid, over a 24-month period. Although sev-

eral randomized trials and observational studies have

shown preferable therapeutic efficacy and favourable

safety and drug interaction profiles of levetiracetam in

the management of both focal and generalized seizures in

comparison to different AED monotherapies,17 few of

these studies were designed to examine the efficacy of

levetiracetam among older adults.28,30,31 Furthermore,

these studies have assessed the efficacy of different

AED monotherapies using 12-month seizure-freedom

rates;28,30,31 however, our current study examined the effi-

cacy of levetiracetam and other AED monotherapies by

comparing the rates of seizure-related hospitalizations

between levetiracetam and other AED monotherapies

for 24 months after 12 months of treatment stabilization

with no incidence of seizure-related hospitalization.

Interestingly, the findings of this study are at odds with

the results of previous studies among older adults.30,31

Elderly patients on levetiracetam had a significantly higher

risk of hospitalization due to seizures compared to pheny-

toin, valproic acid, and carbamazepine controlling for their

age, gender, number of prescription medications, AED

Patients with epilepsy/seizure disorder
(n=556)

Did not meet the inclusion criteria:
(n=420)

262●

●

●

patients were not on a single AED for 
months.
patients had missing information on

prescription drugs and comorbidities 
information.
48 patients were on more than one AED.

Patients who met the inclusion 
criteria 
(n=136)

Figure 1 Patients’ recruitment scheme.
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dosage strength, burden of illness as measured by CCI,

and education level. Patients on levetiracetam had the

highest rate of seizure-related hospitalization, while

patients on phenytoin had the lowest rate. Although phe-

nytoin utilization for seizure disorders has been reduced

over the last two decades largely because of its adverse

effects profile, it appeared to perform better than most

AEDs for both generalized and focal onset seizures.17

This study’s results question the value of levetiracetam

among elderly patients for controlling seizures and redu-

cing the rate of seizure-related hospitalization, which is

associated with significantly higher healthcare utilization

costs11 in the long term. Moreover, these findings may

partially lend support to the authors’ conclusions in the

Cochrane review on the efficacy of AED monotherapies,

in which carbamazepine and sodium valproate are consid-

ered suitable as first-line treatments for focal onset and

generalized tonic-clonic seizures, respectively, however it

questions the suitability of levetiracetam as first-line treat-

ment for the aforementioned types of seizures among

elderly patients with epilepsy.17 Besides the higher like-

lihood of seizure-related hospitalization among elderly

patients on levetiracetam, the number of prescription med-

ications was associated with higher likelihood of seizure-

related hospitalization which is consistent with previously

published studies that linked higher number of prescription

medications among elderly patients with epilepsy to poor

medication adherence and higher risk of hospitalization.33

Table 1 Baseline Characteristics Of Patients

Characteristic Antiepileptic Drug (AED)

Levetiracetam

(N=39)

Carbamazepine

(N=44)

Phenytoin

(N=31)

Valproic Acid

(N=22)

Total

(N=136)

Age (years), mean ± SD 69.12 ± 5.6 69.02 ± 7.75 72.06 ± 8.88 69.36 ± 9.13 69.80 ± 7.75

Gender, n (%)

Male 21 (51.28) 23 (52.27) 16 (51.61) 14 (63.63) 74 (54.41)

Female 18 (46.15) 21 (47.72) 15 (48.38) 8 (36.36) 62 (45.59)

Marital status, n (%)

Married 33 (84.61) 40 (90.9) 23 (74.19) 18 (81.81) 114 (83.82)

Widowed 6 (15.38) 4 (9.09) 2 (6.45) 3 (13.63) 15 (11.03)

Divorced 0 (0.00%) 0 (0.00%) 4 (12.9) 0 (0.00%) 4 (2.94)

Single 0 (0.00%) 0 (0.00%) 2 (6.45) 1 (4.54) 3 (2.21)

Nationality, n (%)

Saudi 35 (89.74) 41 (93.18) 30 (96.77) 20 (90.9) 126 (92.65)

Non-Saudi 4 (10.25) 3 (6.81) 1 (3.22) 2 (9.09) 10 (7.35)

Education, n (%)

No formal education 21 (53.84) 27 (61.36) 19 (61.29) 10 (45.45) 77 (56.62)

Elementary school 6 (15.38) 5 (11.36) 5 (16.12) 2 (9.09) 18 (13.24)

Intermediate school 1 (2.56) 3 (6.81) 0 (0.00%) 2 (9.09) 6 (4.41)

High school 3 (7.69) 3 (6.81) 2 (6.45) 0 (0.00%) 8 (5.88)

Associate degree 3 (7.69) 4 (9.09) 2 (6.45) 2 (9.09) 11 (8.09)

Bachelor degree 5 (12.82) 2 (4.54) 3 (9.67) 6 (27.27) 16 (11.76)

Number of Prescription Medications,

mean ± SD

5.79 ± 2.86 5.38 ± 3.13 6.32 ± 3.07 6.31 ± 3.06 5.86 ± 3.02

CCI, mean ±SD 3.35 ± 2.09 2.54 ± 1.86 3.7 ± 2.9 3.04 ± 1.88 3.12 ± 2.23

Types of seizures, n (%)

Focal 10 (25.64) 15 (34.09) 8 (25.8) 3 (13.63) 36 (26.47)

Generalized 17 (43.58) 18 (40.9) 13 (41.9) 16 (72.72) 64 (47.06)

Unclassified 12 (30.76) 11 (25) 10 (32.25) 3 (13.63) 36 (26.47)

Mean AED dosage in milligrams ±SD 1011.72 ± 384.29 465.22 ± 224.32 244.89 ± 73.77 933.87 ± 395.26 -

Abbreviations: AED, antiepileptic drug, LEV, levetiracetam; CBZ, carbamazepine; PHT, phenytoin; VPA, valproic acid; CCI, Charlson comorbidity index.
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Although this study has investigated the rate of seizure-

related hospitalization among older adults on levetiracetam

monotherapy in comparison to old AEDs, such as pheny-

toin, carbamazepine, and valproic acid over a 24-month

period, its findings have multiple limitations. First, the

study design was a retrospective medical chart review,

which has multiple limitations such as information bias.34

Furthermore, a significant number of patients were excluded

due to missing information. Despite the fact that the patients

in this study should not have any issues with their posses-

sion of AEDs given that prescription medications are dis-

pensed for all patients without any charge in the medical

centres in which the study took place, medication adherence

was not controlled for. However, the authors have con-

trolled for multiple variables that are believed to influence

adherence, such as the number of prescription medications

and the burden of illness as measured by the CCI,32 gender,-
35 and patients’ level of education.36 Moreover, the study

did not control for the frequency of seizures at baseline as

well as the duration of illness which can influence the

findings of this study. However, a 12-month period of

stabilization on the same AED with no incidence of sei-

zure-related hospitalization was chosen to reduce the impact

of such confounding factors. Additionally, although the

likelihood of patients being hospitalized in other hospitals

due to seizures cannot be excluded, it is very unlikely given

the structure of the public health system in Saudi Arabia in

which patients can only be admitted in hospitals where their

medical files are in. Emergency department (ED) visits

were also not controlled for, however, all of the patients

who were admitted were seen and evaluated in the ED

before their admission. Finally, the study took place in

only two tertiary care centers, which limits the generaliz-

ability of the study findings.

Conclusion
The management of epilepsy among older adults with

levetiracetam may not be as effective as other old AEDs

51.28

38.63

19.35

36.36

0

10

20

30

40

50

60

Levetiracetam Carbamazepine Phenytoin Valproic Acid

Rate of Hospitalization for Different
Antiepileptic Drugs (%)

Levetiracetam Carbamazepine Phenytoin Valproic Acid

Figure 2 Rate of seizure-related hospitalization for different antiepileptic drugs.

Table 2 The Risk Of Hospitalization For Patients On Levetiracetam,

Carbamazepine, Phenytoin, And Valproic Acid

Variable Relative Risk (95%

Confidence Interval)

P-value

Levetiracetam

utilization§
2.76 (1.16–6.53) 0.021

Education 0.96 (0.85–1.09) 0.599

CCI 0.91 (0.81−1.02) 0.106

Gender 0.69 (0.43–1.10) 0.119

Age 0.99 (0.96–1.03) 0.961

Number of prescription

medications

1.1 (1.03–1.20) 0.009

Notes: §The utilization of different antiepileptic drugs (AEDs) was adjusted for

dosage strengths. The bold data signify statistical significant (P<0.05).
Abbreviation: CCI, Charlson comorbidity index.
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for ensuring seizure freedom in the long term, as the

findings of this study suggest. Seizure-related hospitaliza-

tions are associated with immense direct medical costs and

unfavourable clinical outcomes. Therefore, future studies

should examine the rate of seizure-related hospitalizations

among different AED monotherapies including levetirace-

tam on a large scale and with more robust research

designs.

Abbreviations
AED, antiepileptic drug; CCI, Charlson comorbidity

index; WHO, world health organization.
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