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Abstract 

Background: The clinical data for intravenous levetiracetam in status epilepticus is limited particularly 
in the Asian populations. This study aimed to review the clinical use, effi cacy, and outcomes of 
intravenous levetiracetam in Thai adults with status epilepticus. Methods: Clinical data of patients who 
were diagnosed as status epilepticus, aged over 15 years, and who received intravenous levetiracetam 
were retrospectively reviewed. The study was done at Srinagarind Hospital, Khon Kaen University, 
Thailand. The study period was between August 2010 and June 2012. Clinical data and outcomes were 
studied. Factors associated with a worse outcome of intravenous levetiracetam in status epilepticus 
were examined. Results: There were 34 prescriptions for intravenous levetiracetam in patients with 
status epilepticus. Approximately half of the patients were male (18 patients) and the mean age was 
58.4 (range 15-91 years). All patients had at least one co-morbidity condition. The four most common 
causes of SE were electrolyte abnormalities or hypoglycemia with sepsis (14), renal dysfunction 
(12), hypoxic ischemic encephalopathy (11), and hepatic dysfunction (6). The seizure control rate 
was 61.8% (21 patients). There were 14 patients (41.2%) who were alive and had improvement at 
the time of discharge. Compared to those with worse outcome, there was no statistical difference in 
age, gender, type of status epilepticus, renal dysfunction, or second-line treatment except numbers of 
co-morbidity conditions. The worse outcome group had signifi cantly higher numbers of co-morbidity 
conditions (p value 0.036).
Conclusion: Intravenous levetiracetam has good effi cacy and may be a good option for status 
epilepticus. 
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INTRODUCTION

Status epilepticus (SE) is a condition with 
persistent seizure more than 5 minutes or the 
patient does not gain the consciousness during 
the interictal period. It is an emergency condition 
and requires prompt diagnosis and treatment for 
better outcomes.1 The mortality rate of SE in 
Srinagarind hospital, Khon Kaen University was 
35% compared to 20-25% in the US and 21.4% 
in France.2,3 Clinical treatment guidelines and 
new drug development are needed to improve 
treatment outcomes of SE.4,5

 Levetiracetam is a new antiepileptic drug 
(AED) in a group of pyrrolidones and has broad 
spectrum action for seizure control. Regarding 
pharmacokinetics, levetiracetam binds to serum 
proteins less than 10% and is not metabolized 
by the cytochrome P450 system or undergo 
glucuronidation in liver. It therefore has a low 
risk of drug interaction to other medications. 

Levetiracetam can also be given intravenously 
at a rapid rate. Presently, it has been used in SE, 
particularly in Europe. The seizure control effi cacy 
was 44-100% for SE. Clinical effi cacy and safety 
data, however, are limited in Asian populations. 
Due to the high cost of levetiracetam, it may have 
limited clinical applications in developing Asian 
countries. We report here the use of levetiracetam 
in a cohort of Thai SE patients.

METHODS

In this retrospective study, we reviewed medical 
charts of SE patients with an age of more than 
15 years, who were treated with intravenous 
levetiracetam at Srinagarind hospital, Khon Kaen 
University, Thailand. The review consisted of 
patients treated between August 2010 and June 
2012. The data abstracted included the baseline 
characteristics of patients, dose, seizure control, 
and outcome of the intravenous levetiracetam 
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treatment. Data are presented by descriptive 
statistics and details for each patient. Clinical 
features of patients who had improvement at 
the time of discharge and those who died were 
compared. The Wilcoxon rank sum test was used 
to identify differences of continuous variables 
between those patients who were alive and had 
improvement with those who were not. Chi 
squared or Fisher Exact test was used to test 
differences of categorical variables between 
the two mentioned groups. The study protocol 
was approved by Khon Kaen University ethics 
committee for human research (HE551265). 

Operational defi nitions of the study

Generalized convulsive SE was defined as 
recurrent convulsive seizures that may be overt 
or subtle, symmetric or asymmetric, and were 
associated with profound coma and bilateral, 
although often has asymmetric, ictal discharges 
on EEG.6 

Non-convulsive SE was defined as status 
epilepticus with a change in behaviour and/
or mental processes from baseline, associated 
or associated with continuous epileptiform 
discharges in the electroencephalogram, or in 
response to treatment.7

The primary goal for the outcome of the study 
was clinical seizure control. Seizure control was 
defi ned clinically as no seizure occurrence after 
intravenous levetiracetam treatment without 
additional AED treatment or increasing the 
dose of levetiracetam. Uncontrolled was defi ned 
by a seizure occurrence despite intravenous 
levetiracetam treatment and additional AED 
intervention, relapse seizures, or increasing the 
dose of levetiracetam. Renal dysfunction was 
indicated by serum creatinine levels more than 1.5 
mg/dL, while hepatic dysfunction was defi ned as 
increased levels of serum transaminase by more 
than three folds or evidence of liver cirrhosis.

Co-morbidities were defi ned as pre-existing 
diseases, previous history and/or complication 
or adverse events developed before or following 
admission.

RESULTS

There were 55 prescriptions of intravenous 
levetiracetam during the study period. The medical 
record of 4 prescriptions could not be traced, 
and 34 prescriptions were used in SE treatment. 

Approximately half of patients were male (18 
patients) and the mean age was 58.4 (range 15-
91) years. Half of the patients (17 patients) had 
generalized convulsive SE (Table 1). All patients 
had CT brain scans; cerebral infarction and normal 
brain fi ndings were the most two common fi ndings 
in 18 and 10 patients. Electroencephalograms 
(EEGs) were done in 27 patients (79.4%). 
Epileptiform discharges were seen in 18 patients 
(66.7%) as shown in Table 2.
 Five patients (14.7%) had a previous history of 
epilepsy. All patients had at least one co-morbidity 
(Table 1). The 4 most common causes of SE 
were electrolyte abnormalities or hypoglycemia 
with sepsis (14 patients), renal dysfunction (12 
patients), hypoxic ischemic encephalopathy (11 
patients), and hepatic dysfunction (6 patients). 
 The clinical features of the patients are 
summarized in Tables 1 and 3. The mean loading 
dose of intravenous levetiracetam was 1,545 mg 
(S.D.1,015) and the mean maintenance dose was 
1,128 mg (S.D. 538.53). Intravenous levetiracetam 
was used as the fi rst-, second-, third-line AED in 
6, 11, and 9 patients. 
 The seizure control rate was 61.8% (21 
patients). Two out of 6 patients who received 
levetiracetam treatment as the fi rst-line AED were 
alive with good status at discharge (Table 3),
while 12 out of 28 patients who received 
levetiracetam as other orders had good outcomes. 
There were 14 patients (41.2%) who were alive 
and had improvement at the time of discharge. 
Compared to those with worse outcome, there was 
no statistical difference in age, gender, type of SE, 
renal dysfunction, or second-line treatment except 
in numbers of co-morbidities. Co-morbidities 
were defi ned in the method section and are 
enumerated in Table 2. The worse outcome group 
had signifi cantly higher numbers of co-morbidity 
conditions (p = 0.036) as shown on Table 4. 

DISCUSSION

Intravenous levetiracetam was used in SE because 
it has less drug interaction, can be infused quickly 
and safely. Most SE patients in this study had 
co-morbidity of renal and hepatic dysfunction 
resulting in diffi culty in using some AEDs. 
 The recommended dose of intravenous 
levetiracetam in SE in Thailand is 20-25 mg per 
kg as a loading dose over 30 minutes and 20-25 
mg per kg for a maintenance dose with continuous 
infusion over 24 hours. One patient who 
weighed 100 kg (no. 16, Table 3), had a loading 
dose that fell outside the recommended dose.
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 The effi cacy or seizure control rate in SE by 
intravenous levetiracetam was 61.8%, while 14 
patients (41.2%) survived and had an improved 
status at discharge. Even though there are several 
factors that may affect the seizure control and 
long-term outcome by intravenous levetiracetam 
in SE, this study shows that its use may be 
associated with good outcomes and high rate of 
seizure control. The seizure control rate in the 
same range as previous studies (Table 5).8-19 The 
mortality rate of this study may be higher than 
most of the previous studies because our patients 
had high numbers of co-morbidities, and disease 
complications. 
 The number of co-morbidity conditions was 
the only signifi cant factor between those patients 
with better and worse outcomes. Patients with a 
median of 3 co-morbidity conditions resulted in 
a worse outcome. Other factors were not different 

between better and worse outcome groups (Table 
4). A previous study showed that epilepsy was 
the most common co-morbidity in 83 episodes of 
refractory SE (33/83 or 39.8%).20 This suggests 
that known epilepsy may also be a risk factor for 
poor outcome. In the present series, only 5 patients 
had pre-existing epilepsy and 4 of them had good 
outcomes with intravenous levetiracetam (Table 
3). It may indicate that intravenous levetiracetam 
may be appropriate for SE patients with epilepsy. 
Further prospective studies are needed to study 
the clinical predictors for better outcomes in SE 
treated by intravenous levetiracetam. The present 
study had a small sample size. In addition, 
data were not randomized and the retrospective 
collection resulted in missing data, no data 
on time to receive levetiracetam, and time to 
seizure control. EEGs were also not done in all 
patients. 

Table 2: CT brain and EEG fi ndings in patients who received intravenous levetiracetam for SE.

 No. of patients %

CT brain 34 100
   Cerebral infarction 18 52.9
   Normal 10 29.4
   Intracerebral hemorrhage 2 5.9
   Brain atrophy 2 5.9
   Diffuse brain swelling 1 2.9
   Other: encephalomalacia 1 2.9
EEG 27 79.4
   Epileptic discharge 18 66.7
   No epileptic discharge 5 18.5
   Encephalopathy 4 14.8

Table 4: Comparison between patients who had improvement at the time of discharge and those who 
died

 Alive and  Dead p value
 improvement N = 20
 N = 14
 

Median age (range), years 52 (15-85) 66.5 (20-91) 0.248

Male gender, N (%) 7 (50) 11 (55) 0.773

Convulsive status epilepticus, N (%) 9 (64.3) 8 (40) 0.296

Renal dysfunction, N (%) 7 (50) 12 (60) 0.820

Intravenous levetiracetam as a second-line antiepileptic  
drug after benzodiazepine treatment, N (%) 5 (35.7) 6 (30) 0.726

Median number of comorbidity conditions (range),  
numbers 2 (1-4) 3 (1-6) 0.024 
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Table 5. Summary of previous studies on intravenous levetiracetam treatment in status epilepticus. 7,9-13,16-21

 Study  Country  Population  Seizure control  Mortality
     No./percent 

Retrospective     

Ruegg 2008 Switzerland  24 SE(50 Pt) 16/24(67%)  3/50(6%) 

Knake 2008 Germany  18 SE 18/18(100%) N/A 

Beyenburg 2009 Luxembourg 8 SE 6/8(75%) 0 

Moddel 2009 Germany  36 SE 25/36(69%)  6(16.7%) 

Gamez-Leyva  2009 Spain  34 SE  24/34(70.5%)  3(8.8%)

Berning  2009 Germany  32 SE  30/32(94%)  2(6.3%) 

Fattouch 2010 Italy 9 SE 7/9(78%) 0 

Aiguabella 2011 Spain  40 SE  23/40(58%)  7(17.5%) 

Alvarez 2011 Switzerland 58 SE 30/58(52%) 9/47(19.1%)

 
Prospective        

Misra 2011 India 48 SE  36/48(75%)  30(62.5%) 

Tripathi 2010 India 41 SE 28/41(68.3%) 2(4.8%) 

Eue 2009 Germany 43 SE 19/43(44.2%)  N/A 

NA, not available

 In conclusion, intravenous levetiracetam had 
good effi cacy in this cohort of Thai patients and 
may be a good option for SE treatment particularly 
those with metabolic derangements. 
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