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Early Optimizing Usage of ASMs in Epilepsy Patients

• Seizures in the emergency room
– First unprovoked seizures
– Acute symptomatic seizures

• Seizures in the inpatient setting
– Acute symptomatic seizures
– First unprovoked seizures



Case

• A 67-year-old man with hypertension, dyslipidemia, 
hypertensive heart disease, atrial fibrillation and recent 
history of right MCA infarction 1 week ago with left 
hemiparesis

• Developed aspiration pneumonia during the period of 
admission

• During the 7th day of hospital admission developed focal 
to bilateral tonic clonic seizure in the ward

• ได้ valium 5 mg หยุดกระตุก



At ER

• VS: BT 36.5c, BP 140/85 mmHg, HR 66 bpm (irregular)
• GA: drowsiness, E3V2M6
• NS: mild gaze preference to left side, left facial palsy 

UMNL, motor tone flaccid left side, motor power right side 
gr IV, left side gr 0

• CT brain NC: subacute infarction in the right MCA 
distribution



• หลังจากกลับมาจาก CT brain มี focal to bilateral tonic clonic seizure x 
1 min อีกคร้ัง terminated by valium 10 mg IV

Medication before this admission
• Carvedilol 10 mg/d
• Warfarin 3 mg/d
• Atorvastatin 40 mg/d
• Amlodipine 5 mg/d
• Clonazepam 0.5 mg/d



Terms

Acute 
symptomatic
seizures

Remote symptomatic
seizures

Epilepsy
1st Unprovoked seizure

Seizures occur at the time of a systemic insult or 
in close temporal association with a documented brain insult
Usually within 7 days



Acute symptomatic seizure

• Seizures occur at the time of a systemic insult or in close 
temporal association with a documented brain insult
which may be metabolic, toxic, structural, infectious, or 
due to inflammation. 

• The interval between the insult and the seizure may vary 
according to the underlying clinical condition.



Epileptic Disord 2022; 24: 26-49
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• Seizures are considered acute symptomatic if they occur 

within the first 7 days of cerebrovascular disease 1, TBI                                  

, including intracranial surgery 2 and CNS infections 3

• In multiple sclerosis, acute symptomatic seizures occur as 

the first presenting symptom or within 7 days of relapse

• Prognosis of acute symptomatic seizures differs from that 

of unprovoked seizures 4

1 Jennett et al., 1973; Camilo & Goldstein, 2004

2 Jennett et al., 1973; Annegers et al., 1998

3 Annegers et al., 1988

4 Hesdorffer et al 2009



Epilepsia 2010; 51:671–675



Epidemiology 

• Acute symptomatic seizure: annual incidence 39/100,000
• Unprovoked seizure: incidence 42- 61/100,000/year
• 8.9-fold higher mortality rate in the first 30 days after the 

seizure event compared to first unprovoked seizures
• Mortality is particularly high in patients with acute symptomatic 

status epilepticus



Causes of acute symptomatic seizures in the population of Rochester, Minnesota, United States, 1935-1984.

Annegers JF, et al. Epilepsia 1995; 36: 327-33



Mauritz M, Hirsch LJ, Camfield P, et al. Epileptic Disord 2022; 24: 26-49



Risk of seizure recurrence after acute symptomatic and unprovoked seizures

Mauritz M, Hirsch LJ, Camfield P, et al. Epileptic Disord 2022; 24: 26-49

Most of the patients can be wean off ASMs after certain periods after acute insults



Acute symptomatic seizure: Treatment

• The aim of treatment with ASMs is to prevent further 
acute symptomatic seizures 

• However, data on how long to treat patients with acute 
symptomatic seizures with ASMs is largely lacking

• The duration of treatment with ASMs needs to be 
individualized for every patient and will depend on factors 
such as the underlying etiology



Considerations when treating acute symptomatic seizures

• High seizure recurrence rate in the acute setting à often 
need ASMs that can be given IV to achieve quick 
therapeutic levels

• High morbidity and mortality
• Patients often have multiple medical problems or are 

critically ill patients
• Patients often are on multiple medications



Available IV antiseizure medications

Shorvon S. Curr Opin Neurol 2011;24:165–170

Route of 
administration

Adult dose Pediatric dose

Phenytoin IV (<25-50 mg/min) 15-20 mg/kg 20 mg/kg at 25 mg/min

Fosphenytoin IV (<50-100 mg 
PE/min)

15-20 mg 
PE/kg

na

Phenobarbital IV (<100 mg/min) 10-20 mg/kg 15-20 mg/kg

Valproate IV (50-200 mg/min) 20-40 mg/kg 20-40 mg/kg

Levetiracetam IV (100-300 mg/min) 20-60 mg/kg 30-40 mg/kg

Lacosamide IV (over 15-60 min) 200-400 mg



N Engl J Med 2019;381:2103-13.

All were infused over 10 min at a rate determined by patient weight



Issues of using ASM in the critically ill patients

• Side effects of ASMs that are even more important in 
the critically ill patients eg. cardiac arrhythmia, 
hypotension

• Drug- drug interactions
• Altered pharmacokinetic of ASMs in critical care patients
• Patients with liver and renal impairment



Cardiovascular monitoring for IV ASMs

Shorvon S. Curr Opin Neurol 2011;24:165–170

Route of administration Adult dose

Phenytoin IV (<25-50 mg/min) 15-20 mg/kg

Fosphenytoin IV (<50-100 mg PE/min) 15-20 mg PE/kg

Phenobarbital IV (<100 mg/min) 10-20 mg/kg

Valproate IV (50-200 mg/min) 20-30 mg/kg

Levetiracetam IV (100-300 mg/min) 2000-4000 mg

Lacosamide IV (30-60 min/ up to 15 min) 200-400 mg



Issues of using ASM in the critically ill patients

• Side effects of ASMs that are even more important in 
the critically ill patients eg. cardiac arrhythmia, 
hypotension

• Drug- drug interactions
• Altered pharmacokinetic of ASMs in critical care patients
• Patients with liver and renal impairment



Effects of AEDs on commonly used inpatient medications

Varelas PN, et al. Current Pharmaceutical Design 2017;23: 6533-49



Drug interaction with warfarin

• Metabolites through CYP3A4, 2C9
• Phenytoin, phenobarbital and carbamazepine reduce 

the concentration of warfarin by up to 50-65%
• Phenobarbital and carbamazepine also reduce the 

anticoagulation effects of warfarin metabolites
• Newer AEDs do not have significant interaction with 

anticoagulant 



Interaction between AEDs and NOACs

• Intestinal absorption and renal elimination of NOACs are 
dependent on the intestinal and renal permeability glycoprotein 
(P-gp) efflux transporter protein system 

• Some NOACs are substrates of the hepatic CYP3A4 enzymes 
• Induction of P-gp or CYP3A4 might decrease serum NOAC levels, 

reduce anticoagulant effects and lead to an increase in embolic 
risk. 



Absorption and metabolism of the different new anticoagulant drugs

No CYP

4% Cyp3A4

DE-RA



Steffel J, et al. Europace 2021; 0:1-65





Other interaction between other drugs and ASMs

Farrokh S, et al. Critical Care 2018;22:153



Epilepsia Open 2017;2:107-11



Issues of using ASM in the critically ill patients

• Side effects of ASMs that are even more important in 
the critically ill patients eg. cardiac arrhythmia, 
hypotension

• Drug- drug interactions
• Altered pharmacokinetic of ASMs in critical care patients
• Patients with liver and renal impairment



Altered pharmacokinetic of ASMs in ICU setting

• Decrease enteral absorption of medications due to decreased 
blood flow, dysmotility and interaction with enteral nutrition

• Bioavailability of active drugs is also affected by alterations in 
volume of distribution for hydrophilic medications

• Hypoalbuminemia increases the unbound (free) fraction of 
highly albumin-bound medications

• Induced hypothermia reduce the systemic clearance of many 
medications mediated by CYP450 (such as phenytoin or 
propofol), between 7 and 22% for every degree of Celsius 
below 37

Farrokh S, et al. Critical Care 2018;22:153



Patients with hepatic and renal impairment

: IV form of antiseizure meds

:ASMs that excrete via renal route: 

how should we use them?



Extracorporeal removal of ASMs

Methods Key factors for removal Key properties of ASMs removed by 
this method

ASMs

Intermittent HD Remove free fraction of drugs
Key factors for removal via HD
- Low protein binding
- Low VD
- Low molecular weight
- Renally eliminated

Usually well described in the drug’s 
prescribing information
May need supplemental dosing after 
HD

LEV, LCM
PB

CRRT Estimations of drug removal can be 
performed to estimate the removal of 
medications by CRRT based on flow
rates, as well as drug and filter 
properties

ASMs that are eliminated via HD (to 
more extent)

LEV, LCM, 
PB, TPM

CRRT= continuous renal replacement therapy, 



Dosing adjustment for patients with  impaired renal function

Creatinine clearance (mL/min) Dosage (mg)
Gabapentin

>60 400 tid

30-60 300 bid

15-30 300 od

<15 300 every other day

hemodialysis 200-300* supplement

Levetiracetam

>80 500-1500 bid

50-80 500-1000 bid

30-50 250-750 bid

<30 250-500 bid

hemodialysis 500-1000*q 24 hr then 250-500 mg 
supplement

*with supplement dose after HD



Mahmoud SH. Clin Drug Investig 2017; 37:7–23

ASMs removal by CRRT and recommended dosages



Extracorporeal removal of ASMs

Methods Key factors for removal Key properties of ASMs removed by this 
method

ASMs

PLEX Remove whole plasma (free 
fraction and protein bound portion)
Key factor in removal
of a drug with PLEX
- volume of distribution
- duration/frequency of PLEX
- exchange volume

In general, drugs with low  VD (< 0.2 L/kg) 
predominantly reside in the vascular
compartment and PLEX would be expected 
to remove a significant portion of the total 
body stores of these drugs

VPA (0.2)
PB, LEV, 
TPM, PGB, 
BRV (0.5)

ECMO Sequester drugs given the large 
surface area of the tubing and
membranes which can result in an 
increase in the VD initially,  while 
later releasing the drug into the 
circulation resulting in an
unpredictable effect

Lipophilic and highly protein-bound drugs are 
considered to be particularly
vulnerable

Midazolam
Propofol
Phenobarbital

ECMO is typically associated with reduced drug clearance as a result of alterations of end-organ perfusion.
ECMO is also often combined with some form of RRT, further complicating predictability.

ECMO= extracorporeal membrane oxygenation



Intensive Care Med 2026
https://doi.org/10.1007/s00134-026-08550-y



Intensive Care Med 2026
https://doi.org/10.1007/s00134-026-08550-y



Intensive Care Med 2026
https://doi.org/10.1007/s00134-026-08550-y



Intensive Care Med 2026
https://doi.org/10.1007/s00134-026-08550-y



Intensive Care Med 2026
https://doi.org/10.1007/s00134-026-08550-y



CONCLUSION



Early Maximize Usage of ASMs in Epilepsy Patients

• Seizures in the emergency rooms
– First unprovoked seizures
– Acute symptomatic seizures

• Seizures in the inpatient setting
– Acute symptomatic seizures



Considerations when treating acute symptomatic seizures

• High seizure recurrence rate in the acute setting à often 
need ASMs that can be given IV to achieve quick 
therapeutic levels

• High morbidity and mortality
• Patients often have multiple medical problems or are 

critically ill patients
• Patients often are on multiple medications



Issues of using ASM in the critically ill patients

• Side effects of ASMs that are even more important in 
the critically ill patients eg. cardiac arrhythmia, 
hypotension

• Drug- drug interactions
• Altered pharmacokinetic of ASMs in critical care patients
• Patients with liver and renal impairment



Available IV antiseizure medications

Shorvon S. Curr Opin Neurol 2011;24:165–170

Route of administration Adult dose Pediatric dose

Phenytoin IV (<25-50 mg/min) 15-20 mg/kg 20 mg/kg at 25 mg/min

Fosphenytoin IV (<50-100 mg PE/min) 15-20 mg PE/kg na

Phenobarbital IV (<100 mg/min) 10-20 mg/kg 15-20 mg/kg

Valproate IV (50-200 mg/min) 20-40 mg/kg 20-40 mg/kg

Levetiracetam IV (100-300 mg/min) 20-60 mg/kg 30-40 mg/kg

Lacosamide IV (over 15-60 min) 200-400 mg



Ideal ASMs

• Broad spectrum/ new mechanism of action
• Good efficacy
• Good tolerability
• Available IV formulation
• Good pharmacokinetic properties
• Low protein binding 
• Not a strong enzyme inducer or inhibitor/ no or minimal drug interaction
• Fewer serious adverse events
• Availability/reimbursability



Levetiracetam
Complete line between formulation

1. Coupez R., Straetemans R., et. al. Levetiracetam: Relative Bioavailability and Bioequivalence of a 10% Oral Solution (750 mg) and 750-mg. J. Clin. Pharmacol. 2003; 43; 1370-6.
2. Ramael S, De Smedt F,Toubianc N, et al. Single-Dose Bioavailability of Levetiracetam Intravenous Infusion Relative to Oral Tablets and Multiple-Dose Pharmacokinetics and Tolerability of Levetiracetam 

Intravenous Infusion Compared with Placebo in Healthy Subjects. Clin Therapeu. 2006;28:734-44

Mean levetiracetam plasma concentration-time profile in
healthymale and female subjects following single oral 750-mg 
Doses administered as either a tablet () or a10%solution (). 
Data are expressed as the mean ± standard deviation (n = 24)1.

Mean (SD) plasma concentrations of levetiracetam overtime after 
administration of a single IV (1500 mg) or oral (three 500-mg tablets) 
dose (n = 17). The inset shows the interval from 0 to 4 hours. 
Limit of quantification, 0.5 pg/mL2.
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Questions?


