Clinical Pearls: Status Epilepticus
Introduction:  Status epilepticus generally refers to the occurrence of a single unremitting seizure with a duration greater than 5-10 minutes or frequent clinical seizures without interictal return to baseline clinical state.
Epidemiology:  There are about 100,000 to 200,000 episodes of status epilepticus in the United states annually.  Refractory status epilepticus ( ongoing seizures following first and second line drugs), has been linked to prolonged hospitalization and poor clinical outcomes. It is more associated with sub-therapeutic drug levels of anti-convulsants.
Etiology: While many causes of seizures exist, the more common causes of status are -non-compliance to anti-convulsants, withdrawal from alcohol, benzodiazepines or barbiturates, drug overdose with drugs that lower the seizure threshold, longstanding structural brain injury and metabolic derangements.
Pre-Hospital Clinical Evaluation: 
- History: Historical clues from the  patient's family, and/or by-standers could be critical in determining the cause of the seizure, particularly in cases of drug overdose or trauma. When possible, it is important to ascertain whether the patient on chronic anti-convulsants took his/her medications recently.
- Physical exam:  A rapid initial primary survey to assess the patient's Airway, Breathing and overall Circulation is critical. In the secondary survey, a rapid initial neurologic evaluation is key in determining the classification of the seizure - generalized, partial versus absence.
- Management of Status epilepticus:  Initial pre-hospital management of status epilepticus  begins with supportive care. The A,B,Cs must be addressed promptly. If the airway is patent, supplementary oxygen may be all that is required. Prompt IV access is essential for administration of pharmacologic therapy. A fingerstick blood glucose level is important as it may reveal hypoglycemia as the cause of seizures. In this case, administration of dextrose could resolve the seizures. Thiamine  (100mg IV) is recommended in addition to glucose in patients who are alcoholics because glucose infusion increases the risk of Werrnicke's encephalopathy in these patients.
Pharmacologic  therapy in pre-hospital management of status epilepticus involves the use of benzodiazepines.
 
Diazepam(Valium)
Diazepam is one of the drugs of choice for first-line management of status epilepticus. Although the drug enters the brain rapidly because of its high lipid solubility, after 15 to 20 minutes it redistributes to other areas of the body, reducing its clinical effect. Its effect on seizure activity can be seen as early as 10 to 20 seconds, but its anti-convulsant effect typically lasts less than 20 minutes. Despite its fast distribution half-life, the elimination half-life is approximately 24 hours. Thus, sedative effects potentially could accumulate with repeated administration.
Diazepam in a typical intravenous dosage of 0.1 to 0.3 mg/kg IV  terminates seizures of any type in about 75 percent of patients with status epilepticus. Adverse effects include respiratory suppression, hypotension, sedation, and local tissue irritation. Hypotension and respiratory suppression may be potentiated by the co-administration of other antiepileptic drugs, particularly barbiturates. Diazepam also may be given intramuscularly and rectally (Diastat). 
Despite its pharmacokinetic and adverse effect limitations, diazepam remains an important tool in the management of status epilepticus because of its rapid and broad-spectrum effect. Because of the refrigeration requirements and the infrequent use of most anticonvulsants, diazepam (Valium) is often the only anticonvulsant available in the prehospital setting. 
Dosing: Adult
5-10 mg IV q10-20min; repeat in 2-4 h prn; not to exceed 30 mg/8 h
Pediatric
0.05-0.3 mg/kg/dose IV over 2-3 min q15-30min; repeat in 2-4 h prn; not to exceed 10 mg
Lorazepam (Ativan)
Lorazepam has emerged as the preferred benzodiazepine for acute management of status epilepticus. Lorazepam differs from diazepam in two important respects. It is less lipid-soluble than diazepam, with a distribution half-life of two to three hours versus 15 minutes for diazepam. Therefore, it should have a longer duration of clinical effect. Although lorazepam is as effective as diazepam in terminating seizures, the time from its injection to its maximum effect against seizures is as long as two minutes. Lorazepam also binds the GABAergic receptor more tightly than diazepam, resulting in a longer duration of action. The anticonvulsant effects of lorazepam can last over 6 hours, and the typical dose  is 0.1mg/kg, with dosage ranges from 2 to 8 mg. This agent also has a broad spectrum of efficacy, terminating seizures in 75 to 80 percent of cases. Its adverse effects are identical to those of diazepam. Thus, lorazepam also is an effective choice for acute seizure management, with the added possibility of a longer duration of action than diazepam.
Dosing: Adult
4 mg IV slowly at 2 mg/min; if seizure continues or recurs after 10-15 min, administer an additional 4 mg IV slowly at 2 mg/min
Pediatric
Infants and children: 0.1 mg/kg IV slowly over 2-5 min; repeat prn in 10-15 min at 0.05 mg/kg; not to exceed 4 mg/dose
Adolescents: 0.07 mg/kg IV slowly over 2-5 min; repeat in 10-15 min prn; not to exceed 4 mg/dose

Midazolam( Versed)
Like lorazepam and diazepam, midazolam is very effective in acutely terminating seizures (frequently in less than one minute), but it has a short half-life in the central nervous system. The advantage of midazolam over the other two benzodiazepines is that its use as a continuous infusion for refractory status epilepticus has been more thoroughly investigated and is associated with minimal cardiovascular side effects. Effective initial intravenous doses of midazolam are a 0.2 mg/kg bolus, followed by continuous infusion at rates of 0.75 to 10 mcg/kg per minute. Some use higher doses.
Dosing: Adult
Loading dose: 0.2 mg/kg IV
Continuous infusion: 0.1-0.4 mg/kg/h
10-15 mg IM (when other access impossible)
Intubation and pressor support are necessary
Pediatric
Loading dose: 0.15 mg/kg IV
Maintenance dose: 1 mcg/kg/min; titrate dose upward q5min until clinical seizure activity controlled

Intubation of patients in Status epilepticus:  If intubation can be avoided without airway compromise, this is preferred. However, in cases of refractory status epilepticus especially if continuous IV versed drip is administered, intubation may be necessary. In this case, the use of a short acting paralytic, such as succinylcholine, for initiation of rapid sequence intubation is acceptable. However, it is important to try to avoid long-term or sustained paralysis of the patient, in order to allow for continuous assessment of the presence or absence of seizure activity.  
In the hospital setting, the use of EEG monitoring can be used to monitor and evaluate seizure activity in the event that long-term paralysis is used.
Hospital care: The rest of the care for a patient in status epilepticus  in the emergency department and beyond involves continuous supportive care, administration of anti-convulsants. Laboratory evaluation such as electrolytes, anti-convulsant drug levels, urine drug screening is typically done to look for the cause of the seizure. In cases of new onset seizures, different characteristic of the seizure in relation to the chronic epileptic patients usual seizure patterns,  concern for head injuries or structural brain problems, a head CT scan or even MRI could be obtained. An EEG evaluation is usually done after admission in refractory cases, or could be done as an outpatient in most simple cases.

