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Refractory status epilepticus
Ankit Singhal, Manjari Tripathi

Department of Neurology, All India Institute of Medical Sciences (AIIMS), New Delhi, India

Abstract 

Status epilepticus is a life threatening neurological emergency. In persons with status epilepticus, if 
administration of a benzodiazepine and at least one antiepileptic drug has failed then management 
protocols for refractory status epilepticus should be put into effect. The article summarises the causes, 
effects, pathophysiology and treatment protocols for refractory status epilepticus.The concept of super 
refractory status and newer etiologies and therapeutic options are also discussed.
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INTRODUCTION

Status epilepticus (SE) is the second most common 
neurological emergency after acute stroke having 
an incidence of 10-40 per 100,000.1-3 Irrespective 
of the timeframe, SE that persists despite 
adequate administration of benzodiazepines and 
at least one antiepileptic drug (AED) is labelled 
refractory status epilepticus (RSE).4,5 The reported 
incidence of RSE is estimated at 31–43% of all 
SE episodes6-8, however one prospective study 
reports lower incidence at 24.6%.5 Commonest 
cause of RSE are encephalitis, massive stroke, 
rapidly progressive brain tumours.5,6,9 The short-
term fatality rates for RSE is between 16%-39%. 
Mortality in RSE occurs after the cessation of 
seizures and is mostly related to the underlying 
clinical problem highlighting the fact that 
underlying cause of SE is the most important 
predictor of clinical outcome.7 Functional outcome 
after RSE is very poor and the chances of returning 
to baseline clinical status is approximately 21% 
as compared to 63% for non refractory SE.5

PATHOPHYSIOLOGY OF REFRACTORY 
STATUS EPILEPTICUS

 RSE patients have many systemic complications 
which includes arrhythmias, pulmonary edema, 
metabolic acidosis, and rhabdomyolysis.10 
Rat models have shown that SE responds to 
benzodiazepine (GABAa agonists) or phenytoin 
(sodium channel blocker) when administered early. 
As time passes by RSE becomes more resistant to 
these drugs, because of internalization of GABAa 
receptors (inhibitory) in the neuronal cytoplasm, 
and the overexpression of NMDA receptors 
(excitatory).11,12 However the clinical evidence 

for the refractoriness cannot be fully accounted 
by loss of inhibition or overexpression. 

TREATMENT OF REFRACTORY STATUS 
EPILEPTICUS  

There are 3 distinct steps in controlling SE; 
benzodiazepines for early seizure control, 
conventional AED for early resistance and 
anaesthetics for RSE. Benzodiazepines have the 
best available evidence.13 (Figure 1). The validated 
clinical SE severity score (STESS) can help to 
decide treatment strategy. With four variables 
(age, seizure semiology, extent of consciousness 
impairment, and history of previous seizures as a 
surrogate for cause), STESS is readily applicable in 
clinical settings, relies on straightforward clinical 
criteria, and has a robust negative predictive value 
for mortality (ie, patients with a low score are 
very unlikely to have a fatal outcome.14 As SE 
becomes refractory to therapy15,16, coma induction 
with an anaesthetic, mostly a barbiturate, propofol 
or midazolam, is usually required (Table 1).17 The 
optimal agent for refractory SE should exert a 
GABAa agonistic and NMDA antagonistic action, 
be fast acting, with a short elimination half-life, 
and have a favourable risk profi le.  
 Midazolam is a benzodiazepine with a short 
half-life after a single bolus but on repeated 
administrations, it increases to 6-50 hrs. Constant 
monitoring and dose changes need to be made 
because of the concern of tachyphylaxis and 
adverse effects.18    
 Propofol has a very short half-life allowing 
for rapid titration and withdrawl. It primarily 
acts by modulating GABAa receptors however 
it also acts on sodium and calcium channels 
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and probably on NMDA receptors. Since it is 
administered as an oil emulsion, it carries a risk 
of propofol infusion syndrome (PIS), which 
consists of cardiocirculatory collapse with 
hypertrigleridemia, rhabdomyolysis and lactic 
acidosis.19,20 (Table 2) This has mainly been 
reported in young children as it results mainly 

Established
RSE

GCSE: IV 
Midazolam
0.2mg/kg then 
0.2-0.6mg/kg/hr
or IV propofol
2mg/kg then 
2-10mg/kg/hr

Focal-complex
or absence:
valproate,
levitracetam,
lacosamide.
topiramate

IV Pentobarbital
5mg/kg then 
1-5mg/kg/hr or 
IV thiopental 
1mg/kg then 
1-5mg/kg/hr

Other drugs: lidocaine,
verapamil, magnesium

Other Anaesthetics:
isofl urane, desfl urance 
and ketamine

Other approaches:
surgery, VNS, ECT,
ketogenic diet

Figure 1. Algorithm for refractory status epilepticus (RSE) treatment. Increased refractoriness is indicated by 
background shading intensity; third line drugs are on the right column.

RSE, refractory status epilepticus; GCSE, generalized convulsive status epilepticus; VNS, vagus nerve stimulation; 
ECT, electroconvulsive therapy

from the impairment of mitochondrial activity 
and use of free fatty acids. Retrospective series 
estimated the incidence of PIS in RSE as 7% 
(fatal) and 38% (non-fatal).21 
 Barbiturates are the oldest compounds used in 
RSE. They have a tendency to accumulate in the 
adipose tissues accounting for the increased half-

Table 1: Pharmcacological characteristics of anesthetics used in refractory status epilepticus22

   Barbiturates Propofol Midazolam

 Used since  Before 1960 End of 1980 Early1990
 Mechanism of action:
    GABAa agonistic  +++ +++ +++
    NMDA antagonistic  + + -
    Ca channel modulation  + + -
    Na channel modulation - + -
 Elimination half-life 

 (hrs) THP:14-36; PTB:15-22 1-2 6-50
 Accumulation +++ + ++
 Tachyphylaxis - + +++
 Hypotension +++ +++ ++
 Other adverse effects Immunological suppression Infusion syndrome 
 Loading dose (mg/kg) THP:1-2;  PTB:5 2 0.2
 Maintenance dose (mg/kg/h) THP:1-5; PTB:1-5 2-5 0.2-0.6

THP: thiopental, PTB: pentobarbital
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life (up to 36 hours). This accumulation can be 
specially troublesome in patients with underlying 
cardiovascular problems.          

EVIDENCE OF AVAILABLE TREATMENT IN 
REFRACTORY STATUS EPILEPTICUS

A  meta-analysis of the use of barbiturates, 
propofol, or midazolam in RSE, mostly based 
on retrospective and heterogeneous case series, 
did not show any signifi cant difference in short-
term mortality, although barbiturates were more 
effective in controlling clinical seizures and 
preventing breakthrough seizures when compared 
to midazolam and propofol.23 (Table-3). Results of 
another single-centre retrospective analysis failed 
to show any outcome difference between different 
anaesthetics, used alone or in combination.8 
A Survey conducted among Epileptologists 
and Critical Care Specialists regarding the 
management of refractory generalized convulsive 
SE and complex partial refractory SE using a postal 
questionnaire showed great variability of practice. 
Majority of the responders used a non-anaesthetic 
agent after the failure of fi rst line anticonvulsants. 
Time period of starting anaesthetizing agents 
after the onset of SE also varied, and the drug 
most commonly used was barbiturates followed 
by propofol and then midazolam.24 A multicentre 

randomised, unblinded trial assessing propofol 
and barbiturates in RSE was interrupted because 
of insuffi cient recruitment. The enrolled patients 
receiving barbiturates had a substantially increased 
need for mechanical ventilation, whereas long-
term outcome and complications were the same.25 
Thus inspite of inadequate evidence, midazolam 
appears to be the safest compound but if seizure 
control is not reached it often needs to be 
combined with propofol. Barbiturates should 
be used as a salvage therapy because of longer 
elimination time.

OTHER PHARMACOLOGICAL AND NON-
PHARMACOLOGICAL APPROACHES IN 
TREATMENT OF REFRACTORY STATUS 
EPILEPTICUS

Other non-sedating pharmacological approaches 
are available and can be administered intravenously 
or orally (through the nasogastric tube) as add-
on compounds to optimise control of RSE. 
Topiramate26, pregabalin27,levetiracetam28, and 
lacosamide29 have different and potentially 
synergistic pharmacodynamic actions.  Tripathi 
et al. conducted at a tertiary care hospital in a 
developing country with the hypothesis of using 
a anticonvulsant with no anaesthetizing property. 
RSE patients were divided into 2 groups; one 

Table 2: Features of propofol infusion syndrome (PIS)

Metabolic acidosis: pH<7.35 or anion gap <15 or measured serum bicarbonate <22
Cardiac changes: Asystole, unexplained cardiac failure, cardiac arrest, pulseless electrical 

activity, increased PVC,new LBBB/RBBB, prolonged QTc, bradycardia 
(heart rate <55 beats/min or decrease in HR <30 beats/min),

Rhabdomyolysis: Elevated creatine kinase (>176 units/L), hyperkalemia (>5.2), or 
myoglobinuria

Lipid/hepatic changes: Hypertriglyceridemia (>150 mg/dL), splenomegaly/hepatomegaly, hepatic 
steatosis, transaminitis, lipemia

Renal changes: Renal failure, anuria, oliguria, hyperkalemia

Table 3: Meta-analysis in refractory status epilepticus
 

  Barbiturates Propofol Midazolam

Mortality  48% 52% 46%
Acute failure in SE 
 control (fi rst 6 hours ) 8% 27% 20%
Breakthrough seizures 12% 15% 51%
Withdrawal seizures 43% 46% 63%
Hypotension requiring 
 vasopressors 77% 42% 30%

SE, status epilepticus
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group received valproate and the other group 
received levitracetam; 68.3% patients in valproate 
group and 73.2% in levitracetam group were 
relieved from their status.30 Non-pharmacological 
approaches are last resort approaches and cannot 
be generalized because of lack of quality evidence. 
Resective brain surgery, mild hypothermia, 
classical music, ECT and transcranial magnetic 
stimulation are some of the examples of non-
pharamacological treatment.

EFNS GUIDELINES FOR MANAGEMENT 
OF REFRACTORY GENERALIZED 
CONVULSIVE STATUS EPILEPTICUS 
AND SUBTLE STATUS EPILEPTICUS

The EFNS (EUROPEAN FEDERATION OF 
NEUROLOGICAL SOCIETIES) published 
guidelines on management of status epilepticus 
in 2011. In generalised convulsive and subtle SE, 
the EFNS advocated to proceed immediately to 
the infusion of anaesthetic doses of midazolam, 
propofol or barbiturates because of the progressive 
risk of brain and systemic damage. Because 
of poor evidence, no recommendation is made 
regarding choice of anaesthetic drug. Depending 
on the anaesthetic used in the individual 
in-house protocol, titration against an EEG 
burst suppression pattern with propofol and 
barbituratesis recommended. If midazolam is 
given, seizure suppression is recommended. 
This goal should be maintained for at least 24 
hours.31

SUPER-REFRACTORY STATUS 
EPILEPTICUS 

Super-refractory SE has been defi ned as SE that 
continues or recurs 24 hours or more after the onset 
of anesthesia, including those cases in which SE 
recurs on the reduction or with drawl of anesthesia. 
It occurs in 10-15% of all presenting to hospital 
with status epilepticus. It has a high morbidity and 
mortality rates. Super-refractory SE is often seen in 
patients with underlying severe acute brain injury. 
It is sometimes also seen in patients with no history 
of epilepsy in whom SE develops de novo with no 
overt cause (NORSE: new-onset refractory status 
epilepticus)32 A varieties of therapeutic measures 
has been used, the outcome has been reviewed 
by Shorvon & Ferlisi.33 Immunosupression with 
intravenous steroids and immunomodulation with  
immunoglobulins has also been used, even if 
antibodies causing epilepsy cannot be detected or 
afforded, based on presumed immune etiology.
 In conclusion, early recognition of treatment 

failure in early status epilepticus and  management 
of emerging refractory status on a war footing 
would go a long way in managing patients with 
epilepsy.
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