
441© 2018 Indian Journal of Critical Care Medicine | Published by Wolters Kluwer ‑ Medknow

Page no. 55

Abstract

Research Article

IntroductIon

Refractory status epilepticus (RSE) is recognized as one of 
the most critical neurological emergencies with high mortality 
and morbidity. RSE develops in approximately 30%–40% 
of patients with status epilepticus (SE) and the reported 
mortality ranges around 19%–67% depending on the type of 
SE.[1] Over the last decade, a major effort has been made in 
prompt diagnosis and aggressive treatment of SE based on 
the realization that untreated or undertreated SE can lead to 
irreversible neuronal damage, independent of metabolic, and 
systemic consequences.[2]

SE is defined as 5 min or more of (i) continuous clinical and/or 
electrographic seizure activity or (ii) recurrent seizure activity 
without recovery (returning to baseline) between seizures.[3] 

RSE is defined as SE that fails to respond to first‑line drugs 
and any two drugs in the second‑line therapy and it is observed 
in 9%–31% of patients with SE,[4] with mortality ranging from 
16% to 39%. The first‑line drugs for the treatment of SE are 
benzodiazepines, specifically lorazepam. The second line 
includes antiepileptic drugs such as phenytoin, levetiracetam, 
or valproic acid. A prospective randomized study compared 
the seizure control and outcome between phenytoin, valproate 
and levetiracetam and found that all are equally efficacious 
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and no significant difference is noted in the outcome.[5] Super 
RSE (SRSE) is defined as RSE that continues or recurs 24 h or 
more after induction of anesthetic coma including those cases 
where SE recurs on the reduction or withdrawal of anesthetic 
drugs.[6‑7]

RSE is associated with acute, severe, and potentially fatal 
underlying causes such as encephalitis, massive stroke or rapidly 
progressive primary brain tumors and is typically accompanied 
by severe impairment of consciousness.[8] Mortality after RSE 
is about three times higher than nonrefractory SE During 
most fatalities, death does not occur during persisting SE; 
however, after its resolution and is generally attributable to 
the underlying clinical problem.[9] Despite its clinical and 
socioeconomic impacts, management of RSE has only been 
studied in small retrospective reviews and prospective studies 
without controls.[1] Evidence is lacking regarding which of 
the two drugs, midazolam or propofol, is better in regarding 
seizure control and clinical outcome in patients with RSE.[6]

Plasma concentration (Cp) of intravenous (IV) anesthetics are 
not measured or monitored during routine clinical management 
of RSE. It is possible that inappropriate pharmacokinetics 
may be responsible for failure to control seizures in RSE or 
unacceptable side effects. Target‑controlled infusion (TCI), 
which provides a constant Cp and effect‑site concentration of 
the anesthetic agent might provide insights into the appropriate 
dose requirement for effective seizure control in RSE.

This prospective, randomized study was carried out with an 
aim to compare efficacy of TCI of propofol and midazolam 
in patients with RSE.

Methods

This prospective, randomized study was conducted after 
obtaining approval from the Institutional Ethical Committee 
of a university teaching hospital. Written informed consent 
was obtained from each of the patient’s next of kin. Adult 
patients (16–60 years) with RSE of any etiology, unresponsive 
to the first‑line IV lorazepam (0.1 mg/kg) and any two of the 
second‑line IV anti‑epileptic drugs (phenytoin [15 mg/kg], 
valproate [20–25 mg/kg], and levetiracetam [30 mg/kg]) 
were included in the study. Patients with known allergy to the 

study drug, history of coronary artery disease, documented 
clinical or two‑dimensional‑echo cardiac evidence of the 
left ventricular dysfunction and those in hypotension were 
excluded from the study. Patients were randomized to one 
of the two arms (midazolam infusion or target‑controlled 
propofol) based on computer‑generated random numbers.

After establishing the diagnosis of RSE, patients underwent 
a quick, comprehensive examination including the history, 
physical and systemic examination, and neurological status 
assessment. The patient’s trachea was intubated, standard 
monitoring (electrocardiography, pulse oximetry and 
noninvasive blood pressure) was instituted. IV access was 
secured using a central venous cannulation, and invasive 
arterial blood pressure monitoring established. IV fluids 
were administered to the patient based on the hemodynamic 
parameters. The hemodynamic data were collected 6th hourly 
and biochemical and hematological investigations along with 
arterial blood gas analysis were recorded at least once daily 
and as and when indicated. As a part of the study protocol, 
second‑line antiepileptic drugs were continued during the 
infusion of propofol or midazolam.

Study drug initiation and escalation protocol
In the propofol group, TCI was started at a Cp of 1.0 µg/ml 
and escalated based on seizure response [Figure 1a]. If seizures 
recurred during propofol infusion, 20 mg IV bolus of propofol 
was administered. If the seizures recurred more than three 
times in 15 min, or the seizures were not controlled for 
15 min, then the dose was escalated by 0.5 µg/ml. The Cp of 
propofol required for successful seizure control was recorded. 
If seizures were not controlled even at Cp 2.5 µg/ml, the SE 
was considered super refractory and study drug treatment 
failure was recorded. Thereafter, the study drug infusion was 
terminated and thiopentone administered as a 3 mg/kg bolus 
followed by a continuous infusion at a rate of 3–5 mg/kg/h.

In midazolam group, the study drug was administered as a 
bolus of 0.05 mg/kg followed by an infusion as per the study 
protocol [Figure 1b]. In case seizures recurring with this 
dose, 0.05 mg/kg IV bolus was administered. If the seizures 
recurred >3 times in 15 min, or the seizures were not controlled 
for 15 min, the dose was escalated to next higher level as shown 

Figure 1: Study protocol. (a) Protocol for propofol infusion; (b) protocol for midazolam infusion

ba
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in Figure 1. If the seizures are not controlled at an infusion dose 
of 0.4 mg/kg/h, the SE was considered super‑refractory, and 
treatment failure of the study drug was considered. Thereafter, 
thiopentone infusion was initiated with a bolus of 3 mg/kg 
followed by a continuous infusion at a rate of 3–5 mg/kg/h.

SE severity score, the need for and the duration of inotropic/
vasopressor support and any other complications were noted 
during therapy.

Study drug tapering protocol
After successful control of seizures for 48 h, the study drugs 
were tapered as follows: (a) Midazolam was tapered at a rate 
of 1 mg 12th hourly; (b) Propofol was tapered as Cp decrements 
by 0.3 µg/ml 12th hourly.

At any stage during tapering, if the seizures recurred, then 
tapering was halted and the dose increased to the previous 
level and continued for another 24 h. Tapering was restarted if 
there was no seizure during this 24 h period. If tapering failed 
for five times consecutively, the study drug was considered 
to have failed.

Definitions of outcome
Breakthrough seizures
Recurrence of the seizure despite initial control , resulting 
in either the escaltion of drug dose or change of the drug 
itself.

Withdrawal seizures
Recurrence of seizure during or immediately after the tapering 
or withdrawal of the therapy.

Successful therapy
The SE is completely controlled by the therapy, without 
breakthrough or withdrawal seizures, or discontinuation due 
to side‑effects, or death during the therapy.

Initial failure
The therapy failed to control SE.[6]

Data collection
Demographic information and data of the seizures and SE 
among the recruited patients for the study were collected. In 
the propofol group, Cp, total duration of infusion, number of 
boluses to control breakthrough seizures and time to seizure 
control were collected. In midazolam group, the maintenance 
dose of midazolam, number of midazolam boluses to control 
breakthrough seizures, total duration of infusion and time to 
seizure control were collected.

Outcome measures
The primary outcome measure was successful seizure control 
by the study drug. The secondary outcome measures were 
as follows: length of the Intensive Care Unit (ICU)/hospital 
stay, duration of mechanical ventilation; extended Glasgow 
outcome scale/modified Rankin scale at the time of discharge; 
and percentage of patients going into super‑refractory SE. The 
following systemic side effects were also recorded‑respiratory 
infection according to CDC guidelines; acute kidney injury 

according to RIFLE criteria, requirement for inotropic support 
and the duration of inotropic support, liver dysfunction, and 
dyselectrolytemia.

Statistical analysis
Quantitative data were analyzed using Mann–Whitney U‑test. 
The difference of qualitative data between the groups was 
established using Fisher’s exact test. Drug stoppage times were 
analyzed using Kaplan‑Meier survival curves and compared 
between groups using log‑rank test. P < 0.05 was considered 
statistically significant.

results

Twenty‑four patients were recruited and randomized to two 
groups, however, one of the patients in the propofol group 
was lost for follow up; hence, 23 patients were analyzed 
(propofol n = 11, midazolam n = 12) [Figure 2]. The 
demographic characteristics were comparable between the two 
groups [Table 1]. The electroencephalography (EEG) recording 
(n = 11) showed normal background in 2 patients, slowing 
of background in 8, and alpha coma in 1 while epileptiform 
discharges were noted in nine patients, interictal discharges 
in three, periodic lateralized epileptiform discharges in three 
[Figure 3] and nonconvulsive SE in three. The clinical and 
imaging details are presented in Table 2.

Doses and serum levels of study drugs
Table 3 shows that there was no difference in the median 
propofol Cp requirement (0.62 [0.60–0.88] vs. 1.03 [0.67–1.39]) 
or median midazolam serum levels (0.05 [0.04–0.07] vs. 
0.25 [0.24–0.28]) between successfully treated patients and 
patients in whom study drug has failed.

Seizure outcome
Seizures could be controlled in 34.8% in this cohort with 
the study anesthetic medications. Successful seizure control 
was noted in 45% of patients in the propofol group and 25% 
patients in the midazolam group (P = 0.4). The time taken for 
seizure control after starting the study anesthetic medications 

Figure 2: Flow diagram of the study
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was not significantly different between the two groups. The 
difference in the duration of infusion before seizure control was 
not significant (P = 0.083) between the two groups [Table 4].

The duration of hospital stay was significantly less in the 
propofol group compared to the midazolam group (P = 0.02). 
The duration of mechanical ventilation and the duration of 
ICU stay was not significantly different between the two 
groups.

Sixteen out of 23 patients (69.5%) among this cohort developed 
SRSE, namely uncontrolled SE beyond 24 h in spite of 
administering the anesthetic medications. Three‑fourths of the 
patients in the midazolam group developed super‑refractory 
SE, whereas 63.6% of the patients in the propofol group 
developed superrefractory SE (P = 0.667).

Fifteen out of 23 patients (65.2%) succumbed to the illness. 
The mortality was higher in the propofol group (8/11; 72.7%) 
compared to the midazolam group (7/12; 58.3%) though the 
difference was not statistically different (P = 0.6) [Table 4].

Duration for stoppage of medication
Figure 4 shows the Kaplan–Meier curves presenting the 
median duration for stoppage of the infusion of the drugs. The 
duration for stopping propofol was longer (median: 120 h; 
95% confidence intervals: 98–141 h) compared to midazolam 
(median: 96 h; 95% confidence intervals: 83–108 h). However, 
no statistically significant difference exists between the 
observed values (P = 0.8).

Complications
There was no significant difference between the two 
groups with regard to the incidence of acute kidney injury 
(P = 0.64), chest infection (P = 0.85), elevated liver enzymes 
(P = 0.4), or electrolyte derangements (P = 0.44). Inotropic 
requirement was higher in the propofol group (81.8%) as 
compared to the midazolam group (41.7%) with difference 
trending toward significance (P = 0.089). The incidence of 
hypotension and bradycardia also did not show any significant 
difference [Table 4].

dIscussIon

There are very few prospectively conducted randomized 
studies in the treatment of patients with the RSE.[10] The present 
study compared the efficacy of target‑controlled propofol and 
midazolam infusions in the treatment of patients with RSE. 
This study is unique in that it employed “TCI” using propofol 
to control the RSE. The Cp recorded using TCI of propofol may 
be taken as an equivalent of the serum level of propofol as the 
median performance error with the TCI is <10% in previously 
published studies.[11,12]

This study did not demonstrate any significant difference 
between the two study drugs in controlling seizures. Overall, 
seizure control was achieved in about only one‑third of the 
patients. This could be due to the underlying etiology and the 
majority developing SRSE seizure control was possible in 

Figure 3: Electroencephalography showing periodic short‑interval epileptiform activity from the left hemisphere (temporocentral region) suggestive 
of periodic lateralized epileptiform discharges

Table 1: Demographic and seizure data

Parameter Propofol (n=11) Midazolam (n=12) P
Mean age (years), range 49 (30‑65) 45 (26.75‑48.5) 0.273
Gender (male/female) (%) 82/18 75/25 1.00
Known patients with epilepsy (%) 27.3 25 1.00
Type of seizure: Generalized tonic‑clonic/complex partial seizures 45.5/55.5 25/66.7 0.316
Mean duration of convulsion before starting the second‑line AEDs in hours (range) 48 (24‑72) 24 (3.75‑66) 0.231
Mean STESS (range) 3 (2‑4) 3 (2‑3) 0.392
AEDs: Antiepileptic drugs; STESS: Status epilepticus severity score
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45% of patients with propofol, which is comparable with the 
50% control reported by Rossetti et al.[10] However, Rossetti 
et al. titrated the dose of propofol based on the EEG burst 

suppression where the maximal infusion dose for achieving 
burst suppression was 5 mg/kg/h. In the present study, we did not 
use continuous EEG monitoring for seizure control but clinical 

Table 2: Semiology, imaging, final diagnosis, and the cause of seizure

Semiology CT MRI Final diagnosis Cause of seizures
Complex partial 
seizures

Pitutary macroadenoma Pituitary macroadenoma 
with hydrocephalus

Postoperative bacterial 
meningitis

Complex partial 
seizures

Left basal ganglia infarct Left internal cerebral artery 
infarct with midline shift and 
uncal and subfalcine herniation

Mental retardation with 
seizure disorder

Ischemia with raised 
intracranial pressure

Complex partial 
seizures

Cortical venous thrombosis Dural AV fistula Dural AV fistula with 
cortical vein thrombosis

Ischemia secondary to 
cortical venous thrombosis

Generalized 
tonic‑clonic seizures

Normal Multiple small ischemic 
zones in the cerebellum and 
subcortical area

Viral encephalitis Ischemia in the cortical 
areas

Complex partial 
seizures

Right frontotemporal 
contusion with extradural 
hemorrhage

Right frontotemporal contusion 
with Extradural hematoma, left 
sigmoid sinus thrombosis

Head injury Posthead injury and raised 
intracranial pressure

Generalized 
tonic‑clonic seizures

Right frontotemporal 
contusion

Head injury Posthead injury and raised 
intracranial pressure

complex partial 
seizures

Left parital cortical vein 
thrombosis

Dural AV fistula Dural AV fistula with 
cortical vein thrombosis

Ischemia with raised 
intracranial pressure

Complex partial 
seizures

Right frontal gliosis Right frontal gliosis 
posthead injury

Gliosis

Complex partial 
seizures

Right temporofrontal 
hemorrhagic infarct with 
sigmoid sinus thrombosis

Cortical vein thrombosis Hemorrhagic infarct with 
raised intracranial pressure

Complex partial 
seizures

Vertebral artery insufficiency Left medulla and B/L occipital 
area infarct

Vertebral artery 
insufficiency

Acute infarct

Simple partial 
with secondary 
generalization

B/L ischemic changes in the 
temporofrontoparietal areas

Cerebrovascular accident Acute infarct

Complex partial 
seizures

Multiple neurocysticercosis 
with hydrocephalus and 
perilesional edema

Neurocysticercosis Infective parasitic

Complex partial 
seizures

Multiple cerebral 
hemorrhages with 
hydrocephalus

Stroke Multiple cerebral 
hemorrhages

Generalized 
tonic‑clonic seizures

Mild cerebral edema Mild cerebral edema Encephalitis Encephalitis

Generalized 
tonic‑clonic seizures

left frontal gliosis with 
right‑sided hematoma

Posttraumatic gliosis Gliosis and hematoma

Complex partial 
seizures

Subarachnoid hemorrhage Post operative case of 
anterior cerebral artery 
aneurysm coiling

Subarachnoid hemorrhage 
and vasospasm

Generalized 
tonic‑clonic seizures

Normal Viral encephalitis Encephalitis

Generalized 
tonic‑clonic seizures

Cerebral edema RES Encephalitis

Complex partial 
seizures

Viral encephalitis Encephalitis

Nonconvulsive SE Mild cerebral edema Hashimoto’s thyroiditis Raised intracranial 
pressure

Generalized 
tonic‑clonic seizures

B/L basal ganglia 
hyperintensities

Viral encephalitis Encephalitis

Complex partial 
seizures

Right frontotemporoparietal 
acute subdural hemorrhage

Head injury Posthead injury and raised 
intracranial pressure

Complex partial 
seizures

Left parietal extradural 
hemorrhage with bifrontal 
contusion

Head injury Posthead injury and raised 
intracranial pressure

CT: Computed tomography; MRI: Magnetic resonance imaging; B/L: Bilateral; AV: Arteriovenous; RSE: Refractory status epilepticus; SE: Status 
epilepticus
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seizure control was targeted using TCI. In a retrospective 
study by Prabhakar et al., which compared propofol and 
barbiturates, seizure control was 42% in the propofol group 
which is similar to the current study.[13] In another retrospective 
review comparing propofol and midazolam in RSE, the authors 
reported a higher success rate of 64% with propofol for clinical 
seizure control.[14] In a prospective study by Parviainen et al., 
the authors documented very high effectiveness of propofol in 
RSE (80%).[15] In our study, the seizure control in midazolam 
group is 25% whereas in a prospective study, Singhi et al. 
observed 86% success with midazolam in patients with 
RSE.[16] However, their study was carried out on pediatric 
patients with RSE between 2 and 12 years while the cohort 
in the present study consisted mainly of adult patients in fifth 
decade. The differences in the outcomes in various studies 
could be due to heterogeneous etiologies, size of the cohort, 
age group of the cohort, availability of the EEG monitoring, 
prospective or retrospective nature of the study, and variation 
in the comparative study drugs.

Another important observation in this study was that seizure 
control after starting infusions was 15 min in the propofol 
group and 20 min in the midazolam group (P = 0.107). 
A previous study by Stecker et al. on RSE with propofol 
however, had noted the mean duration between the initiation 
of propofol and seizure control was 2.6 min.[17] The probable 
reason for this difference might be the variation in the rate 
of infusion. In this study, patients were on TCI from the 

beginning and the loading dose duration was set for 10 min to 
avoid hypotension. While in their study, protocol dictated IV 
bolus of 1 mg/kg over 5 min and if seizures are not controlled, 
another 1 mg/kg was administered over the next 5 min. Anand 
Kumar et al. reported that in RSE treated with midazolam 
bolus followed by infusion, the mean duration required for the 
immediate control of the seizure with midazolam was 1.5 min, 
which was lesser than in the current study. This is probably due 
to higher initial bolus dose in their study 0.22 mg/kg (mean 
value) compared to 0.05 mg/kg in the current study.[18]

The median duration to achieve seizure control in the current 
study is 4 and 5 days in propofol group and midazolam group, 
respectively. The difference is not significant (P = 0.083). 
Rossetti et al.[10] observed 2.5 days in their study. Similar results 
were noted in a retrospective series where they had observed a 
seizure control duration of 3 days in propofol‑treated patients.[19]

The percentage of patients who developed superrefractory SE 
among the propofol group was 63.6% where as in midazolam 
group it was 75%. Due to long duration of convulsion time and 

Figure 4: Kaplan–Meier curves for the stoppage of drug infusion

Table 3: Median propofol plasma concentration and median 
midazolam dose between success and failure patients

Success Failure P
Median propofol 
Cp requirement

0.61 (0.66‑0.88) 1.02 (0.66‑1.30) 0.145

Median 
midazolam dose

0.04 (0.03‑0.06) 0.25 (0.23‑0.28) 0.003

Cp: Plasma concentration

Table 4: Secondary outcome parameters between the two groups

Secondary outcome parameters Propofol group (n=11) Midazolam group (n=12) P
Median time taken for immediate control of seizures in min (range) 15 (10‑20) 20 (15‑27.5) 0.107
Median duration taken for seizure control in days (range) 4 (3‑4.5) 5 (4‑12) 0.08
Median duration of mechanical ventilation (days) 9 (4.5‑12.5) 14.5 (14‑23) 0.14
Median duration of hospital stay in days (range) 11 (6‑13.5) 20.5 (15.75‑43.25) 0.02
Median duration of ICU stay in days (range) 11 (6‑13.5) 15 (14.25‑23) 0.17
Super refractory status (%) 63.6 75 0.667
Mortality (%) 72.7 58.3 0.6
Inotropic requirement (%) 81.8 41.7 0.089
Chest infection (%) 45.5 41.7 0.85
Acute kidney injury (%) 27.3 16.7 0.64
Deranged liver function tests (%) 72.7 50 0.4
Electrolyte derangements (%) 18.2 33.3 0.44
Hypotension (%) 27.3 8.3 0.317
Bradycardia (%) 18.2 0 0.217
Quantitative variables represented as median (interquartile range) and qualitative variables as percentages. ICU: Intensive Care Unit
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underlying etiology of SE, internalization of GABA receptors 
might have led to the SRSE.[6] Two other retrospective 
studies,[19,20] on RSE reported that 16.9% and 17%, respectively 
had SRSE and they concluded that encephalitis was the main 
determinant for progression of SE to SRSE. The reasons for 
higher rates of SRSE in the current study might be the longer 
duration of convulsion time before starting the second‑line 
AEDs, which was 48 h and 24 h in the propofol and midazolam 
groups, respectively, and the underlying etiology of anoxia and 
encephalitis in some of them.

The overall mortality in this study was 65.2%. The mortality 
rate in propofol group was 72.7% and in midazolam group, 
it was 58.3%; however, the difference was not statistically 
significant. The high‑mortality rate in this study might be 
because of the higher number of patients with SRSE, which 
is a known independent predictor of high mortality.[17,18,21] 
Another important reason could be the long delay in the 
initiation of treatment which is a predictor of mortality.[22] In a 
large cohort of 100 patients with fatal SE, prolonged duration 
of SE, long delay before instituting treatment, poor Glasgow 
Coma Score at admission to the neurological services, poor 
drug compliance, and high frequency of neuroinfections were 
important factors for poor prognosis.[22] Stecker et al. also 
reported a high mortality of 68%. Their explanation for high 
mortality was multiorgan failure as indicated by the high Acute 
Physiology And Chronic Health Evaluation scores.[17] Another 
retrospective study,[15] comparing propofol and midazolam 
in RSE patients also found higher mortality in the propofol 
group (57%) compared to midazolam group (17%). Their 
patients in the propofol group had acute brain injury and long 
duration of convulsion before starting the anesthetic drugs.

The percentage of patients who developed chest infection 
in propofol group was 45.5% compared to 41.7% in the 
midazolam group (P = 0.85) in the ICU. Interestingly, none 
with chest infections in the propofol group and 40% in 
the midazolam group recovered. Acute kidney injury was 
noted in 27.3% and 16.7% of the patients in propofol and 
midazolam groups, respectively. The percentage of patients 
developing liver dysfunction was also similar between the 
two groups (72.7% vs. 50.0%) but among patients who 
survived, the liver function recovered completely at discharge. 
Ionotropic requirement was more frequent in the propofol 
group (81.8%) compared to midazolam (41.7%) (P = 0.089). 
Similar results (48%–65%) were seen in the earlier series.[19,23] 
Other side effects such as arterial hypotension, bradycardia, 
inotropic requirement, and dyselectrolytemia were comparable 
in the two arms, thus not supporting assumption that propofol 
leads to more profound cardiovascular depression compared to 
the midazolam.[24,25] Stecker et al. did not find any difference in 
arterial hypotension between patients receiving propofol and 
barbiturates.[17] Similar results were noted in a retrospective 
comparison of propofol and midazolam in RSE. The study did 
not find any difference regarding seizure control, infectious 
complications, hemodynamic compromise, duration of 
mechanical ventilation, and mortality.[14]

The length of hospital stay was significantly longer in the 
midazolam group (20.5 days) compared to propofol group 
(11 days).The duration of mechanical ventilation and the 
length of ICU stay was not significantly different between 
the two groups. Similar results have been reported in a 
comparative study involving propofol and midazolam.[14] 
Another prospective randomized study comparing propofol 
with thiopentone found that the duration of mechanical 
ventilation was longer in the thiopentone group.[10] Another 
RSE series found no difference regarding the duration 
of ICU stay or the incidence of arterial hypotension 
between patients receiving propofol and those receiving 
barbiturates.[17] The mean duration of neonatal ICU 
stay and mechanical ventilation was 17.4 ± 14.5 was 
14.4 ± 12.8 days, respectively, in one of the retrospective 
studies.[23]

The Cp of propofol was comparable in the successful and failed 
groups. The reason for this may be a low sample size (n = 11). 
Alternatively, seizure pathogenesis and its amelioration are a 
dynamic process whose outcome may not be predicted by the 
dose of anesthetic agent causing initial seizure control. This 
is reflected by the fact that patients achieving seizure control 
with a certain Cp of propofol and had recurrence of seizure 
activity during tapering could not be controlled with the same 
dose thereafter. Similar result was noted in another prospective 
study wherein the authors analyzed the pharmacokinetics 
of propofol between the successful and failed patients.[17] 
The median dose of midazolam was measured between the 
successful and failed patients which showed a higher median 
dose in the failed patients. There are studies which compared 
high‑dose versus low dose midazolam,[26] but none of the 
studies measured median dose between the successful and 
failed groups.

We used Kaplan–Meier curves to analyze the median 
duration of stoppage of infusion. It was 120 h in the propofol 
group compared to 96 h in the midazolam group (P = 0.8). 
Kaplan–Meier curves were used because the timing of stoppage 
of infusion was different among the different patients. The 
median duration of infusion was shorter in the midazolam 
group (although not statistically significant), and the cause of 
infusion termination was either failure to control seizures or 
refractory hypotension.

This study was intended to gather evidence regarding the 
efficacy of which anesthetic agent is better for seizure control 
and had acceptable adverse events. Between the two agents 
used, seizure control rate was comparable and the complication 
rates were not different though the length of hospital stay is 
longer in the midazolam group. There are several limitations 
of the study, namely small sample size which was mostly 
due lack of beds in the ICU which has led to early referral of 
patients to other healthcare facilities, varying referral patterns, 
the availability of the investigators round the clock and the 
lack of continuous EEG monitoring which would have given 
a better idea about the nonconvulsive SE among the patients.
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From this exploratory randomized study, it might be concluded 
that the choice of agent does not seem to affect the overall 
outcome in RSE. Target‑controlled propofol infusion was 
found to be equally efficacious to midazolam for the treatment 
of RSE. Treatment of RSE, mostly relied on expert opinions 
and data of low evidence level since several decades.[27] It 
is necessary to carry out well‑designed multicentric studies 
with a larger number of subjects with consecutive recruitment 
of patients with both RSE and SRSE comparing various IV 
anesthetic agents, continuous EEG monitoring and assessment 
of both short and long‑term outcomes.
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