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Abstract

Objective—To describe pediatric patients with convulsive refractory status epilepticus (RSE) in 

whom there is intention-to-use an intravenous anesthetic for seizure control.

Design—Two-year prospective observational study evaluating patients (age range one month to 

21 years) with RSE not responding to two antiepileptic drug classes and treated with continuous 

infusion of anesthetic agent.

Setting—Nine pediatric hospitals in the United States.

Patients—In a cohort of 111 patients with RSE (median age 3.7 years, 50% male), 54 (49%) 

underwent continuous infusion of anesthetic treatment.

Main Results—The median (interquartile range, IQR) intensive care unit length-of-stay was 10 

(3–20) days. Up to four ‘cycles’ of serial anesthetic therapy were used and seizure termination was 

achieved in 94% by the second cycle. Seizure duration in controlled patients was 5.9 (1.9–34) 

hours for the first cycle, and longer when a second cycle was required (30 [4,−120] hours, 

p=0.048). Midazolam was the most frequent first-line anesthetic agent (78%); pentobarbital was 

the most frequently used second-line agent after midazolam failure (82%). An 

electroencephalographic endpoint was used in over half of the patients; higher midazolam dosing 

was used with a burst suppression endpoint. In midazolam non-responders, transition to a second 
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agent occurred after a median of one day. Most patients (94%) experienced seizure termination 

with these two therapies.

Conclusions—Midazolam and pentobarbital remains the mainstay of continuous infusion 

therapy for RSE in the pediatric patient. The majority of patients experience seizure termination 

within a median of 30 hours. These data have implications for the design and feasibility of future 

intervention trials. That is, testing a new anesthetic anticonvulsant after failure of both midazolam 

and pentobarbital is unlikely to be feasible in a pediatric study, whereas a decision to test an 

alternative to pentobarbital, after midazolam failure, may be possible in a multicenter 

multinational study.

Keywords

Anesthetic treatment; Critical Care; All Pediatric; EEG; Status Epilepticus

Introduction

The initial treatment of convulsive status epilepticus (SE) consists of one or two doses of a 

benzodiazepine followed by fosphenytoin or phenobarbital, which are frequently referred to 

as first- and second-tier therapy, respectively.[1–3] While there is no consensus definition of 

refractory status epilepticus (RSE),[4] we have defined it as continued seizure activity 

despite administration of two antiepileptic drugs (AEDs).[5] RSE accounts for up to 4% of 

all admissions to the pediatric intensive care unit (PICU) and occurs in 10 – 25% of pediatric 

patients presenting with acute seizures.[6–10]

After failing to stop seizures with first- and second-tier AEDs, most SE protocols 

recommend treatment escalation to continuous infusions with either midazolam or 

pentobarbital.[1–3,5] In a recent systematic review on pediatric RSE (with data largely from 

retrospective case series) a hierarchy of interventions was noted: midazolam as the primary 

agent for RSE; progression to barbiturate anesthesia when midazolam fails; and, 

subsequently, isoflurane, ketamine or hypothermia when other therapies have failed.[11] In 

this multicenter, prospective observational cohort study we aim to comprehensively describe 

the intention-to-use an anesthetic strategy in children with RSE, including the medications 

used, endpoints, and outcomes of these therapies. That is, a characterization of what happens 

once a clinician has decided to use an anesthetic agent to control an ongoing episode of 

RSE.

Methods

The Institutional Review Board for Human Subject Study at each center approved the study. 

Written informed consent was obtained from parents or guardians.

Study design

The pediatric Status Epilepticus Research Group (pSERG) performed this prospective 

observational study of health care delivery at nine tertiary pediatric hospitals in the United 

States (US).[5] The purpose of the pSERG network is to describe and subsequently optimize 

the management of RSE in children. The eligibility criteria for the current study cohort 
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included: 1) hospital admission between 1st June 2011 and 30th June 2013; 2) age from 1 

month to 21 years; 3) convulsive seizures at onset; and 4) failure of two or more AEDs of 

different drug classes to terminate seizures or the use of a continuous infusion of AEDs for 

seizure termination. The exclusion criteria were: 1) non-convulsive SE identified on 

electroencephalogram (EEG) without convulsive seizures at onset; and 2) SE with motor 

manifestations limited to infrequent myoclonic jerks.

If more than one episode of RSE occurred during the study period, only the first episode was 

included.

Data collection and assessments

Data were collected with a standardized data acquisition tool and entered into an electronic 

database hosted by Cincinnati Children’s Hospital Medical Center. Additional elements of 

the consortium and study design have been reported elsewhere.[5]

Variables related to anesthetic agents (i.e., midazolam and pentobarbital) included: bolus 

dose, initial infusion rate, effective dose at time of seizure termination or change of infusion 

to a new medication, and duration of infusion. The endpoints for seizure termination and 

management during the infusion were determined by the local clinicians caring for the child, 

and included: 1) termination of convulsive seizures, 2) termination of EEG seizures, and 3) 

achievement of burst suppression.

Each center followed its own policy and procedure for RSE management, as there were no 

common treatment pathways across centers. For the purpose of this study we identified 

patients within our whole cohort with RSE in whom clinicians had made a decision to start 

treatment with a continuous infusion of an anesthetic agent, i.e., intention-to-use. Such 

“intention-to-use” does not imply that anesthesia had to be induced. Rather, it is entirely 

possible that some clinicians may choose to administer the minimum bolus dose and 

continuous infusion rate necessary to produce the endpoint that they are concerned about, 

e.g., seizure control. Other clinicians may choose to administer the minimum dose necessary 

to avoid hypotension. In this study, a “cycle” of intention-to-use anesthetic treatment was 

defined as use of a single agent (i.e., cycle one describes the initial agent used, cycle two the 

next agent used, and so on). There was no pre-specified pathway for when a clinician should 

persist or abandon a particular agent and proceed to the next treatment cycle.

Statistical analyses

Demographic and clinical characteristics were summarized with descriptive statistics. Since 

these data were non-parametric, by inspection, the information was summarized using 

median and interquartile range (IQR). Differences between groups were performed using 

non-parametric analyses (Kruskal-Wallis test and Wilcoxon rank-sum test) for continuous 

variables. Proportions are described as percentages; the exact 95% confidence interval (95% 

CI) of percentages for N = 2–100 is used when describing success or failure rates. 

Differences in two independent proportions were assessed using the chi-squared test and the 

Hypothesis Test for Proportions. All analyses were performed using JMP™ 9.02 Statistical 

Discovery software (SAS Institute Inc., Cary, NC).
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Results

Out of a cohort of 111 patients with RSE (median age 3.7 years, 50% male), 54 (49%) 

patients progressed to receiving an anesthetic agent by continuous infusion for seizure 

termination, and 57 did not receive such treatment. Table 1 shows the demographic features 

of these subgroups. There was no statistically significant difference in any of the variables 

between patients who received and patients who did not receive continuous infusion. In the 

symptomatic causes of seizure, there was a trend in difference between the subgroups: 

febrile or fever-associated SE occurred in 5 of 30 patients going on to treatment with 

continuous infusion, versus 13 of 38 patients with the same etiology but not going on to 

receive continuous infusion (trend to significance with 1.6 standard deviations difference, 

hypothesis test for proportions).

In the whole cohort of 111 cases the length-of-stay in the PICU was 3 (IQR 2, 10) days. The 

stay was longer in those undergoing continuous infusion of anesthetic agent for seizure 

control: 10 (IQR 3, 20) days vs 2 (IQR 1.8, 4) days, P <0.0001. Eighty of 111 cases (72%) 

underwent endotracheal (ETT) intubation with supportive mechanical ventilation; there was 

a greater proportion in the continuous infusion subgroup, 83% vs 61%, P <0.01. 

Furthermore, in those who had ETT intubated, the duration of intubation was longer in those 

receiving continuous infusion: 6 (IQR 2.3, 13) days vs 2 (IQR 0.5, 2.8) days. Vasoactive 

drugs were used in 20 of 111 (18%) patients, and those on continuous infusion therapy were 

more often treated with vasopressors: 15/54 (28%) vs 5/57 (9%), P <0.01). Last, the 

mortality rate was 3.6% (4/111), with no significant difference between the subgroups (3/54 

vs 1/57 in the continuous infusion and non-continuous infusion subgroups, respectively).

Use of Anesthetic Agents

Anesthetic agents initially used to stop RSE included midazolam (42/54), propofol (4/54), 

pentobarbital (2/54) and other agents (ketamine, valproate or isoflurane) in 6/54. By the time 

of initiating such drug administration it should be noted that a median of 5 (IQR 4, 7) doses 

of AEDs had been given before the infusion started. This number of AED doses was similar 

to that used in the other 57 patients with RSE (i.e., those not receiving continuous infusions) 

who received 5 (IQR 4, 6) doses of AEDs. This finding implies, in general, that in the 

subgroup receiving a continuous infusion for RSE, therapeutic trial of bolus AEDs had been 

tested to the same extent as those not receiving continuous infusion; the difference being, 

lack of seizure control in those undergoing infusion.

Figure 1 illustrates the initial endpoint for seizure termination used in the 54 patients. The 

drug administration endpoints were clinical seizure termination in 26 patients, of which 21 

(81% [95% CI: 61% – 93%]) achieved control by 4.2 (IQR 2.2, 52.3) hours. Among the 

other 28 patients, an EEG-based endpoint was used, including: EEG seizure termination in 

18 patients, of which 14 (78% [95% CI: 52% – 94%]) achieved control by 22 (IQR 3.2, 39) 

hours; and, burst suppression in 10 patients, of which 4 (40% [95% CI: 12% – 74%]) 

achieved this target by 81.5 (IQR 16.5, 408) hours. The proportions where the target had 

been achieved (i.e., 21/26, 14/18, and 4/10 for clinical seizure, EEG-seizure, and burst 

suppression endpoints, respectively) depict the relative ease of clinical seizure termination 

compared to achieving EEG-based endpoint targets (chi-squared for all three proportions = 
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6.4, 2 degrees of freedom, p = 0.041). The durations from SE onset to seizure termination 

were significantly shorter for the clinical endpoint compared to the burst suppression 

endpoint (p = 0.008). There was a trend in significance for timing to EEG seizure 

termination compared to burst suppression (p = 0.053). There was no difference in duration 

for the comparison between clinical seizure termination and EEG seizure termination.

Patients underwent one cycle (n = 54), two cycles (n = 15), three cycles (n = 3), or four 

cycles (n = 2) of anesthetic treatment. In the first cycle of anesthetic treatment management 

success, as defined by not needing another anesthetic agent, occurred in 39/54 (72% [95% 

CI: 58% – 84%]). Comparing these 39 controlled patients, with the 15 not achieving seizure 

control, there was no difference in the number of AED doses before the initial infusion 

started: 5 (IQR 3, 7) vs 5 (IQR 4, 7) in those controlled on the initial infusion versus those 

not, respectively. Furthermore, assessment of use of benzodiazepine-type (BDZ) and non-

BDZ AEDs before use of continuous infusion, showed that there was no difference between 

those coming under control with the first continuous infusion, and those not: in controlled 

patients 2.5 (IQR 2, 4) BDZ AED doses and 2 (IQR 1, 3) non-BDZ AED doses vs non-

controlled patients 2 (IQR 2, 3) BDZ AED doses and 3 (IQR 2, 5) non-BDZ AED doses. 

Based on these observations, dosing of AEDs (number and type) did not appear to be 

associated with responsiveness to infusion therapy.

In the second cycle, seizure termination was achieved in 12/15 (80% [95% CI: 52% – 96%]) 

patients who had persisting seizures during the first cycle of treatment. Ultimately, 51/54 

(94% [95% CI: 85% – 99%]) patients had seizure termination with two cycles of anesthetic 

treatment. In regard to seizure duration, in patients in whom seizures were terminated, 

timing from onset was 5.9 (IQR 1.9, 34) hours in the first cycle, which represents a 

significantly shorter (p = 0.048) duration when compared to the 30 (IQR 4, 120) hours noted 

in the second cycle.

Midazolam strategy, dosing and duration

Forty-two of 111 patients in the whole cohort received midazolam as their first continuous 

infusion AED (38% [95% CI: 29% – 47%]). Seizures had been ongoing in the hospital for 

2.4 (IQR 1.6, 9.5) hours at the time of infusion initiation. The number of AEDs administered 

before treatment with midazolam was four (IQR 4, 6) drugs, of which two (IQR 1, 3) were 

benzodiazepines and two (IQR 2, 3) were non-benzodiazepine drugs.

Figure 2 illustrates the initial endpoint goals used in the 42 patients receiving midazolam; 

30/42 (71%) patients were controlled. Only 12/42 (29%) midazolam patients required 

treatment with a second anesthetic agent, most commonly pentobarbital (see below). Four of 

12 patients requiring a second anesthetic went on to receive a third anesthetic. Overall, 38/42 

(90% [95% CI: 77% – 97%) patients achieved seizure termination with two cycles of 

anesthetic treatment when midazolam was the first administered anesthetic.

Table 2 summarizes the bolus dose, initial and highest infusion rates of midazolam. There 

was no significant difference between the midazolam infusion rates required for clinical 

seizure termination (0.30 [IQR 0.13, 0.88] mg/kg/hr or 5.0 [IQR 2.2, 14.7] mcg/kg/min) or 

EEG seizure termination (0.23 [IQR 0.17, 0.35) mg/kg/hr or 3.8 [IQR 2.8, 5.8] mcg/kg/min). 
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However, significantly higher dosing rates were used when burst suppression was the chosen 

endpoint (i.e., 1.00 [IQR 0.55, 1.50] mg/kg/hr, or 16.7 [IQR 9.2, 25.0] mcg/kg/min) when 

compared with either of the other endpoints (p <0.05). The duration of treatment in 

responders was 47.5 (IQR 14.5, 72) hours, which was significantly longer than the duration 

of use in non-responders (p = 0.012). In the 12 non-responders requiring a second anesthetic 

agent, midazolam was used for 24 (IQR 12.5, 38.5) hours before transitioning to the next 

agent. We could not identify any specific characteristics of these 12 non-responders that 

would have differentiated them from the other 30 responders, a priori. (They could not be 

differentiated based on sex, age, presence of known epilepsy, the endpoint used for seizure 

control, hospital or out-of-hospital onset of seizure, and number of AEDs administered 

before the continuous infusion).

Treatment with a vasoactive drug infusion occurred in 12/42 (29%) of patients initially 

managed with midazolam. Of these 12 patients, five were patients that responded to 

midazolam and did not need another continuous infusion. The other seven required 

pentobarbital after midazolam infusion (see below).

Pentobarbital strategy, dosing and duration

Eleven of the 12 patients that failed to respond to first-cycle therapy with midazolam 

ultimately received pentobarbital: nine received it as the second anesthetic agent and two 

received it as the third anesthetic agent. The bolus dosing, initial and highest infusion rates 

are given in Table 2. The endpoint used for titrating drug administration was clinical seizure 

termination in one patient and EEG seizure termination in 10 patients. In the patients 

undergoing EEG for titration of pentobarbital, the endpoint was EEG seizure termination in 

two patients, and induction of burst suppression in eight patients. Out of the 11 patients 

receiving pentobarbital at some time after initial use of midazolam, two failed to respond 

and were subsequently treated with another anesthetic agent: propofol in one patient and 

ketamine in the other. In the nine patients that responded to pentobarbital, the duration of 

pentobarbital treatment was three (IQR 2, 12.3) days. The combined duration of using 

midazolam and pentobarbital infusion was four (IQR 3, 14) days. The total duration of 

intensive care length-of-stay in all 11 patients was 15.5 (IQR 7.3, 42.3) days.

Last, in regard to vasoactive drug administration during pentobarbital infusion, seven of 11 

(64%) cases received such therapy. There was higher likelihood of requiring a vasoactive 

drug during pentobarbital infusion compared with midazolam infusion (see above 5/30 vs 

7/11, p <0.05).

Discussion

In this prospective multicenter observational cohort study of RSE from nine tertiary 

pediatric hospitals in the US, we have found that supervising clinicians embark on treatment 

with anesthetic agents in almost half of the patients and that this is an “intention-to-use” or 

induce anesthesia, but anesthetic dosing is infrequently required. All of these patients were 

admitted to a PICU, as the majority of patients undergo mechanical ventilation. The length-

of-stay in the PICU is a median of 10 days. Seizure termination in those receiving 

continuous infusions was achieved in 94% (95% CI: 85% – 99%) of patients by the second 
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cycle of therapy, although a minority of patients required up to four cycles of serial 

anesthetic therapies. The timing from SE onset to anesthetic initiation was a median of six 

and 30 hours for the first- and second-line anesthetic agents used, respectively. Midazolam 

was the most frequently administered first-line anesthetic agent and pentobarbital was the 

most frequently administered second-line agent. These data are unique in that they provide 

information on contemporary practice and potential areas of quality improvement, with 

description of actual drug dosing and control rates.

To date, there have been 11 retrospective pediatric RSE studies that provide details of the 

dosing of midazolam when used as the first AED by continuous infusion.[12–23] The current 

prospective pSERG cohort from 2011 to 2013 adds contemporary data to this literature. The 

proportion of RSE patients presenting to emergency services needing midazolam infusion is 

substantial, occurring in 29% to 47% of patients (95% CI), a finding that may have 

implications for hospital emergency services. The overall success rate with midazolam used 

as the initial AED by continuous infusion in our cohort (95% CI: 55% – 84%) is similar to 

the 76% rate of control previously described in a meta-analysis of the historical data.[11] 

However, in contrast to the previous reports, the pSERG cohort provides data regarding the 

prolonged duration of seizure activity before initiation of midazolam infusion (median of 

145 minutes). This period appears long and warrants further investigation into potential 

causes for delay. For example, previously we knew of a delay in time to administer the initial 

drugs and escalate between AED types,[24] now, we know of delay in escalation to 

anesthetic therapies. Whether this delay is due to timing of endotracheal intubation and 

availability of central intravenous access is unknown. Quality improvements in these matters 

may have significant impact on seizure control and response rate to the initial continuous 

infusion.

Bolus dosing and initial infusion rates for midazolam were similar to those reported in 

previous studies,[11–23] with a median dose of 0.11 mg/kg (average in the literature 0.15 – 

0.50 mg/kg) and 1.7 mcg/kg/min (average in the literature 1 – 2 mcg/kg/min) respectively. 

However, previous studies identified an apparent discrepancy: treatment dosing from studies 

using EEG monitoring to guide therapy[13,19] used considerably higher doses of midazolam 

when compared with studies using a clinical endpoint to guide treatment (10.7 mcg/kg/min 

versus 2.8 mcg/kg/min).[12,14–18,20,21] The current pSERG cohort illustrates that an EEG 

endpoint is currently used in over half of patients and also confirms the utilization of higher 

midazolam dosing when EEG serves as the endpoint measure (i.e., cessation of EEG 

seizures 3.8 [2.8 – 5.8] mcg/kg/min or burst suppression 16.7 [9.2 – 25.0] mcg/kg/min). Our 

study is novel in demonstrating the median duration of midazolam therapy in those whose 

seizures become controlled (two days), while also illustrating the median time until therapy 

escalation occurs in subjects not responding to first-cycle infusion therapy (1 day). Again, 

this latter observation of care is of concern, since it tells us that there may be a delay in 

recognizing those patients not responding to initial infusion therapy.

There have been six previous pediatric studies describing the dosing of pentobarbital 

anesthesia for RSE, with the majority of these patients failing to respond to first cycle 

midazolam therapy.[21,22,25–28] In these reports, when the data are considered together, 

pentobarbital infusion was successful at achieving burst suppression and seizure control in 
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65% of the patients.[11] In two of these studies, the median interval between seizure onset 

and initiation of barbiturate infusion was 24-hours[25] and 35-hours.[28] In the pSERG cohort 

we have detailed the progression from presentation with RSE to midazolam failure, and the 

subsequent use of pentobarbital. Out of 111 patients with RSE, 42/111 (38%) of the series 

received midazolam as first-line continuous infusion; 12/42 (29%) treated with midazolam 

continued to have uncontrolled seizures and, of these, 11/12 (92%) subsequently received 

pentobarbital (10% of the whole series).

Three previous studies reported on the use of vasoactive support during pentobarbital for 

RSE: 28/30 patients reported by Baberio et al,[28] 20/20 patients reported by Gestel et al,[26] 

and 10/11 patients reported by Patten et al.[22] Our data indicates that 7/11 patients required 

such support. When these data are combined with the prior data, 65/72 patients (90.3% [95% 

CI: 81% – 96%]) required vasoactive support in the setting of pentobarbital for RSE.

This analysis of midazolam and pentobarbital infusions for RSE has two main limitations. 

Firstly, the treatment cohort sizes are relatively small, but represent the cumulative data over 

a two-year period from nine US academic, tertiary care centers. Secondly, specific clinical 

data (e.g., subsequent seizure frequency, seizure recurrence during therapy, long-term 

survival and cognitive outcomes in relation to treatment) are not available for further 

analysis. Recent class III evidence in adults with RSE questions whether use of intravenous 

anesthestic agents causes harm, due to conflicting data from a number of large case 

series.[29–33] Our study was not designed to compare outcomes for different AED strategies. 

Despite these limitations, this report does provide a contemporary description of how 

midazolam and “intention-to-use” an anesthetic infusion strategy are administered in current 

clinical pediatric practice and how successful this approach is at controlling RSE.

Taken together with the above discussion, our study identifies midazolam and pentobarbital 

as the preferred continuous infusions for RSE in children. Midazolam is typically used first, 

and is followed by seizure termination in 71% of patients. In patients who required 

pentobarbital as a second cycle of treatment, after midazolam, seizure termination occurred 

in 90% of patients. These data should help inform the design and recruitment of randomized 

clinical trials for new strategies and AEDs for critical RSE. For example, based on our 

unique data it would appear that there are two natural decision points for randomization: 

determination of failure of midazolam with a view to escalating to the next anesthetic agent, 

or continued up-titration of this treatment at 24 hours; or, failure of to successfully wean the 

second anesthetic agent after 72 hours. By our assessment of current practice in our nine 

pediatric tertiary centers, for every 100 patients presenting with RSE, 49 would be treated by 

an infusion of AED/anesthetic agent. Out of these 49, ~14 would fail such therapy and need 

a second anesthetic agent. Out of these 14, ~3 would fail such therapy and need to progress 

to another course of treatment. From these estimates it is apparent that testing a new 

anesthetic AED agent after failure of a second agent is unlikely to be feasible without being 

tested in a multicenter international, adult and pediatric study. Selecting an earlier decision 

point in which to undertake a randomized controlled trial, such as the original decision to 

use an intravenous agent (most commonly midazolam), might also prove problematic since 

it is not clear what prompts this decision as only half of the patients with RSE underwent 

such treatment in our centers. We therefore recommend further comparative effectiveness 
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assessment of these earlier decisions in order to better understand the clinical decision-

making.

Conclusions

Midazolam and then pentobarbital remains the mainstay of continuous infusion anesthetic 

management for RSE in the pediatric patient. The timing from SE onset to initiation of an 

infusion is a median of six and 30 hours for these first- and second-line anesthetic agents. 

The majority (94%) of patients experience seizure termination with these two therapies and 

the report provides contemporary dosing. Testing a new anesthetic AED after failure of 

midazolam and pentobarbital is not feasible in a pediatric study.
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Figure 1. Cycles of anesthetic therapy for termination of RSE
Key: Clinician goals were clinical seizure termination (Clinical), EEG seizure termination 

(EEG seizure) or achievement of burst suppression (EEG-BS).
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Figure 2. Termination of RSE when midazolam administered as the first-line anesthetic agent
Key: Clinician goals were clinical seizure termination (Clinical), EEG seizure termination 

(EEG seizure) or achievement of burst suppression (EEG-BS).

Tasker et al. Page 13

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tasker et al. Page 14

Table 1

Demographic characteristics of the RSE cohort.

Intention-to-use
Continuous infusion (CI)

No use of CI

n = 54 n = 57

Age, Median (IQR) 4.5 (1.8 – 10.2) years 2.4 (1.1 – 7.1) yrs

Male sex, n (%) 28 (52%) 28 (50%)

Race, n (%)

• White 37 (69%) 33 (58%)

• Black / African American 12 (22%) 11 (19%)

• Asian 1 (2%) 5 (9%)

• Unknown 4 (7%) 8 (14%)

Ethnicity, n (%)

• Not Hispanic / Latino 38 (70%) 42 (74%)

• Hispanic / Latino 13 (24%) 10 (17%)

• Unknown 3 (6%) 5 (9%)

Baseline condition, n*

• None 21 19

• History of FC 6 6

• Previous SE 11 7

• Cerebral palsy 8 6

• Developmental delay 25 26

• Epilepsy 21 25

Proximate cause, n (%)

• Symptomatic 30 (56%) 38 (67%)

• Genetic / Metabolic 10 (19%) 5 (9%)

• Unknown / Other 14 (25%) 14 (24%)

Key: FC, febrile convulsion; IQR, interquartile range; n*, the same patient may present with more than one condition; RSE, refractory status 
epilepticus; SE, status epilepticus
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Table 2

Dosing (median, IQR) of midazolam and pentobarbital for RSE

Dosing Midazolam Pentobarbital

Bolus dose 0.11 (0.09 – 0.22) mg/kg 3.7 (0.6 – 5.2) mg/kg

Initial infusion rate 0.10 (0.06 – 0.23) mg/kg/hr
(or 1.7 [1.0 – 3.8] mcg/kg/min)

1.0 (1.0 – 2.0) mg/kg/hr

Highest subsequent infusion rate in responders 0.10 (0.06 – 0.50) mg/kg/hr
(or 1.7 [1.0 – 8.3] mcg/kg/min)

3.0 (1.5 – 4.0) mg/kg/hr

Highest subsequent infusion rate in non-responders 0.20 (0.20 – 1.5) mg/kg/hr
(or 3.3 [3.3 – 25.0] mcg/kg/min)
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