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ABSTRACT
Objective. Treatment of super-refractory status epilepticus (SRSE) is associated
with various complications of anaesthetic coma therapy. This study aimed to
describe the factors affecting the prognosis, especially in-hospital mortality, of
patients receiving pentobarbital coma therapy for the treatment of SRSE.
Methods. This was a retrospective cohort study conducted in a single tertiary
referral centre with patients who received pentobarbital coma therapy for the
treatment of SRSE from 2006 to 2018. Exploratory analyses were performed for
clinical, laboratory, electrographic, and radiological factors for the entire cohort
and were compared between the mortality and survivor groups.
Results. In total, 19 patients were enrolled, and five (26.3%) patients died in the
hospital. The maximal pentobarbital infusion dose was higher in the mortality
group than in the survivor group (4.4�1.0 mg/kg/h vs. 2.9�1.4 mg/kg/h,
respectively; p=0.025). The high-dose pentobarbital infusion group (>3.75 mg/
kg/h) underwent longer mechanical ventilation (24 [20–36.75] vs. 41 [28–70],
p=0.025) and blood culture results were more frequently positive, suggestive of
septicaemia (8.3% vs. 57.1%, p=0.038).
Significance. The group of SRSE patients treated with pentobarbital coma
therapy who died in the hospital received a higher pentobarbital infusion dose
compared to survivors; a complication of high-dose pentobarbital infusion was
septicaemia. Considering the high rate of septicaemia observed, systematic
treatment strategies focusing on infectious complications should be established
and implemented. The association between maximal pentobarbital infusion
dose and in-hospital mortality needs to be further validated.
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Super-refractory status epilepticus
(SRSE) is defined as persistent seizures
despite therapeutic coma using contin-
uous infusion of intravenous (IV) anaes-
thetic agents for 24 hours or recurrence
of seizures upon reduction or withdraw-
al of the agents [1]. Themainstay of SRSE
treatment is to continue the therapeutic
coma, with additional treatment options
including magnesium infusion, the

ketogenic diet, and electroconvulsive
therapy, although the utility of these
approaches lacks evidence [2]. Thera-
peutic coma typically requires aggres-
sive and prolonged treatment in the
intensive care unit (ICU) and is associ-
ated with multiple medical and surgical
complications. The prognosis of SRSE is
variable, with an in-hospital mortality
rate of 10-42% [3-5], but full recovery can
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also be expected [6]. Previous studies have identified
several prognostic factors for SRSE, including age and
premorbid functional status [7].
To date, no specific IV anaesthetic agent used in coma
therapy has demonstrated overall superiority. Howev-
er, pentobarbital exhibits fairly strong antiseizure
effects [1]. Pentobarbital coma therapy was reported
to result in 90% seizure termination in patients with
SRSE [5]. Pentobarbital exerts potential neuroprotec-
tive effects and reduces intracranial pressure, and is
one of the most commonly used IV anaesthetic drugs
[8]. Its side effects include cardiorespiratory depres-
sion, paralytic ileus, immunosuppression, electrolyte
imbalance, hepatic dysfunction, and peripheral neu-
ropathies [9, 10]. Several prognostic factors of pento-
barbital coma therapy have been identified, including
complications such as hypotension, prolonged coma,
and prolonged mechanical ventilation [11].
Only a few studies have addressed the prognosis and
its associated factors in SRSE patients treated with
pentobarbital coma therapy. Therefore, this study
aimed to further describe the clinical factors affecting
future prognosis, especially in-hospital mortality, in
SRSE patients treatedwith pentobarbital coma therapy.

Materials and methods

Patients

A retrospective review of all consecutive status
epilepticus (SE) patients admitted to Ajou University
Hospital from January 2006 to December 2018 was
performed. The data were retrospectively collected by
comprehensively reviewing patients’ electronic medi-
cal records. SE caused by potentially fatal aetiologies,
such as post-cardiac arrest hypoxic-ischemic enceph-
alopathy, traumatic brain injury, andmalignant strokes
resulting in increased intracranial pressure and
herniation, was excluded [12]. Of all SE patients,
refractory status epilepticus (RSE) patients who re-
ceived continuous IV anaesthetic therapy were
selected. Of these patients, those who received
pentobarbital coma therapy were included in the final
analyses. SRSE was defined as an ongoing clinical
seizure or documented EEG seizure during continuous
EEG monitoring, persisting or recurring after a coma
therapy. Ethics approval was obtained from the local
institutional review board, and the board waived the
need for patient consent (AJIRB-MED-MDB-19-438).

Institutional SE treatment protocol

All patients were initially treated with IV benzodiaze-
pine. Second-line antiseizure drugs (ASDs) were
selected among levetiracetam, fosphenytoin or

phenytoin, and valproate. Patients who were com-
menced on coma therapy underwent continuous EEG
monitoring or received a routine EEG test for 30
minutes, at least twice a day. All patients underwent
diagnostic studies, including computed tomography or
brainMRI, serologic studies, andCSF studies on theday
of admission. Midazolam, pentobarbital, ketamine, and
propofol were used as therapeutic agents for continu-
ous infusion therapy. The selection of IV agents was
based upon each individual’s clinical situation. For
patients who received coma therapy using multiple
agents, those who were administered pentobarbital
were enrolled for the analyses. Pentobarbital was
administered at a 10-mg/kg loading dose and main-
tained with continuous infusion starting from 0.5 mg/
kg/h. Thedosagewas subsequently escalated according
to the EEG. All patients receiving coma therapy were
admitted to a neuro-ICU and received ventilator
support via endotracheal mechanical ventilation.
The goal, regarding the extent of sedation, was either
electrical seizure suppression or burst suppression. If
the seizure persisted after the induction of burst
suppression, patients were sedated until isoelectricity
was attained. Tapering of the anaesthetic agent was
performed carefully, at least 48 hours after the
attainment of seizure cessation, during which coma
therapy was resumed until the seizure was suppressed
again in the event of a withdrawal seizure.
Alongside continuous IV coma therapy, immunother-
apy, such as steroid pulse therapy, intravenous
immunoglobulin G (IVIG), plasma exchange, rituxi-
mab, or tocilizumab therapy, were implemented if
limbic encephalitis or autoimmune encephalitis were
suspected. Additional non-anaesthetic treatment strat-
egies for SRSE, such as IV magnesium infusion,
electroconvulsive therapy, and the ketogenic diet,
were also implemented when considered adequate.

Definitions and classifications

The classification of semiology and aetiology was
based on previous literature, with modifications [13].
SE semiology was classified into three groups based on
the initial manifestation of SE: focal, generalized
convulsive, and non-convulsive SE. EEG findings prior
to coma therapy were classified into two groups:
ongoing ictal discharges or intervening periodic
discharges. SE aetiology was categorized into three
groups: acute symptomatic, remote symptomatic, and
cryptogenic. New-onset refractory SE (NORSE) was
defined as refractory SE in previously healthy individ-
uals without a clear acute or active structural, toxic, or
metabolic cause [14]. Status Epilepticus Severity Score
(STESS) was determined according to a previous study
[15]. The maximal pentobarbital infusion dose was
defined as the maximally increased maintenance dose
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that was considered effective for seizure suppression
for at least 48 hours.

Variables and statistical analysis

Basic demographics, the Charlson comorbidity index
[16], STESS, semiology, aetiology, and EEG correlates
were analysed. The primary treatment outcomewas in-
hospital mortality and based on the modified Rankin
scale (mRS) at the time of discharge and at three
months of follow-up. In-hospital mortality was set as
the primary outcome.
Variables were expressed as numbers (percentage),
mean � standard deviation, and median (interquartile
range [IQR]) values. Continuous variables were
compared using theMann-Whitney U test. Categorical
variables were compared using the Fisher’s exact test
or the Chi-squared test. Receiver operating character-
istic (ROC) analysis was performed to generate a cut-
off value of maximal pentobarbital infusion dose. Due
to the small sample size and a large number of
variables, multivariate analysis was not performed.
IBM SPSS Statistics for Windows, version 25.0 (IBM
Corp., Armonk, NY, USA) and R version 3.6.3, were

used for statistical analyses. Statistical significance was
defined as p < 0.05.

Results

Patient demographics

From 2006 to 2018, 375 SE patients were admitted to our
institution. Of these, 124 (33.1%) were categorized as
having RSE, and 39 (10.4%) patients received coma
therapy using continuous IV anaesthetic agents. Of the
39 patients receiving therapeutic coma treatment, 19
(48.7%) received pentobarbital. Of these patients, 11
(57.9%) received pentobarbital as the first-line infusion
agent. Figure 1 presents a summary of the patient
selection process included in the analyses.
Table 1 summarizes the clinical and SE characteristics,
test results, treatments, and outcomes. Patients were
previously healthy, as indicated by a median Charl-
son’s comorbidity index of 0 (IQR: 0-1). Fifteen patients
(78.9%) were compatible with the definition of NORSE.
Seventeen patients (89.5%) were classified as having
acute symptomatic SE, and most of these (82.4%) were

Status Epilepticus Registry in Ajou
(2006 - 2018)

All status epilepticus (N=375)

Patients who received coma therapy
(N=39)

Other IV anesthetic agents (N=20) Pentobarbital (N=19)

Patients without continuous IV
anesthetic coma therapy (N=85)

Halted seizure with initial IV
benzodiazepine or second-line IV

antiepileptic drug (N=251)

Super-refractory status epilepticus
Final analysis (N=19)

Halted seizure within 24 h
of coma therapy (N=0)

Refractory status epilepticus (N=124)

& Figure 1. Flowchart of patient selection.

Pentobarbital for SRSE
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~Table 1. Overview of basic demographics and clinical characteristics.

Variables No. (%) or median [IQR]

Male 12 (63.2)

Age 45 [32–51]

Charlson’s comorbidity index 0 [0–1]

STESS 3 [2–3]

NORSE 15 (78.9)

Acute symptomatic aetiology 17 (89.5)

Semiology
Focal SE
GCSE
NCSE

5 (26.3)
8 (42.1)
6 (31.6)

EEG before coma therapy
Continuous ictal discharges
Intervening periodic discharges

10 (52.6)
9 (47.4)

Number of used ASDs 2 [2–3]

Coma induction within 24 h 3 (15.8)

Coma therapy duration > 7 days 14 (73.7)

Pentobarbital as the first-line infusion agent 11 (57.9)

Maximal pentobarbital infusion dose (mg/kg/h), mean�SD 3.3�1.5

EEG during coma therapy
Burst-suppression
Isoelectricity

16 (84.2)
3 (15.8)

Immunotherapy
Steroid-pulse therapy
Intravenous immunoglobulin G
Plasma exchange
Rituximab

16 (84.2)
15 (78.9)
3 (15.8)
5 (26.3)

Use of neuromuscular blocking agent 2 (10.5)

Use of inotropes 9 (47.4)

Positive blood culture test during coma therapy 5 (26.3)

Length of stay (days)
ICU stay
Hospital stay
Period under mechanical ventilation

37 [27–57]
58 [37–103]
27 [21–48]

Tracheostomy 9 (47.4)

Outcome
In-hospital mortality
mRS at discharge
Good outcome (mRS: 0-2) at discharge
mRS at 3 months

5 (26.3)
3 [2–6]
7 (36.8)
3 [2–6]

ASD: antiseizure drugs; EEG: electroencephalogram; GCSE: generalized convulsive status epilepticus; ICU: intensive care unit; IQR: interquartile range;
mRS: modified Rankin scale; NCSE: non-convulsive status epilepticus; NORSE: new-onset refractory status epilepticus; SE: status epilepticus; STESS: Status
Epilepticus Severity Score.
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subsequently diagnosed with probable autoimmune
encephalitis. In all patients, burst-suppression EEGwas
achieved, and three patients were sedated until
isoelectricity was attained.
In total, five (26.3%) patients died in the hospital. The
direct causes of death differed among patients: four
died of sepsis and one had a sudden cardiac arrest.
Seven (36.8%) were discharged with good outcome
(mRS: 0-2). The median value for the three-month
mRS was 3 (IQR: 2-6). A brief description of the
treatment course of patients in this study is summa-
rized in table 2.

In-hospital mortality

The comparison between the survivor and mortality
groups is summarized in table 3. No significant
differences were observed in baseline demographics,
aetiology, semiology, severity, or EEG correlates
between the survivor and mortality groups. Moreover,
no significant differences were noted in major side
effects of pentobarbital, such as dyskalaemia, use of
inotropes, positive blood culture tests, and serum C-
reactive protein (CRP) levels between the survivor and
mortality groups.
Pentobarbital infusion dose was significantly higher in
the mortality group than in the survivor group (4.4
�1.0 mg/kg/h vs. 2.9�1.4 mg/kg/h, p=0.025). No signifi-
cant between-group differences were observed in the
timing of pentobarbital induction, duration of coma, or
extent of sedation on EEG. Additional analysis revealed
that pentobarbital infusion dose was higher in the
poor outcome group, represented by an mRS score of
4-6 at discharge (4.4�1.4 mg/kg/h vs. 2.5�1.0 mg/kg/h).
A violin plot depicting the maximal pentobarbital
infusion doses for the survivor and mortality groups is
presented in figure 2.
Based on the significantly higher pentobarbital infu-
sion dose in the mortality group, further analysis was
performed. Maximal pentobarbital infusion dose was
dichotomized using a cut-off value of 3.75mg/kg/h, and
the high-dose and low-dose groups were compared.
The cut-off dose was generated based on the
ROC analysis. The high-dose pentobarbital group
(>3.75 mg/kg/h) was associatedwith longermechanical
ventilation (24 [20–36.75] vs. 41 [28–70], p=0.025) and
more frequent positive blood culture tests, suggesting
septicaemia (8.3% vs. 57.1%, p=0.038) when compared
to the low-dose group.

Discussion

This retrospective study explored the factors affecting
mortality associated with pentobarbital coma therapy
for SRSE. In the present study, we observed that

maximal pentobarbital infusion dose was higher in the
in-hospital mortality group, compared to survivors.
During pentobarbital coma therapy for SRSE, multiple
life-threatening complications have been reported
with the use of pentobarbital itself, including cardio-
respiratory depression, infection, and dyskalaemia.
There has been controversy regarding whether coma
therapy itself is independently associated with poorer
outcomes and in-hospital mortality [17-19]. Further, the
risks associated with pentobarbital use have been
highlighted in numerous studies [20, 21]. Compared to
other IV anaesthetic agents, pentobarbital is associat-
ed with a longer duration of hospital stay and longer
period under mechanical ventilation [20, 21].
Pentobarbital exhibits zero-order kinetics and there-
fore accumulates in the body, especially with continu-
ous infusions [1]. The lower elimination rate of
pentobarbital with higher dose infusions results in
side effects in a dose-dependent manner. Hypoten-
sion and autonomic responses induced by pentobar-
bital administration have been well documented in
animal experiments [22]. Further, immunosuppression
and subsequent risk of infection may result from the
pentobarbital-induced reduction of phagocytic activi-
ty, inhibition of peripheral lymphocyte function, and
suppressed neutrophil migration [10, 23]. This is
supported by our data from the high-dose pentobar-
bital group, which demonstrated a higher rate of
positive blood culture tests.
Due to the side effects of pentobarbital, determining
the appropriate dose for each patient is crucial. The
therapeutic dose for pentobarbital coma therapy (0.5–
5 mg/kg/h) is supported by clear evidence [24]. Within
this window, dose adjustments are based on continu-
ous EEG monitoring, according to the “pentobarbital
demand” by each seizure. As breakthrough seizures
are often observed even in the burst-suppression
state, the demand is commonly high in these SRSE
patients. Measurement of serum concentration of
pentobarbital is not readily available in all hospitals
due to a lack of commercially available automated
assays to determine pentobarbital levels [25]. In
addition, due to pharmacodynamic tolerance and
multiple concomitant ASDs resulting in drug interac-
tions, it has been considered impractical to define and
maintain therapeutic ranges according to serum
concentrations [26].
The overall outcome measures observed in our study
are consistent with previous results. Despite an in-
hospital mortality rate of 26.3%, good discharge
outcomes (mRS: 0–2) were observed in 36.8% of the
patients. Life-threatening complications associated
with pentobarbital were observed in survivors and
were successfully treated. Survivors and patients with
good outcomes were identified in the high-dose
pentobarbital group. Notably, the high-dose group

Pentobarbital for SRSE
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did not demonstrate the features associated with
greater CNS suppression or cardiovascular depres-
sion, represented by isoelectric EEG and inotrope use.
Further studies to identify patients who tolerate high-
dose pentobarbital are necessary for patient selection
for appropriate SRSE treatment.
The retrospective nature of our study limits the
interpretation of the findings. Although the pentobar-
bital infusion dose was higher in the mortality group,
this does not explain the nature of the association
between the pentobarbital infusion dose and mortali-
ty. It remains unclear whether a higher dose of
pentobarbital and the associated side effects were
the cause of mortality. An alternative explanation is
that the demand for pentobarbital was higher in
patients withmore severe SRSE. Nevertheless, it can be
inferred that the risk of infection was increased due to
a higher pentobarbital dose because the cause of
deaths in most patients was sepsis, and positive blood
culture tests were more frequently observed in the
high-dose pentobarbital group. Considering the earli-
er induction of coma and more intensive dose-
escalation precipitated by severe SRSE, the critical
factor for the complications observed in our patients
was the fatality associated with septicaemia.
Previously identified prognostic factors such as age,
aetiology, and premorbid condition did not affect
prognosis in our cohort. However, it is unlikely that
this negative result was a major confounder in the
interpretation of our findings. Instead, this finding
could be underpinned by the homogeneity of our
population. The patients were younger, premorbidly
healthier, and had non-potentially fatal SRSE aetiolo-
gies. Potentially fatal aetiologies, such as post-cardiac
arrest hypoxic-ischemic encephalopathies, were not
included in our initial cohort. Further, the majority of
our patients presented with NORSE and were subse-
quently diagnosed with probable autoimmune en-
cephalitis. In this regard, the characteristics of the
current cohort more closely resemble the recently
introduced “new-onset super-refractory status epilep-
ticus (NOSRSE)” population [27].
Another limitation of our study is the small sample size
and long recruitment period. During the study period,
the criteria for patient selection for coma therapy and
sensitivity for the detection of NCSE changed. Many
RSE patients who did not receive IV coma therapywere
excluded from the analysis; these patients could have
benefitted from the treatment. Further, with the
advancements in immunotherapy modalities for
NORSE, the need to use highly potent agents such
as pentobarbital is diminished. Trends in managing
complications occurring in the neuro-ICU have also
developed, such as the definition, recognition, and
treatment of sepsis. For this, larger-scale, uniform,
prospective studies are required to confirm the
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~Table 3. Comparison of clinical parameters between the survivor and mortality groups.

Survivor (n=14) Mortality (n=5) p value

Patient factors
Male, number (%)
Age, median [IQR]
Charlson’s comorbidity index, median [IQR]
CSF cell (number/mL), median [IQR]
CSF protein (mg/dL), mean�SD

9 (64.3)
43 [30.75–51]
0 [0–1.25]
3.5 [2.0–14.25]
46.62�13.47

3 (60.0)
49 [27.5–63]
0 [0–4]
12 [0–17.5]
126.62�152.63

0.865
0.578
0.789
0.832
0.460

Seizure factors
STESS, median [IQR]
NORSE, number (%)
Acute symptomatic aetiology, number (%)

3 [2–3]
13 (92.9)
13 (92.9)

3 [2–4.5]
5 (100)
4 (80.0)

0.829
>0.999
0.468

Semiology
Focal SE, number (%)
GCSE, number (%)
NCSE, number (%)

3 (21.4)
6 (42.9)
5 (35.7)

2 (40.0)
2 (40.0)
1 (20.0)

0.819

EEG before coma therapy
Continuous ictal discharges, number (%)
Intervening periodic discharges, number (%)

7 (50.0)
7 (50.0)

3 (60.0)
2 (40.0)

>0.999
>0.999

Treatment factors
Number of used ASDs
Coma induction within 24 h, number (%)
Coma therapy > 7 days, number (%)
Pentobarbital as the first-line infusion agent, number (%)
Maximal pentobarbital infusion dose (mg/kg/h), mean�SD
Isoelectric EEG during coma therapy, number (%)
Use of neuromuscular blocking agent, number (%)

2 [1–2.25]
1 (7.1)
11 (78.6)
6 (42.9)
2.91�1.43
1 (7.1)
1 (7.1)

2 [2–3.5]
2 (40.0)
3 (60.0)
2 (40.0)
4.40�0.96
2 (40.0)
1 (20.0)

0.209
0.155
0.570
>0.999
0.025
0.058
0.468

Immunotherapy
Steroid pulse therapy, number (%)
Intravenous immunoglobulin G, number (%)
Plasma exchange, number (%)
Rituximab, number (%)

12 (85.7)
12 (85.7)
2 (14.3)
4 (28.6)

4 (80.0)
3 (60.0)
1 (20.0)
1 (20.0)

>0.999
0.272
>0.999
>0.999

Length of stay
Hospital days, median [IQR]
ICU days, median [IQR]
Mechanical ventilation days, median [IQR]

62 [46.75–97]
37 [25.75–46.5]
25.5 [20.75–42.75]

37 [25.5–142]
37 [24.5–142.5]
38 [19.5–86]

0.405
0.781
0.404

Tracheostomy, number (%) 8 (57.1) 1 (20.0) 0.303

EEG during coma therapy
Burst-suppression, number (%)
Isoelectricity, number (%)

13 (92.9%)
1 (7.1%)

3 (60.0%)
2 (40.0%)

0.155

Complications
Use of inotropes, number (%)
Dopamine use, number (%)
Norepinephrine use, number (%)
Positive bloodstream culture test during coma therapy, number (%)
Maximal CRP within 3 days of coma, mean�SD
Hypokalemia, number (%)
Hyperkalemia, number (%)

6 (42.9)
4 (28.6)
2 (14.3)
3 (21.4)
4.39�4.31
2 (14.3)
1 (7.1)

3 (60.0)
1 (20.0)
2 (40.0)
2 (40.0)
13.68�11.41
2 (40.0)
1 (20.0)

0.628
>0.999
0.272
0.570
0.144
0.272
0.468

Values are presented as numbers (percentage), mean � standard deviation, or median [interquartile ratio].
ASD: antiseizure drugs; CRP: C-reactive protein; GCSE: generalized convulsive status epilepticus; IQR: interquartile range; NCSE: non-convulsive status
epilepticus; NORSE: new-onset refractory status epilepticus; SE: status epilepticus; STESS: Status Epilepticus Severity Score.
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generalizability of our findings. The interpretation of
the maximal pentobarbital infusion dose as a risk
factor for in-hospital mortality presented in this study
should not be considered conclusive.
During the administration of pentobarbital coma
therapy for the treatment of SRSE, the adjustment of
pentobarbital infusion dose was mainly driven by EEG.
However, this was complicated by hypotension and
infectious complications that occurred with the
prolongation of the treatment period. Treatment
strategies avoiding toxicity should be considered.
For instance, add-on therapy using other IV anaesthet-
ic agents or additional non-anaesthetic modalities
could be implemented. The outstanding complica-
tions in our patients were septicaemia; therefore, close
monitoring of emerging signs of infection and
appropriate antibiotic therapy should be used in
combination when treating SRSE. However, this
interpretation should be taken cautiously with regard
to the limitations of the study.

Conclusion

In SRSE patients treated with pentobarbital coma
therapy, a higher pentobarbital infusion dose was
observed in the in-hospital mortality group compared
to survivors. Although there was no significant
difference in the rate of previously known complica-
tions associated with pentobarbital coma therapy,
patients who received a higher pentobarbital infusion

dose showed more septicaemia and required a longer
mechanical ventilation period. Organized treatment
strategies should be implemented to avoid pentobar-
bital toxicity. Further large-scale prospective studies
are required to verify our findings. &

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) What are the previously known major side effects associated with pentobarbital coma therapy for super-
refractory status epilepticus?

(2) How does pentobarbital infusion therapy affect the immune system, and therefore complicate the course of
treatment?

(3) Based on this study, what kind of complication should be carefully monitored during pentobarbital coma therapy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.
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