
Archive ouverte UNIGE
https://archive-ouverte.unige.ch

Article 

scientifique

Revue de la 

littérature
2023                                    

Published 

version

Open 

Access

This is the published version of the publication, made available in accordance with the publisher’s policy.

Balancing the risks and benefits of anesthetics in status epilepticus

Sutter, Raoul; Jünger, Anja L.; Baumann, Sira M.; Grzonka, Pascale; De Stefano, Pia; Fisch, Urs

How to cite

SUTTER, Raoul et al. Balancing the risks and benefits of anesthetics in status epilepticus. In: Epilepsy & 

behavior, 2023, vol. 138, p. 109027. doi: 10.1016/j.yebeh.2022.109027

This publication URL: https://archive-ouverte.unige.ch/unige:175435

Publication DOI: 10.1016/j.yebeh.2022.109027

© The author(s). This work is licensed under a Creative Commons Attribution (CC BY 4.0) 

https://creativecommons.org/licenses/by/4.0

https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:175435
https://doi.org/10.1016/j.yebeh.2022.109027
https://creativecommons.org/licenses/by/4.0


Balancing the risks and benefits of anesthetics in status epilepticus

Raoul Sutter a,b,c,⇑, Anja L. Jünger a,d, Sira M. Baumann a, Pascale Grzonka a, Pia De Stefano e,f,
Urs Fisch b

a Intensive Care Medicine, Department of Acute Medical Care, University Hospital Basel, Basel, Switzerland
bDepartment of Neurology, University Hospital Basel, Basel, Switzerland
cMedical Faculty of the University of Basel, Basel, Switzerland
dCenter for Interdisciplinary Brain Sciences Research, Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, Stanford, CA, United States
eNeuro-Intensive Care Unit, Department of Intensive Care, University Hospital of Geneva, Geneva, Switzerland
f EEG and Epilepsy Unit, Department of Clinical Neurosciences and Faculty of Medicine of Geneva, University Hospital of Geneva, Geneva, Switzerland

a r t i c l e i n f o

Article history:
Revised 23 November 2022
Accepted 23 November 2022
Available online 7 December 2022

Keywords:
Intravenous anesthetic drugs
Status epilepticus
Treatment refractory status epilepticus
Adverse effects
Neurocritical care

a b s t r a c t

Purpose: According to international guidelines, status epilepticus refractory to first- and second-line anti-
seizure medication should be treated with anesthetics. Therefore, continuously delivered intravenous
midazolam, propofol, or barbiturates are recommended as third-line therapy. While electroencephalo-
graphically (EEG)-controlled titration of anesthetics to seizure termination or to the emergence of an
EEG burst-suppression pattern makes sense, evidence of the efficacy and tolerability of such third-line
treatment is limited and concerns regarding the risks of anesthesia remain. The lack of treatment alter-
natives and persistent international discord reflecting contradictory results from some studies leave clin-
icians on their own when deciding to escalate treatment.
In this conference-accompanying narrative review, we highlight the challenges of EEG-monitored

third-line treatment and discuss recent studies that examined earlier administration of anesthetics.
Results: Based on the literature, maintaining continuous burst suppression is difficult despite the con-
stant administration of anesthetics, and the evidence for burst suppression as an adequate surrogate tar-
get is limited by methodological shortcomings as acknowledged by international guidelines. In our Swiss
cohort including 102 patients with refractory status epilepticus, burst suppression as defined by the
American Clinical Neurophysiology Society’s Critical Care EEG Terminology 2021 was established in only
21%. Besides case reports suggesting that rapid but short-termed anesthesia can be sufficient to perma-
nently stop seizures, a study including 205 patients revealed that anesthesia as second-line treatment
was associated with a shorter median duration of status epilepticus (0.5 versus 12.5 days, p < 0.001),
median ICU (2 versus 5.5 days, p < 0.001) and hospital stay (8 versus 17 days, p < 0.001) with equal rates
of complications when compared to anesthesia as third-line treatment.
Conclusions: Recent investigations have led to important findings and new insights regarding the use of
anesthetics in refractory status epilepticus. However, numerous methodological limitations and remain-
ing questions need to be considered when it comes to the translation into clinical practice, and, in con-
sequence, call for prospective randomized studies.
This paper was presented at the 8th London-Innsbruck Colloquium on Status Epilepticus and Acute

Seizures held in September 2022.
� 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Status epilepticus (SE) is a life-threatening neurologic emer-
gency with ongoing epileptic seizures [1] that comes along with
high morbidity and mortality [2–4]. When emergency medical
treatment with the administration of first- and second-line anti-

seizure drugs fails to terminate seizures, SE is defined as
treatment-refractory (RSE). A patient with RSE faces a greatly
increased risk of death which is mirrored by an in-hospital case
fatality rate of up to 40% [4]. This calls for an urgent transfer of
the patient to an intensive care unit (ICU) to closely monitor and
stop seizures by the induction of deep coma and to prevent and
treat disease-related complications.

International guidelines recommend the continuous intra-
venous administration of anesthetic drugs, including midazolam,
propofol, or barbiturates for 24 to 48 hours as a third-line treat-
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ment to end seizures in patients with RSE [5,6]. To achieve such
deep coma, the dosage of anesthetics must be steadily increased
during electroencephalographic (EEG) monitoring, until surrogates
for seizure termination are noted, such as either persistent cessa-
tion of electrographic seizures, or the emergence of a burst-
suppression pattern or an isoelectric EEG. However, the continuous
and high-dose administration of anesthetics may be accompanied
by potentially severe and harmful side effects. Several studies have
reported unfavorable outcomes of patients with RSE independently
associated with continuously administered anesthetics [7–11].
These reports call for heightened awareness of appropriate patient
selection due to potential adverse events that may be linked to
high doses and prolonged duration of anesthetic treatment
[12,13]. The limitations of such studies, including the retrospective
design, along with the limited body of evidence for the use of anes-
thetics to treat refractory SE, and the fact that recommendations
for anesthetics are primarily based on expert opinion, fuel an ongo-
ing debate when it comes to the optimal usage of third-line treat-
ment. Therefore, these decisions are often left to the physician’s
judgment when the question of further therapy escalation arises
after the failure of first- and second-line treatment.

In this conference-accompanying narrative review, we highlight
the challenges of EEG-monitored third-line treatment of RSE and
discuss recent findings regarding the effect of earlier administra-
tion of anesthetic treatment. We further examine whether certain
subgroups of SE patients might benefit more or less from the
administration of anesthetics as second-line treatment.

2. Challenges of third-line treatment of refractory SE

Reports and studies have uncovered and discussed many poten-
tial adverse events of anesthetics, including respiratory tract infec-
tions that are associated with prolonged mechanical ventilation
[8,14], propofol infusion syndrome [15–17], a rare syndrome lead-
ing to cardiac failure, rhabdomyolysis, metabolic acidosis, and kid-
ney failure, as well as severe arterial hypotension, cardiotoxicity,
and gastrointestinal paralysis with barbiturates [18,19]. These
complications come along with the clinical challenges when it
comes to the adequate and rapid titration of anesthetics to estab-
lish a sufficient treatment response in RSE. At first, glance, follow-
ing and strictly adhering to the treatment guidelines [5,6] seems to
be straightforward and not very challenging. A multi-national sur-
vey identified EEG burst suppression as the preferred titration tar-
get for anesthetic treatment for RSE [20] with the experts’ opinion
that an interburst interval of 10 seconds should be established
[21]. Further, burst suppression seems to be easily recognizable
even for the untrained EEG reader after a short training session
[22]. However, at second glance, the presumed effortlessness of
these treatment procedures turns out to be rather deceptive. Main-
taining a continuous sufficient burst-suppression pattern on EEG is
difficult despite constant intravenous administration of anesthetics
[23], and the evidence for burst-suppression as an adequate surro-
gate target is limited by methodological shortcomings as acknowl-
edged by international guidelines themselves [5,6]. Furthermore,
the current American Clinical Neurophysiology Society’s (ACNS)
Standardized Critical Care EEG Terminology definition of 2021 of
a burst suppression requires a suppression or attenuation propor-
tion of �50% of the EEG recording which seems to be a rather arbi-
trary cut-off [24]. Preliminary results of our upcoming
observational study including a semiquantitative EEG analysis of
102 adult patients treated with anesthetics in RSE, showed that
such ‘‘complete” burst-suppression with the recommended �50%
suppression or attenuation proportion was established in 21% of
patients within a median of 51 hours (IQR 16.1–103.7). In another
14% of the 102 patients, burst suppression was achieved earlier

(within a median of 23 hours [IQR 1.0–28.9]) but with an attenua-
tion or suppression proportion of <50% (i.e., ‘‘incomplete” burst
suppression). Hence, in 65% of the 102 patients, no burst-
suppression (‘‘complete” or ‘‘incomplete”) could be achieved and
in 79% of the 102 patients ‘‘complete” burst-suppression could
not be established. These results are in line with previous results
that underscored the difficulties to induce and maintain a burst-
suppression pattern: a retrospective study meticulously quantita-
tively analyzed the proportion of achieved burst-suppression pat-
tern and demonstrated a remarkable inter-patient and intra-
patient variability of suppression proportions despite a constant
and continuous administration rate of anesthetic with most
patients not meeting the titration goal of a predefined burst-
suppression suppression rate of 80% despite continuous EEG mon-
itoring [23]. Even in a prospective randomized study, burst sup-
pression as the main intervention could not be established in
several patients [25]. If such inconsistencies of burst suppression
are clinically relevant in our cohort and whether they are associ-
ated with specific patient characteristics and outcomes is currently
under investigation. Prior studies, however, revealed contradictory
results regarding the associations with different titration goals,
such as with EEG-detected seizure termination, burst-
suppression, or isoelectric EEG, and outcomes [18,26–31]. Unfortu-
nately, despite the results of these previous studies, many ques-
tions remain and should be addressed in future studies:

� Should a burst-suppression pattern be preferred instead of an
isoelectric EEG?

� Can the titration phase of anesthetics and the stability of burst
suppression be optimized by quantitative EEG analysis and an
increased number of EEG-trained nurses or physicians in the
ICU?

� Is the quality of burst suppression dependent on the type of
anesthetic drug?

� Should we keep the titration phase as short as possible when
administering anesthetics and does this influence treatment
success?

3. Early administration of anesthetics in RSE and outcomes

Although treatment guidelines for SE recommend starting con-
tinuously administered anesthetics as a third-line treatment, little
is known regarding the importance and effect of the exact time of
the initiation of anesthesia in SE patients. Previous case reports
suggested that in selected patients with RSE and a reversible cause,
a rapid but short-termed anesthetic induction is sufficient to per-
manently stop seizures [32]. A recent study including 205 adult
SE patients from two Swiss academic medical care centers, aimed
to explore the safety and efficacy of anesthetics when administered
immediately after first-line antiseizure treatment [33]. Seventy-
three percent were treated according to the guidelines and 27%
were treated with artificial coma immediately after the failure of
first-line treatment. While the primary outcome (i.e., in-hospital
death) did not differ between the two groups, coma induction after
first-line treatment was associated with a shorter median SE dura-
tion (0.5 days with anesthetics as second-line versus 12.5 days
with anesthetics as third-line, p < 0.001) and a shorter median
ICU and hospital stay (ICU stay: 2 days with anesthetics as
second-line versus 5.5 days with anesthetics as third-line,
p < 0.001; hospital stay: 8 days with anesthetics as second-line ver-
sus 17 days with anesthetics as third-line, p < 0.001), without
increasing the rate of complications. The result that non-
adherence to treatment guidelines when it comes to the adminis-
tration of antiseizure drugs did not have a negative impact on out-
comes in terms of increased death and complications or reduced
rate of return to premorbid neurologic function after SE is in line
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with prior studies [34]. Importantly, the duration of ICU stay and
especially mechanical ventilation and extubation delay are
strongly associated with medical in-hospital complications, includ-
ing delirium and the duration of administered anesthetics has been
correlated with the emergence of progressive brain atrophy [35–
39]. Hence, it seems more than plausible that shorter ICU and hos-
pital stays by direct and early coma induction may reduce compli-
cation rates and costs related to critical care as well as improve the
availability of ICU beds. However, subgroup analyses revealed that
improvement of outcome with such early coma induction after
first-line treatment was restricted to patients without presumed
fatal etiologies of SE. This more aggressive approach is in accor-
dance with the idea that patients who continue to have clinical
or EEG evidence of seizures after first-line treatment with benzodi-
azepines should already be considered to have RSE and should in
consequence be treated with anesthetics [40]. Although the results
with such an unconventional approach are promising, the limita-
tions (mainly resulting from the semiquantitative EEG analyses
and the retrospective nature of the study) call for further studies
to confirm or disprove these findings and the mechanistic hypoth-
esis that earlier treatment escalation with third-line medication
may shorten RSE duration, ICU and hospital stay, as well as
reduced complication rates in SE patients without any underlying
fatal etiology (Fig. 1). However, as the current studies cannot
exclude that some patients treated with early anesthesia (i.e., as
second-line treatment) would have responded to non-anesthetic
second-line antiseizure drugs and not have required anesthesia,
randomized controlled trials are needed in this context.

4. Conclusions

While the first studies raised serious concerns about the contin-
uous administration of anesthetics as third-line treatment in RSE,
recent investigations have led to important findings and indica-
tions related to the management and use of anesthetics in refrac-
tory SE. However, numerous methodological limitations and
remaining questions need to be considered when it comes to trans-

lation into clinical practice, and, in consequence, urgently call for
prospective randomized studies. Meanwhile, clinicians treating
patients in RSE must continue to carefully balance the risks and
benefits that treatment escalation may bring to the individual
patient.
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Fig. 1. A proposed hypothesis, based on recent studies, to improve outcomes and shorten the duration of status epilepticus by bringing forward third-line anesthetic
treatment (lower half of graphic). SE = status epilepticus.
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