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The epidemiology of status epilepticus (SE) and predictors of outcome in particular have been well described
with consistent findings around the world. Understanding of the actual causes of death in patients hospitalized
with SE is limited. The following is a summary of published information about causes of death in patients hospi-
talized with SE and a reconciling of conflicting studies examining the influence of continuous intravenous anes-
thetic drugs on the mortality of SE. A recently published paper was presented at the Colloquium and is
summarized here, along with new data addressing an audience question about withdrawal of care in SE. In the
spirit of the conference, we end with a call to arms and invitation for collaborators.
Proceedings of the 7th London-Innsbruck Colloquium on Status Epilepticus and Acute Seizures.
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A 53-year-old woman without prior history of seizures developed
super-refractory convulsive status epilepticus (SE) that had developed
after weeks of progressive depression, anxiety, and general decline in
function. Having initially been refractory to lorazepam, levetiracetam,
valproic acid, and propofol, initial seizure control was achieved with a
combination of ketamine andmidazolam. Following 24 h of control, sei-
zures recurred upon weaning midazolam. Valproate and levetiracetam
levelswere at the high end of the therapeutic range. She developed ven-
tilator-associated pneumonia and acute kidney injury necessitating
transition of midazolam to pentobarbital as ketamine monotherapy
proved insufficient to maintain control of seizures. Exhaustive evalua-
tion including neuroimaging, comprehensive infectious studies from
serum and cerebrospinal fluid (CSF), autoimmune encephalopathy
panels, head and body computed tomography positron emission to-
mography scanning, and genetic testing were unrevealing as to a
cause of her new-onset refractory SE. Ultimately, after 90 days in the in-
tensive care unit with the inability to liberate the patient from pento-
barbital without return of definite electrographic SE, the decision was
made to withdraw life sustaining treatments and allow a natural
death while providing palliative care. What killed the patient? Was it
the medical complications? Was it the continuous intravenous anes-
thetic drugs (CIVADs)? Or was it the seizures?

The epidemiology of SE, and specifically the outcomes and
influencers of outcome, have been a subject of extensive study and de-
bate over the last 20 years. Nonrefractory SE has a mortality of up to
10%, while refractory and super-refractory SE have mortalities ap-
proaching 30 and 50%, respectively [1–26]. Risk factors for death, most
of which are nonmodifiable, have been well described (Fig. 1) [27].
The most predictive of these comprise the STatus Epilepticus Severity
Score (STESS) [12] in which a score of 0–2 confers a 97% likelihood of
survival and a score of 3–6 a 61% chance at survival (Fig. 2). Yet, despite
having reasonable clarity on the epidemiology, outcome, and predictors
of outcome in SE, most studies do not report the actual causes of death.
It is even less common for information about withdrawal of life sustain-
ing treatment (WOLST) to be included in published studies, andwhen it
is, the reasons for withdrawal are rarely described (Table 1). Published
randomized controlled trials [6,7,14,15,22] did not systematically report
causes of death or WOLST, although the Rapid Anticonvulsant Medica-
tion Prior to Arrival Trial (RAMPART) [15] and Hypothermia for Brain
Enhancement Recovery by Neuroprotective and Anticonvulsant Action
after Convulsive Status Epilepticus (HYBERNATUS) [22] studies listed
‘do not resuscitate’ orders as exclusion criteria. Among the retrospective
studies examining the impact of CIVADs on outcome, two reported
causes of death and frequency of WOLST [16,18], while the other three
did not [10,20,21]. Mortality seems to be pretty consistent across the
world; however, there may be an impact of geography on the propor-
tion of deaths due to WOLST as low frequencies were reported from
Germany [9], the global audit of the treatment of refractory SE [19],
and a large series from China [23], while higher frequencies were re-
ported by centers in the United States and Switzerland [16–18].

In a recently published study, we sought to determine the actual
causes of death in patients hospitalized with SE over a 5-year period
[27]. In addition, we aimed to understand the relative contributions of
seizure etiology, refractoriness, CIVAD use, and medical complications
to in-hospital mortality. We included patients aged 18 years and older
and excluded those with an anoxic–ischemic etiology. Among the 244
consecutive patients hospitalized at our institution with SE during the
study period, median STESS was 3 and 24 (9.8%) patients required
CIVADs for seizure control (CIVADs were used for ventilator synchrony
or sedation alone in another 30.3%). Mortality was 9.2% (24 patients) at
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Fig. 1. Odds ratios of the most studied risk factors for death in SE. *Abbreviations: NCSE, nonconvulsive SE; PED, periodic epileptiform discharge; SE, status epilepticus.
Permission obtained to reuse from Sutter R. et al. Nat Rev Neurol. 2013;9(9):525–34.
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hospital discharge, 86.3% of which occurred after WOLST (19 patients).
Only STESS was independently associated with in-hospital mortality,
whereas the use of CIVADs, etiology, medical complications, and seizure
refractoriness were not [25].

In the discussion following presentation of this study at the 7th
London-Innsbruck Colloquiumon Status Epilepticus andAcute Seizures,
a question was asked about the potential for self-fulfilling prophecy
with respect to prognostication and decisions regarding WOLST in SE.
To address this concern, additional datawere collected and are reported
here. All 19 patients in whom WOLST occurred had acute symptomatic
or progressive etiologies of SE as defined by the 2015 International
League Against Epilepsy (ILAE) classification of SE, andWOLST occurred
at mean 25.3 (range: 3–115) days. For the purposes of analysis, we di-
vided all patients into age ≥ or b 65 years as that is the age cutoff used
in STESS (Fig. 2). Among patients ≥65 years, mean STESS was 4.6 in
the 14 patients in whom treatment was withdrawn compared with
3.7 in patients in whom life sustaining treatment was not withdrawn.
In the 14 patients who had treatment withdrawn, 2 had super-refrac-
tory, 6 had refractory, and 6 had nonrefractory SE. Withdrawal of life
sustaining treatment occurred at a mean 14.4 days compared with a
mean SE diagnosis to hospital discharge of 10.0 days in patients in
whom treatment was not withdrawn. Among patients b65 years,
mean STESSwas 3.0 in the 5 patients who underwentWOLST compared
with 1.9 in those patients in which treatment was not withdrawn. Four
of the 5 had super refractory status epilepticus (SRSE), and the fifth had
refractory SE. Withdrawal of life sustaining treatment occurred at a
mean 56.0 days compared with a mean SE diagnosis to hospital dis-
charge of 9.8 days in patients in whom treatment was not withdrawn.

In-hospital SE deaths are primarily caused by WOLST secondary to
progressive or severe etiology. Continuous intravenous anesthetic
drugs are not likely to be independent contributors to death if they
are used for patients with impaired consciousness and truly after failure
of a second antiepileptic drug (AED). The results of our study may be
less generalizable given that it took place in a dedicated neuroscience
intensive care unit (ICU) where all patients were managed by four
neurointensivists with neurology backgrounds and a generally low fre-
quency of CIVAD use.

The case presented at the beginning of this manuscript is one in-
cluded in our recently published study [25]. As supported by the results
of the study, it was not the medical complications or anesthetic drugs
that caused this patient's death in SE, norwas it a self-fulfilling prophecy
by prematurewithdrawal of care. Rather, the patient died because of a



Fig. 2. Status epilepticus severity score.
Adapted with permission from Rossetti AO. et al. J Neurol. 2008;255(10):1561–6.
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devastating neurologic syndrome, for which there is not yet ade-
quate understanding or treatment. In the absence of a progressive
seizure etiology such as glioblastoma multiform or carcinomatous
meningitis, patients can be kept alive for many months or even
years with careful critical care management, making prognostic cer-
tainty with respect to a patient's ability to awaken and regain func-
tion a critical need in SE research. Published literature highlights
this need as mortalities are stable across the world while causes of
Table 1
Causes of death in a representative sample of status epilepticus studies 1998–2019 (variable se

Year First author Mortality N
(%)

Time mortality measured WOLST N (% of
deaths)

Ca

1998 Treiman [6] 190 (36.7) 30 days NR NR
2001 Alldredge [7] 24 (11.7) Hsp. discharge NR “S
2002 Mayer [8] 14 (16.9) Hsp. discharge NR “m
2005 Holtkamp [9] 10 (12.0) Hsp. discharge 0 4

6
2005 Rossetti [10] 16 (12.6) Hsp. discharge NR NR
2007 Koubeissi [11] 405 (3.5) Hsp. discharge NR NR
2008 Rossetti [12] 33 (21.4) Hsp. discharge NR NR
2010 Novy [13] 21 (17.8) Hsp. discharge NR NR
2011 Rossetti [14] 9 (37.5) Hsp. discharge NR Re
2012 Silbergleit [15] NR NA NR NR
2012 Kowalski [16] 10

(6.9)
Hsp. discharge 9 (90) “C

2013 Hocker [17] 20 (31.8) Hsp. discharge 16 (80.0) 1
2
1

2014 Sutter [18] 67 (39.2) Hsp. discharge 37 (55.2) 8
14
2
1
5

2015 Ferlisi/Hocker [19] 109 (26.4) Hsp. discharge 16 (14.7) NR
2015 Marchi [20] 67 (14.3) Hsp. discharge NR NR
2016 Alvarez [21] 52 (14.4) Hsp. discharge NR NR
2016 Legriel [22] 37 (13.8) Hsp. discharge NR NR
2017 Sun [23] 15 (6.7) Hsp. discharge 0 11

1
1
2

2018 Vilella [24] 28 (31.1) Hsp. discharge NR NR
2019 Hawkes [25] 22 (9.2) Hsp. discharge 19 (86.3) 3
2019 Leitenger [26] 36 (16.3) Within 5-year study period NR NR

DNR = do not resuscitate; Hsp = hospital; NA = not applicable; NR = not reported; PRIS =
death differ. Indeed, it seems that only the timing and final cause of
death changes depending on regional cultural differences and physi-
cian practices surrounding goals of care.
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izure classifications and degrees of refractoriness).

uses of death in patients without WOLST

evere underlying illnesses were the probable causes of death in most patients.”
ost deaths resulted from overwhelming medical complications”

— “persisting seizures”
— “medical complications”

ported in 1/9 deaths — “Ileus with diffuse intestinal ischemia”

ardiac arrest,” not otherwise described

— brain death
— PRIS
— “severe pneumonia”
— died during SE (cause NR)
— “likely from infections”

— multiorgan failure
— “could not be determined”
— “progression of the underlying pathologic condition”

— “multiple organ dysfunction syndrome”
— “sudden cardiac arrest”
— “respiratory failure”
— “etiology of SE”

— cardiac arrest after resolution of SE and transfer from ICU with DNR orders in place

propofol infusion syndrome; WOLST = withdrawal of life sustaining treatment.
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