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Abstract

Background: Status epilepticus (SE) is a common complication in patients surviving
a cardiac arrest, but little is known about the frequency of nonconvulsive status
epilepticus (NCSE).
Objectives: To compile the first the evidence from the literature of the overall frequency
of NCSE in adults with persistent coma following cardiac arrest. Secondarily, to assess
the emergence of NCSE in comatose resuscitated patients within the first hours of
the return of spontaneous circulation (ROSC) and before inducing target temperature
management.
Material and methods: The medical search engine PubMed was screened to identify
prospective and retrospective studies in English reporting on the frequency of NCSE in
comatose post-resuscitated patients. Study design, time of EEG performance, detection
of SE and NCSE, outcomes, and targeted temperature management were assessed.
Results: Only three cohort studies (one prospective and two retrospective) reported on
the EEG evaluation describing NCSE during ongoing sedation and target temperature
management. Overall, we identified 213 patients with SE in 18–38% and NCSE in
5–12%. Our review found no study reporting NCSE in resuscitated adult patients
remaining in coma within the first hours of ROSC and prior to targeted temperature
management and sedation.
Conclusion: Studies of NCSE after ROSC in adults are rare and mostly nonsystematic.
This and the low proportion of patients reported having NCSE following ROSC suggest
that NCSE before target temperature management and sedation is often overlooked.
The limited quality of the data does not allow firm conclusions to be drawn regarding
the effects of NCSE on outcome calling for further investigations. Clinicians should
suspect NCSE in patients with persistent coma before starting sedation and targeted
temperature management.

Keywords
NCSE · Status epilepticus · Epileptic seizures · Cardiorespiratory arrest · Ischemic–hypoxic
encephalopathy

Introduction

Cardiac arrest is the most common cause
of death, resulting in up to 60,000 annual
deaths in out-of-hospital cardiac arrests in
Switzerland [20]. The degree of hypoxi-

c–ischemic brain injury and dysfunction
varies and can result in persistent coma
or death [6, 7, 11].

For patients with persistent coma fol-
lowing return of spontaneous circulation
(ROSC), the recommendations for initial
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care include artificial ventilation, sedation,
and neuroprotective measures including
continuous monitoring of core tempera-
ture to detect and suppress fever (defined
as a temperature> 37.7 °C) for at least 72h
[4, 12, 13]. In up to one third of these
patients, seizures and status epilepticus
(SE) may emerge with or without clini-
cally overt signs [1, 16, 17, 19]. While
recovery from post-cardiac arrest SE has
rarely been described with good outcome
[5, 8, 17, 19], it has been identified as an
independent predictor of poor outcome in
larger cohorts [16]. In contrast to convul-
sive SE, nonconvulsive epileptic compli-
cations [17, 18] can be frequently missed
especially without continuous EEG (c-EEG)
and little is known about the frequency
and effects of nonconvulsive SE (NCSE) in
this context. Although in the early treat-
ment phase of resuscitated patients with
persistent coma, detection of NCSE before
the initiation of iso- or hypothermia is not
part of most treatment protocols, it seems
plausible that unrecognized anduntreated
ongoing SE may cause subsequent neu-
rologic injury that has the potential to
cause further cerebral damage that may
be relevant.

We aimed to compile the current ev-
idence from the literature on the emer-
gence of NCSE in adults with persistent
coma in particular within the first hours
post-ROSCandbefore inducingtargettem-
perature management.

Methods

WescreenedPubMedusingthepredefined
search terms “status epilepticus,” “non-
convulsive status epilepticus,” “continuous
electroencephalogram,” “continuous EEG”
in combination with the term “cardiac ar-
rest,” “postanoxic,” “ischemic-anoxic.” Pa-
pers in a language other than English,
papers not describing SE semiology, pedi-
atric studies, and animal models were ex-
cluded. Prospective or retrospective stud-
ies and case series reporting the frequency
of NCSE were included. Data regarding
study design, number of patients, time
of EEG performance, number of patients
with SE, clinical signs of SE, proportion
of patients with early NCSE, reported out-
comes of patients with NCSE, and targeted
temperature management were assessed.

Results

Detailed information of three identified
prospective and retrospective cohort stud-
ies reporting the frequency of NCSE in
the first hours during ongoing sedation
and target temperature management is
compiled in . Table 1. Studies targeting
explicitly the presence of NCSE in resusci-
tated adult patients with persistent coma
after ROSC and prior to the initiation of
targeted temperature management could
not be identified by our review of the lit-
erature.

Overall, the three studies examined
a total of 213 patients with SE in 18–38%
and NCSE in 5–12% of patients.

The first and only study with a clear fo-
cusonNCSE inadultpost-cardiacarrestpa-
tients was performed retrospectively and
published by Rittenberger et al. in 2012
[15]. In that study, NCSE was detected
in 12% of patients (12/101) using a 22-
channel c-EEG recording at a median of
9h (range: 6–12h) from cardiac arrest. Pa-
tients were already under targeted tem-
perature management with a mean tem-
perature of 33.9 °C and sedated for 48h.
Nonconvulsive status epilepticus was de-
tectedat theonsetof the recording in three
of the 12 (25%) patients and had a me-
dian duration of 5h. The outcome was
poor with only one patient (1%) surviv-
ing with a Cerebral Performance Category
score (CPC) of 1.

Nonconvulsive status epilepticus was
reported in two other studies on predic-
tors of awakening from post-ischemic–hy-
poxic SE [17] and on frequency and tim-
ing of epileptiform activity on c-EEG in
comatose patients [10]. The first study
(consisting of one large prospective and
one retrospective part) comprising a to-
tal of 181 patients (with 74 patients in-
vestigated prospectively) revealed SE in
38% of the prospectively examined pa-
tients (28/74). The EEG was carried out
using 14 or 21 channels. Data regarding
EEG timing and duration of monitoring
were not provided. The reported semi-
ology was myoclonus in 31%, prolonged
tonic–clonic seizures in 1%, and no mo-
tor symptoms in 5% [17]. While all but
one of the patients having SE with motor
symptoms died during their hospital stay,
one patient remained in a minimally con-

scious state before dying in hospital and
one significantly improved (i.e., CPC score
of 2) [17].

Another retrospective study examined
38 comatose patients treated with thera-
peutic hypothermia and monitored with
a 16–18 channel c-EEG that was applied
within amedian of 15h from arrest (range:
7.5–21.3h) [10]. This monitoring detected
SE in 23% of patients (7/38) with 13%
(5/38) having SE with motors symptoms
and 5% (2/38) being in NCSE. All these
patients with NCSE died in hospital.

Discussion

Our review of the literature identified only
three cohort studies of different designs,
limited quality, andwith very limited infor-
mation regarding the emergence of early
NCSE following cardiac arrest and associ-
ated outcomes.

Any studies on the emergence of NCSE
in resuscitated adult patients remaining in
coma within the first hours of ROSC and
prior to the initiation of targeted temper-
ature management were identified.

The fact that only very few data were
identified linkingtheemergenceofNCSE in
the early stage of post-ROSCmanagement
to a specific presumed outcome seems un-
justified and critical. In addition, the data
compiled in this review do not allow any
conclusions to be drawn on the effects of
early detection and aggressive treatment
of NCSE on outcome, nor on whether an
early NCSE can be only a transient condi-
tion with a different clinical impact than
SE occurring at a later stage.

With the exception of the retrospective
study by Rittenberger and colleagues in
2012 that used a 22-channel continuous
EEG recording early after cardiac arrest and
focused on the frequency of NCSE [15], the
studies did not perform EEGs in the early
stage and were not primarily designed to
investigate the emergence of NCSE in this
context. Furthermore, the study of Ritten-
berg et al. [15] had limitations regarding
the diagnosis of NCSE. Although the au-
thors stated that SE was considered non-
convulsive if no motor symptoms were
seen on the recorded video or at clini-
cal examination, they had to admit that
only a minority of individuals had such
video recordings during EEG. Moreover,
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one NCSE patient was described as hav-
ing subtle motor symptoms, not strictly
fulfilling the criteria for NCSE.

Overall, the EEGswere rarely performed
very early across studies (the earliest was
at a median of 7h), in very different time
windows among the studies, and some-
times the time at which the EEG was
started was not reported. Moreover, the
fact that EEG, even if performed early, was
always performed on patients already un-
der hypothermia and ongoing sedation
is a major limitation, as both hypother-
mia and sedatives may have antiseizure
effects. Therapeutic hypothermia per se
has some antiseizure effects [14] and often
requires the administration of anesthetics,
such asmidazolamor propofol, whichmay
further suppress seizures. Moreover, hy-
pothermia can increase the blood concen-
tration of propofol [9] and its anticonvul-
sant effects. To what degree established
transient hypothermia and sedation in the
context of targeted temperature manage-
ment terminate seizures despite not have
been titrated to a stable burst-suppres-
sion for 48h, as recommended in cases
of treatment-refractory SE by the Interna-
tional League Against Epilepsy (ILAE; [3])
remains unanswered. Hence, we cannot
exclude that patients with missed early
NCSE would benefit from supplemental
antiseizure medication in addition to an-
tiseizure effects from hypothermia and
anesthetics regarding seizure termination
and outcome. The concept of a “three-di-
mensional” biological continuum clearly
shows the complexity in the interrelation
between structural brain damage, epilep-
tic activity, and the degree of coma, and
howanexcessiveepileptic activity canplay
an important role in the worsening of the
brain damage itself [2].

Conclusion

Studies on nonconvulsive status epilep-
ticus (NCSE) immediately after return of
spontaneous circulation (ROSC) in adults
and prior to the initiation of targeted tem-
perature management are lacking and the
few studies on NCSE following ROSC are
unsystematic and of low quality. These
findings likely show that NCSE prior to
targeted temperature management and
sedation is often missed. Further studies
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are urgently needed to uncover the true
frequency of NCSE and its effect on out-
come in this context and to clarify whether
rigorous initiationofaggressiveantiseizure
treatment may be key for better recovery.
In the meantime, we suggest withdraw-
ing sedation once patients are admitted to
the intensive care unit and with persistent
coma to start EEG monitoring to detect
or exclude NCSE. This procedure, how-
ever, should be postponed in favor of the
initially necessary and more vital support
interventions. The complete neurological
prognostication assessment should then
strictly follow current international guide-
lines.
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Zusammenfassung
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Buchbesprechung

Samuel H. Greenblatt
John Hughlings Jackson
Clinical Neurology, Evolution, and Victorian Brain Science

Oxford:OxfordUniversity Press 2021, 559 S., (ISBN: 978-0-19-289764-0),Hardcover
99.95 EUR

Samuel Greenblatt

(* 1939) [1] ist ein
US-amerikanischer

Neurologe und Neu-
rochirurg mit neu-

rohistorischen In-

teressen, speziell
an John Hughlings

Jackson. Nach ei-

nem Studium der
Geschichte absolvierte er sein Medizinstu-

dium an der Johns-Hopkins-Universität in
Baltimore, wo er den M.A. in Geschichte

der Medizin abschloss, und an der Cornell-

Universität in New York. Nach einer neurolo-
gischen Fachacharztweiterbildung erfolgte

auch die Weiterbildung in Neurochirurgie.

Von 1989 bis zu seiner Emeritierung 2010
war er Professor für Neurochirurgie und

Neurowissenschaften an der Alpert Medical
School der Brown-Universität in Providence,

Rhode Island. Er war Gründungsvorsitzender

der Sektion für Geschichte der American As-
sociation of Neurological Surgeons und 2009-
2014 deren Historiker, daneben 1995 auch

Gründungsschatzmeister und 1999-2000
Präsident der Internationalen Gesellschaft

für die Geschichte der Neurowissenschaften
(InternationalSociety for theHistoryof theNeu-
rosciences, ISHN). Auf mehrere Fachartikel zu

Jackson [2-4] folgt jetzt diese Monographie
über den britischen Altmeister der Neurolo-

gie, der eine völlig neue Sicht epileptischer

Phänomene begründete.

Eine 1998 erschienene Biographie vonMcDo-
nald und Eileen Critchley war insbesondere

auch deswegen interessant, weil sie zuvor

unveröffentlichtes Material über seinen fami-
liären Hintergrund, seine Erziehung und das

Leben als Medizinstudent enthielt [5]. Die

Biographie von Greenblatt hingegen konzen-
triert sich auf die wissenschaftlichenAspekte

und die neuartigen Ansätze, Denkweisen

und Hypothesen von Jackson und stellt diese
in ihrer chronologischen und konzeptionel-

len Entwicklung vor dem Hintergrund des
viktorianischen Zeitalters vor.

Ich habe in dem Buch sehr viel Neues erfah-

ren undgelernt. Unter anderem, dass Jackson
nach dem 1870 erschienenen Buch „A Study

on Convulsions“ ein weiteres Buch über Epi-
lepsie plante. Wie auch bei dem ersten Buch

erschienen einzelne Kapitel und Teile in ver-

schiedenen Zeitschriften. Als Grund für die
fehlende Fertigstellung gibt Greenblatt ne-

ben dem Tod seiner jungen Frau imMai 1876

(an einer zerebralen Venenthrombose mit
„Jackson“-Anfällen) an, dass es wahrschein-

lich Probleme mit dem Verleger gab und er
– zu dieser Zeit insgesamt müde und un-

glücklich – dieses Buchprojektes überdrüssig

wurde.

Diese allumfassende Biographie des Jackson-

Experten Samuel Greenblatt kann ich nur
jedem an der Geschichte der Epileptologie

Interessiertem wärmstens empfehlen. Die
Ausstattung ist sehr gut und der Preis für das

voluminöse Werk angemessen. Wer keinen

Wert auf ein haptisches Bucherlebnis legt,
kann eine 30 Euro günstigere e-Book-Version

wählen.

Günter Krämer, Zürich
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