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Abstract

Background: Status epilepticus (SE) is a heterogeneous disorder with significant morbidity and mortality. This guide-
line provides broad principles of neuroprognostication and recommendations on the reliability of clinical predictors
of outcome that clinicians may consider when counseling surrogate decision-makers of patients with SE.

Methods: This narrative systematic review used Grading of Recommendations Assessment, Development and Evalu-
ation methodology. Good practice recommendations addressed essential principles of neuroprognostication. Can-
didate predictors, including clinical variables and prediction models, were selected based on clinical relevance and
the availability of appropriate evidence. The question was: “When counseling surrogates of patients with SE, should
[predictor, with time of assessment if appropriate] be considered a reliable predictor of [outcome] assessed at [time
point]?”Outcomes were selected and rated by the panel. Screening criteria were used to exclude smaller and lower-
quality studies. Following construction of the evidence profile and summary of findings, recommendations were
based on four Grading of Recommendations Assessment, Development and Evaluation criteria: quality of evidence,
balance of desirable and undesirable consequences, values and preferences, and resource use.

Results: Good practice recommendations include establishing appropriate long-term goals with surrogates of
patients with SE that may extend beyond seizure control alone, setting expectations for recovery in patients with
refractory/super-refractory SE, using predictors specific to underlying pathologies as a basis for neuroprognostication,
considering potential confounders, and deferring neuroprognostication in cases of unclear etiology until appropriate
diagnostic evaluation is performed. Nine clinical variables and two prediction models were selected. A sufficient body
of evidence was available only for the prediction of mortality. Forty-two articles met the eligibility criteria for guiding
recommendations. None of the variables and models selected were identified as reliable predictors of mortality in
patients with SE.

Conclusions: This guideline provides broad principles for neuroprognostication and recommendations on the reli-
ability of predictors of in-hospital mortality in the context of counseling surrogates of patients with SE.

Keywords: Status epilepticus, Functional outcome, Mortality, Prognosis
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Introduction
Status epilepticus (SE) is a prolonged seizure in which
the brain has exhausted the inhibitory mechanisms that
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International League Against Epilepsy (ILAE) describes
it as “a condition resulting either from the failure of the
mechanisms responsible for seizure termination or from
the initiation of mechanisms which lead to abnormally
prolonged seizures (after time point t1)” It is further
defined as “a condition that can have long-term conse-
quences (after time point t2), including neuronal death,
neuronal injury, and alteration of neuronal networks..”
[1]. The new definition and classification highlight the
relationship between seizure type and duration on the
development of adverse sequelae.

Four prospective population-based studies have been
conducted that included both convulsive and noncon-
vulsive SE and used a definition incorporating a 30-min
minimum duration. These report a minimum incidence
of SE of approximately 10 to 15/100,000 in Switzerland
[2], Germany [3], and Italy [4], and 60/100,000 in the
United States (Richmond, VA) [5]. Although incidence
has increased over time, mortality rates have largely
remained stable [6, 7]. A study of first episodes of SE
showed that over half of cases occur in the absence of
known epilepsy [8].

Refractory SE (RSE) is defined as SE that persists after
an appropriately selected and dosed benzodiazepine and
second antiseizure drug [9, 10], although most studies
examining RSE do not strictly follow the “appropriately
selected” and “appropriately dosed” elements of this defi-
nition. In the only prospective study of RSE at the time
of this writing, approximately 23% of patients admit-
ted to the hospital with SE failed to respond to first-line
and second-line therapy, wherein first-line therapy was
a benzodiazepine and second-line therapy was either
phenytoin, valproate, or levetiracetam [10]. Retrospec-
tive studies have reported rates of RSE between 31 and
43% [11-13]. “Super-refractory” SE (SRSE) is defined as
continuous or recurrent seizures lasting 24 h or more fol-
lowing initiation of anesthetic medications for treatment
of SE, including cases in which seizure control is initially
achieved but is lost upon weaning the anesthetic drugs
[14]. The best estimate of SRSE incidence is from Finland,
where, in a study of 15 hospitals providing coverage for a
population of 3.9 million, the annual incidence of SRSE
was found to be 0.7/100,000 (95% confidence interval
[CI] 0.6-0.9) [15]. Between 20 and 41% of people with
RSE will progress to become super-refractory [10, 15].

Mortality rates in the literature have varied greatly
based on inclusion and exclusion criteria—specifically,
age, seizure classification, and etiology. Mortality rates
range between 2 and 40% and are lowest when the eti-
ology is fever, intoxication, drug/alcohol withdrawal,
trauma, or subtherapeutic antiseizure drug levels from
medication withdrawal/noncompliance [11, 13, 16-21].
RSE has a higher mortality compared with nonrefractory

SE (~20% vs~10%), and the mortality of SRSE is even
higher (up to 40%) [10-13, 15] [22]. Concerningly, mor-
tality rates may be higher when evaluated six months to
one year after discharge. In the Finnish population-based
study referenced previously, hospital mortality was 7.4%
(95% CI 0-16.9%), and 1-year mortality was 25.4% (95%
CI21.2-29.8%) [15].

The cause of death in patients hospitalized with SE
varies significantly and may be influenced by physician
practice and patient population. Withdrawal of life-sus-
taining therapy (WLST) is the ultimate cause of death in
many of these patients [23], and it is likely that in these
cases, WLST is preceded by prognostication of poor out-
come by a clinician. Thus, it is of critical importance that
prognostication be performed accurately on the basis of
appropriately validated predictors. Validation of predic-
tors of outcome in patients with SE is made challenging
by the variable presentations and complications result-
ing from the seizures, systemic sequelae, and treatments.
Prognostication during counseling is both essential and
inevitable, however, and occurs routinely in intensive
care units worldwide. The objective of these guidelines
from the Neurocritical Care Society (NCS) and Deutsche
Gesellschaft fiir Neurointensivmedizin (DGNI) is to out-
line broad principles of neuroprognostication in adults
who are critically ill with SE, ensure that such prognosti-
cation is performed on the basis of the most reliable pre-
dictors available, and highlight opportunities for future
research.

Scope, Purpose, and Target Audience

The scope of these Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) guidelines
is the prognostication of neurological outcome in adult
patients who are critically ill with SE who receive guide-
line-concordant, standard-of-care treatment [24, 25].
Notably, these guidelines assume the use of standard-of-
care treatment and should not be used to determine the
value or intensity of therapeutic measures. The purpose
of these guidelines is to provide evidence-based recom-
mendations on the reliability of predictors of neurologi-
cal outcome in adult patients who are critically ill with
SE who have received standard-of-care treatment to aid
clinicians in formulating a prognosis. The target audience
consists of clinicians responsible for such counseling.

How to Use these Guidelines

These guidelines provide recommendations on the reli-
ability of select demographic and clinical variables as
well as prediction models when counseling families and
surrogates of patients with SE who receive standard-of-
care treatment. To maintain consistency with published
NCS treatment guidelines [24], the panel considered the
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standard of care to include the use of continuous elec-
troencephalographic (EEG) monitoring when available.
Because continuous EEG is resource intensive and may
not be widely available, serial intermittent EEG studies
were considered an acceptable alternative when continu-
ous monitoring was unavailable. We categorized predic-
tors as reliable, moderately reliable, or not reliable. We
based this categorization on a GRADE-based assessment
of certainty in the body of evidence as well as effect size
(quantification of predictor accuracy) across published
studies, as shown in Table 1.

A key distinction exists between a reliable predictor
of outcome in the context of counseling surrogates of
patients requiring life-sustaining therapy and an inde-
pendent predictor of outcome. An independent predictor
fulfills one criterion—a statistically significant associa-
tion with the outcome of interest in an appropriately con-
ducted multivariate analysis. Independent predictors of
outcome may be used for risk stratification, for selection
of patients for targeted treatment (such as chemother-
apy regimens for cancer), or as building blocks of clini-
cal prediction models. A reliable predictor in the context
of counseling the surrogates of patients requiring life-
sustaining therapy must be independent but also meet a
higher threshold, as described in the “Evidence to recom-
mendation criteria” section. Confidence in the accuracy
of the predictor should be sufficiently high to overcome
concerns about the undesirable consequence of inappro-
priate WLST.

Reliable predictors, for the purposes of these guide-
lines, may be used to formulate a prognosis when the
appropriate clinical context is present in the absence of
potential confounders. These are predictors with a low
rate of error in prediction of poor outcomes, with at least
moderate certainty in the body of evidence. When the
prognosis is formulated on the basis of one or more reli-
able predictors, the clinician may describe the outcome
as “very likely” during counseling. Given the inherent
limitations in neuroprognostication research, the clini-
cian must nevertheless acknowledge the presence of
uncertainty—albeit, low—in the prognosis during coun-
seling. Moderately reliable predictors may be used for
prognostication only when additional reliable or mod-
erately reliable predictors are present in addition to the
appropriate clinical context. These are predictors with
a low rate of error in prediction of poor outcomes but
with lower certainty in the body of evidence, frequently
as a result of smaller studies that result in imprecision.
When the prognosis is formulated on the basis of mul-
tiple moderately reliable predictors, the clinician may
describe the outcome as “likely” during counseling but
must acknowledge “substantial” uncertainty in the prog-
nosis. Predictors deemed not reliable should not be used

in prognostication. Variables deemed not reliable may be
a component of reliable or moderately reliable prediction
models.

Methods

An in-depth description of the methodology used in
these guidelines is available in Supplementary Appendix
1.

Selection of Guideline Questions
Candidate predictors were selected based on clinical
relevance and the presence of an appropriate body of
literature. Candidate predictors and prediction models
were considered “clinically relevant” if, in the subjective
opinion of the content experts and guideline chairs, the
predictor or components of the prediction models were
(1) accessible to clinicians, although universal availability
was not required, and (2) likely to be considered by cli-
nicians when counseling patients and surrogates regard-
ing prognosis. Predictors thought particularly likely to
be considered by clinicians during prognostication were
prioritized. An appropriate body of literature was con-
sidered to be present for clinical prediction models with
at least 1 external validation study of at least 50 patients
in addition to the initial report on development of the
model (also with a minimum of 50 patients).

Based on these criteria, the following candidate predic-
tors were selected:

Clinical Variables
1. Age

Extent of comorbidities

Etiology of SE: acute symptomatic or potentially fatal

History of seizures/epilepsy

Classification of SE according to seizure type/semiol-

ogy

Level of consciousness before treatment

Duration of SE

8. Treatment refractoriness: RSE defined as SE that per-
sists after an appropriately selected and dosed benzo-
diazepine and second anticonvulsant drug

9. Treatment refractoriness: SRSE defined as continu-
ous or recurrent seizures lasting 24 h or more follow-
ing initiation of anesthetic medications for treatment
of SE, including cases in which seizure control is
initially achieved but is lost upon weaning the anes-
thetic drugs

SARESERCIN

N o

Notably, we did not select specific patterns on EEG
other than the persistence (refractoriness) of seizures as
prognostic indicators in this systematic review, because
they were no longer thought to be widely used by cli-
nicians for this purpose and lacked a sufficient body of
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evidence. Specific EEG patterns have prognostic value
in individual disease states, such as in survivors of car-
diac arrest [26]. Studies have suggested that periodic dis-
charges may, in particular, be associated with either a late
stage of SE [27] or severity of underlying injury [28, 29].
However, the prognostic value of these patterns across
disease states that result in SE independent from etiology
and duration of SE could not be meaningfully evaluated
in this systematic review.

Clinical Prediction Models
1. Status Epilepticus Severity Score (STESS)
2. Modified STESS (mSTESS)
3. Epidemiology-based Mortality score in Status Epilep-
ticus (EMSE)

The  population/intervention/comparator/outcome/
time frame/setting (PICOTS) question was then framed
for the specific candidate predictors as follows: “When
counseling family members/surrogates of patients with
SE, should [predictor, with time of assessment if appro-
priate] be considered a reliable predictor of [outcome,
with time frame of assessment]?”.

Selection of Outcomes

The outcomes rated “critical” using the GRADE 1-9 scale
were mortality (average rating 9) assessed at or beyond
3 months from hospital discharge, in-hospital mortality
(average rating 9) assessed at hospital discharge, func-
tional outcome (average rating 9) assessed at or beyond
3 months from hospital discharge, cognitive outcome
(average rating 9) assessed at or beyond 3 months from
hospital discharge, and psychiatric or behavioral out-
comes (average rating 9) assessed at or beyond 3 months
from hospital discharge. The most common time points
for assessment of both mortality and functional outcome
in the literature were hospital discharge, one month and
three months after hospital discharge, last follow-up,
and intensive care unit discharge. Functional outcome at
hospital discharge was judged by the panel to provide a
poor representation of meaningful long-term outcome
because progressive improvement after discharge is
well documented following SE [30, 31]. No studies that
included cognitive, psychiatric, or behavioral outcomes
met other full-text screening criteria for the systematic
review. The panel was unable to provide recommenda-
tions on predictors of functional outcome because there
was an insufficient body of evidence meeting our eligibil-
ity criteria that assessed this outcome at an appropriate
time point. In addition, there was marked inconsistency
in the evaluation of functional outcome, which was varia-
bly assessed in the literature using modified Rankin Scale
(mRS)/Glasgow Outcome Scale cutoffs, comparison of

functional status before and after SE based on before
versus after mRS/Glasgow Outcome Scale, or poorly
characterized criteria, such as “new impairments,”new
disabilities,” or “functional decline after SE” The panel
could only provide recommendations on the reliability
of predictors of in-hospital mortality, the only outcome
with a sufficient body of evidence that met our eligibility
criteria. The panel, however, recognized that death fol-
lowing SE frequently occurs as a result of WLST [23] and
that self-fulfilling prophecy was an important source of
confounding in the body of evidence that addressed this
outcome.

Systematic Review Methodology

An in-depth description of systematic review method-
ology overall for the NCS-DGNI neuroprognostica-
tion guidelines project is in Supplementary Appendix 1,
including the librarian search string used for this system-
atic review. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flow diagram is in Fig. 1. The
initial librarian search was performed February 20, 2019,
and encompassed the period of 1946 to the search date.
An updated search was performed in March 2022. Full-
text screening was performed with the following exclu-
sion criteria: sample size less than 50, studies focused on
a highly selected subgroup (such as immune-mediated
SE), studies of predictors not established as independent
with multivariate analysis, studies focused on a genetic
polymorphism as a predictor, and studies of clinical pre-
diction models that did not report model discrimina-
tion. Studies of neuroimaging and laboratory biomarkers
were not included because of lack of an appropriate body
of evidence at the time of full-text screening and lack of
widespread use in clinical practice, respectively.

Studies with no restrictions on WLST and likely incor-
poration of predictors under investigation into clini-
cal neuroprognostication during the course of the study
were considered to have a high risk of bias from self-ful-
filling prophecy. Studies from countries with restrictions
or cultural limitations on WLST were judged to have a
lower risk of bias from self-fulfilling prophecy [32].

A summary of individual studies of predictors is in
Supplementary Appendix 3. The GRADE evidence pro-
file and summary of findings (for in-hospital mortality
are in Table 2.

Evidence to Recommendation Criteria

Quality of Evidence/Certainty in the Evidence and Effect Size
For the purposes of these guidelines, predictors described
as “reliable” have both a higher overall certainty in the
evidence and greater effect size than “moderately reli-
able” predictors (Table 1). For “reliable” predictors, one
downgrade was permitted for risk of bias, but none were
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram

permitted for inconsistency, imprecision, or indirect-
ness, and the overall quality of evidence had to be high or
moderate. “Reliable” prediction models were required to
demonstrate an area under the receiver operating curve
(AUC) of >0.8. Another important measure is model cali-
bration, or the ability to correctly specify the probability
of an outcome. Model calibration is typically reported
as a goodness of fit, often using the Hosmer—Lemeshow
test or with a calibration curve, slope, or intercept [33].

Assessment of calibration in at least one external valida-
tion study of adequate quality per our eligibility criteria
was required for reliable prediction models. Single down-
grades in each of the domains of risk of bias, imprecision,
and indirectness were permitted for “moderately reli-
able” predictors, but a downgrade for inconsistency was
not. In addition, “moderately reliable” prediction models
were required to demonstrate an AUC>0.7, and some
miscalibration in some external populations was allowed.
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Table 2 (continued)

Quality of evidence

Predictor

Summary of Findings (Narra-
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Moderate/ Low/ Very

Low)

AUCs for in-hospital mortality

Low

1

In-hospital mortality modified Status epilepticus

0.62-0.8; lower boundary of
confidence intervals down

(Statistical analysis, Study

severity score (MSTESS)

confounding)

to~0.5; low PPV 20-40% in

validation studies
AUCs for EMSE-EACE (original

Moderate

J

In-hospital mortality Epidemiology-based mortality

version of the score): 0.69 -0.9;

optimal cut-off 64/79?
Also used in variations: EMSE-

(Statistical analysis, Study

score in status epilepticus

confounding)

(EMSE)

EAL/EAC: AUCs 0.65-0.9

GRADE evidence profile and summary of findings. Area Under the Curve (AUC); Epidemiology-based mortality score in status epilepticus (EMSE) which includes the following variants based on variables included:

etiology/ age/ comorbidities (EMSE-EAC), etiology/ age/ comorbidities/ electroencephalography-pattern (EMSE-EACE), and etiology/ age/ level of consciousness (EMSE-EAL); Glasgow Coma Scale (GCS); Generalized

Convulsive Status Epilepticus (GCSE); Nonconvulsive Status Epilepticus (NCSE); Positive Predictive Value (PPV); Quality of Evidence (QoE); Risk of Bias (RoB); Status Epilepticus (SE); Status epilepticus severity score (STESS)

Predictors that did not fit “reliable” or “moderately reli-
able” criteria were classified as “not reliable”

Balance of Desirable and Undesirable Consequences
Accurate prediction of a poor outcome provides family/
surrogates with information needed to make decisions
aligned with the estimated wishes of the patient. In addi-
tion to providing family and surrogates with a greater
degree of certainty in the anticipated course of events, it
may provide a sense of closure and some degree of com-
fort from respecting the patient’s wishes. Inaccurate pre-
diction of a poor outcome (i.e., a false-positive prediction
of poor outcome) may lead to WLST in an individual
who may otherwise have made a meaningful recovery.
Because WLST almost always leads to death, the unde-
sirable consequence of an inaccurate prediction of poor
outcome was the primary concern during discussions on
the reliability of a predictor.

Values and Preferences

The panel, including the patient representative, was in
agreement that most patients and their surrogates would
likely consider an inaccurate prediction of poor outcome
that led to the death of a patient who might otherwise
have had a reasonable recovery to be far more undesir-
able than a prolonged period of uncertainty in the out-
come. Therefore, a high certainty in the evidence of
predictor or prediction model accuracy was necessary
to recommend consideration when counseling families
and surrogates on prognosis in this context. However, the
panel recognized that values and preferences vary greatly
and that many consider prolonged dependence of life-
sustaining measures, such as artificial enteral nutrition
and an artificial airway extending over months or even
years, to be unacceptable. This criterion was therefore
challenging to apply to frame recommendations appli-
cable to the broad range of patient and surrogate prefer-
ences in this disease.

Resource Use

The predictors evaluated in our systematic review did not
require any expenditure of resources beyond the provi-
sion of standard medical care. Similar to other condi-
tions, an accurate prediction of poor outcome in SE may
avoid the extended use of resources, over days to years,
in patients destined to suffer a poor outcome. The use of
resources was therefore thought to favor consideration of
a predictor or prediction model during prognostication
when confidence in its predictive accuracy was high.

Good Practice Statements
In accordance with recommendations of the GRADE
network, these statements were considered by the panel
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to be actionable, supported by indirect evidence when
appropriate, and essential to guide the practice of neuro-
prognostication [34]. The good clinical practice reflected
in these statements lacked a meaningful body of direct
evidence—typically because of insufficient clinical equi-
poise—but were considered by the panel to be unequivo-
cally beneficial.

Good Practice Statement 1

We recommend that clinicians establish with patient sur-
rogates the most appropriate long-term goals of care in
individual patients with SE. Such goals, which may range
from control of seizures to a return to functional inde-
pendence, should serve as the basis for prognostication
in an individual patient (strong recommendation, evi-
dence cannot be graded).

Rationale

In the setting of SE, discussions with surrogates may be
centered around or restricted to the prognosis for con-
trol of seizures, whereas the primary concern of patients
and families may be long-term recovery. Goals of care
vary widely, and clarity on acceptable outcomes is critical
to prognostication. This must be established with surro-
gates through active listening and shared decision-mak-
ing. In adults with the Lennox—Gastaut syndrome and
other diseases that cause profound baseline neurological
impairment, goals of care may be limited to the control
of seizures and a return to home. Prognostication may
therefore focus on the probability of termination of SE
and the anticipated duration of endotracheal intubation
or institutional care. In contrast, surrogates of a patient
who is elderly and intubated with a subdural hematoma
and SE may prioritize (based on a best estimate of the
patient’s wishes) a long-term return to functional inde-
pendence. The primary focus of prognostication in such
a patient should therefore be on the likelihood of func-
tional independence rather than termination of SE or
absence of seizures alone.

Good Practice Statement 2

Surrogates of patients with RSE/SRSE should be coun-
seled that treatment measures such as prolonged seda-
tive infusions and long-acting antiseizure medications
(ASMs) may result in prolonged coma and dependence
on life-sustaining measures, such as an artificial airway
and artificial enteral nutrition, for a variable duration
ranging from days to months. Surrogates should also be
counseled that medical complications related to criti-
cal illness, hospital-acquired infections, and prolonged
restriction of mobility are common in such patients
(strong recommendation, evidence cannot be graded).

Rationale

In patients with RSE/SRSE, it is critical that expecta-
tions for patient recovery be managed appropriately.
Surrogates may expect rapid awakening following suc-
cessful initial control of seizures, whereas neurological
improvement may be considerably delayed. Recurrence
of seizures on weaning of sedatives may necessitate
prolonged infusion use and/or the initiation of ASMs
with a prolonged duration of action (such as barbitu-
rates). Patients with RSE and SRSE sometimes require
prolonged use of life-sustaining therapy, including tra-
cheostomy and percutaneous gastrostomy [35]. These
patients are at risk for a variety of medical complica-
tions, such as hospital-acquired infections, venous
thromboembolism, aspiration syndrome, and pressure-
related injury [35].

Good Practice Statement 3

Surrogates of patients with RSE/SRSE should be coun-
seled that a long-term recovery that reaches or approxi-
mates the patient’s baseline level of functioning is
feasible. Factors such as underlying acute brain injury,
comorbidities, nosocomial infections, and sequelae of
critical illness may, however, limit functional recovery
(strong recommendation, evidence cannot be graded).

Rationale

Although patients with RSE/SRSE often require pro-
longed support, multiple studies indicate the possibil-
ity of recovery to long-term functional independence
(or the patient’s functional baseline) following weeks or
months of coma and life-sustaining treatment [15, 36—
38]. Prediction of the duration of dependence on life-
sustaining therapy and delayed awakening can be highly
challenging. An appropriate period of treatment and
observation for delayed recovery in such cases should
be established based on a best estimate by surrogates
of the patient’s willingness to undergo prolonged life-
sustaining care.

Good Practice Statement 4

We recommend that in patients with SE and an estab-
lished underlying etiology, validated predictors of out-
come specific to the underlying disease serve as a basis
for neuroprognostication (strong recommendation, evi-
dence cannot be graded).

Rationale

Although no single etiology of SE is universally asso-
ciated with a poor prognosis, individual patients may
demonstrate reliable predictors of outcome specific
to the underlying disease. For example, a patient who
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is comatose with RSE/SRSE following cardiac arrest
may demonstrate a bilateral absence of N20 cortical
responses with preservation of extracranial conduction
and evidence of diffuse loss of grey—white differentia-
tion on computed tomography of the brain [26]. These
reliable or moderately reliable predictors of outcome
specific to the underlying condition (anoxic injury)
may serve as the basis for prognostication of a poor
outcome.

Good Practice Statement 5

We recommend that neuroprognostication, when fea-
sible, should be performed in the absence of potential
confounders of the neurological examination, such as
residual sedation, a toxic-metabolic encephalopathy or
prolonged postictal encephalopathy (strong recommen-
dation, evidence cannot be graded).

Rationale

Clinicians should avoid premature judgment of the
patient’s neurological status without a careful clinical
examination in the absence of potential confounders
because resolution of the confounder may clarify a good
prognosis as the patient awakens. The duration of seda-
tive effect is dependent on factors such as medication
half-life, duration of infusion, hepatic and renal func-
tion, drug interactions, patient age, temperature, and
comorbidities. The involvement of a clinical pharmacist
may help clarify the expected duration of sedative effect
in complex patients who are critically ill. In addition, SE
may occur in patients with conditions such as septic or
hepatic encephalopathy [39, 40]. These toxic-metabolic
encephalopathies may be entirely reversible but may
confound the patient’s neurological assessment for a
prolonged duration. Though also reversible, a prolonged
postictal encephalopathy may be challenging to identify.
Although a typical postictal period persists for minutes
to hours, prolonged periods of impaired consciousness
of four to ten days have been reported [41]. Risk fac-
tors for a prolonged postictal period may include static
encephalopathy, longer duration of SE, history of SE,
prior prolonged postictal state, diffuse structural brain
disease, older age, and baseline impairment of functional
status [41-43]. Neuroprognostication should be deferred
in these settings for an appropriate period of time that is
established based on a careful evaluation of individual
patient factors.

Rapid weaning of sedating medication may not be fea-
sible in some patients who are critically ill, such as those
with RSE/SRSE, elevated intracranial pressure, or acute
respiratory distress syndrome. In these settings, surro-
gates should be counseled on the likelihood of prolonged

uncertainty in the outcome (see good practice statement
2) [15, 35-38].

Good Practice Statement 6

We recommend that in patients with SE of unclear etiol-
ogy neuroprognostication be deferred until an appropri-
ate diagnostic evaluation is performed for the underlying
disease process. Evaluation should be timely and, when
feasible, be performed concurrently with treatment of
seizures, as etiology may determine appropriate treat-
ment and prognosis (strong recommendation, evidence
cannot be graded).

Rationale

Although no single underlying disease that results in SE
confers a universally poor prognosis, the outcome may be
critically dependent on timely diagnosis and treatment.
For example, mortality drops from about 70% to 28%
with the timely initiation of antiviral therapy in herpes
simplex virus 1 encephalitis [44]. Patients with new-onset
RSE do not have a clear acute or active structural, toxic,
or metabolic cause after 72 h, whereas febrile infection-
related epilepsy syndrome is a subcategory that requires a
prior febrile infection between 2 weeks and 24 h prior to
RSE onset [9]. Although a significant proportion of such
patients will die (16-27%) or suffer long-term cognitive
or functional impairment (50-75%) [45], establishing
an etiology such as an autoimmune disease may modify
prognosis through the use of appropriate treatment, such
as immunomodulatory therapy.

Recommendations: Clinical Variables as Predictors
Outcome: in-Hospital Mortality

Question 1

When counseling surrogates of patients with SE, should
age alone be considered a reliable predictor of in-hospital
mortality?

Description of the Predictor

Older age generally reflects a higher degree of frailty,
more preexisting conditions, and a higher risk of poor
outcome after complications of critical care. In most
studies of outcome in SE, age is either used as a continu-
ous variable or dichotomized, typically into<65 years
and > 65 years.

Recommendation
When counseling surrogates of patients with SE, we sug-
gest that age alone not be considered a reliable predictor
of in-hospital mortality (weak recommendation; low-
quality evidence).



375

Rationale

The body of evidence was downgraded for risk of bias,
with various studies demonstrating potential bias in the
Quality In Prognosis Studies (QUIPS) domains of study
confounding and statistical analysis. Most studies were
associated with a risk of self-fulfilling prophecy. CIs were
relatively narrow across studies. Some inconsistency was
present. Although the majority of studies showed an
association of higher age with mortality [11, 13, 46—50],
some did not [38, 51, 52]. It is important to note that
there is an age-related likelihood of some SE etiologies,
but age does not necessarily determine the severity of
these conditions. Older individuals, for instance, may
develop SE from a relatively benign cause, such as pre-
existing poststroke epilepsy, whereas in young individu-
als without preexisting brain damage, SE may occur as a
symptom of a severe acute brain injury (e.g., encephali-
tis) or the onset of a genetic disease with a poor progno-
sis (e.g., POLG1 mutations). Therefore, defining an age
threshold that accurately predicts the likely outcome is
difficult, and age cannot be considered a reliable individ-
ual predictor of in-hospital mortality in patients with SE.

Question 2

When counseling surrogates of patients with SE, should
the extent of comorbidities (as measured by the Charlson
Comorbidity Index [CCI]) alone be considered a reliable
predictor of in-hospital mortality?

Description of the Predictor

Comorbidities can be measured with a variety of scales.
The most frequently applied comorbidity measure in SE
studies is the CCI, a weighted index designed to pre-
dict mortality based on 19 items reflecting the burden
of comorbid illness [53]. Higher scores on the CCI were
associated with poorer prognosis in various conditions in
neurointensive care.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest the extent of comorbidities (as measured by the CCI)
alone not be considered a reliable predictor of in-hospi-
tal mortality (weak recommendation; moderate-quality
evidence).

Rationale

The body of evidence was downgraded for risk of bias,
with various studies demonstrating potential bias in
the QUIPS domains of study confounding and statisti-
cal analysis. Most studies were associated with a risk of
self-fulfilling prophecy. The body of evidence was largely
consistent in demonstrating a higher risk of death with
higher CCI scores, and Cls were relatively narrow. The

CCI was mostly evaluated as a continuous variable, and
no potential cutoff value was defined that would be useful
for clinicians to predict a good or poor outcome [38, 46,
54-56]. However, the previously mentioned considera-
tions for patient age also apply to the CCI—a higher CCI
is not necessarily associated with severe or life-threaten-
ing SE etiology.

Question 3
When counseling surrogates of patients with SE, should
an acute symptomatic or a potentially fatal etiology
alone be considered a reliable predictor of in-hospital
mortality?

Description of the Predictor

SE can develop from various causes. According to ILAE
recommendations, etiologies are divided into the cat-
egories: (1) acute symptomatic, (2) remote symptomatic,
(3) progressive symptomatic, and (4) unknown etiology
[1, 57]. Etiologies with a high risk of mortality—whether
complicated by SE or not—may be defined as potentially
fatal according to a more recent definition [13]. Within
this classification, the etiologies considered poten-
tially fatal (independent of the presence of SE) are acute
(£7 days) large-vessel ischemic stroke, intracerebral
hemorrhage, acute central nervous system (CNS) infec-
tion, severe systemic infection, malignant brain tumor,
acquired immune deficiency syndrome with CNS com-
plications, chronic renal insufficiency requiring dialy-
sis, systemic vasculitis, metabolic disturbance or acute
intoxication sufficient to cause coma in the absence of SE,
eclampsia, and intracranial tumor surgery. In contrast,
remote or progressive symptomatic conditions, such as
previous trauma, stroke, CNS infection, dementia, mul-
tiple sclerosis, or meningioma, are considered not poten-
tially fatal.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest an acute symptomatic or a potentially fatal etiology
alone not be considered a reliable predictor of in-hospi-
tal mortality (weak recommendation; very-low-quality
evidence).

Rationale

The body of evidence was downgraded for risk of bias,
with various studies demonstrating potential bias in the
QUIPS domains of study confounding, study participa-
tion, and statistical analysis. Most studies were associ-
ated with a risk of self-fulfilling prophecy. Imprecision
and inconsistency were present. Most, but not all, stud-
ies reported increased point estimates for mortality in
patients with SE due to a potentially fatal etiology [13,
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38, 49, 51, 54, 58]. This was mostly true for acute symp-
tomatic causes, but the findings were more uncertain [11,
46, 50, 51, 55, 59, 60]. Acute or potentially fatal etiolo-
gies could not be considered reliable, in part because of
the problematic definitions. Acute symptomatic causes
encompass a wide spectrum of underlying conditions,
ranging from severe acute pathologies such as stroke to
more innocuous, albeit acute, causes, such as sodium
imbalance. Several etiologies cannot be clearly catego-
rized according to ILAE recommendations. Similarly,
there is lack of clarity regarding the classification of SE
cases without discernible cause as having potentially
fatal etiologies. Most importantly, no single diagnosis
conveys a universally poor prognosis. Although anoxic
injury following cardiac arrest is often considered to be
an especially grave etiology of SE [61], there are now
several reports of good functional outcome in patients
with cardiac arrest who were treated for SE [62, 63] and
insufficient evidence to consider SE a reliable indicator of
prognosis following cardiac arrest [26].

SE in patients with chronic epilepsy, without acute
brain injury or a progressive underlying condition, is
often associated with ASM noncompliance or with-
drawal, with low levels of ASM in the blood when meas-
ured. SE in this setting is associated with a particularly
high probability of good long-term outcome, even in the
presence of RSE [61]. Surrogates of patients with chronic
epilepsy, without acute brain injury or a known progres-
sive underlying etiology, who develop SE/ RSE in the
context of possible ASM noncompliance or withdrawal
should therefore be counseled that although individual
patients may suffer a poor outcome because of comorbid-
ities or complications, the majority of patients will make
a good long-term recovery.

Question 4

When counseling surrogates of patients with SE, should a
history of seizures/epilepsy alone be considered a reliable
predictor of in-hospital mortality?

Description of the Predictor

SE can occur in individuals with or without a history of
seizures/epilepsy. A history of seizures or epilepsy can be
determined from patient surrogates, the medical record,
or the patient’s regular medications.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest a history of previous seizures/epilepsy alone not be
considered a reliable predictor of in-hospital mortality
(weak recommendation; very-low-quality evidence).

Rationale

The body of evidence was downgraded for risk of bias,
with various studies demonstrating potential bias in the
QUIPS domains of study confounding, study participa-
tion, and statistical analysis. Most studies were associ-
ated with a risk of self-fulfilling prophecy. Imprecision
and inconsistency were present. Although many stud-
ies reported lower mortality in patients with SE and a
history of seizures/epilepsy, the results were inconclu-
sive [49, 50, 57, 59, 64]. A history of seizures/epilepsy
does not necessarily imply a more favorable prognosis,
although this may frequently be the case, especially if
previous seizures were caused by a disease that itself
carries a good prognosis. However, individuals with
symptomatic epilepsy due to malignant brain neoplasm
or progressive neurodegenerative disease may have a
poor long-term prognosis.

Question 5

When counseling surrogates of patients with SE, should
seizure type/semiology alone be considered a reliable
predictor of in-hospital mortality?

Description of the Predictor

Semiology refers to the clinical manifestations of sei-
zures, which are variable in SE and range from predom-
inantly motor symptoms, archetypical in tonic—clonic
(generalized convulsive) SE, to minor neurologic defi-
cits that may not be identified as the symptoms of SE
until EEG evaluation is performed. Similar to epileptic
seizures, SE semiology is often categorized based on
the prominence of motor symptoms and impairment of
consciousness. In 2015, the ILAE proposed a semiolog-
ical classification for SE [1]. Applying the semiological
criteria for single seizures to SE is challenging because
seizure type within an SE episode may change with
time. Some authors have suggested semiological clas-
sification of SE based the “worst seizure type” observed
“before initiation of treatment” [13], whereas others
emphasize evolution of seizure semiology during an SE
episode [65].

Recommendation

When counseling surrogates of patients with SE, we
suggest seizure type/semiology alone not be considered
a reliable predictor of in-hospital mortality (weak rec-
ommendation; very-low-quality evidence).

Rationale

The body of evidence was downgraded for risk of bias
in the QUIPS domains of study confounding and sta-
tistical analysis. Inconsistency and imprecision were
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present. There was often uncertainty about the cri-
teria used for the semiological classification of SE. In
the few studies that met eligibility criteria to support
recommendations, nonconvulsive SE was associated
with in-hospital mortality [47, 49, 51]. Semiology of SE
could not be recommended as a predictor because of
the very low quality of evidence, with particularly sub-
stantial risk of bias from variability in definitions of SE
semiology.

Question 6

When counseling surrogates of patients with SE, should
the level of consciousness before treatment alone be con-
sidered a reliable predictor of in-hospital mortality?

Description of the Predictor

SE may be associated with a decreased level of con-
sciousness, ranging from confusion to coma. The degree
of impairment of consciousness is typically included in
the definition of the SE subtype. Level of consciousness
impairment may be measured using a variety of scales,
although the Glasgow Coma Scale is most common.
Level of consciousness was also categorized as awake/
confused vs stuporous/comatose in some studies.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest the level of consciousness before treatment alone not
be considered a reliable predictor of in-hospital mortality
(weak recommendation; very-low-quality evidence).

Rationale

The body of evidence was downgraded for risk of bias in
the QUIPS domains of study confounding and statistical
analysis [13, 50, 51, 57, 64]. Inconsistency and impreci-
sion were present. The level of consciousness may be
influenced by multiple variables. Although subtypes of SE
associated with severely decreased consciousness, such
as nonconvulsive SE with coma, are more commonly
associated with worse prognosis, a substantial subset of
these patients may have an excellent recovery. In addi-
tion, level of consciousness was assessed at variable time
points during an SE episode in the literature. Uncertainty
about timing of assessment—before or after treatment
with drugs such as benzodiazepines, which may depress
the level of consciousness—further increases the risk of
bias with this predictor.

Question 7

When counseling surrogates of patients with SE, should
SE duration alone be considered a reliable predictor of
in-hospital mortality?

Description of the Predictor

SE is defined either as a series of seizures without inter-
ictal clinical recovery or as a prolonged seizure not
likely to be terminated by endogenous seizure-sup-
pressing mechanisms [1]. The time span used in this
definition has recently been changed to five or ten min-
utes, depending on the type of SE. Although the mini-
mum seizure duration required to meet criteria for SE
is only a few minutes, RSE and SRSE may persist for
weeks or months, illustrating the wide spectrum of SE
duration.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest SE duration alone not be considered a reliable pre-
dictor of in-hospital mortality (weak recommendation;
very-low-quality evidence).

Rationale

The body of evidence was downgraded for risk of bias
in the QUIPS domains of study confounding and sta-
tistical analysis. Inconsistency and imprecision were
present. SE duration, as a clinical variable, is difficult to
measure. The onset of SE may not be witnessed. Termi-
nation of the overt clinical manifestations of SE may be
followed by ongoing electrographic seizures [66]. Ter-
mination of electrographic seizures may be challenging
to determine when SE has persisted for a long time and
EEG interpretation becomes increasingly difficult [1,
27]. There is evidence from animal models that seizures
lead to brain damage, both in the area where the seizure
activity is located and in distant cerebral structures [67].
It is unclear, however, whether these findings also apply
to humans, although signals of harm exist in magnetic
resonance imaging studies [68]. It appears logical that a
very brief SE episode in which the first lines of treatment
abort seizure activity carries a more favorable progno-
sis, especially quoad vitam. A rapid response to treat-
ment may suggest a more benign underlying pathology.
Also, the lower risk of complications in short SE episodes
may decrease the risk of death. In episodes that do not
respond to the first lines of treatment, the prognostic
value of SE duration is more uncertain [46, 47, 51, 64].
Because death in patients with extremely long SE epi-
sodes frequently occurs following WLST, a high risk of
bias from the self-fulfilling prophecy exists. Recovery to
an excellent outcome or the patient’s baseline has been
reported in several patients despite very long duration of
SE [38]. SE duration may be one component of a clinical
prediction model that includes variables such as etiology
and diagnostic evaluation and, particularly, imaging.
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Question 8

When counseling surrogates of patients with SE, should
development of RSE alone be considered a reliable pre-
dictor of in-hospital mortality?

Description of the Predictor

According to the most commonly used definition, SE
that proves intractable to at least the first two lines of
adequately dosed ASM is termed RSE [10]. Because the
probability of aborting seizures with consecutive ASMs is
inversely proportional to the number of prior treatment
failures, development of RSE typically indicates sever-
ity of disease and may require induction of a therapeutic
coma [7].

Recommendation

When counseling surrogates of patients with SE, we
suggest development of RSE alone not be considered a
reliable predictor of in-hospital mortality (weak recom-
mendation; very-low-quality evidence).

Rationale

The body of evidence was downgraded for risk of bias in
the QUIPS domains of study participation and statistical
analysis. Risk of bias was also present as a result of vari-
able definitions of RSE and uncertainty about adequate
dosing of ASM. Although the majority of studies pointed
toward an increased risk of death with RSE [38, 46, 50],
inconsistency and imprecision were both present [46,
69]. Given the large spectrum of diagnoses, presenta-
tions, and outcomes encompassed by the definition of
RSE, this predictor was not considered reliable.

Question 9
When counseling surrogates of patients with SE, should
development of SRSE/need for treatment with anesthet-
ics alone be considered a reliable predictor of in-hospital
mortality?

Description of the Predictor

Induction of therapeutic coma with anesthetic agents
may be required to terminate seizure activity, repre-
senting the third stage of the escalating cascade of SE
treatments advocated by most neurological societies
worldwide. Anesthetics are often used after several
intravenously administered nonanesthetic ASMs have
been unsuccessful and are considered the most aggres-
sive form of SE treatment. However, the use of anesthet-
ics may be necessary for reasons other than termination
of seizures, particularly to protect the airway in patients
with SE who are comatose because of the underlying

disease. Seizures that last longer than 24 h with continu-
ous infusion of anesthetics or recur after termination of
anesthetic treatment define SRSE.

Recommendation

When counseling surrogates of patients with SE, we sug-
gest development of SRSE/need for treatment with anes-
thetics alone not be considered a reliable predictor of
in-hospital mortality (weak recommendation; very-low-
quality evidence).

Rationale

The body of evidence was downgraded for the risk of
bias in the QUIPS domains study confounding and sta-
tistical analysis. The majority of studies showed an
increased risk of in-hospital death in patients with SE
requiring anesthetics [52], but CIs were often wide [46,
54, 60], indicating imprecision. Furthermore, one study
yielded inconsistent results, depending on whether SE
started inside or outside a hospital [46]. Because WLST
is a major determinant of mortality, particularly in SRSE,
studies of the prognostic value of anesthetic medication
inherently carry the risk of a self-fulfilling prophecy.

Recommendations: Clinical Prediction Models
Outcome: In-Hospital Mortality

Question 1

When counseling surrogates of patients with SE, should
the STESS be considered a reliable predictor of in-hospi-
tal mortality?

Description of the Predictor

The STESS is a prognostic score designed for the predic-
tion of in-hospital mortality in patients with SE, ranging
from 0 to 6 points. Points are assigned in the following
categories: level of consciousness (awake/confused=0
points; stuporous/comatose =1 point), worst seizure type
(simple partial, complex partial, absence=0 points; gen-
eralized convulsive=1 point; nonconvulsive in coma=2
points), age (<65 years=0 points; >65 years=2 points),
and history of previous seizures (yes=0 points; no=1
point) [13]. A cutoff of 3 or more points may discriminate
SE hospital survivors from nonsurvivors [49].

Recommendation

When counseling surrogates of patients with SE, we sug-
gest the STESS not be considered a reliable predictor of
in-hospital mortality (weak recommendation; low-qual-
ity evidence).

Rationale
The body of evidence was downgraded for risk of bias
primarily in the PROBAST statistical analysis domain.
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Furthermore, concern about applicability was present
because of variability in participants and study settings.
Discrimination was reported as moderate to acceptable,
with AUCs ranging from 0.6 to 0.8 [13, 56, 65, 70—80].
Most studies did not assess calibration. There was uncer-
tainty in the literature regarding the optimal cutoff to dis-
criminate survivors from nonsurvivors (3 vs. 4 points on
the STESS) [47]. The positive predictive value for in-hos-
pital mortality ranged from 20—40%, and negative predic-
tive value was 85-95% (mostly with a cutoff STESS of 3)
[49, 65, 72, 75, 76, 80, 81]. The STESS was not considered
reliable, given the uncertainties regarding the optimal
cutoff for distinguishing SE survivors from nonsurvivors,
the reported low positive predictive value for mortality,
and the moderate AUCs. The high negative predictive
values may reflect overall low SE mortality rates rather
than excellent performance of the score.

Question 2

When counseling surrogates of patients with SE, should
the mSTESS be considered a reliable predictor of in-hos-
pital mortality?

Description of the Predictor

The mSTESS is based on the STESS but uses a different
cutoff for assigning points according to age (>70 instead
of 65 years) and includes premorbid clinical function
as assessed by the mRS (mRS 0=0 points, mRS 1-3=1
point, mRS>4=2 points), resulting in a score ranging
from O to 8 [74].

Recommendation

When counseling surrogates of patients with SE, we sug-
gest the mSTESS not be considered a reliable predictor of
in-hospital mortality (weak recommendation; low-qual-
ity evidence).

Rationale

The body of evidence was weaker overall compared with
the STESS and was downgraded for risk of bias primarily
in the PROBAST analysis domain. There were also con-
cerns about applicability because of variability in partici-
pants and study settings. The majority of studies did not
report an assessment of calibration. The discriminatory
capacity of the score, as measured by AUCs in valida-
tion studies, varied between ~0.6 and 0.75 and appeared
to be comparable to the STESS in this regard. Similarly,
the positive and negative predictive values were similar
to those reported for the STESS [80, 82—84]. The fact
that the inclusion of premorbid function does not lead
to improved prediction of in-hospital mortality in SE
cohorts reflects the considerations expressed above in the
sections on age and burden of comorbidities. Premorbid

function does not necessarily correlate with severity of
the acute illness or underlying etiology, which may be the
most important determinant of survival in many patients.

Question 3

When counseling surrogates of patients with SE, should
the EMSE be considered a reliable predictor of in-hospi-
tal mortality?

Description of the Predictor

The EMSE was developed using epidemiological data
from existing studies. The EMSE-EACE model is a com-
plex score encompassing numerous etiologies (E) with
increasing EMSE points according to severity, age (A)
stratified in ten-year intervals, comorbidities (C, based
on the CCI), and EEG findings (E).

Recommendation
When counseling surrogates of patients with SE, we sug-
gest the EMSE not be considered a reliable predictor of
in-hospital mortality (weak recommendation; moderate-
quality evidence).

Rationale
The body of evidence was downgraded for risk of bias
primarily in the PROBAST analysis domain. Concern
about applicability was present because of variability
in participants and study settings. Most studies did not
report on calibration. The high discrimination (AUC 0.9)
reported in the initial study [65] could not be reproduced
in validation studies, that reported AUCs between 0.69
and 0.86 [70, 71, 78, 79]. Notably, several studies inves-
tigated outcomes beyond hospital mortality, including
mortality at three months after SE onset, and mortal-
ity at “end of study” Variations of the EMSE include the
EMSE-EAC model, which excludes the EEG domain [70,
73, 85], and the EAMSE-EAL, which includes variables
the creators of EMSE-EACE tested and discarded [73,
80]. There is insufficient evidence to support the use of
the EMSE in counseling surrogates of individual patients
with SE regarding in-hospital mortality, although the
score yielded promising results in specific SE cohorts and
appears to outperform the STESS score in predicting in-
hospital mortality. Similar to STESS, the optimal cutoff
for discrimination of survivors from nonsurvivors has
not been established.

A summary of all recommendations including good
practice statements is in Table 3.

Future Directions

Although these guidelines provide broad principles of neu-
roprognostication in adult patients with SE, as detailed in
the good practice statements, our systematic review yielded
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Table 3 Summary of recommendations: neuroprognostication in status epilepticus: good practice statements and pre-
dictors of in-hospital mortality

Good practice statements

1. We recommend that clinicians establish with patient surrogates the most appropriate long-term goals of care in individual patients with status epi-
lepticus. Such goals, which may range from control of seizures to a return to functional independence, should serve as the basis for prognostication in
an individual patient. (strong recommendation, evidence cannot be graded)

2. Surrogates of patients with refractory or super-refractory status epilepticus should be counseled that treatment measures such as prolonged sedative
infusions and long-acting antiseizure medications may result in prolonged coma and dependence on life sustaining measures such as an artificial
airway and artificial enteral nutrition for a variable duration ranging from days to months. Surrogates should also be counseled that medical compli-
cations related to critical iliness, hospital acquired infections, and prolonged restriction of mobility are common in such patients. (strong recommen-
dation, evidence cannot be graded)

3. Surrogates of patients with refractory or super-refractory status epilepticus should be counseled that a long-term recovery that reaches or approxi-
mates the patient’s baseline level of functioning is feasible. Factors such as underlying acute brain injury, comorbidities, nosocomial infections and
sequelae of critical illness may, however, limit functional recovery. (strong recommendation, evidence cannot be graded)

4. We recommend that in patients with status epilepticus and an established underlying etiology, validated predictors of outcome specific to the
underlying disease serve as a basis for neuroprognostication. (strong recommendation, evidence cannot be graded)

5. We recommend that neuroprognostication, where feasible, should be performed in the absence of potential confounders of the neurological exami-
nation, such as residual sedation, a toxic-metabolic encephalopathy or prolonged post-ictal encephalopathy. (strong recommendation, evidence
cannot be graded)

6. We recommend that in patients with status epilepticus of unclear etiology neuroprognostication be deferred until an appropriate diagnostic evalu-
ation is performed for the underling disease process. Evaluation should be timely and, where feasible, should be performed concurrently with treat-
ment of seizures, since etiology may determine appropriate treatment and prognosis. (strong recommendation, evidence cannot be graded)

Predictors of in-hospital mortality
Baseline patient characteristics

1.When counseling family members/surrogates of patients with status epilepticus, we suggest that the patient’s age alone not be considered a reli-
able predictor of in-hospital mortality. (weak recommendation; low quality evidence)

2.When counseling family members/surrogates of patients with status epilepticus, we suggest that the extent of comorbidities (as measured by
the Charlson Comorbity Index) alone not be considered a reliable predictor of in-hospital mortality. (weak recommendation; moderate quality
evidence)

Status epilepticus etiology

1.When counseling family members/surrogates of patients with status epilepticus, we suggest that an acute symptomatic or a potentially fatal
etiology alone not be considered a reliable predictor of in-hospital mortality. (weak recommendation; very low quality evidence)

2.When counseling family members/surrogates of patients with status epilepticus, we suggest that a history of previous seizures/epilepsy alone
not be considered a reliable predictor of in-hospital mortality. (weak recommendation; very low quality evidence)

Status epilepticus characteristics and response to treatment

1.When counseling family members/surrogates of patients with status epilepticus, we suggest the seizure type/semiology alone not be considered
a reliable predictor of in-hospital mortality. (weak recommendation; very low quality evidence)

2.When counseling family members/surrogates of patients with status epilepticus, we suggest level of consciousness before treatment alone not
be considered a reliable predictor of in-hospital mortality. (weak recommendation; very low quality evidence)

3.When counseling family members/surrogates of patients with status epilepticus, we suggest SE duration alone not be considered a reliable predic-
tor of in-hospital mortality. (weak recommendation; very low quality evidence)

4.When counseling family members/surrogates of patients with status epilepticus, we suggest development of refractory status epilepticus alone
not be considered a reliable predictor of in-hospital mortality. (weak recommendation; very low quality evidence)

5.When counseling family members/surrogates of patients with status epilepticus, we suggest development of super-refractory status epilepti-
cus/need for treatment with anesthetics alone not be considered a reliable predictor of in-hospital mortality. (weak recommendation; very low
quality evidence)

Prediction models

1.When counseling family members/surrogates of patients with status epilepticus, we suggest the Status Epilepticus Severity Score (STESS) not be
considered a reliable predictor of in-hospital mortality. (weak recommendation; low quality evidence)

2.When counseling surrogates of patients with SE, we suggest the modified Status Epilepticus Severity Score (mSTESS) not be considered a reli-
able predictor of in-hospital mortality. (weak recommendation; low quality evidence)

3. When counseling family members/surrogates of patients with status epilepticus, we suggest the Epidemiology-based mortality score in status
epilepticus (EMSE) not be considered a reliable predictor of in-hospital mortality. (weak recommendation; moderate quality evidence)

a striking lack of reliable predictors to serve as the basis of
prognostication while counseling surrogates of patients who
may be dependent on life-sustaining therapy. Although the
systematic review focused on mortality, there is insufficient
evidence for any poor outcome following SE. Although mul-
tiple variables were independent predictors of poor out-
come, the body of evidence suffered several limitations, and

a significant subset of patients with these variables were,
nevertheless, able to achieve a good outcome. Although SE
prediction models may be useful in the setting of research
and quality assessment, to facilitate comparison of popu-
lations while adjusting for severity of illness, no model
achieved sufficient reliability for use in the counseling of
surrogates of individual patients who were critically ill and
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at risk for withdrawal of life support. Our review highlights
the gaps and opportunities in the literature on prognostica-
tion following SE. Predicting treatment outcomes in SE is
made challenging by its numerous etiologies, wide spectrum
of manifestations, and variable disease course, ranging from
patients easily managed with a single dose of medication to
those who require weeks of neurocritical care. In addition to
the complexity of the disease itself, there is significant vari-
ability in the literature regarding the assessment of baseline
clinical parameters, including SE-specific variables such as
etiology and semiological features. Because assessments of
functional outcomes are inconsistent in the literature and
few studies assess long-term cognitive and neuropsychiatric
outcomes, the panel determined that it would be inappro-
priate to assess the value of clinical predictors or prognos-
tic models for outcomes other than mortality. Prediction
of functional, cognitive, and neuropsychiatric outcomes is
critical, however, particularly in the context of counseling
family members/surrogates. In addition, the development of
epilepsy in patients with de novo SE may be an important
patient-centered outcome.

To improve the understanding of SE prognosis, further
studies in this field should adhere to the following prin-
ciples: (1) Outcome assessment should be conducted at
defined time points using standardized and validated tools,
including longer-term outcomes at least 6 to 12 months
after hospital discharge. In addition to mortality, it is criti-
cal that cognitive, functional, and neuropsychiatric out-
comes are routinely assessed. (2) Consensus should be
achieved regarding outcomes and critical variables in stud-
ies of SE. These variables should include semiological infor-
mation (including semiological changes over time), EEG
data (including development over time), and medications
administered (including doses and plasma concentrations).
(3) Multicenter registries with common data elements and
definitions are required to achieve a sufficient sample size
and allow the creation of SE subgroups reasonably compa-
rable in etiology, semiology, baseline clinical characteris-
tics, and response to treatment. Data from such registries
will greatly improve the quality of prognostication stud-
ies. (4) Studies should use standardized definitions and
nomenclature of SE etiology, semiology, refractoriness,
and electrographic correlates [1, 9, 86]. Future research on
prognostication following SE may also focus on biomark-
ers of neurological injury, such as neuron-specific enolase,
which varies in SE subtypes [87]. In addition, magnetic
resonance imaging may help identify structural alterations
following SE that may impact prognosis [88].

Conclusions

These guidelines are intended to provide guidance to
clinicians counseling family members and surrogates of
patients with SE regarding prognosis. Although broad

principles of neuroprognostication were established, the
systematic review did not yield any reliable predictors of
poor outcome in patients with SE who are critically ill
who may be dependent on life-sustaining therapy.

Conflicts of interest

S.Mu. has received research funding from the National
Institutes of Health (R21NR020231, U01NS119647, and
UO1NS099046) and speaking and writing honoraria from
the American Academy of Neurology for topics related to
neuroprognostication. She receives consultant fees for serv-
ing on the End Point Adjudication Committee for Grace
Therapeutics Pharma Inc. for a clinical trial related to SAH.
K.E.W. received research funding from the German Neuro-
Intensive Care Society (DGNI) and the B. Braun Founda-
tion and serves as an associate editor for Neurocritical Care.
K.M.B. has received consulting fees from Rissman Law and
serves as an associate editor for Neurocritical Care. D.Y.H.
has received research funding from the Neurocritical Care
Foundation and National Institute of Neurological Disor-
ders and Stroke (NINDS) and serves as an associate medi-
cal director for New England Donor Services. S.Ma. has
received consulting fees from Marinus and speaking hono-
rarium from the American Academy of Neurology (AAN)
and Society of Critical Care Medicine (SCCM). G.V.E. has
received consulting fees and speaking honoraria from the
Anticoagulation Forum, AstraZeneca, and Chiesi; he is on
the board of directors of the Anticoagulation Forum; and
he has received advisor fees from Annexon Biosciences.
T.W. has received research funding from the Else-Kroener-
Fresenius-Stiftung and consulting fees and honoraria from
Medtronic Navigation. The remaining authors have no con-
flicts to disclose related to the content of this manuscript.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1007/512028-025-02425-8.

Author details

! Department of Neurology, Friedrich-Alexander-Universitit Erlangen-Nirn-
berg, Erlangen, Germany. ? Departments of Neurology and Neurosurgery,
University of Michigan, Ann Arbor, MI, USA. > Departments of Neurology

and Anesthesiology/Critical Care Medicine, Division of Neurosciences Criti-
cal Care, Johns Hopkins University School of Medicine, Baltimore, MD, USA.

4 Department of Neurology, University of Leipzig, Leipzig, Germany. ° School
of Nursing, University of Pittsburgh, Pittsburgh, PA, USA. ® Departments

of Neurology and Neurosurgery, College of Medicine, University of Florida,
Gainesville, FL, USA.” Department of Neurology, University of Washington,
Seattle, WA, USA. 8 Departments of Pharmacy and Neurosciences, Intermoun-
tain Health, Salt Lake City, UT, USA. ° Department of Neurology, University

of North Carolina, Chapel Hill, NC, USA. 10 Department of Pharmacy Practice,
University of lllinois at Chicago, Chicago, IL, USA. ! Departments

of Neurology and Neurosurgery, UVA Health, Charlottesville, VA, USA.

12 Department of Neurology, Virginia Commonwealth University, Richmond,
VA, USA. '3 Department of Neurosurgery, University of Leipzig, Leipzig,
Germany. " Department of Neurosurgery, Neurosurgery Center Ludwigsburg-
Heilbronn, Ludwigsburg, Germany. '* Department of Neurology, Albany
Medical College, Albany, NY, USA. ' Institute of Medical Informatics, Biometry
and Epidemiology, University Hospital Essen, Essen and BDH-Cliniclinic Elzach,


https://doi.org/10.1007/s12028-025-02425-8
https://doi.org/10.1007/s12028-025-02425-8

382

Elzach, Germany. '/ Department of Neurosurgery, Helios Amper-Klinikum
Dachau, Dachau, Germany. '® Department of Neurology, Saint Luke’s Health
System, Kansas City, MO, USA.

Author Contributions

DM, SEH., and V.R. conceptualized the literature search; completed acquisi-
tion, analysis, and interpretation of the data; and drafted the initial manuscript
and revised it subsequently. All other authors participated in data interpreta-
tion and critical revision of the manuscript for intellectual content. All authors
reviewed and approved the final version of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study was
supported by the NCS.

Open Access

This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted

by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by/4.0/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 18 November 2025 Accepted: 25 November 2025
Published: 8 January 2026

References

1. Trinka E, Cock H, Hesdorffer D, et al. A definition and classification of
status epilepticus-report of the ILAE task force on classification of
status epilepticus. Epilepsia. 2015;56(10):1515-23.

2. Jallon P, Coeytaux A, Galobardes B, Morabia A. Incidence and case-
fatality rate of status epilepticus in the canton of Geneva. Lancet.
1999;353(9163):1496.

3. Knake S, Rosenow F, Vescovi M, et al. Incidence of status epilepticus in
adults in Germany: a prospective, population-based study. Epilepsia.
2001;42(6):714-8.

4. Vignatelli L, Tonon C, D'Alessandro R. Incidence and short-term
prognosis of status epilepticus in adults in Bologna, Italy. Epilepsia.
2003;44(7):964-8.

5. Delorenzo RJ, Hauser WA, Towne AR, et al. A prospective, population-
based epidemiologic study of status epilepticus in Richmond, Virginia.
Neurology. 1996;46(4):1029-35.

6. Leitinger M, Trinka E, Zimmermann G, et al. Epidemiology of status
epilepticus in adults: apples, pears, and oranges—A critical review.
Epilepsy Behav. 2020;103(Pt A):106720.

7. Betjemann JP, Lowenstein DH. Status epilepticus in adults. Lancet
Neurol. 2015;14(6):615-24.

8. Hesdorffer DC, Logroscino G, Cascino G, Annegers JF, Hauser WA. Risk
of unprovoked seizure after acute symptomatic seizure: effect of status
epilepticus. Ann Neurol. 1998;44(6):908-12.

9. Hirsch LJ, Gaspard N, van Baalen A, et al. Proposed consensus definitions
for new-onset refractory status epilepticus (NORSE), febrile infection-
related epilepsy syndrome (FIRES), and related conditions. Epilepsia.
2018;59(4):739-44.

10. Novy J, Logroscino G, Rossetti AO. Refractory status epilepticus: a pro-
spective observational study. Epilepsia. 2010;51(2):251-6.

11. Mayer SA, Claassen J, Lokin J, et al. Refractory status epilepticus:
frequency, risk factors, and impact on outcome. Arch Neurol.
2002;59(2):205-10.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34,

35.

36.

37.

38.

Holtkamp M, Othman J, Buchheim K, Meierkord H. Predictors and prog-
nosis of refractory status epilepticus treated in a neurological intensive
care unit. J Neurol Neurosurg Psychiatry. 2005;76(4):534-9.

Rossetti AO, Hurwitz S, Logroscino G, Bromfield EB. Prognosis of status
epilepticus: role of aetiology, age, and consciousness impairment at
presentation. J Neurol Neurosurg Psychiatry. 2006;77(5):611-5.

Shorvon S, Ferlisi M. The treatment of super-refractory status epilepticus:
a critical review of available therapies and a clinical treatment protocol.
Brain. 2011;134(Pt 10):2802-18.

Kantanen AM, Reinikainen M, Parviainen |, et al. Incidence and mortality of
super-refractory status epilepticus in adults. Epilepsy Behav. 2015;49:131-4.
Chin RF, Neville BG, Peckham C, et al. Incidence, cause, and short-term
outcome of convulsive status epilepticus in childhood: prospective
population-based study. Lancet. 2006;368(9531):222-9.

Wu YW, Shek DW, Garcia PA, Zhao S, Johnston SC. Incidence and mortal-
ity of generalized convulsive status epilepticus in California. Neurology.
2002;58(7):1070-6.

Maytal J, Shinnar S, Moshé SL, Alvarez LA. Low morbidity and mortality of
status epilepticus in children. Pediatrics. 1989,;83(3):323-31.

Towne AR, Pellock JM, Ko D, DeLorenzo RJ. Determinants of mortality in
status epilepticus. Epilepsia. 1994;35(1):27-34.

Shinnar S, Pellock JM, Berg AT, et al. Short-term outcomes of children with
febrile status epilepticus. Epilepsia. 2001;42(1):47-53.

Logroscino G, Hesdorffer DC, Cascino GD, et al. Long-term mortality after
a first episode of status epilepticus. Neurology. 2002;58(4):537-41.
Strzelczyk A, Ansorge S, Hapfelmeier J, et al. Costs, length of stay, and
mortality of super-refractory status epilepticus: a population-based study
from Germany. Epilepsia. 2017;58(9):1533-41.

Hawkes MA, English SW, Mandrekar JN, Rabinstein AA, Hocker S. Causes
of death in status epilepticus. Crit Care Med. 2019;47(9):1226-31.

Brophy GM, Bell R, Claassen J, et al. Guidelines for the evaluation and
management of status epilepticus. Neurocrit Care. 2012;17(1):3-23.
GlauserT, Shinnar S, Gloss D, et al. Evidence-based guideline: treatment of
convulsive status epilepticus in children and adults: report of the guideline
committee of the American Epilepsy Society. Epilepsy Curr. 2016;16(1):48-61.
Rajajee V, Muehlschlegel S, Wartenberg KE, et al. Guidelines for neuropro-
gnostication in comatose adult survivors of cardiac arrest. Neurocrit Care.
2023. https://doi.org/10.1007/512028-023-01688-3.

Treiman DM, Walton NY, Kendrick C. A progressive sequence of elec-
troencephalographic changes during generalized convulsive status
epilepticus. Epilepsy Res. 1990;5(1):49-60.

Nei M, Lee JM, Shanker VL, Sperling MR. The EEG and prognosis in status
epilepticus. Epilepsia. 1999;40(2):157-63.

Jaitly R, Sgro JA, Towne AR, Ko D, DeLorenzo RJ. Prognostic value of EEG
monitoring after status epilepticus: a prospective adult study. J Clin
Neurophysiol. 1997;14(4):326-34.

Cooper AD, Britton JW, Rabinstein AA. Functional and cognitive
outcome in prolonged refractory status epilepticus. Arch Neurol.
2009;66(12):1505-9.

Erklauer J, Graf J, McPherson M, et al. Outcomes in children treated with
pentobarbital infusion for refractory and super-refractory status epilepti-
cus. Neurocrit Care. 2018;29(2):171-9.

Phua J, Joynt GM, Nishimura M, et al. Withholding and withdrawal of life-
sustaining treatments in intensive care units in Asia. JAMA Intern Med.
2015;175(3):363-71.

Van Calster B, McLernon DJ, van Smeden M, et al. Calibration: the Achilles
heel of predictive analytics. BMC Med. 2019;17(1):230.

Dewidar O, Lotfi T, Langendam MW, et al. Good or best practice statements:
proposal for the operationalisation and implementation of GRADE guidance.
BMJ Evid Based Med. 2022. https://doi.org/10.1136/bmjebm-2022-111962.
Hawkes MA, Hocker SE. Systemic complications following status epi-
lepticus. Curr Neurol Neurosci Rep. 2018;18(2):7.

Standley K, Abdulmassih R, Benbadis S. Good outcome is possible after
months of refractory convulsive status epilepticus: lesson learned.
Epilepsia. 2012;53(1):e17-20.

Hocker S, Wijdicks EF, Rabinstein AA. Refractory status epilepticus:

new insights in presentation, treatment, and outcome. Neurol Res.
2013;35(2):163-8.

Alvarez V, Drislane FW. Is favorable outcome possible after prolonged
refractory status epilepticus? J Clin Neurophysiol. 2016;33(1):32-41.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12028-023-01688-3
https://doi.org/10.1136/bmjebm-2022-111962

383

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Alessandri F, Badenes R, Bilotta F. Seizures and sepsis: a narrative
review. J Clin Med. 2021. https://doi.org/10.3390/jcm10051041.
Nguyen A, Butt MA, Upadhyay S, Sheikh AB, Shekhar R. Non-convulsive
status epilepticus in hepatic encephalopathy: a case series and review
of the literature. Eur J Case Rep Intern Med. 2022,9(2):003179.

. BitonV, Gates JR, de Padua Sussman L. Prolonged postictal encepha-

lopathy. Neurology. 1990;40(6):963-6.

Langheinrich TC, Chattopadhyay A, Kuc S, Reuber M. Prolonged pos-
tictal stupor: nonconvulsive status epilepticus, medication effect, or
postictal state? Epilepsy Behav. 2005;7(3):548-51.

Ohira J, Yoshimura H, Morimoto T, Ariyoshi K, Kohara N. Factors associ-
ated with the duration of the postictal state after a generalized convul-
sion. Seizure. 2019;65:101-5.

Whitley RJ. Viral encephalitis. N Engl J Med. 1990;323(4):242-50.
Sculier C, Gaspard N. New onset refractory status epilepticus (NORSE).
Seizure. 2019;68:72-8.

Sutter R, Semmlack S, Spiegel R, et al. Distinguishing in-hospital and
out-of-hospital status epilepticus: clinical implications from a 10-year
cohort study. Eur J Neurol. 2017;24(9):1156-65.

Sutter R, Marsch S, Fuhr P, Riegg S. Mortality and recovery from refrac-
tory status epilepticus in the intensive care unit: a 7-year observational
study. Epilepsia. 2013;54(3):502-11.

Mendiratta P, Dayama N, Wei JY, Prodhan P, Prodhan P. Status epilepti-
cus among older adults in the United States. Geriatrics (Basel). 2019.
https://doi.org/10.3390/geriatrics4030045.

Rossetti AO, Logroscino G, Milligan TA, et al. Status Epilepticus Sever-
ity Score (STESS): a tool to orient early treatment strategy. J Neurol.
2008;255(10):1561-6.

Legriel S, Mourvillier B, Bele N, et al. Outcomes in 140 critically ill

patients with status epilepticus. Intensive Care Med. 2008;34(3):476-80.

Vilella L, Gonzalez Cuevas M, Quintana Luque M, et al. Progno-

sis of status epilepticus in elderly patients. Acta Neurol Scand.
2018;137(3):321-8.

Kantanen AM, Kalvidinen R, Parviainen |, et al. Predictors of hospital
and one-year mortality in intensive care patients with refractory status
epilepticus: a population-based study. Crit Care. 2017;21(1):71.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-83.

Marchi NA, Novy J, Faouzi M, et al. Status epilepticus: impact of
therapeutic coma on outcome. Crit Care Med. 2015. https://doi.org/10.
1097/CCM.0000000000000881.

Sutter R, Valenca M, Tschudin-Sutter S, Riiegg S, Marsch S. Procalcitonin
and mortality in status epilepticus: an observational cohort study. Crit
Care. 2015;19:361.

Sutter R, Semmlack S, Opié P, et al. Untangling operational fail-

ures of the status epilepticus severity score (STESS). Neurology.
2019;92(17):21948-56.

Drislane FW, Blum AS, Lopez MR, Gautam S, Schomer DL. Duration of
refractory status epilepticus and outcome: loss of prognostic utility
after several hours. Epilepsia. 2009;50(6):1566-71.

Tsetsou S, Novy J, Rossetti AO. Recurrence of status epilepticus: prog-
nostic role and outcome predictors. Epilepsia. 2015;56(3):473-8.

Dani R, Sodani A, Telang K, Nigam R. Determinants of outcome in con-
vulsive status epilepticus in adults: an ambispective study from Central
India. Ann Indian Acad Neurol. 2019;22(1):84-90.

Kowalski RG, Ziai WC, Rees RN, et al. Third-line antiepileptic therapy

and outcome in status epilepticus: the impact of vasopressor use and
prolonged mechanical ventilation. Crit Care Med. 2012;40(9):2677-84.
Neligan A, Shorvon SD. Frequency and prognosis of convulsive status
epilepticus of different causes: a systematic review. Arch Neurol.
2010;67(8):931-40.

Lee JW. Good outcome in cardiac arrest patients in refractory status epi-
lepticus: a result of aggressive treatment or EEG reclassification. Epilepsy
Curr. 2019;19(3):168-70.

De Stefano P, Kaplan PW, Quintard H, Seeck M, Sutter R. Nonconvulsive
status epilepticus following cardiac arrest: overlooked, untreated and
misjudged. J Neurol. 2023;270(1):130-8.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Verma A, Kiran K, Vaishya GP, Kumar A. Adult convulsive status epileptic
us: clinical, etiological, and predictors of outcome study from rural popu-
lation of North India. Int J Neurosci. 2019;129(6):573-9.

Leitinger M, Kalss G, Rohracher A, et al. Predicting outcome of status
epilepticus. Epilepsy Behav. 2015;49:126-30.

Husain AM. What you don't look for, you won't find: value of EEG

after clinical resolution of convulsive status epilepticus. Epilepsy Curr.
2022;22(1):33-5.

de Curtis M, Rossetti AO, Verde DV, van Vliet EA, Ekdahl CT. Brain pathol-
ogy in focal status epilepticus: evidence from experimental models.
Neurosci Biobehav Rev. 2021;131:834-46.

Hocker S, Nagarajan E, Rabinstein AA, Hanson D, Britton JW. Progres-

sive brain atrophy in super-refractory status epilepticus. JAMA Neurol.
2016;73(10):1201-7.

Rudin D, Grize L, Schindler C, et al. High prevalence of nonconvulsive and
subtle status epilepticus in an ICU of a tertiary care center: a three-year
observational cohort study. Epilepsy Res. 2011;96(1-2):140-50.

Ulvin LB, Tauball E, Olsen KB, Heuser K. Predictive performances of STESS and
EMSE in a Norwegian adult status epilepticus cohort. Seizure. 2019;70:6-11.
Maller HS, Rodin E, Aukland P, et al. Epidemiology-based mortality score
is associated with long-term mortality after status epilepticus. Neurocrit
Care.2019;31(1):135-41.

Milldn Sandoval JP, Escobar Del Rio LM, Gémez EA, et al. Validation of the
status epilepticus severity score (STESS) at high-complexity hospitals in
Medellin, Colombia. Seizure. 2020;81:287-91.

Jiang Y, Cai MY, Yang Y, et al. Prediction of in-hospital mortality in status
epilepticus: evaluation of four scoring tools in younger and older adult
patients. Epilepsy Behav. 2021;114(Pt A):107572.

Gonzalez-Cuevas M, Santamarina E, Toledo M, et al. A new clinical score for the
prognosis of status epilepticus in adults. Eur J Neurol. 2016;23(10):1534-40.
Aukland P, Lando M, Vilholm O, Christiansen EB, Beier CP. Predictive value
of the status epilepticus severity score (STESS) and its components for
long-term survival. BMC Neurol. 2016;16(1):213.

Kang BS, Kim DW, Kim KK, et al. Prediction of mortality and functional
outcome from status epilepticus and independent external validation of
STESS and EMSE scores. Crit Care. 2016;20:25.

ZhangY, Chen D, Xu D, Tan G, Liu L. Clinical utility of EMSE and STESS in
predicting hospital mortality for status epilepticus. Seizure. 2018;60:23-8.
Brigo F, Turcato G, Lattanzi S, et al. Retrospective external validation of the
status epilepticus severity score (STESS) to predict in-hospital mortality
in adults with nonhypoxic status epilepticus: a machine learning analysis.
Neurocrit Care. 2022. https://doi.org/10.1007/512028-022-01610-3.

Yuan F, Damien C, Gaspard N. Severity scores for status epilepticus in the
ICU: systemic illness also matters. Crit Care. 2023,;27(1):19.

Reindl C, Knappe RU, Sprugel M|, et al. Comparison of scoring tools for the
prediction of in-hospital mortality in status epilepticus. Seizure. 2018,56:92-7.
Huang TH, Lai MC, Chen YS, Huang CW. Status epilepticus mortality risk
factors and a correlation survey with the newly modified STESS. Health-
care. 2021. https://doi.org/10.3390/healthcare9111570.

Misirocchi F, Zilioli A, Mannini E, et al. Prognostic value of Salzburg
nonconvulsive status epilepticus criteria: the SACE score. Epilepsia.
2024,65(1):138-47.

Huang TH, Chen TS, Huang CW. External validation of newly modified
status epilepticus severity score for predicting mortality in patients

with status epilepticus in a regional hospital in Taiwan. Epilepsy Behav.
2023;149:109495.

Hanin A, Demeret S, Lambrecq V, et al. Clinico-biological markers for the
prognosis of status epilepticus in adults. J Neurol. 2022,269(11):5868-82.
Sairanen JJ, Kantanen AM, Hyppdld HT, Kélvidinen RK. Outcome of status
epilepticus and the predictive value of the EMSE and STESS scores: a
prospective study. Seizure. 2020;75:115-20.

Hirsch KG, Mlynash M, Jansen S, et al. Prognostic value of a qualita-

tive brain MRI scoring system after cardiac arrest. J Neuroimaging.
2015;25(3):430-7.

DeGiorgio CM, Heck CN, Rabinowicz AL, et al. Serum neuron-specific
enolase in the major subtypes of status epilepticus. Neurology.
1999;52(4):746-9.

Gaspard N. Magnetic resonance imaging in status epilepticus: useful scry-
ing board or expensive stopwatch? Epilepsy Curr. 2023;23(3):162-5.


https://doi.org/10.3390/jcm10051041
https://doi.org/10.3390/geriatrics4030045
https://doi.org/10.1097/CCM.0000000000000881
https://doi.org/10.1097/CCM.0000000000000881
https://doi.org/10.1007/s12028-022-01610-3
https://doi.org/10.3390/healthcare9111570

	Guidelines for Neuroprognostication in Critically Ill Adults with Status Epilepticus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Scope, Purpose, and Target Audience
	How to Use these Guidelines

	Methods
	Selection of Guideline Questions
	Clinical Variables
	Clinical Prediction Models

	Selection of Outcomes
	Systematic Review Methodology
	Evidence to Recommendation Criteria
	Quality of EvidenceCertainty in the Evidence and Effect Size
	Balance of Desirable and Undesirable Consequences
	Values and Preferences
	Resource Use

	Good Practice Statements
	Good Practice Statement 1
	Rationale
	Good Practice Statement 2
	Rationale
	Good Practice Statement 3
	Rationale
	Good Practice Statement 4
	Rationale
	Good Practice Statement 5
	Rationale
	Good Practice Statement 6
	Rationale


	Recommendations: Clinical Variables as Predictors
	Outcome: in-Hospital Mortality
	Question 1
	Description of the Predictor
	Recommendation
	Rationale
	Question 2
	Description of the Predictor
	Recommendation
	Rationale
	Question 3
	Description of the Predictor
	Recommendation
	Rationale
	Question 4
	Description of the Predictor
	Recommendation
	Rationale
	Question 5
	Description of the Predictor
	Recommendation
	Rationale
	Question 6
	Description of the Predictor
	Recommendation
	Rationale
	Question 7
	Description of the Predictor
	Recommendation
	Rationale
	Question 8
	Description of the Predictor
	Recommendation
	Rationale
	Question 9
	Description of the Predictor
	Recommendation
	Rationale


	Recommendations: Clinical Prediction Models
	Outcome: In-Hospital Mortality
	Question 1
	Description of the Predictor
	Recommendation
	Rationale
	Question 2
	Description of the Predictor
	Recommendation
	Rationale
	Question 3
	Description of the Predictor
	Recommendation
	Rationale


	Future Directions
	Conclusions
	Conflicts of interest
	References




