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Abstract
Background and Objectives
To investigate the frequency of induced EEG burst suppression pattern during continuous
IV anesthesia (IVAD) and associated outcomes in adult patients treated for refractory status
epilepticus (RSE).

Methods
Patients with RSE treated with anesthetics at a Swiss academic care center from 2011 to 2019
were included. Clinical data and semiquantitative EEG analyses were assessed. Burst suppression
was categorized as incomplete burst suppression (with ≥20% and <50% suppression proportion)
or complete burst suppression (with ≥50% suppression proportion). The frequency of induced
burst suppression and association of burst suppression with outcomes (persistent seizure ter-
mination, in-hospital survival, and return to premorbid neurologic function) were the endpoints.

Results
We identified 147 patients with RSE treated with IVAD. Among 102 patients without cerebral
anoxia, incomplete burst suppression was achieved in 14 (14%) with a median of 23 hours
(interquartile range [IQR] 1–29) and complete burst suppression was achieved in 21 (21%) with
a median of 51 hours (IQR 16–104). Age, Charlson comorbidity index, RSE with motor
symptoms, the Status Epilepticus Severity Score and arterial hypotension requiring vasopressors
were identified as potential confounders in univariable comparisons between patients with and
without any burst suppression. Multivariable analyses revealed no associations between any burst
suppression and the predefined endpoints. However, among 45 patients with cerebral anoxia,
induced burst suppression was associated with persistent seizure termination (72% without vs
29% with burst suppression, p = 0.004) and survival (50% vs 14% p = 0.005).

Discussion
In adult patients with RSE treated with IVAD, burst suppression with ≥50% suppression
proportion was achieved in every fifth patient and not associated with persistent seizure
termination, in-hospital survival, or return to premorbid neurologic function.
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Status epilepticus (SE) is a neurologic emergency with ongoing
epileptic seizures1 that comes along with a high morbidity and
mortality.2-4 When first-line and second-line antiseizure treat-
ments fail to terminate seizure activity, SE becomes refractory
(RSE), often representing a life-threatening condition re-
quiring a transfer to the intensive care unit (ICU) to stop
seizures. In such a situation, international guidelines recom-
mend the induction of an artificial deep coma by continuous IV
administration of anesthetic drugs (IVADs) for 24–48 hours
with the aim to endRSE,monitored by EEG.5,6 EEG surrogates
for RSE termination are either cessation of electrographic
seizures, the emergence of a therapeutic burst suppression/
attenuation pattern, or an isoelectric curve, but recommenda-
tions for the establishment of one of these specific EEG targets
in certain clinical situations are not provided. To achieve these
surrogate aims, an EEG-guided titration of IVADs is frequently
necessary. A multinational survey identified burst suppression
as the preferred titration target for IVADs in RSE,7 and an
interburst interval of approximately 10 seconds is suggested
according to experts’ opinion.8

However, maintaining a continuous burst suppression is difficult
despite constant administration of IVADs.9 Furthermore, there
is little evidence for burst suppression as being an adequate
surrogate target, which is limited by methodological issues as
acknowledged by international guidelines.5,6 A current definition
of burst suppression specifies a suppression/attenuation pro-
portion of≥50%of the recording.10However, data supporting the
adequacy of this threshold are lacking. In the context of the on-
going debate whether high-dose and prolonged IVADs in patients
with RSE cause harm that may outweigh presumed benefits,11-16

there is an utter need for further studies. Hence, we aimed to
investigate the frequency of induced burst suppression during
anesthesia and whether burst suppression was associated with
specific outcomes in patients treated with IVADs for RSE.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
This observational cohort study was performed at the ICU
of the University Hospital of Basel, a Swiss tertiary academic
medical care center. We followed the Strengthening the
Reporting of Observational Studies in Epidemiology-guide-
lines.17 Patients’ consent was waived after approval of the study
by the local ethics committee (Ethikkommission Nordwest-
und Zentralschweiz) in compliance with the 1964 Declaration
of Helsinki and its later amendments.

Data Collection
Clinical data in this study are part of the STatus EPilepticus
Unicenter Population study (ClinicalTrials.gov ID:
NCT04204863) and the REfractory Status Epilepticus
Treatment: Quality and Efficacy of Coma Induction study
(NCT04333082), performed at the University Hospital of
Basel, collecting data of adult (18 years or older) patients with
SE. From January 1, 2011, to December 31, 2019, all clinical,
laboratory and epileptologic data of all consecutive patients
with RSE were collected. All data were extracted from elec-
tronic medical records and managed in the password-
encrypted online digital browser-based, metadata-driven da-
tabase organizer Research Electronic Data Capture.18 The
following clinical data were collected from individual patients’
charts: age, sex, diseases, Glasgow Coma Score (GCS) at SE
onset, and etiology of RSE (categorized as potential nonfatal
and fatal etiologies, as defined elsewhere19,20). Patients with
anoxic brain injury (ABI) included those with acute brain
damage after cardiac arrest with resuscitation. Duration of
mechanical ventilation, continuous administration of anes-
thetics and vasopressors, the use of nonsedating antiseizure
drugs, complications during RSE including organ failure, in-
fections, and arterial hypotension requiring the use of con-
tinuously administered vasopressors were noted. The length
of ICU stay and hospital stay, return to premorbid neurologic
function, and death at hospital discharge were assessed.

Illness severity was assessed by the Status Epilepticus Severity
Score (STESS; range 0–6),21,22 the Charlson comorbidity in-
dex (range 0–37),23 the Simplified Acute Physiology Score II
(range 0–163),24 and the Acute Physiology and Chronic
Health Evaluation II (range 0–71).25 For patients with ABI,
additional information regarding the time from cardiorespira-
tory arrest to start of resuscitation, duration of cardiopulmo-
nary resuscitation, and initial rhythms were assessed.

EEG Recording and Semiquantitative Analysis
Burst suppression describes an EEG pattern consisting of al-
ternating epochs of high-voltage broad-spectrum oscillations
(bursts) and electrical suppression. Burst suppression was
defined according to the current American Clinical Neuro-
physiology Society’s (ACNS) Standardized Critical Care EEG
Terminology with bursts that must average ≥0.5 seconds,
have at least 4 phases, and may last up to 30 seconds, whereas
suppression/attenuation is either <10 μV or ≥10 μV and
<50% of the higher voltage background activity. The pro-
portion of suppression/attenuationmust be between 50% and
99% of the recording,10 which is based on an experts’
consensus.

Glossary
ABI = anoxic brain injury; ACNS = American Clinical Neurophysiology Society; cEEG = continuous EEG; GCS = Glasgow
Coma Score;GOS = Glasgow Outcome Scale; ICU = intensive care unit; IQR = interquartile range; IVAD = IV administration
of anesthetic drug; RSE = refractory status epilepticus; SE = status epilepticus; STESS = Status Epilepticus Severity Score.
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As part of routine clinical practice, all video-EEGs were
recorded at a sampling rate of 256 Hz using 21 superficial scalp
electrodes placed according to the international 10-20 system.
All continuous EEGs (cEEGs; defined as records ≥1 hour) and
spot-EEGs were first qualitatively analyzed by 2 EEG readers,
noting the presence of burst suppression or attenuation/
suppression epochs in clinical practice.

Computational algorithms to quantify burst suppression need an
extensive preprocessing before analysis, and commercially
available software is prone to over-reading or under-reading and
needs human proofreading for quality assessment.26 For this
study, we chose an adaptation of a previously published prag-
matic approach27 to quantitatively assess burst suppression,
which represents also a feasible approach in clinical practice
directly at the patient’s bedside: all EEGs during the period of
IVADs were visually reanalyzed to quantify burst suppression by
2 trained EEG readers (U.F. and A.L.J.) with the aim to reach full
agreement regarding the predefined characteristics regarding
burst suppression. In rare cases of missing consensus, the re-
cordings were assessed with a third EEG reader (R.S.) to reach
agreement. For every hour of EEG recording, the first 2-minute
epochwas continuously assessed for segments with suppression/
attenuation fulfilling the ACNS criteria that were rounded to
whole seconds (Figure 1). In case of severe artefacts on cEEG, a
representative 2-minute epoch within ±15minutes was analyzed.

The following 3 burst suppression categories were noted: pres-
ence of (1) a complete burst suppressionwith≥50% suppression/
attenuation (cumulative ≥60 seconds of a 2-minute epoch) in line
with the ACNS definition10; (2) an incomplete burst suppression
that morphologically resembles a burst suppression, fulfilling all
ACNS definitions except the duration of suppression/attenuation
with proportions of suppression/attenuation episodes between
20% and 49% (cumulative between 24 and 59 seconds of a
2-minute epoch); (3) absence of any burst suppression (cumu-
lative <24 seconds of a 2-minute epoch; Figure 1). Each case with
RSE was assigned to none, incomplete, or complete burst
suppression according to themaximal level of suppression reached
during the entire EEG monitoring.

Definition, Duration, and Severity of RSE
RSE and SE were defined according to the International
League Against Epilepsy task force on the classification of SE.1

As previously described,28,29 RSE duration was defined as the
length between clinical and/or EEG evidence of seizure onset
and termination, as verified by EEG. For video-EEG moni-
toring, 2 strategies were used during the study period, in-
cluding cEEG and spot-EEGs at least every 12 hours. Thus,
SE duration represents an approximation with a maximal
inaccuracy of 12 hours. Video-EEG monitoring was used in
patients with persistent altered consciousness after SE ter-
mination to exclude recurrent SE.

Antiseizure Treatment
Diagnostic and therapeutic procedures followed the guide-
lines of the American Epilepsy Society and the Neurocritical

Care Society and were guided by the same neurologists and
neurointensivists during the entire study period.6,30 First-line
treatment was IV benzodiazepine bolus that was repeated in
case of seizure persistency. For SE refractory to benzodiaze-
pines, second-line treatment, including levetiracetam, laco-
samide, valproic acid, or phenytoin, was started. In patients
with SE refractory to first-line and second-line antiseizure
treatments (i.e., RSE), nonsedating antiseizure drugs, such as
pregabalin, sultiame, zonisamide, topiramate, oxcarbazepine
or perampanel, were added, and continuously administered
anesthetics including propofol and midazolam were started as
third-line treatment. As a routine clinical practice, anesthetics
were titrated on the discretion of the treating physicians in
consultation with a board-certified neurologist with the aim to
achieve an electrographic proof of either seizure cessation or a
burst suppression as defined earlier and depending on mul-
tiple factors including the patients’ hemodynamic stability
during and their reaction on the administration of anesthetics
for at least 24 hours. If SE reoccurred after third-line anes-
thetic treatment, barbiturates were started and titrated to in-
duce a maximal burst suppression.31

Outcomes
The primary outcome was the frequency of induced burst
suppression during deep anesthesia. Secondary outcomes
were the association of the presence and the duration of burst
suppression with predefined endpoints, including persistent
seizure termination (i.e., no recurrent seizures after weaning
of IVAD until hospital discharge or death), in-hospital sur-
vival, or return to premorbid neurologic function at hospital
discharge.

Statistics
Patients were first categorized according to the presence or
absence of any burst suppression. Second, burst suppression
was categorized into complete or incomplete, as defined
earlier. The χ2 or Fisher exact test, where appropriate, was
used for univariable comparisons of proportions. For con-
tinuous variables, the Mann-Whitney U test or the Kruskal-
Wallis test was applied. Discrete variables were expressed as
counts (percentages), and continuous variables were
expressed as medians and interquartile ranges (IQRs). All
clinical, treatment-related, and EEG variables with significant
differences between the burst suppression groups were in-
cluded in univariable and multivariable logistic regression
models for all secondary endpoints. For multivariable logistic
regression models, Hosmer-Lemeshow chi-square goodness-
of-fit tests were performed. These tests provide summary
measures of calibration based on a comparison of observed
and estimated outcomes.32 Patients with RSE after ABI were
excluded for the main analyses because this etiology of RSE is
known to be independently associated with a highmortality.33

For this patient subgroup, multivariable analyses were not
performed because of the limited sample size. Two-sided p
values ≤0.05 were considered significant. Statistical analysis
was performed with STATA software, version 16.1 (Stata
Corp., College Station, TX).
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Data Availability
The corresponding author has full access to all data of
the study. Due to data protection reasons, data cannot be

made publicly available. However, anonymized grouped
data will be made available on reasonable request to qualifed
investigators.

Figure 1 Semiquantification of Burst Suppression

Within 2-minute epochs, suppression/at-
tenuation segments were visually identi-
fied and rounded towhole seconds (bold
lines): Absence of any burst suppression
pattern (A, ≤20% cumulative suppres-
sion/attenuation segments of an exem-
plary 15-second EEG epoch); incomplete
burst suppression (B, ≥20% and <50%
suppression/attenuation proportion);
complete burst suppression (C, ≥50%
and <100% suppression/attenuation). All
EEGs shown in anterior-posterior bipolar
montage using the international 10-20
system for the placement of superficial
scalp electrodes, low-pass filter 0.5 Hz,
high-pass filter 70 Hz; scale bar: horizon-
tal 1 second, vertical 70 μV.
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Results
Of 526 adult patients with SE, 162 patients with RSE were
treated with IVADs, of whom EEG recording was available in
147 patients (Figure 2A). Of these 147 patients, 45 had ABI
(none with spontaneous burst suppression). Demographics
and clinical and treatment characteristics are summarized in
eTable 1 (links.lww.com/WNL/C684). Among 102 patients
without ABI, burst suppression was established in 35 (34.3%)
with incomplete burst suppression in 14 (13.7%) with a
median of 22.8 hours (IQR 1.0–28.9) and complete burst
suppression in 21 (20.5%) with a median of 50.9 hours (IQR
16.1–103.7) (Figure 2B). A complete background suppres-
sion was not achieved in any patient.

Univariable Comparisons
Univariable comparison of demographics and clinical and
treatment characteristics of patients without ABI with or
without burst suppression are outlined in Tables 1 and 2. The
Charlson comorbidity index, RSE with motor symptoms, the
choice of IVADs, and arterial hypotension requiring vaso-
pressors differed significantly between patients achieving any
and no burst suppression (Table 1).

In addition, patients with any burst suppression when compared
with patients without burst suppression had a longer median ICU
(19 vs 8 days, p = 0.031) and hospital stay (25 vs 20 days, p <
0.001), a longer median duration of mechanical ventilation (13 vs
3 hours, p<0.001), weremonitored on cEEGmore often (97%vs

Figure 2 Flowchart and EEG Characteristics Among the Subgroups of the Study Population

(A) Proportion of patients with and without achieved burst suppression during the treatment of refractory status epilepticus. (B) Proportion of patients with
and without complete or incomplete burst suppression among specific subgroups. NCSE = nonconvulsive status epilepticus; RSE = refractory status
epilepticus; SE = status epilepticus; STESS = Status Epilepticus Severity Score.
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Table 1 Univariable Comparisons Between 102 Patients With RSE Without ABI With or Without Any Induced
Burst Suppression

Demographics and clinical characteristics
No burst suppression
(n = 67)

Any burst suppressiona

(n = 35) p Value

Cumulative duration of any burst suppression, h, median (IQR) 0 (0–0) 23.4 (14.0–68.8)

Demographics

Age, y, median (IQR) 62 (44–70) 65 (56–78) 0.129

Female, n (%) 33 (49.3) 14 (40.0) 0.373

GCS at SE onset, median (IQR) 6 (3–9) 7 (3–8) 0.981

SE etiology, n (%)

Presumed fatal etiology (not mutually exclusive) 30 (44.8) 10 (28.6) 0.112

Presumed nonfatal etiology 37 (55.2) 25 (71.4)

Known epilepsy 18 (26.9) 6 (17.1) 0.331

Unknown etiology 6 (9.0) 3 (8.6) 1.000

Illness severity

STESS, median (IQR) 3 (2–4) 4 (2–5) 0.181

SE duration, d, median (IQR) 1 (1–3) 3 (1–5) 0.159

CCI, median (IQR) 3 (1–5) 4 (2–6) 0.025

SAPS II, median (IQR) 49 (35–58) 46 (31–54) 0.691

APACHE II, median (IQR) 23 (20–28) 25 (20–28.5) 0.846

SE type, n (%)

Focal NCSE without coma 22 (32.8) 13 (37.1) 0.664

With altered consciousness 19 (28.4) 13 (37.1)

Without altered consciousness 3 (4.5) 0 (0.0)

SE with motor symptoms (convulsive or myoclonic) 17 (25.4) 2 (5.7) 0.016

Convulsive SE 11 (16.4) 2 (5.7)

Myoclonic SE 6 (9.0) 0 (0.0)

NCSE with coma 28 (41.8) 20 (57.1) 0.140

NCSE with coma (nonsubtle) 20 (29.9) 15 (42.9)

Subtle SE 8 (11.9) 5 (14.3)

IVAD during SE

Midazolam, n (%) 17 (25.4) 19 (54.3) 0.005

Propofol, n (%) 16 (23.9) 2 (5.7) 0.028

Midazolam and propofol, n (%) 0 (0.0) 11 (31.4) <0.001

Midazolam and or propofol followed by barbiturates, n (%) 0 (0.0) 3 (8.6) 0.038

Complications during SE, n (%) 22 (32.8)

Infections 18 (26.9) 11 (31.4) 0.885

Arterial hypotension requiring vasopressors 4 (28.6) 17 (48.6) 0.028

Abbreviations:APACHE II = AcutePhysiologyandChronicHealthEvaluation II (range0–71)25; CCI= Charlsoncomorbidity index (range0–37)23;GCS=GlasgowOutcome
Score (range 3–15); IQR = interquartile range; IVAD = IV anesthetic drug; NCSE = nonconvulsive status epilepticus; SE = status epilepticus; SAPS II = Simplified Acute
Physiology Score II (range 0–163)24; SOFA = Sequential Organ Failure Assessment (range 0–24); STESS = Status Epilepticus Severity Score (range 0–6).21,22
a Including patients with burst suppression with ≥50% suppression episodes in line with the ACNS guidelines and patients with incomplete burst suppression
with suppression/attenuation episodes of ≥20% and <50%.
Bold font indicates statistical significance set at a p < 0.05.
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Table 2 Univariable Comparisons Between 102 Patients With RSE Without ABI With Incomplete, Complete, or No
Burst Suppression

Demographics and clinical characteristics

No burst
suppression
(n = 67)

Incomplete burst
suppression
(n = 14)

Complete burst
suppression
(n = 21) p Value

Cumulative duration of burst suppression, h, median (IQR) 22.8 (1.0–28.9) 50.9 (16.1–103.7)

Demographics

Age, y, median (IQR) 62 (44–70) 73 (63–83) 57 (44–71) 0.016

Female, n (%) 33 (49.3) 6 (42.9) 8 (38.1) 0.671

GCS at SE onset, median (IQR) 6 (3–9) 6 (3–7) 7 (3–8) 0.833

SE etiology, n (%)

Presumed fatal etiology (not mutually exclusive) 30 (44.8) 4 (28.6) 6 (28.6) 0.296

Presumed nonfatal etiology 37 (55.2) 10 (71.4) 15 (71.4)

Known epilepsy 18 (26.9) 1 (7.1) 5 (23.8) 0.305

Unknown etiology 6 (9.0) 2 (14.3) 1 (4.8) 0.760

Illness severity

STESS, median (IQR) 3 (2–4) 4 (3–6) 2 (1–4) 0.016

SE duration, d, median (IQR) 1 (1–3) 2 (1–4) 1 (1–3) 0.353

CCI, median (IQR) 3 (1–5) 4 (4–5) 3 (2–7) 0.062

SAPS II, median (IQR) 49 (35–58) 53 (50–59) 40 (30–49) 0.053

APACHE II, median (IQR) 23 (20–28) 27 (21–29) 24 (17–28) 0.451

SE type, n (%)

Focal NCSE without coma 22 (32.8) 4 (28.6) 9 (42.9) 0.673

With altered consciousness 19 (28.4) 4 (28.6) 9 (42.9)

Without altered consciousness 3 (4.5) 0 (0.0) 0 (0.0)

SE with motor symptoms (convulsive or myoclonic) 17 (25.4) 0 (0.0) 2 (9.5) 0.037

Convulsive SE 11 (16.4) 0 (0.0) 2 (9.5)

Myoclonic SE 6 (9.0) 0 (0.0) 0 (0.0)

NCSE with coma 28 (41.8) 10 (71.4) 10 (47.6) 0.143

NCSE with coma (nonsubtle) 20 (29.9) 7 (50.0) 8 (38.1)

Subtle SE 8 (11.9) 3 (21.4) 2 (9.5)

IVAD during SE

Midazolam, n (%) 34 (50.7) 9 (64.3) 10 (47.6) 0.592

Propofol, n (%) 17 (25.4) 1 (7.1) 1 (4.8) 0.053

Midazolam and propofol, n (%) 16 (23.9) 4 (28.6) 7 (33.3) 0.673

Midazolam and or propofol followed by barbiturates, n (%) 0 (0.0) 0 (0.0) 3 (14.3) 0.010

Complications during SE, n (%)

Infections 22 (32.8) 7 (50.0) 4 (19.1) 0.160

Arterial hypotension requiring vasopressors 18 (26.9) 4 (28.6) 13 (61.9) 0.014

Abbreviations: APACHE II = Acute Physiology and Chronic Health Evaluation II (range 0–71)25; CCI = Charlson comorbidity index (range 0–37)23; GCS = Glasgow
Outcome Score (range 3–15); IQR = interquartile range; IVAD = IV anesthetic drug; NCSE = nonconvulsive status epilepticus; SAPS II = Simplified Acute
Physiology Score II (range 0–163)24; SE = status epilepticus; SOFA = Sequential Organ Failure Assessment (range 0–24); STESS = Status Epilepticus Severity
Score (range 0–6).21,22

Bold font indicates statistical significance set at a p < 0.05.
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66%, p = 0.005), and had a longer cumulative median duration of
EEG monitoring (29.2 vs 4.3 hours, p = 0.007). All patients
received benzodiazepines as first-line and second-line antiseizure
drugs. Patients achieving any burst suppression did not havemore
nonanesthetic antiseizure drugs than those without burst
suppression (median 4 vs 3, p = 0.075).

When discriminating any burst suppression into incomplete
and complete burst suppression, age and STESS showed ad-
ditional significant differences. Patients with complete burst

suppression needed more often vasopressors due to arterial
hypotension (Table 2).

Multivariable Logistic Regression Analyses
Multivariable analyses in patients with RSE without ABI adjusted
for the potential confounders age, Charlson comorbidity index,
RSE with motor symptoms, STESS, and arterial hypotension
requiring vasopressors are summarized in Table 3. After adjust-
ment, the multivariable models showed no associations between
the presence of any burst suppression or duration of burst

Table 4 Univariable Comparison Among 45 Patients With RSE After ABI With Incomplete, Complete or No Burst Suppression

No burst suppression
(n = 21)

With incomplete
burst suppression
(n = 11)

With complete
burst suppression
(n = 13) p Value

Persistent seizure termination, n (%) 6 (28.6) 7 (63.6) 11 (84.6) 0.004

In-hospital survival, n (%) 3 (14.3) 8 (72.7) 4 (30.8) 0.005

Return to premorbid neurologic function in survivors Only in 2 patients

Abbreviations: ABI = anoxic brain injury; RSE = refractory status epilepticus.
Bold font indicates statistical significance set at a p < 0.05.

Table 3 Multivariable Logistic Regression Analyses Regarding the Associations Between Burst Suppression and
Outcomes in Patients With RSE Without ABI

Adjusted for all potential confounders as identified in Tables 1 and/or 2a

OR 95% CI p Valueb

Persistent seizure termination

Any burst suppression 0.75 0.12–4.72 0.760

Duration of any burst suppression (increasing hour) 1.01 0.98–1.03 0.614

Complete burst suppression 1.96 0.12–31.87 0.638

Duration of complete burst suppression (per increasing hour) NA (all patients had persistent seizure termination)

In-hospital survival

Any burst suppression 2.07 0.45–9.45 0.348

Duration of any burst suppression (increasing hour) 1.01 0.99–1.02 0.634

Complete burst suppression 4.65 0.44–19.32 0.202

Duration of complete burst suppression (per increasing hour) NA (all patients who died were treated without achieving
complete burst suppression)

Return to premorbid neurologic function in survivors

Any burst suppression 0.38 0.12–1.22 0.104

Duration of any burst suppression (increasing hour) 0.99 0.94–1.01 0.197

Complete burst suppression 0.72 0.18–2.79 0.630

Duration of complete burst suppression (per increasing hour) 0.98 0.93–1.02 0.277

Abbreviations: ABI = anoxic brain injury; NA = not available; OR = odds ratio; RSE = refractory status epilepticus; SE = status epilepticus; STESS = Status
Epilepticus Severity Score.
a Potential confounders: age, Charlson comorbidity index, STESS (incl. SE types), and arterial hypotension requiring vasopressors.
b All Hosmer-Lemeshow goodness-of-fit tests insignificant indicating adequate model fit.
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suppression and persistent seizure termination, in-hospital sur-
vival, or return to premorbid neurologic function in survivors.

Patients With RSE After ABI
Subsequent univariable comparisons among 45 patients with
RSE after ABI are summarized in Table 4. In our cohort, all
patients with ABI had brain injury from cardiorespiratory
arrest. In comparison with the absence of burst suppression,
induction of any burst suppression was significantly associated
with persistent seizure termination (29% vs 72%) and in-
hospital survival (14% vs 50%). Two of 15 surviving patients
(4% of 45 patients with anoxia treated with IVADs) had full
recovery with return to premorbid neurologic status. Of the
12 surviving patients with any burst suppression induced by
IVADs (1 with STESS 2 and 11 with STESS ≥3), none had a
GlasgowOutcome Scale (GOS)more than 3 (vegetative state
to severe disability). Thereof, 5 were transferred to neuro-
rehabilitation and 8 were discharged to a hospice. No patient
with ABI had spontaneous burst suppression due to ABI per
se before IVAD administration. We refrained from perform-
ing multivariable analyses due to the limited sample size.
Except higher median GCS at SE onset in the 2 patients with
ABI and return to premorbid neurologic function, a detailed
comparison of demographics and clinical characteristics did
not show any marked difference between patients with ABI
with or without return to premorbid neurologic function
(eTable 2, links.lww.com/WNL/C684).

Discussion
We analyzed the frequency and duration of induced burst
suppression and effects on outcomes in a single-center 9-year
cohort of adult patients with RSE. Our main findings indicated
that burst suppression was achieved in up to a third of patients
in whom deep anesthesia reflected by burst suppression or
persistent seizure suppression was targeted and that in only
every fifth patient burst suppression fulfilled the current ACNS
criteria.9 These findings are reflected by previous studies that
demonstrated the difficulties to establish a continuous burst
suppression. A retrospective study demonstrated a remarkable
interpatient and intrapatient variability of suppression pro-
portions despite a continuous rate of IVADs withmost patients
not meeting the goal of a suppression rate of 80% and some
also not fulfilling the ACNS burst suppression criteria despite
cEEG monitoring.9 Even in a prospective randomized study,
burst suppression was not possible to be established in some
patients.34 As a point of consideration in our cohort, the ti-
tration goal has not always specified to be a burst suppression.
At our institution, physicians followed the international
guidelines that recommend either achieving seizure cessation
or burst suppression with no further advice whichever is pre-
ferred in which clinical situation.5,6 Thus, the fact that merely
60% of our patients did not reach burst suppression is not
necessarily equivalent to a treatment failure in all cases, but may
rather indicate the clinicians’ balance between deepening of
anesthesia to achieve burst suppression and the associated risks
that may come along with artificially induced deep coma.11,14,15

Our secondary findings showed that while burst suppression was
associated with prolonged mechanical ventilation, severe arterial
hypotension requiring the administration of vasopressors, and
prolonged ICU stay and hospital stay as expected from a more
intense anesthetic treatment, the achievement and duration of
burst suppression was not associated with clinical outcomes, in-
cluding persistent seizure termination, in-hospital survival, and
return to premorbid neurologic function after adjusting for po-
tential confounders. Previous retrospective studies showed het-
erogeneous results on burst suppression and outcome. One study
showed improved survival if the titration goal of an isoelectric
EEG or absence of seizures was achieved, but not burst
suppression, although adjustment for confounders regarding
mortality was not conducted.35 Contrariwise, another study,
where almost 90% of patients qualified for a super-RSE, found
worse outcomes in patients with burst suppression or isoelectric
EEG. Conversely, seizure suppression alone was associated with
good outcome.36 Other studies could not demonstrate an impact
of burst suppression on outcome.26,37-40 However, most of these
studies were also limited by the lack of multivariable models and
burst suppression presence based on EEG reports rather than
EEG evaluation itself. Furthermore, burst suppression was not
uniformly defined.

The evidence provided from this study and previous research
is insufficient to suggest that using burst suppression with a
suppression/attenuation proportion ≥50% is more effective
than using burst suppression with a smaller suppression/at-
tenuation proportion or not using it at all. This conclusion
applies specifically to patients with RSE not following ABI.
Our multivariable analyses regarding associations between
complete burst suppression and outcomes might have been
underpowered (i.e., type II error), as reflected by the large
confidence intervals. However, the fact that several other
studies yielded similar findings strengthen our results.26,37-40

Nevertheless, studies on larger cohorts are needed to confirm
these results.

Our analyses of the subgroup of patients with RSE after ABI
revealed a significant increase of persistent seizure termination
and survival in patients in whom any burst suppression was
achieved. Further analyses adjusting for potential confounders
were not feasible due to the limited sample size. Despite ob-
vious differences in the study design and data collection, our
results contrast the conclusions of a recent multicenter trial,
which could not identify a benefit of suppressing rhythmic and
periodic EEG activity by antiseizure drugs in comatose survi-
vors of cardiac arrest.41 As a marked difference, our subgroup
consisted of patients with RSE after ABI, whereas in the recent
multicenter trial, this was not specified.42 While at first glance,
these results were promising, a closer look showed that no
surviving patient with any burst suppression had a GOS of 4–5
and the bias of “self-fulfilling prophecy” cannot be excluded.
Likewise, there remains the possibility that the responsible
clinicians treated more aggressively when they believed that
individual patients may benefit. Nevertheless, these findings
merit further investigation. Larger studies are needed in this
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field to identify possible subgroups, such as patients with RSE,
who could benefit from aggressive antiseizure treatment.

Our study strengths include a large and representative cohort of
adult patients with RSE. In contrast to previous studies,36,38 this
investigation performed semiquantitative visual analyses of all
EEGs during IVAD treatment for the assessment of burst
suppression, which was based on the 2021 ACNS Standardized
Critical Care EEG Terminology. We investigated whether
burst suppression that did not completely fulfill this definition
yielded similar results.

Besides the limitations discussed earlier, we report some ad-
ditional ones: the single-center design limits the generaliz-
ability of the results, although our cohort demonstrates similar
characteristics to other adult SE studies regarding age,43-47

outcome,44,48,49 etiologies,44-46,48 complications,47,49 SE
severity,44,45 and SE types.43,48 Because the treatment was not
randomized, we cannot exclude that patients were selected for
deeper anesthesia based on etiology and severity of SE. Due to
the retrospective nature of our study, no further information
regarding the reasons for aiming at seizure cessation, burst
suppression, or isoelectric EEG was available. There may be a
potential underestimation of RSE duration, especially with
nonconvulsive SE.3 Furthermore, breakthrough seizures were
not assessed. However, analysis regarding RSE duration and
breakthrough seizures was not the aim of this study. We lacked
cEEG recordings from the onset until the end of IVADs, and
short periods of burst suppression may have been missed with
our semiquantitative approach. Hence, the cumulative duration
of burst suppression should be cautiously interpreted. How-
ever, most patients had several hours of EEG recordings, and
thus, the risk that burst suppression was systematically missed
is low.

We report a low number of adult patients in RSE with achieved
burst suppression, which may reflect a combination of the
known difficulties in maintaining burst suppression and the
current guidelines’ simultaneously stating different treatment
targets. While achievement and duration of burst suppression
was associated with prolonged hospital stay and ICU stay,
mechanical ventilation, and the use of vasopressors, it was not
associated with any of the examined outcomes including per-
sistent seizure termination, in-hospital survival, and return to
premorbid neurologic function. Furthermore, not achieving
burst suppression was not associated with adverse outcomes.
Further and larger randomized studies are needed to validate
our findings in adult patients with RSE and to explore whether
certain subgroups benefit from burst suppression in compari-
son with seizure cessation as the titration goal for IVADs.

Acknowledgment
The authors thank Sarah Tschudin-Sutter, MD, MSc
(University Hospital Basel), for her statistical assistance.

Study Funding
This study was funded by the University Hospital Basel.

Disclosure
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management of refractory generalised convulsive and complex partial status epi-
lepticus in three European countries: a survey among epileptologists and critical care
neurologists. J Neurol Neurosurg Psychiatry. 2003;74(8):1095-1099.

8. Rossetti AO, Lowenstein DH. Management of refractory status epilepticus in adults:
still more questions than answers. Lancet Neurol. 2011;10:922-930.

9. An J, Jonnalagadda D, Moura V, Purdon PL, Brown EN, Westover MB. Variability in
pharmacologically-induced coma for treatment of refractory status epilepticus. PLoS
One. 2018;13(10):e0205789.

10. Hirsch LJ, Fong MWK, Leitinger M, et al. American Clinical Neurophysiology
Society’s standardized critical care EEG terminology: 2021 version. J Clin Neuro-
physiol. 2021;38:1-29.

11. Sutter R, Marsch S, Fuhr P, Kaplan PW, Rüegg S. Anesthetic drugs in status epi-
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