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Abstract

Background The use of anesthetics has been linked to poor

outcome in patients with status epilepticus (SE). This

association, however, may be confounded, as anesthetics

are mostly administered in patients with more severe SE

and critical illnesses.

Objective To minimize treatment-selection bias, we

assessed the association between continuously adminis-

tered intravenous anesthetic drugs (IVADs) and outcome in

SE patients by a matched two-center study design.

Methods This cohort study was performed at the Johns

Hopkins Bayview Medical Center, Baltimore, MD, USA

and the University Hospital Basel, Basel, Switzerland. All

consecutive adult SE patients from 2005 to 2013 were

included. Odds ratios (ORs) for death and unfavorable

outcome (Glasgow Outcome Score [GOS] 1–3) associated

with administration of IVADs were calculated. To account

for confounding by known outcome determinants (age,

level of consciousness, worst seizure type, acute/fatal eti-

ology, mechanical ventilation, and SE duration), propensity

score matching and coarsened exact matching were per-

formed in addition to multivariable regression models.

Results Among 406 consecutive patients, 139 (34.2%)

were treated with IVADs. Logistic regression analyses of

the unmatched and matched cohorts revealed increased

odds for death and unfavorable outcome in survivors who

had received IVADs (unmatched: ORdeath = 3.13, 95%

confidence interval [CI] 1.47–6.60 and ORGOS1–3 = 2.51,

95% CI 1.37–4.60; propensity score matched: ORdeath =

3.29, 95% CI 1.35–8.05 and ORGOS1–3 = 2.27, 95% CI

1.02–5.06; coarsened exact matched: ORdeath = 2.19, 95%

CI 1.27–3.78 and ORGOS1–3 = 3.94, 95% CI 2.12–7.32).

Conclusion The use of IVADs in SE is associated with

death and unfavorable outcome in survivors independent of

known confounders and using different statistical approa-

ches. Randomized trials are needed to determine if these

associations are biased by outcome predictors not yet

identified and hence not accounted for in this study.
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Key Points

Recent studies revealed an association between

continuously administered anesthetics for treatment-

refractory status epilepticus and poor outcome, an

association that may be confounded, as anesthetics

are mostly administered in patients with more severe

status epilepticus and critical illnesses.

In this two-center cohort study using three different

statistical approaches (propensity score matching,

coarsened exact matching, and multivariable logistic

regression model) to account for possible

confounding, the use of continuously administered

intravenous anesthetic drugs for the treatment of

refractory status epilepticus was independently

associated with death and adverse outcomes in

survivors.

Randomized trials are needed to determine if these

associations are biased by outcome predictors not yet

identified and therefore not accounted for in this

study.

1 Introduction

Status epilepticus (SE) is a life-threatening neurological

emergency. Benzodiazepines are recommended as first-line

medications to terminate seizures, as high-level evidence

supports their superiority among antiepileptic drugs

(AEDs) [1]. If SE persists, second-line treatment with

phenytoin, valproate, or levetiracetam is recommended

[2, 3]. Patients refractory to first- and second-line treatment

are challenging, as mortality is high (40%) and further

treatments are based on recommendations rather than evi-

dence [4]. Guidelines recommend continuously adminis-

tered intravenous anesthetic drugs (IVADs), such as

midazolam, propofol, or pentobarbital [2] with the aim of

attaining seizure suppression, a burst suppression [5], or an

isoelectric pattern on electroencephalography [6]. The

rationale for the use of IVADs in patients with SE refrac-

tory to first- and second-line AEDs seems clear; there are,

however, concerns regarding side effects, including an

increased need for mechanical ventilation with delayed

weaning, and an increased risk for pneumonia and arterial

hypotension [7, 8]. Recent studies of SE patients demon-

strate that the administration of IVADs was associated with

poor outcome [9–11]. These studies, however, could not

sufficiently exclude the possibility that the IVAD recipients

had clinical characteristics that led the clinician to believe

that this group of patients was ‘‘more severely ill’’, hence

triggering the use of IVADs (i.e., confounding by indica-

tion). Randomized controlled trials regarding the risks and

benefits of IVADs in SE are not registered according to the

US National Institute of Health, reflecting the ethical

constraints of assigning or excluding patients with treat-

ment-refractory SE from IVADs, as they bear the inherent

risk for sustained SE.

The aim of this two-center study was to reassess the

associations between IVADs and outcomes in an unmat-

ched, a propensity score-matched, and a coarsened exact-

matched population of adult SE patients. Patients treated

with and without IVADs were matched to compare IVAD

recipients and non-recipients with similar clinical charac-

teristics that could have triggered the use of IVADs.

2 Materials and Methods

This retrospective observational study was performed in

the intensive care units of the University Hospital Basel,

Switzerland and the Johns Hopkins Bayview Medical

Center, USA, two tertiary academic medical care centers,

with 813 and 428 beds, respectively. Patients from the

Swiss cohort were partially (2005–2010) derived from an

ongoing registry of patients with SE in which associations

between the use of IVADs and adverse outcomes have

previously been published [10]. In each hospital, the

intensive care units requested consults from the same team

of neurologists for the diagnosis and treatment of SE

patients throughout the study period. Our database was

managed and this study was implemented according to the

STrengthening the Reporting of OBservational studies in

Epidemiology statement [12].

The study was approved by the local ethics committees

and institutional review boards of both hospitals and

patients’ consent was waived.

2.1 Data Collection

From 1 January, 2005 to 1 January, 2013, data of all

consecutive adult patients with SE obtained from the dig-

ital SE databases and medical charts were collected by the

same investigators in both hospitals including demo-

graphics, level of consciousness at SE onset, SE duration,

and acute/fatal etiology (traumatic brain injuries, cere-

brovascular accidents, [meningo-]encephalitis, brain

tumors, surgical brain lesions, and acute intoxication).

Patients with hypoxic-ischemic encephalopathy were

excluded [13]. Worst seizure types at presentation were

categorized as (1) simple partial, complex partial, and

absence seizures (2), generalized convulsive seizures, and

(3) non-convulsive SE in coma [10, 14–16]. SE control, co-

66 R. Sutter et al.



morbidities, duration of mechanical ventilation, vasopres-

sors, infections, and intensive care unit and hospital stays

were assessed. The diagnostic criteria for infections during

SE are outlined elsewhere [17].

2.2 Treatment

Antiepileptic drug therapy was standardized according to

the international recommendations at both sites. First-line

AEDs (intravenous bolus of benzodiazepines) were fol-

lowed by second-line AEDs (phenytoin, levetiracetam, or

valproic acid) if SE persisted. In SE refractory to first- and

second-line AEDs, non-anesthetic third-line AEDs (in-

cluding lacosamide, topiramate, carbamazepine, and

oxcarbazepine) with or without IVADs (including contin-

uous infusions of midazolam, propofol, and/or barbiturates)

were administered. All patients were monitored with

repetitive spot electroencephalograms (EEGs) at least

every 12 h or with continuous EEG monitoring. Midazo-

lam and/or propofol were administered for seizure sup-

pression before barbiturates were considered. Barbiturates

were used to induce an isoelectric EEG [18].

2.3 Duration and Severity of Status Epilepticus

Status epilepticus was defined as clinical and/or EEG evi-

dence of seizures lasting [5 min or as series of seizures

without a complete intervening clinical recovery [2, 19].

SE was defined as controlled in patients without IVADs if

no further clinical and/or EEG evidence for recurring sei-

zures was observed for at least 12 h after the last escalation

of AED treatment. In patients treated with IVADs, SE was

defined as controlled if no further clinical and/or EEG

evidence for recurring seizures was observed throughout

the weaning phase of IVADs and 12 h after cessation of

IVADs. Severity of SE was assessed by the independently

validated Status Epilepticus Severity Score (STESS)

[14–16].

2.4 Outcomes

Primary outcomes included the Glasgow Outcome Scale

(GOS) at hospital discharge in survivors, and death during

hospital stay. Duration and control of SE were considered

secondary outcomes. Unfavorable functional outcome in

survivors was defined as a GOS of 1–3.

2.5 Statistics

Patients were categorized into two groups: with and with-

out treatment with IVADs. Chi-square and Fisher’s exact

test were used for comparisons of proportions. For con-

tinuous variables, the Shapiro–Wilk test was used to

distinguish between normal and abnormal distributions.

Normally distributed variables were analyzed with the

Student’s t test and non-normally distributed variables with

the Mann–Whitney U test.

We attempted to overcome confounding related to

disease severity by applying three different statistical

approaches, the rationale being that if all three yield

similar results this strongly supports the robustness of our

findings.

To account for imbalances in characteristics between

IVAD recipients and non-recipients, matched sub-analyses

were performed using two different matching methods:

propensity score and coarsened exact. Propensity score

methods were used to control for pretreatment outcome

determinants that may differ between IVAD recipients and

non-recipients (i.e., possible confounders). The probability

of a patient being treated with IVADs (i.e., propensity

score) was calculated with a logistic regression model

based on established confounders including age, level of

consciousness, and worst seizure type (integral components

of the STESS that were significant in the univariable

analysis), acute/fatal etiology, and need for mechanical

ventilation—variables identified as independent outcome

predictors in prior studies on SE [20] and associated with

the use of IVADs in the present and prior cohort studies on

IVADs in SE [10, 21]. The final model was checked with

the Hosmer–Lemeshow goodness-of-fit test. IVAD recipi-

ents and non-recipients were matched on propensity score

with use of nearest-neighbor matching with a caliper set at

one quarter of the standard deviation of the logit of the

propensity scores [22]. In addition, t tests and Chi-square

tests were used to check for balances between the matched

IVAD recipients and non-recipients with respect to each

patient characteristic.

Because with a significant reduction of matched pairs

after propensity score matching the results can be biased, a

second matching technique was applied using the same

patient characteristics representing possible confounders

for coarsened exact matching. This is a matching method

of the class monotonic imbalance bounding [23]. This

means that reducing imbalance in the empirical distribution

in one covariable has no effect on any other covariables

chosen for balancing, which represents a clear advantage of

this method over other matching methods [24]. Logistic

regression incorporating matched weights was used to

check for balances between the matched IVAD recipients

and non-recipients with respect to each patient

characteristic.

Propensity score matching and coarsened exact match-

ing were performed within each hospital. Patients without

an eligible match were excluded from additional analyses

to reduce the risk of bias from non-exchangeable subjects.

A logistic regression model was performed in the
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unmatched and matched cohorts to determine odds ratios

(ORs) for death and unfavorable functional outcome in

survivors. To account for confounding by important pre-

treatment outcome determinants, additional adjustments for

status duration (the most important outcome predictor not

known at SE onset) were performed in the unmatched and

both matched cohorts. Two-sided p values B0.05 were

considered significant. Statistical analysis was performed

with STATA� version 12.0 (Stata Corp., College Station,

TX, USA).

3 Results

3.1 Demographic, Clinical, and Treatment

Characteristics

Overall, 406 consecutive adult patients were identified with

SE (275 [68%] patients from the Swiss hospital and 131

[32%] from the US hospital). Table 1 presents univariable

comparisons of demographic, clinical, and treatment

characteristics in IVAD recipients and non-recipients. Both

Table 1 Demographics and clinical characteristics of patients with and without IVADs

Patients’ characteristics Total cohort (n = 406)

Patients without IVADs (n = 267) Patients with IVADs (n = 139) p value

Demographics

Age (years; median, IQR) 65 53–76 64 46–72 0.057a

Female (n, %) 132 49.4 58 41.7 0.140

Male (n, %) 135 50.6 81 58.3

Clinical features

Acute/fatal etiologyc (n, %) 105 39.3 76 54.7 0.008b

SE severity score (STESS)d (n, %)

STESS characteristics

Awake or somnolent 171 64.0 40 28.8 <0.001

Stuporous or comatose 96 36.0 99 71.2

Worst seizure type <0.001

Simple partial/complex/absence 148 55.4 47 33.8

Generalized convulsive 69 25.8 26 18.7

NCSE in coma 50 18.7 66 47.5

Age C65 years 137 51.3 65 46.8 0.384

No history of seizures 142 53.2 85 61.2 0.125

Charlson Comorbidity Index (median, IQR) 2 1–4 2 1–4 0.896

Treatment

Antiepileptic drugs (n, %)

First-line (BZP not as continuous intravenous

drip)

267 100 139 100 1.000

Second-line (LEV, VPA, or PHT) 257 96.3 137 98.6 0.193

Third-line (non-anesthetic antiepileptic drugs) 53 19.9 84 60.4 <0.001

IVADs during SE (n, %)

Propofol only 22 15.8

Midazolam only 68 48.9

Midazolam followed by propofol 33 23.7

Midazolam followed by barbiturates 16 11.5

Bold p values are considered significant

BZP benzodiazepine (as bolus), CNS central nervous system, IQR inter-quartile range, IVADs intravenous anesthetic drugs, LEV levetiracetam;

NCSE non-convulsive status epilepticus, PHT phenytoin, SE status epilepticus, VPA valproic acid
a Mann–Whitney U test
b Fisher’s exact test
c Acute fatal etiologies including traumatic brain injuries, cerebrovascular accidents, (meningo-) encephalitis, brain tumors, surgical brain

lesions, and acute intoxication
d Status Epilepticus Severity Score (STESS) [14, 15]
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the propensity score- and the coarsened exact-matched

cohorts were balanced for important pre-defined clinical

confounders (Table 2; Fig. 1). The box plots of the median

propensity scores for patients treated with and without

IVADs are presented in Fig. 2. While in the original

unmatched cohort, patients treated with and without

IVADs differed regarding potential confounders, such as

age, acute/fatal etiology, seizure type, history of seizures,

Table 2 Propensity score matching and coarsened exact matching for potential confounders

Patients’ characteristics Propensity score-matched cohort (n = 144) Coarsened exact-matched cohort (n = 325)

Patients without

IVADs (n = 72)

Patients with

IVADs (n = 72)

p value p value considering matched weights

Age (years; median, IQR) 65 48–73 65 48–72 0.771a 0.895

Clinical features

Acute/fatal etiologyc (n, %) 37 51.4 40 55.6 0.392b 1.000

SE severity score (STESS)d (n, %)

STESS characteristics

Awake or somnolent 28 38.9 26 36.1 0.731 1.000

Stuporous or comatose 44 61.1 46 63.9

Worst seizure type 0.501 1.000

Simple partial/complex/absence 28 38.9 29 40.3

Generalized convulsive 19 26.4 17 23.6

NCSE in coma 25 34.7 26 36.1

Age C65 years 36 50 35 48.6 0.868 1.000

No history of seizures 43 59.7 46 63.9 0.607 0.423

Charlson Comorbidity Index (median, IQR) 2.5 1–4 3 1–3 0.701a 0.851

Mechanical ventilation (n, %) 47 67.3 51 70.8 0.475 1.000

IQR inter-quartile range, IVADs intravenous anesthetic drugs, NCSE non-convulsive status epilepticus, SE status epilepticus
a Mann–Whitney U test
b Fisher’s exact test
c Acute/fatal etiologies including traumatic brain injuries, cerebrovascular accidents, (meningo-)encephalitis, brain tumors, surgical brain

lesions, and acute intoxication
d Status Epilepticus Severity Score (STESS) [14, 15]

Fig. 1 Flow chart. IVADs

intravenous anesthetic drugs
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level of consciousness, SE severity, and the need for

mechanical ventilation, both the propensity score- and

coarsened exact-matched cohorts were balanced regarding

these characteristics (Table 2).

3.2 Course and Outcome

Univariable comparisons in the matched cohorts revealed

that IVAD recipients had severe hypotension more fre-

quently requiring hemodynamic support by continuous

administration of at least one vasopressor. While infections

emerged more frequently during SE in IVAD recipients of

the unmatched cohort (most infections being respiratory

tract infections followed by urinary tract infections and

bacteremia) (Table 1), infections no longer differed

between IVAD recipients and non-recipients in the mat-

ched cohorts (Table 3).

Similarly, SE duration no longer differed between

patients with and without IVADs in the matched cohorts.

Unfavorable outcome in survivors and mortality were

increased in patients treated with IVADs in both the

unmatched and the matched cohort (Table 3). In the

unmatched cohort, patients treated with IVADs died more

often from uncontrolled SE or from care withdrawal, a

difference that lost significance in the matched cohort.

Logistic regression in the unmatched cohort adjusted

for potential confounders such as age, level of con-

sciousness, worst seizure type, SE acute/fatal etiology,

and the need for mechanical ventilation revealed

increased ORs for unfavorable outcome in survivors and

death (Table 4). Logistic regression performed using the

propensity score-matched cohort, and the coarsened

exact-matched cohort revealed similar ORs for the

association between IVADs and unfavorable outcome in

survivors and death (Table 4).

Effect estimates and significance levels did not change

substantially after additional adjustment for seizure dura-

tion in both the unmatched (OR 3.09, 95% CI 1.43–6.66,

p = 0.004 for death and OR 2.48, 95% CI 1.35–4.54,

p = 0.003 for GOS 1–3 in survivors), the propensity score-

matched (OR 3.95, 95% CI 1.51–10.33, p = 0.005 for

death and OR 2.27, 95% CI 1.02–5.06, p = 0.045 for GOS

1–3 in survivors), and the coarsened exact-matched (OR

2.33, 95% CI 1.31–4.16, p = 0.005 for death and OR 3.86,

95% CI 2.07–7.20, p\ 0.001 for GOS 1–3 in survivors)

cohorts.

4 Discussion

We reveal independent associations between the use of

IVADs and poor outcome in SE by using different statis-

tical approaches, thus underscoring the robustness of these

findings and adding further credence to the limited body of

evidence that the use of IVADs in SE is strongly associated

with unfavorable outcome.

Concerns regarding the use of IVADs in SE patients are

increased by our results, as the association between IVADs

and unfavorable outcome in survivors persists after the

exclusion of significant confounding effects of variables

identified as independent outcome predictors and associ-

ated with the use of IVADs [10, 21], such as age, level of

consciousness, etiology, worst seizure type, need for

mechanical ventilation. The association of IVADs and poor

outcome in SE patients is believed to be mediated by dif-

ferent systemic adverse effects of IVADs, such as severe

arterial hypotension and an increase of infections possibly

caused by prolonged mechanical ventilation [9–11, 17].

Episodes of severe arterial hypotension requiring treatment

with at least one continuously administered vasopressor

were more frequent with IVADs. This is in line with prior

studies reporting that 16–57% of SE patients receiving

IVADs require vasopressors [9, 10]. Severe hypotension

from thiopental has been described in patients during

anesthesia for surgery [25] and a systematic review

regarding the effectiveness of IVADs to terminate treat-

ment-refractory SE revealed high mortality (48%) and a

larger proportion of severe arterial hypotension with pen-

tobarbital [26]. The use of vasopressors has been linked to

an increase of pulmonary hypertension, potentially wors-

ening respiratory compromise caused by IVADs [27–29],

and increased cerebral blood flow, possibly leading to

elevated intracranial pressure and worsened edema [30].

In our patients with similar clinical characteristics likely

to trigger the use of IVADs such as age, level of con-

sciousness, worst seizure type, acute/fatal etiology, and the

need for mechanical ventilation (variables used to calculate

the propensity score and to balance with the coarsened exact

Fig. 2 Propensity score analysis. Box plots of median propensity

scores for patients with and without IVADs. IVADs intravenous

anesthetic drugs
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Table 3 Univariable comparisons of course and outcome in patients with and without IVADs in the matched cohort

Course and outcome Total cohort (n = 406) Propensity score-matched cohort

(n = 144)

Coarsened exact-matched

cohort (n = 325)

Patients

without

IVADs

(n = 267)

Patients

with

IVADs

(n = 139)

p value Patients

without

IVADs

(n = 72)

Patients

with IVADs

(n = 72)

p value p value (considering matched

weights)

Infections (n, %)

Overall 37 13.9 49 35.3 <0.001 19 26.4 21 29.2 0.710 0.479

Respiratory tract infection 23 8.6 40 28.8 <0.001 12 16.7 15 20.8

Ventilator-associated

pneumonia

6 2.3 11 7.9 0.016b 3 4.2 2 2.8

Urinary tract infection 9 3.4 6 4.3 4 5.6 2 2.8

Bacteremia 7 2.6 7 5 5 6.9 3 4.2

Others 1 0.4 3 2.2 0 0 3 4.2

Treatment

ICU stay (days; median, IQR) 3 2–6 9 4–8 <0.001a 4 2–11.5 6 3–15.5 0.146a 0.453

Hospital stay (days; median,

IQR)

13 5–23 22 8–35 <0.001a 16 7–30.5 16 5.5–34 0.772a 0.984

Mechanical ventilation (n, %) 75 28.1 113 81.3 <0.001 47 67.3 51 70.8 0.475 1.000

Duration of ventilation (days;

median, IQR)

3 2–10 9 4–16 <0.001a 3 2–10 6 3–10 0.574a 0.078

Use of vasopressors (n, %)

Overall 4 1.5 27 19.4 <0.001 2 2.8 11 15.3 0.017a <0.001

Noradrenaline 0 0 15 10.8 0 0 3 4.2

Phenylephrine 4 1.5 11 7.9 2 2.8 7 9.7

Vasopressin 0 0 1 0.7 0 0 1 1.4

SE duration and control

SE duration (days; median,

IQR)

1 0.5–2 1 0.5–3 <0.001a 1 0.5–2 1 0.5–2.5 0.228a 0.698

SE control (n, %) 260 97.4 127 91.4 0.011b 70 97.2 65 90.3 0.166b 0.102

Outcome (n, %)

GOS 1–3 (unfavorable) 150 56.2 115 82.7 <0.001 44 61.1 59 81.9 0.006 <0.001

GOS[3 (favorable) 117 43.8 24 17.3 28 38.9 13 18.1

Death 20 7.5 36 25.9 <0.001 8 11.1 21 29.2 0.007 0.005

Death after care withdrawal or

uncontrolled SE

4 1.5 8 5.7 0.027b 1 1.4 6 8.3 0.116b 0.075

Course and outcome in

survivors

Total cohort (n = 406) Propensity score-matched cohort (n = 144) Coarsened exact-

matched cohort

(n = 325)

Patients without

IVADs (n = 267)

Patients with

IVADs

(n = 139)

p value Patients without

IVADs (n = 64)

Patients with

IVADs (n = 51)

p value p value

(considering

matched weights)

Outcome

GOS 1–3 (unfavorable) 130 52.6 79 76.7 <0.001 36 56.3 38 74.5 0.042 <0.001

GOS[3 (favorable) 117 47.4 24 23.3 28 43.7 13 25.5

Bold p values are considered significant

GOS Glasgow Outcome Scale, ICU intensive care unit, IQR inter-quartile range, IVADs intravenous anesthetic drugs, SE status epilepticus
a Mann–Whitney U test
b Fisher’s exact test
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matching), infections were not seen more frequently in

IVAD recipients compared with non-recipients, indicating

that infections are possibly not a major mediator of poor

outcome in IVAD recipients. We could not identify addi-

tional mediators for unfavorable outcome in IVAD recipi-

ents, possibly explained by an accumulation of minor effects

of a number of different mediators (e.g., infections, vaso-

pressors, and side effects from AEDs and IVADs) on

outcome.

In our unmatched cohort, patients treated with IVADs

died more often from uncontrolled SE or after care with-

drawal, a finding similar to the results from a prior study of

new-onset refractory SE [31]. However, in our matched

cohorts, death from uncontrolled SE or after care withdrawal

did not differ significantly between IVAD recipients and

non-recipients; hence, the link between the use of IVADs and

uncontrolled SE or care withdrawal does not explain the

association between treatment with IVADs and unfavorable

outcome. In our cohort, 26 patients treated with IVADs were

not mechanically ventilated, leading to the assumption that

these patients received only low doses of IVADs (i.e.,

inappropriate treatment) and were therefore not in need of

mechanical ventilation. In fact, in only two of these 26

patients, SE could not be controlled because of care with-

drawal and the short-term low-dose treatment with IVADs in

the remaining 24 patients without the need for mechanical

ventilation is explained by a rapid response of SE to IVADs

after starting IVADs and before the dosage was increased.

Midazolam was used more frequently than propofol,

most likely because benzodiazepines have less suppressive

effects on hemodynamics and the evidence for the efficacy

of benzodiazepines regarding SE termination is stronger

compared to propofol [1]. SE control usually needs high

doses of propofol with the risk of arterial hypotension and

the maintenance of continuous-burst suppression is often

difficult [32]. In addition, barbiturates were the only

IVADs used to induce an isoelectric EEG after midazolam

and/or propofol failed to terminate SE. Hence, it remains

questionable if barbiturates are similarly associated with

death or unfavorable outcome in survivors when used for

seizure control without aiming for an isoelectric EEG.

However, barbiturates were also linked to cardiotoxic

effects, severe arterial hypotension [26], delayed recovery

from coma, prolonged mechanical ventilation, and inten-

sive care stay [8, 26, 33]. Of note, in two prior studies there

was no significant difference concerning the association

between specific anesthetics and death [10, 11].

The limitations of this study include the observational

design. Therefore, analysis can only provide associations

and inference regarding causality cannot be drawn. We

attempted to overcome confounding related to SE severity

by controlling for (among other known confounders) SE

severity using the integral components of the STESS

instead of treatment refractory SE (RSE) for the following

reasons. First, the STESS is an independently validated

scoring system for the prediction of mortality in SE, which

is the primary outcome in our study. Second, there is an

ongoing debate on how to define RSE; many authors

require failure of two AEDs before deeming SE refractory,

producing unacceptable delays in using definitive thera-

pies, and trials revealed that there is an unacceptably small

likelihood that a second conventional agent would succeed

[1], leading to the conclusion that failure of any additional

drug should constitute RSE [34]. As by definition, any SE

episode treated with IVADs is categorized as refractory,

hence leading to a strong collinearity impeding further

correction for treatment refractoriness in the present

cohorts, only a randomized clinical trial comparing third-

line AEDs with IVADs can finally address the impact of

IVADs on outcome in patients with RSE.

Despite our attempt to overcome confounding by using

three different statistical approaches, unmeasured residual

confounding may have occurred. The balance of important

variables determining SE severity and patient’s character-

istics in the matched cohorts is, however, reassuring. As

not all patients had continuous EEG monitoring and some

had spot EEGs at least every 12 h, SE duration represents

an estimation. As SE duration was not an outcome mea-

sure, it is unlikely that this approximation had a significant

impact our findings. Even in prospective studies with

continuous EEG monitoring, SE duration may be under-

estimated, especially if onset was unwitnessed as often is

the case for non-convulsive SE. The fact that SE was

defined as controlled, if no further evidence for seizures

was observed throughout and 12 h following the weaning

Table 4 Logistic regression analyses in the unmatched, propensity

score-matched, and coarsened exact-matched cohorts for the effect of

IVADs on primary outcome

Outcomes OR 95% CI p value

Unmatched cohorta (n = 406)

GOS 1–3 (unfavorable) in survivors 2.51 1.37–4.60 0.003

Death 3.13 1.48–6.60 0.003

Propensity score-matched cohort (n = 144)

GOS 1–3 (unfavorable) in survivors 2.27 1.02–5.06 0.044

Death 3.29 1.35–8.05 0.009

Coarsened exact-matched cohort (n = 325)

GOS 1–3 (unfavorable) in survivors 3.94 2.12–7.32 <0.001

Death 2.19 1.27–3.78 0.005

Bold p values are considered significant

CI confidence interval, GOS Glasgow Outcome Scale, IVADs intra-

venous anesthetic drugs, OR odds ratio
a Multivariable model adjusting for the confounder’s age, level of

consciousness, worst seizure type, acute/fatal etiology, and need for

mechanical ventilation
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phase of IVADs may have hampered the judgment on the

effectiveness of IVADs in patients receiving barbiturates,

owing to the long biological half-life. However, only 16

patients received barbiturates in our study.

The correlation between dosage and duration of IVAD

administration and outcome could not be analyzed, as they

were influenced by the individual EEG responses and not by

the actual serum levels. Individual IVAD doses were adapted

according to interacting co-medication and individual fac-

tors such as induced liver enzymes. Hence, serum levels did

not reflect the administered doses in many patients.

The two-center design, analyses restricted to patients

with eligible matches reducing the risk of bias from non-

exchangeable subjects, and the fact that several baseline

characteristics in our cohort are similar to those of prior

studies of SE represent strengths of our study. In particular,

median age [35, 36], the proportions of acute/fatal etiolo-

gies, non-convulsive SE [35, 36], infections during SE

[17, 37], and mortality [38] are close to prior studies of SE.

As our study included patients from 2005 to 2013, SE was

defined as clinical and/or EEG evidence of seizures lasting

[5 min or as a series of seizures without a complete inter-

vening clinical recovery. However, the revised definition of

SE by the International League Against Epilepsy suggests a

seizure duration of[10 min for complex partial SE [39], a

discrepancy that cannot be overcome with the current study

design.

Although recent studies have identified that prolonged RSE

is associated with sequelae reflected by increased brain atro-

phy [40] and mortality [4] calling for rapid treatment and

termination of SE, there is growing uncertainty regarding the

benefits of IVADs in SE vs. their potential harm [41]. Should

rapid intubation and high-dose IVADs be favored against less

aggressive management with the risk of delayed seizure

control and neuronal damage [42]? In specific subgroups, SE-

related impairment of consciousness with loss of airway

protection or durable generalized convulsive seizure leading

to neuronal injury may direct the risk-benefit scale in favor of

IVADs. Closer and intensified EEG monitoring of SE patients

treated with IVADs may help to reduce the use of anesthetics,

as the time of SE termination and, hence, weaning of IVADs

could be determined earlier. It remains to be determined, if

specific conditions and types of SE are at a higher risk for

adverse effects from IVADs and if the risks from IVADs can

be outweighed by the potential injury resulting from RSE in

specific patients.

5 Conclusions

This two-center study using three different statistical

approaches reveals independent associations between the

use of continuously administered IVADs and an increased

risk of death and poor functional outcome in survivors.

Randomized trials are needed to determine if these asso-

ciations are biased by outcome predictors not yet identified

and therefore not accounted for in this study.
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16 Sutter R, Kaplan PW, Rüegg S. Independent external validation of

the Status Epilepticus Severity Score. Crit Care Med.

2013;41:e475–9.

17 Sutter R, Tschudin-Sutter S, Grize L, et al. Associations between

infections and clinical outcome parameters in status epilepticus: a

retrospective 5-year cohort study. Epilepsia. 2012;53(9):1489–97.

18 Kroeger D, Amzica F. Hypersensitivity of the anesthesia-induced

comatose brain. J Neurosci. 2007;27(39):10597–607.

19 Lowenstein DH, Bleck T, Macdonald RL. It’s time to revise the

definition of status epilepticus. Epilepsia. 1999;40(1):120–2.
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