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Objectives: Cardiac arrest is a catastrophic event that may arise 
during the management of convulsive status epilepticus. We 
aimed to report the clinical characteristics, outcomes, and early 
predictors of convulsive status epilepticus–related cardiac arrest.
Design: Retrospective multicenter study.
Setting: Seventeen university or university affiliated participating 
ICUs in France and Belgium.
Patients: Consecutive patients admitted to the participating ICUs 
for management of successfully resuscitated out-of-hospital car-
diac arrest complicating the initial management of convulsive 

Cardiac Arrest in Patients Managed for  
Convulsive Status Epilepticus: Characteristics, 
Predictors, and Outcome

Stephane Legriel, MD1–3; Edouard Bresson, MD1; Nicolas Deye, MD4; David Grimaldi, MD, 
PhD5; Bertrand Sauneuf, MD6; Olivier Lesieur, MD, PhD7; Jean-Baptiste Lascarrou, MD8;  
Laurent Argaud, MD, PhD9; Jonathan Chelly, MD10; Pascal Beuret, MD11; David Schnell, MD12;  
Anne-Laure Chateauneuf, MD1; Mathilde Holleville, MD1; François Perier, MD1;  
Virginie Lemiale, MD13; Cedric Bruel, MD14; Pierrick Cronier, MD15; Nicolas Pichon, MD16;  
Nicolas Mongardon, MD, PhD17; Nicolas de-Prost, MD, PhD18; Florence Dumas, MD, PhD2,3,19;  
Alain Cariou, MD, PhD2,3,20

1Medical-Surgical Intensive Care Unit, Centre Hospitalier de Versailles - Site 
André Mignot, 177 rue de Versailles, 78150 Le Chesnay Cedex, France.

2Paris Descartes University, Sorbonne Paris Cité–Medical School, Paris, 
France.

3INSERM U970, Paris Cardiovascular Research Center, Paris, France.
4Medical Intensive Care Unit, Lariboisière Teaching Hospital, Assistance 
Publique Hôpitaux de Paris, Paris, France.

5Department of Intensive Care, Université Libre de Bruxelles (ULB), 
Erasme Hospital, Brussels, Belgium.

6General Intensive Care Unit, Cotentin Public Hospital Center, Cher-
bourg-en-Cotentin, France.

7Intensive Care Unit, Saint-Louis Hospital, La Rochelle, France.
8Medical-Surgical Intensive Care Unit, La Roche-sur-Yon District Hospital 
Center, La Roche-sur-Yon, France.

9Medical Intensive Care Unit, Hospices Civils de Lyon, Edouard Herriot 
Teaching Hospital, Lyon, France.

10Intensive Care Unit, Marc Jacquet Hospital, Melun, France.
11Department of Intensive and Continuous Care, Roanne Hospital, 

Roanne, France.
12Intensive Care Unit, Angoulême Hospital, Angoulême, France.
13Medical Intensive Care Unit, Saint Louis Teaching Hospital, Assistance 

Publique Hôpitaux de Paris, Paris, France.
14Medical-Surgical Intensive Care Unit, Saint Joseph Hospital, Paris, 

France.
15Intensive Care Unit, Sud-Francilien Hospital Center, Corbeil-Essonnes, 

France.
16Medical-Surgical Intensive Care Unit, Limoges Teaching Hospital, Limoges, 

France.
17Department of Anesthesiology and Surgical Intensive Care Units, Henri 

Mondor Teaching Hospital, Créteil, France.
18Medical Intensive Care Unit, Henri Mondor Teaching Hospital, Créteil, 

France.
19Department of Emergency, Cochin Teaching Hospital, Assistance Pub-

lique Hôpitaux de Paris, Paris, France.

1



status epilepticus between 2000 and 2015. Patients were com-
pared with controls without cardiac arrest identified in a single-
center registry of convulsive status epilepticus patients, regarding 
characteristics, management, and outcome.
Interventions: None.
Measurements and Main Results: We included 49 cases with con-
vulsive status epilepticus–cardiac arrest and 235 controls. In the 
cases, median time from medical team arrival to cardiac arrest was 
25 minutes (interquartile range, 5–85 min). First recorded rhythm 
was asystole in 25 patients (51%) and pulseless electrical activity 
in 13 patients (27%). A significantly larger proportion of patients 
had a favorable 1-year outcome (Glasgow Outcome Scale score 
of 5) among controls (90/235; 38%) than among cases (10/49; 
21%; p = 0.02). By multivariate analysis, independent predictors 
of cardiac arrest were pulse oximetry less than 97% on scene 
(odds ratio, 2.66; 95% CI, 1.03–7.26; p = 0.04), drug poisoning as 
the cause of convulsive status epilepticus (odds ratio, 4.13; 95% 
CI, 1.27–13.53; p = 0.02), and complications during early man-
agement (odds ratio, 11.98; 95% CI, 4.67–34.69; p < 0.0001). 
Having at least one comorbidity among cardiac, respiratory, and 
neurologic (other than epilepsy) conditions predicted absence of 
cardiac arrest (odds ratio, 0.28; 95% CI, 0.10–0.80; p = 0.02).
Conclusions: In patients managed for convulsive status epilep-
ticus, relative hypoxemia, on-scene management complications, 
and drug poisoning as the cause of convulsive status epilepticus 
were strong early predictors of cardiac arrest, suggesting areas 
for improvement. (Crit Care Med 2018; 46:e751–e760)
Key Words: cardiopulmonary resuscitation; coma/therapy; 
intensive care units; medical errors/adverse effect; status 
epilepticus; sudden death

Convulsive status epilepticus (CSE) is a common and 
life-threatening neurologic emergency associated with 
an about 20% hospital mortality rate (1, 2). The well-

standardized management of CSE consists of on-scene ini-
tiation of antiepileptic drug (AED) therapy with subsequent 
adjustments based on the response. However, after treatment 
initiation, one third of CSE episodes have an unfavorable 
course (3). Thus, in addition to seizure refractoriness, some 
patients demonstrate persistent coma and/or potentially fatal 
systemic complications (4–8).

Cardiac arrest (CA) is among the most catastrophic early com-
plication seen during CSE management. Factors that may contrib-
ute to CSE-related CA (CSE-CA) include comorbidities, severe 
systemic complications (particularly in the event of uncontrolled 
seizure activity [9–11]), injuries caused by the loss of conscious-
ness and seizure, treatment complications, and cause of CSE.

Although CSE-CA is an event of considerable concern, few 
studies have assessed its characteristics and long-term survival 
and functional outcomes. More specifically, data on the factors 
contributing to CSE-CA are needed.

The objective of this retrospective study was to identify early 
factors associated with CA in adults managed for CSE and 
admitted to the ICU. Knowledge of such factors might help to 
identify areas for improvement in the management of CSE.

MATERIALS AND METHODS
Our local ethics committees (“Comité de Protection des Per-
sonnes de Paris, Ile de France VI; and Comité Consultatif sur 
le Traitement de l’Information en matière de Recherche dans le 
domaine de la Santé,” February 17, 2016) approved this study 
(number 16/131) and waived the requirement for informed 
consent, in accordance with French law on retrospective stud-
ies of anonymized data.

Cases
Consecutive adults admitted between January 2000 and 
December 2015 to 2017 medical-surgical or surgical, university 
or university affiliated, French and Belgian ICUs with success-
fully resuscitated CA during CSE management were identified 
by searching the hospital databases for any of the following 
codes in the International Statistical Classification of Diseases 
and Related Health Problems, 10th revision: CA (I46.9); sta-
tus epilepticus (SE) (G41.0); SE, unspecified (G41.9); and 
other and unspecified convulsions (R56.8). Local investigators 
reviewed the medical records of the patients thus identified to 
select those meeting our eligibility criteria. Patients with CSE-
CA (cases) were defined as experiencing CA within 24 hours 
after the initiation of CSE management, as validated by con-
sensus between two of us (S.L., E.B.). Patients with CA before 
CSE management initiation were not included.

Historic Controls
Cases with CSE-CA were compared with 235 unmatched con-
trols managed for CSE without CA at one of the participating 
ICUs (Versailles hospital CSE registry of data from previously 
published studies including Versailles hospital patients with 
CSE) during a comparable period (2005–2013). We also per-
formed a sensitivity analysis comparing the 49 cases with 49 
controls selected among the 235 historic controls. Each case 
was matched on a propensity score to a control.

Definitions
CSE was defined as either motor seizure activity for at least 5 
minutes (continuous) or more than two motor seizures with-
out full recovery of consciousness in the interval (intermit-
tent) (12). CSE could be generalized from onset or initially 
focal with or without subsequent progression to bilateral CSE 
(13). Refractory SE was defined as a need for general anesthesia 
because of continuous or intermittent seizures despite treat-
ment with an IV benzodiazepine (clonazepam or diazepam) 
and IV phenytoin/fosphenytoin, valproate, phenobarbital, or 
levetiracetam (14). Subtle SE was defined as a coma with or 
without subtle convulsive movements and with generalized or 
lateralized ictal discharges on the electroencephalogram (15).

Data Collection
For each case or control, a standardized form was used to collect 
demographic data, information on the history of epilepsy, char-
acteristics of the current CSE episode (circumstances of onset, 
dates and times of onset and of seizure control, clinical features 
of the seizures, prehospital and hospital care providers, and 
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timing of AED and supportive treatments). We collected on-
scene clinical findings recorded at any time during early CSE 
management (Glasgow Coma Scale [GCS] score, systolic blood 
pressure, heart rate, and pulse oximetry). Seizure duration was 
determined based on the prehospital, emergency department, 
and ICU records. Data related to CA were collected according 
to Utstein style guidelines (Table 1). We also collected results 
of etiologic investigations for CSE and CA (coronary angiogra-
phy, chest and brain CT, lumbar puncture, MRI, and laboratory 
tests including a toxicology screen). Special attention was paid 
to complications related to CSE management (e.g., respiratory 
and/or cardiac side effects of AEDs, hemodynamic side effects 
of anesthetic drugs, and difficulties in airway management). 
The following data describing the ICU and hospital care were 
also collected: severity and description of organ failures accord-
ing to the Simplified Acute Physiology Score II and Logistic 
Organ Dysfunction (LOD) score and use of mechanical ven-
tilation, inotropic support, and/or renal replacement therapy.

Electronic supplementary material file 1 (Supplemental 
Digital Content 1, http://links.lww.com/CCM/D537) describes 
the management of the cases.

Assessment of Short- and Long-Term Functional 
Outcomes
Short- and long-term functional outcomes were assessed using 
the Cerebral Performance Category (CPC) scale. The CPC was 
extracted from the hospital charts or determined by interview-
ing the patient or patient’s next of kin, general practitioner, or 
neurologist at hospital discharge, then 90 days and 1 year after 
CSE onset. We defined a favorable outcome as a CPC of 1 or 2.

Statistical Analysis
Quantitative variables were described as median (interquartile 
range) and qualitative variables as number (%). We compared 
categorical variables using Fisher exact tests and continuous 
variables using Wilcoxon rank-sum tests. To identify associa-
tions between factors listed in Table 2 and CA, the cases and 
controls were compared using logistic regression. Before per-
forming logistic regression univariate analysis, all continuous 
variables were checked for log-linearity. Variables for which 
log-linearity was not found were transformed into dummy 
variables according to their median value. A multivariate 
model was built with variables that yielded p values lower than 
0.20 by univariate analysis and/or were clinically relevant. The 
following variables were included into the multivariate model: 
age greater than 59 years; at least one comorbidity among car-
diac, respiratory, and neurologic (other than epilepsy) comor-
bidities; previous history of epilepsy; GCS score greater than or 
equal to 6 at scene; pulse oximetry less than 97% at scene; gen-
eralized seizures; continuous (as opposed as intermittent) CSE; 
seizure duration greater than 85 minutes; refractory SE; time 
from seizure onset to intubation greater than 90 minutes; early 
management complications; and drug poisoning as a cause of 
CSE. The Le Cessie-van Houwelingen goodness-of-fit test and 
area under the receiver operating characteristics curve esti-
mated by the C-statistic were computed on the final models. 

Associations of factors with CA occurrence are reported as 
odds ratios (ORs) with their 95% CIs. To test the robustness of 
our results, an exploratory analysis was carried out using a pro-
pensity score approach based on 1:1 pair matching when esti-
mating the association between variables related to CSE and 
CSE-CA. We performed exact matching for each variable, with 

TABLE 1. Main Characteristics of 49 Patients 
With Cardiac Arrest During Management of 
Convulsive Status Epilepticus

Patient Characteristics

n (%) or 
Median (IQR)

Convulsive  Status 
Epilepticus– 
Related CA,  

n = 49 (62.0%)

CA Utstein Criteria

Age, yr 56 (41–66)

Male gender 26 (53.1)

Location at CA

  Home 12 (24.5)

Public place 6 (12.2)

  Hospital 31 (63.3)

Arrest witnessed/monitored 46 (93.9)

First recorded rhythm

  Asystole 25 (51.0)

Pulseless electrical activity 13 (26.5)

Ventricular fibrillation/ventricular 
tachycardia

4 (8.2)

  Other 7 (14.3)

Total number of defibrillations before 
ROSC

0 (0–0)

Total adrenaline dose before ROSC, mg 2 (0–5)

Antiarrhythmic drugs before ROSC 7 (14.3)

Sodium bicarbonate before ROSC 10 (20.4)

Time from collapse to

Cardiopulmonary resuscitation 
(no flow), min

0 (0–0)

 ROSC (no flow + low flow), min 6 (3–20)

Extracorporeal life support 4 (8.2)

Coronary angiography 0

Chest CT angiography 8 (16.3)

Lactate concentration at ICU 
admission, mmol/L

8.6 (4.9–14.8)

Targeted temperature management 
(32–36°C) on day 1

22 (45.8)

CA = cardiac arrest, IQR = interquartile range, ROSC = return of 
spontaneous circulation.
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TABLE 2. Factors Associated With Cardiac Arrest During Management for Convulsive 

Status Epilepticus

Factors Associated 
With CA During 
Management  for CSE

n (%) Univariate Analysis Multivariate Analysis

CSE Without  
CA, n = 235 

(82.7%)

CSE-Related 
CA, n = 49 

(17.3%) OR 95% CI p OR 95% CI p

Demographic characteristics

Male gender 128 (54.5) 26 (53.1) 1.06 0.57–1.96 0.86

Age > 59 yr 122 (51.9) 20 (40.8) 0.64 0.34–1.19 0.16

At least one comorbiditya 192 (81.7) 32 (65.3) 0.42 0.21–0.83 0.01 0.28 0.10–0.80 0.02

Chronic alcohol abuse 73 (31.1) 15 (30.6) 0.98 0.50–1.91 0.95

Presumed ultimately fatal 
comorbidityb

44 (18.7) 11 (22.5) 1.26 0.60–2.65 0.55

Previous history of epilepsy 96 (40.9) 22 (44.9) 1.18 0.63–2.19 0.60 2.42 0.91–6.67 0.08

Etiologic classification of previous 
epilepsyc

Idiopathic or cryptogenic 
epilepsy

26 (27.1) 5 (22.7) 1

Symptomatic genetic or 
acquired epilepsy

52 (54.2) 13 (59.1) 1.30 0.42–4.04 0.65

  Provoked epilepsy 18 (18.8) 4 (18.2) 1.16 0.27–4.90 0.84

Use of chronic AED therapy 72 (75.0) 18 (81.8) 1.50 0.46–4.87 0.50

Clinical findings at the scene

Glasgow Coma Scale score ≥ 6 130 (55.3) 18 (37.5) 0.48 0.26–0.92 0.03

Systolic blood pressure > 
134 mm Hg (n = 269)

117 (51.3) 17 (41.5) 0.67 0.34–1.32 0.25

Heart rate > 105 beats/min 
(n = 266)

113 (50.2) 20 (48.8) 0.94 0.49–1.84 0.87

Pulse oximetry < 97% 
(n = 260)

93 (41.2) 24 (70.6) 2.70 1.22–6.25 0.02 2.66 1.03–7.26 0.04

Characteristics of CSE

Out-of-hospital onset 139 (59.2) 30 (61.2) 1.09 0.58–2.05 0.79

Witnessed onset 210 (89.4) 45 (91.8) 1.34 0.44–4.04 0.60

Tonic-clonic seizure 175 (74.8) 38 (79.2) 1.28 0.60–2.73 0.52

Generalized seizure 190 (80.9) 46 (93.9) 3.55 1.06–11.9 0.04

Continuous (as opposed to 
intermittent)

130 (55.3) 21 (42.9) 0.60 0.32–1.12 0.11

Seizure duration > 85 min 125 (53.2) 15 (30.6) 0.39 0.20–0.75 0.005 0.46 0.17–1.19 0.12

Time from seizure onset to 
medical team arrival > 30 min

128 (54.5) 22 (44.9) 0.68 0.37–1.26 0.22

Drug poisoning as the cause of 
CSE

23 (9.80) 14 (28.6) 3.69 1.73–7.84 0.0007 4.13 1.27–13.53 0.02

(Continued )
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no replacement, using a specified caliper distance of 0.2. The 
variables included in the propensity score were selected among 
the demographic and baseline CSE characteristics associated 
with CSE-CA by univariate logistic regression (p < 0.20) and/
or were clinically relevant variables not thought to be related to 
CSE-CA. Five variables were included in the propensity score, 
namely, age greater than 59 years; at least one comorbidity 
among cardiac, respiratory, and neurologic comorbidities; pre-
vious history of epilepsy; continuous (as opposed to intermit-
tent) CSE; and generalized seizure. Each of the 49 cases with 
CSE-CA was matched on the propensity score to a control with 
CSE but no CA. All tests were two tailed, and p values less than 
0.05 were considered significant. Analyses were performed 
using R statistical software Version 3.3.3 (17).

RESULTS
Figure 1 is the patient flow chart. Of the 4,438 patients initially 
managed for an episode of CSE in the 17 participating hospi-
tals during the 16-year study period, 49 patients (1.1%) with 
CA were included in the study.

Baseline Characteristics and Clinical Features of  
the Cases 
There were 23 women and 26 men with a median age of 56 
years (41–66 yr). A previous history of epilepsy was noted 

in 22 of 49 patients (45%) (Table 1). Most episodes (30/49; 
62%) occurred out of hospital, and 45 of 49 (92%) were wit-
nessed from their onset. All but 10 patients were still seizur-
ing at medical team arrival. On-scene median GCS score was 
3 (3–6). Details of CSE management are given in electronic 
supplementary material file 2 (Supplemental Digital Con-
tent 2, http://links.lww.com/CCM/D538). Median time from 
seizure onset to AED initiation was 45 minutes (14–76 min), 
and median number of AED lines needed to control SE was 
2 (1–3). CSE was refractory in 15 of 49 patients (31%). Total 
seizure duration was 45 minutes (22–95 min). Mechanical ven-
tilation was needed in all but two patients.

Adverse events complicating the management of CSE 
occurred in 31 of 49 patients (63%). Side effects of AEDs 
developed in 24 of 49 patients (49%) and consisted of respira-
tory depression (n = 9; benzodiazepines, phenobarbital), car-
diac arrhythmia (n = 8; phenytoin), and anesthetic-induced 
hypotension (n = 7). Airway management difficulties occurred 
in nine of 49 patients (19%).

Characteristics and Management of CA
Table 1 reports the main CA characteristics according to the 
Utstein style. Median time from CSE management initiation to 
CA was 25 minutes (5–85 min). At ICU admission, median LOD 
score was 13 (11–16), indicating a median of 4 (3–4) organ failures 

Management of CSE

Benzodiazepine as first-line 
therapy

218 (93.2) 39 (88.6) 0.57 0.20–1.65 0.30

“Classic” AED as first- or 
second-line therapy

131 (55.7) 30 (61.2) 1.25 0.67–2.35 0.48

≥ 2 treatment lines needed to 
control CSE

90 (38.3) 14 (31.8) 0.88 0.65–1.20 0.41

Refractory status epilepticus 84 (35.8) 15 (30.6) 0.79 0.41–1.54 0.49

Time from seizure onset to 
intubation > 90 min (n = 243)

108 (55.1) 16 (34.0) 0.42 0.22–0.82 0.01

Early adverse events related to 
CSE management

45 (19.2) 31 (63.3) 7.27 3.74–14.1 < 0.0001 11.98 4.67–34.69 < 0.0001

Side effect of AEDs/ 
anesthetics

6 (12.2) 24 (49.0) 4.54 2.36–8.73 < 0.0001

Airway management difficulties 
(n = 243)

4 (2.0) 9 (19.2) 11.4 3.33–38.8 0.0001

AED = antiepileptic drug, CA = cardiac arrest, CSE = convulsive status epilepticus, OR = odds ratio.
a At least one comorbidity among cardiac (n = 139), respiratory (n = 84), and neurologic (other than epilepsy) comorbidities (n = 131).
b According to McCabe classification.
c Etiologic classification of previous epilepsy adapted from Shorvon (16).
Goodness-of-fit (Le Cessie-van Houwelingen) χ2  p, 0.40/area under the receiver operating characteristics curve estimated by the C-statistic, 0.88.

 TABLE 2. 

(Continued). Factors Associated With Cardiac Arrest During Management for Convulsive 

Status Epilepticus

Factors Associated 
With CA During 
Management  for CSE

n (%) Univariate Analysis Multivariate Analysis

CSE Without  
CA, n = 235 

(82.7%)

CSE-Related 
CA, n = 49 

(17.3%) OR 95% CI p OR 95% CI p
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per patient. Post-CA shock developed in 32 patients (67%), who 
required vasopressors for a median duration of 2 days (1–4 d). 
Mechanical ventilation was used for 4 days (2–13 d). Finally, renal 
replacement therapy was required in 10 patients (20%). Targeted 
temperature management with a target of 32–36°C was used in 
22 patients (46%), for a median of 28 hours (25–34 hr). Electro-
encephalogram monitoring was performed in 37 patients (76%).

Etiologic Investigations
Electronic supplementary material file 2 (Supplemental Digi-
tal Content 2, http://links.lww.com/CCM/D538) details the 
investigations performed to identify the causes of CSE and 
CA. In patients with CA, the most common cause of CSE was 
drug poisoning (14/49; 29%). The offenders were psychotro-
pic drugs in nine patients (tricyclic antidepressants in five, 
neuroleptics in two, and various combinations in two), rec-
reational drugs in two patients (cocaine and amphetamine in 
one patient each), and prescribed medications in three patients 
(antibiotic, mycophenolate mofetil, and local anesthetic in one 
patient each). The other main causes of CSE in the cases were 
acute alcohol ingestion in nine of 49 patients (18%), vascu-
lar disease in seven patients (14%), metabolic disorders in six 
patients (12%), and withdrawal of chronic AED therapy in 
five patients (10%). The cause of CSE remained undetermined 
despite extensive investigations in five of 49 patients (10%).

The most common mechanisms of CA were a systemic 
complication of CSE in 48 of 49 patients (98%), a complica-
tion of CSE management in 31 of 49 patients (63%), the cause 
of CSE in 12 patients (24%), patient-related factors in four 
patients (8%), and injuries related to the loss of consciousness 
and seizuring in one patient.

Short- and Long-Term Functional Outcomes
Overall in-hospital mortality was 61% (30/49), and an addi-
tional patient died during the 1-year follow-up period, yielding 

an overall 1-year mortality rate 
of 63%. Of the 30 in-hospital 
deaths, 16 occurred after treat-
ment limitation decisions, eight 
were due to multiple organ fail-
ure induced by post-CA shock, 
and six were related to brain 
death. The 1-year mortality 
rate was significantly lower in 
the controls than in the cases 
(28.8% vs 64.6%). The propor-
tion of patients with a favor-
able 1-year functional outcome 
(CPC score of 1–2) was signifi-
cantly higher in the controls 
(56.7% vs 27.8%; p = 0.0002).

Determinants of CSE-CA
Table 2 reports the results of 
the univariate and multivari-
ate analyses comparing the 49 

cases and 235 controls. By multivariate analysis (Fig. 2), the 
only variable significantly associated with absence of CA was 
having at least one comorbidity among cardiac, respiratory, 
and neurologic comorbidities (OR, 0.28; 95% CI, 0.10–0.80; 
p = 0.02). Three variables were associated with CA, namely, 
low pulse oximetry (< 97%) on scene (OR, 2.66; 95% CI, 1.03–
7.26; p = 0.04), drug poisoning as the cause of CSE (OR, 4.13; 
95% CI, 1.27–13.53; p = 0.02), and adverse events complicat-
ing the management of CSE (OR, 11.98; 95% CI, 4.67–34.69; 
p < 0.0001). The sensitivity analysis comparing the 49 cases 
with CSE-CA to 49 propensity score–matched controls with 
CSE, and no CA produced comparable results (Table 3). Vari-
ables significantly associated with CSE-CA were as follows: 
GCS score less than 6 (p = 0.03), pulse oximetry less than 97% 
(p = 0.004), seizure duration less than 85 minutes (p = 0.0001), 
drug poisoning as the cause of CSE (p = 0.04), and early adverse 
events related to CSE management (p < 0.0001).

DISCUSSION
To our knowledge, this study provides the first detailed infor-
mation on CA as a complication arising during the man-
agement of CSE. Although CA occurred in only 1.1% of all 
patients with CSE, this complication was associated with major 
adverse effects on both survival and long-term functional out-
comes. We identified four factors independently associated 
with CA; these factors were linked to the patients’ health pro-
file, systemic impact of CSE, early management, and cause of 
CSE, respectively.

The characteristics of our patients were consistent with pre-
vious reports of critically ill patients with CSE. CSE occurred 
predominantly in out-of-hospital settings and was usually wit-
nessed from the onset (17). All patients received early on-scene 
symptomatic IV AED therapy concomitantly with prompt and 
extensive investigations to identify the cause, as well as life-
supporting measures as needed. Thus, time from seizure onset 

Figure 1. Patient flow chart. CSE = convulsive status epilepticus. 
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to first drug administration was 45 minutes (14–76 min) (18).  
However, as previously described, median total seizure dura-
tion was as long as 45 minutes (22–95 min) (15, 18–20). 
Extensive diagnostic investigations were performed. Cerebral 
imaging and electroencephalogram monitoring were avail-
able for all patients. The electroencephalograms were inter-
preted by neurophysiologists, and neurologists assessed the 
patients as needed. Finally, a cause of CSE was detected in 88% 
of patients (18, 19, 21). CSE-CA is a rare event about which 
data are scarce. Two main approaches can be distinguished. 
The first likens CSE-CA to sudden unexpected death in epi-
lepsy (SUDEP), defined as sudden and unexpected death in a 
patient with epilepsy in the absence of an underlying anatomic 
or toxicologic cause of death. SUDEP is the leading cause of 
epilepsy-related deaths in patients with epilepsy (22). However, 
SUDEP occurs in the absence of ongoing seizures (23). The 
other approach is based chiefly on scant data from retrospec-
tive cohorts of patients with CA due to neurologic causes, in 
which ictal causes are merely reported. In a study of 21,175 
patients with out-of-hospital CA due to any cause, only 0.2% 
had CSE-CA (24). In a smaller population of 270 patients 
with CA, the cause was epilepsy in 0.4% of cases (25). Of 253 
patients with SE, five (2%) died at the acute phase (26), and 
of 41 patients with in-hospital SE episodes, 25 died, including 
nine during the acute seizure phase (3). However, these data 
are scant and come only from patients with in-hospital SE. 
Furthermore, no study focused on CA complicating the man-
agement of patients with CSE.

Our case-control comparison indicates a far worse prog-
nosis in patients with CA. Thus, 1-year mortality was more 
than twice as high in the cases than in the controls. Good func-
tion (CPC score of 1–2) was twice as common in the controls 
than the cases. The consistency of these findings with ICU 

mortality rates and long-term 
functional outcomes in previ-
ous studies of CSE support the 
external validity of our study 
(1, 4, 5, 18, 19). The strong 
associations linking CSE-CA 
to adverse outcomes highlight 
the importance of identifying 
risk factors for CA, in order to 
devise potential strategies for 
improvement.

Four factors were inde-
pendently associated with CA 
during the management of 
CSE, including three associ-
ated with a higher risk of CA. 
Among these three factors, 
adverse events of CSE man-
agement offer the greatest 
room for improvement. These 
adverse events included respi-
ratory and cardiac side effects 
of AEDs, hemodynamic side 

effects of anesthetics, and airway management difficulties. 
Many AEDs have been reported to be associated with potentially 
life-threatening complications. For example, IV phenytoin—a 
drug with class IB antiarrhythmic properties—can induce car-
diac arrhythmia, arterial hypotension, cardiogenic shock, or 
CA, even with recommended dosages and administration rates 
(27–32). Anesthetics used for the induction or maintenance 
treatment of refractory SE may cause hemodynamic fail-
ure, a complication frequently reported with pentothal (33). 
Furthermore, these systemic complications, potentiated by the 
use of highly sympatholytic and vasodilating hypnotic agents 
such as thiopental sodium, promote ventilation-induced car-
diovascular collapse (33). Finally, no specific data on intuba-
tion difficulties in CSE are available. Among patients requiring 
emergent mechanical ventilation, 8% had intubation diffi-
culties and 3% died within 30 minutes after intubation (34). 
Furthermore, both sustained seizure activity, and causes of 
CSE can induce acute destabilization of comorbidities, thereby 
promoting the occurrence of complications and treatment 
intolerance. Drug poisoning as the cause of CSE independently 
predicted CA in our study. The underlying mechanism may 
involve interactions between the drugs of overdose and AEDs, 
particularly as ongoing seizure activity can impair the toler-
ance of aggressive AED therapy (35). Another predictor of CA 
in our study was on-scene pulse oximetry less than 97% during 
early CSE management, which may reflect the burden of sys-
temic complications of CSE (9–11, 36). Respiratory failure is 
among the most frequent systemic complications of CSE, being 
encountered in about 80% of cases, and has been reported to 
be independently associated with mortality (17, 37). The asso-
ciation we found between early relative hypoxemia during CSE 
management and CA may be explained by a higher risk of car-
diac arrhythmias in patients with longer peri-ictal hypoxemia 

Figure 2. Odds ratios for cardiac arrest (CA). Data marker sizes reflect the relative size of each covariate. Error 
bars indicate 95% CIs of odds ratios. *At least one comorbidity among cardiac, respiratory, and neurologic (other 
than epilepsy). CSE = convulsive status epilepticus.

7



TABLE 3. Variables Associated With Cardiac Arrest During Management for Convulsive 
Status Epilepticus in 49 Cases and 49 Controls Matched on a Propensity Score

Cases vs Matched Controls 

n (%) 

p

CSE-Related  
CA Cases, 

n = 49

CSE Without CA  
Matched 

Controls,  n = 49

Demographic characteristics

Male gender 23 (46.9) 26 (53.1) 0.69

Age > 59 yr 20 (40.8) 20 (40.8) 1.00

At least one comorbiditya 32 (65.3) 32 (65.3) 1.00

Chronic alcohol abuse 15 (30.6) 12 (24.5) 0.65

Presumed ultimately fatal comorbidityb 11 (22.5) 9 (18.4) 0.80

Previous history of epilepsy 22 (44.9) 22 (44.9) 1.00

Etiologic classification of previous epilepsyc 0.85

Idiopathic or cryptogenic epilepsy 5 (22.7) 6 (27.3)

Symptomatic genetic or acquired epilepsy 13 (59.1) 11 (50.0)

Provoked epilepsy 4 (18.2) 5 (22.7)

 Use of chronic AED therapy 18 (81.8) 16 (72.7) 1.00

Clinical findings at the scene

Glasgow Coma Scale score ≥ 6 18 (37.5) 30 (61.2) 0.03

Systolic blood pressure > 134 mm Hg (n = 40) 17 (41.5) 27 (56.3) 0.20

Heart rate > 105 beats/min (n = 39) 20 (48.8) 25 (52.1) 0.83

Pulse oximetry < 97% (n = 33) 24 (70.6) 18 (37.5) 0.004

Characteristics of CSE

Out-of-hospital onset 30 (61.2) 31 (63.3) 1.00

Witnessed onset 45 (91.8) 44 (89.8) 1.00

Tonic-clonic seizure 38 (79.2) 43 (87.8) 0.29

Generalized seizure 46 (93.9) 46 (93.9) 1.00

Continuous (as opposed to intermittent) 21 (42.9) 21 (42.9) 1.00

Seizure duration > 85 min 15 (30.6) 35 (71.4) 0.0001

Time from seizure onset to medical team arrival > 30 min 22 (44.9) 28 (57.1) 0.31

Drug poisoning as the cause of CSE 14 (28.6) 5 (10.2) 0.04

Management of CSE

Benzodiazepine as first-line therapy 39 (88.6) 45 (93.8) 0.47

”Classic” AED as first- or second-line therapy 30 (61.2) 27 (55.1) 0.68

≥ 2 treatment lines needed to control CSE 14 (31.8) 15 (30.6) 1.00

Refractory status epilepticus 15 (30.6) 13 (26.5) 0.82

Time from seizure onset to intubation > 90 min (n = 39) 16 (34.0) 22 (56.4) 0.05

Early adverse events related to CSE management 31 (63.3) 7 (14.3) < 0.0001

Side effect of AEDs/anesthetics 24 (49.0) 7 (14.3) 0.0004

Airway management difficulties (n = 39) 9 (19.2) 0 0.003

AED = antiepileptic drug, CA = cardiac arrest, CSE = convulsive status epilepticus.
a At least one comorbidity among cardiac, respiratory, and neurologic comorbidities.
b According to McCabe classification.
c Etiologic classification of previous epilepsy adapted from Shorvon (16).
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(38). Finally, in our study, having at least one cardiac, respi-
ratory, or neurologic comorbidity (other than epilepsy) unex-
pectedly predicted absence of CA. One possible explanation is 
that patients with such comorbidities are easily identified by 
emergency teams, who then implement special precautions. 
Such an explanation, if true, would suggest that improved 
management may decrease the risk of CSE-CA. Interestingly, 
the univariate analysis done for the sensitivity study identified 
two additional factors of potential interest associated with CA, 
namely, on-scene GCS score less than 6 (p = 0.03) and seizure 
duration less than 85 minutes (p = 0.0001). That worse con-
sciousness impairment associated with CA may be related to 
the respiratory disturbances seen in patients with impaired 
consciousness. The association with shorter seizure duration 
may be related to the fact that once CA occurs, seizuring stops.

Our study has several limitations. First, the extent to which 
our findings apply to the full spectrum of patients with CSE is 
unclear. Our patients were admitted to 17 ICUs over a 16-year 
period, and their management may have varied across cen-
ters and over time. However, we believe our study provides a 
faithful picture of the management of patients with CSE, since 
guidelines for defining and managing both CSE and CA have 
changed little in recent years. Second, only patients requir-
ing ICU admission for CSE were included. This population 
may not reflect the overall population of patients with CSE. 
However, our focus was CSE-CA, which consistently requires 
ICU admission if the patient recovers spontaneous cardiac 
activity. Third, it would have been methodologically more sat-
isfying to study a single cohort of patients with and without CA 
during CSE management. However, the very low prevalence 
of CSE-CA precluded such an approach. Finally, to test the 
robustness of our results, we performed a sensitivity analysis 
comparing the 49 cases with CSE-CA to 49 propensity score–
matched controls with CSE and obtained comparable results.

In conclusion, CA occurred during the management of CSE 
in only 1.1 % of patients with CSE admitted to the ICU and 
was associated with significantly worse survival and long-term 
functional outcomes. In our patients, early predictors of CA 
were on-scene relative hypoxemia, on-scene adverse events of 
CSE management, and drug poisoning as the cause of CSE. 
Knowledge of these risk factors may suggest areas for improv-
ing the on-scene management of CSE.

ACKNOWLEDGMENTS
We thank A. Wolfe, MD (Issy-les-Moulineaux, France) for 
helping to prepare the article.

REFERENCES
1. Legriel S, Lemiale V, Schenck M, et al; HYBERNATUS Study Group:

Hypothermia for neuroprotection in convulsive status epilepticus. N 
Engl J Med 2016; 375:2457–2467

2. Claassen J, Lokin JK, Fitzsimmons BF, et al: Predictors of functional
disability and mortality after status epilepticus. Neurology 2002; 
58:139–142

3. Delanty N, French JA, Labar DR, et al: Status epilepticus arising de
novo in hospitalized patients: An analysis of 41 patients. Seizure 
2001; 10:116–119

4. Rossetti AO, Hurwitz S, Logroscino G, et al: Prognosis of status epi-
lepticus: Role of aetiology, age, and consciousness impairment at
presentation. J Neurol Neurosurg Psychiatry 2006; 77:611–615

5. Holtkamp M, Othman J, Buchheim K, et al: A “malignant” variant of
status epilepticus. Arch Neurol 2005; 62:1428–1431

6. Mayer SA, Claassen J, Lokin J, et al: Refractory status epilepticus:
Frequency, risk factors, and impact on outcome. Arch Neurol 2002;
59:205–210

7. Sutter R, Kaplan PW, Marsch S, et al: Early predictors of refractory
status epilepticus: an international two-center study. Eur J Neurol
2015; 22:79–85

8. Sutter R, Marsch S, Fuhr P, et al: Mortality and recovery from refrac-
tory status epilepticus in the intensive care unit: A 7-year observa-
tional study. Epilepsia 2013; 54:502–511

9. Walton NY: Systemic effects of generalized convulsive status epilep-
ticus. Epilepsia 1993; 34(Suppl 1):S54–S58

 10. Wasterlain CG, Fujikawa DG, Penix L, et al: Pathophysiological mech-
anisms of brain damage from status epilepticus. Epilepsia 1993;
34(Suppl 1):S37–S53

 11. Watson C: Status epilepticus. Clinical features, pathophysiology, and
treatment. West J Med 1991; 155:626–631

 12. Brophy GM, Bell R, Claassen J, et al; Neurocritical Care Society Status
Epilepticus Guideline Writing Committee: Guidelines for the evaluation
and management of status epilepticus. Neurocrit Care 2012; 17:3–23

 13. 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; 56:1515–1523

 14. Legriel S, Oddo M, Brophy GM: What’s new in refractory status epi-
lepticus? Intensive Care Med 2017; 43:543–546

 15. Treiman DM, Meyers PD, Walton NY, et al: A comparison of four treat-
ments for generalized convulsive status epilepticus. Veterans Affairs
Status Epilepticus Cooperative Study Group. N Engl J Med 1998;
339:792–798

 16. Shorvon SD: The etiologic classification of epilepsy. Epilepsia 2011;
52:1052–1057

17. R Foundation for Statistical Computing, Vienna, Austria. Available at:
http://www.R-project.org. Accessed October 24, 2017

 18. Legriel S, Azoulay E, Resche-Rigon M, et al: Functional outcome
after convulsive status epilepticus. Crit Care Med 2010; 38:
2295–2303

 19. Legriel S, Mourvillier B, Bele N, et al: Outcomes in 140 critically ill
patients with status epilepticus. Intensive Care Med 2008; 34:476–480

 20. Alldredge BK, Gelb AM, Isaacs SM, et al: A comparison of lorazepam, 
diazepam, and placebo for the treatment of out-of-hospital status epi-
lepticus. N Engl J Med 2001; 345:631–637

 21. Aminoff MJ, Simon RP: Status epilepticus. Causes, clinical features
and consequences in 98 patients. Am J Med 1980; 69:657–666

 22. Shorvon S, Tomson T: Sudden unexpected death in epilepsy. Lancet
2011; 378:2028–2038

 23. Devinsky O, Hesdorffer DC, Thurman DJ, et al: Sudden unexpected
death in epilepsy: Epidemiology, mechanisms, and prevention. Lancet
Neurol 2016; 15:1075–1088

 24. Pell JP, Sirel JM, Marsden AK, et al: Presentation, management, and
outcome of out of hospital cardiopulmonary arrest: Comparison by
underlying aetiology. Heart 2003; 89:839–842

 25. Grubb NR, Elton RA, Fox KA: In-hospital mortality after out-of-hospital 
cardiac arrest. Lancet 1995; 346:417–421

 26. Towne AR, Pellock JM, Ko D, et al: Determinants of mortality in status
epilepticus. Epilepsia 1994; 35:27–34

27. Adams BD, Buckley NH, Kim JY, et al: Fosphenytoin may cause
hemodynamically unstable bradydysrhythmias. J Emerg Med 2006;
30:75–79

 28. Barron SA: Cardiac arrhythmias after small iv dose of phenytoin.
N Engl J Med 1976; 295:678

 29. Keeran M: Cardiac arrest following intravenous administration of
diphenylhydantoin. J Okla State Med Assoc 1967; 60:334–335

 30. Ramsay RE, DeToledo J: Intravenous administration of fosphenyt-
oin: Options for the management of seizures. Neurology 1996;
46:S17–S19

9



 31. York RC, Coleridge ST: Cardiopulmonary arrest following intravenous 
phenytoin loading. Am J Emerg Med 1988; 6:255–259

 32. DeToledo JC, Ramsay RE: Fosphenytoin and phenytoin in patients
with status epilepticus: Improved tolerability versus increased costs.
Drug Saf 2000; 22:459–466

 33. Claassen J, Hirsch LJ, Emerson RG, et al: Treatment of refractory sta-
tus epilepticus with pentobarbital, propofol, or midazolam: A system-
atic review. Epilepsia 2002; 43:146–153

 34. Schwartz DE, Matthay MA, Cohen NH: Death and other complica-
tions of emergency airway management in critically ill adults. A pro-
spective investigation of 297 tracheal intubations. Anesthesiology
1995; 82:367–376

 35. Olson KR, Kearney TE, Dyer JE, et al: Seizures associated with poi-
soning and drug overdose. Am J Emerg Med 1994; 12:392–395

 36. Sutter R, Dittrich T, Semmlack S, et al: Acute systemic complications
of convulsive status epilepticus-a systematic review. Crit Care Med
2018; 46:138–145

37. Chen L, Zhou B, Li JM, et al: Clinical features of convulsive status epi-
lepticus: A study of 220 cases in western China. Eur J Neurol 2009;
16:444–449

 38. Park KJ, Sharma G, Kennedy JD, et al: Potentially high-risk cardiac
arrhythmias with focal to bilateral tonic-clonic seizures and general-
ized tonic-clonic seizures are associated with the duration of periictal
hypoxemia. Epilepsia 2017; 58:2164–2171

10




