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Abstract 

Background Multiple studies have focused on medical and pharmacological treatments and outcome predictors 
of patients with status epilepticus (SE). However, a sufficient understanding of recurrent episodes of SE is lacking. 
Therefore, we reviewed recurrent SE episodes to investigate their clinical characteristics and outcomes in patients 
with relapses.

Methods In this retrospective, multicenter study, we reviewed recurrent SE patient data covering 2011 to 2017 from 
the university hospitals of Frankfurt and Marburg, Germany. Clinical characteristics and outcome variables were com-
pared among the first and subsequent SE episodes using a standardized form for data collection.

Results We identified 120 recurrent SE episodes in 80 patients (10.2% of all 1177 episodes). The mean age at the first 
SE episode was 62.2 years (median 66.5; SD 19.3; range 21–91), and 42 of these patients were male (52.5%). A mean of 
262.4 days passed between the first and the second episode. Tonic–clonic seizure semiology and a cerebrovascular 
disease etiology were predominant in initial and recurrent episodes. After subsequent episodes, patients showed 
increased disability as indicated by the modified Rankin Scale (mRS), and 9 out of 80 patients died during the sec-
ond episode (11.3%). Increases in refractory and super-refractory SE (RSE and SRSE, respectively) were noted during 
the second episode, and the occurrence of a non-refractory SE (NRSE) during the first SE episode did not necessarily 
provide a protective marker for subsequent non-refractory episodes. An increase in the use of intravenous-available 
anti-seizure medication (ASM) was observed in the treatment of SE patients. Patients were discharged from hospital 
with a mean of 2.8 ± 1.0 ASMs after the second SE episode and 2.1 ± 1.2 ASMs after the first episode. Levetiracetam 
was the most common ASM used before admission and on discharge for SE patients.

Conclusions This retrospective, multicenter study used the mRS to demonstrate worsened outcomes of patients at 
consecutive SE episodes. ASM accumulations after subsequent SE episodes were registered over the study period. The 
study results underline the necessity for improved clinical follow-ups and outpatient care to reduce the health care 
burden from recurrent SE episodes.
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Key points 

• We report on 120 recurrent status epilepticus episodes in 80 patients between 2011 and 2017
• The mortality rate at the second SE episode was 11.3% (9/80 patients)
• The modified Rankin Scale indicated an increased morbidity after each SE episode
• A non-refractory SE at first admission could not be identified as a protective marker for severity of following 

episodes
• An increased drug-load of anti-seizure medication was observed after each SE episode

Keywords Epilepsy, Seizure, Recurrence, Recurrent episodes

Background
Status epilepticus (SE) is a prolonged epileptic seizure 
that can occur with any semiological seizure form [1]. 
SE is a serious condition that can rapidly become a neu-
rological emergency. In Germany, the incidence of SE 
is approximately 15.8 per 100,000 in population, and it 
occurs more often in men than women and more com-
monly in patients aged 60 or older [2]. SE episodes are 
associated with prolonged hospital stays and increased 
health-care costs [3–7], as well as high morbidity and 
short- and long-term mortality [8–10]. Furthermore, 
patients experiencing one episode of SE have a risk of 
incurring future episodes and developing chronic epi-
lepsy [11].

Although general medical and pharmacological treat-
ments and outcome predictors for SE have been stud-
ied extensively, little information has been documented 
regarding the characteristics of SE episodes occurring 
after an initial episode, despite reports indicating that 
13–32% of all subjects are affected by recurrent SE events 
[2, 12, 13]. Only a few studies have specifically investi-
gated the predictors of relapses and the prognostic role 
of recurrent SE [12–15]. However, information on subse-
quent relapses is lacking [16], despite the urgent need to 
identify patients who are at a high risk of recurrence [12] 
and adapt their clinical follow-up accordingly [13].

To address this issue, we conducted a multicenter 
retrospective study to provide additional information 
regarding repeated episodes of SE. We specifically inves-
tigated clinical characteristics and patient outcomes after 
subsequent episodes and compared these to the first SE 
episode for patients over the study period.

Materials and methods
Study design
This retrospective multicenter study included adult 
patients (aged 18 or older) with recorded episodes of 
non-anoxic SE between January 2011 and December 
2017 at the university hospitals of Frankfurt and Marburg 

in the state of Hessen, Germany. Frankfurt is an urban 
area, whereas Marburg is a smaller university city that 
services its center and rural surroundings. Both offer 
a broad spectrum of epileptological and neurological 
intensive care treatments.

All pre- and in-hospital records of SE patients were 
reviewed and data were collected using standard-
ized forms. Patients with incomplete clinical data were 
excluded.

Approval for the study was granted by the local Eth-
ics Committees of both universities. Certain aspects of 
the data concerning SE treatments and outcomes were 
retrieved from published studies [17–22]. No sponsoring 
or funding was received from any company for this study. 
The strengthening the reporting of observational studies 
in epidemiology (STROBE) guidelines were followed to 
improve the quality of the objective documentation and 
reporting in this observational study [23].

Definition of SE
The seizure type, epilepsy type, epilepsy syndrome, and 
SE were determined using the latest criteria of the Inter-
national League Against Epilepsy (ILAE) [24–26]. These 
factors identify SE as a condition with abnormally pro-
longed seizures (after timepoint t1) that can result in 
long-term consequences to the patient (after timepoint 
t2) such as neuronal death, neuronal injury, and neuronal 
network alterations, depending on the type and dura-
tion of the seizure [25]. This study followed the latest 
definition from the ILAE, which states that SE involves 
a convulsive seizure lasting more than five minutes, or 
a nonconvulsive seizure with impaired consciousness or 
an absence seizure lasting greater than ten minutes [25]. 
Refractory status epilepticus (RSE) is defined as persist-
ing seizures after the failure of a sufficient benzodiaz-
epine dose as a first-line treatment and an antiseizure 
medication (ASM) as a second-line treatment, irrespec-
tive of time [27, 28]. Super-refractory status epilepticus 
(SRSE) is defined as a continuous SE episode that endures 
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for greater than 24 h after the use of anesthetic therapy, 
including those cases in which seizures were controlled 
after anesthetic drugs were administered, but recurred 
once the anesthetic agent was reduced or withdrawn, 
this follows the definition of SRSE suggested by Simon 
Shorvon [29].

Definitions of variables
The first admission to hospital due to SE during the study 
period was defined as the first SE episode, and subse-
quent episodes were numbered in order of their occur-
rence. Etiologies were classified as acute symptomatic, 
remote symptomatic, progressive symptomatic, symp-
tomatic within new onset, and unknown (cryptogenic) 
[25]. We calculated the status epilepticus severity score 
(STESS) of each patient before treatment induction to 
estimate the severity of the condition [30]. The score was 
separated into favorable (0–3) and unfavorable (4–6) 
outcomes. To compare the functional status of patients 
before SE initiation to that at the time of discharge, we 
analyzed the modified Rankin Scale (mRS) using six cat-
egories (0 = no symptoms, 6 = fatal outcome), whereby 
categories 0–2 denoted a good functional status and cat-
egories 3–5 signified a poor functional status. We further 
defined the discharge destination as home, rehabilitation, 
care facility, other hospital, death, or other. In addition, 
preexisting comorbidities of the patients were collected 
using the Charlson Comorbidity Index (CCI) [31], which 
was divided into three groups (“none” = score 0; “low to 
moderate” = score 1–4; “multiple” = score ≥ 5). Antisei-
zure medication  sequence, application mode, dosage, 
and association with onset and cessation of SE, and data 
on the presence of adverse events were collected. Fur-
thermore, seizure histories or prior SEs, total lengths 
of hospital stays, intensive care treatments [32, 33], and 
intubation information were gathered. To identify a non-
convulsive SE case or the end of such a seizure, electro-
encephalography (EEG) was used to verify characteristic 
ictal patterns for SE that were validated by board certified 
physicians [34]. Cranial computed tomography (cCT) 
and cranial magnet resonance imaging (cMRI) were used 
as to detect acute or remote etiology correlates.

Statistical analysis
Data were analyzed using IBM SPSS Statistics version 
28.0 software (IBM Corporation, Armonk, NY, USA). 
Descriptive data are presented as minimum, maximum, 
median, mean ± standard deviation (SD), range, and 
percentage values. Univariate comparisons of propor-
tions were calculated using Pearson’s chi-squared test. 
The Mann–Whitney U test was applied for comparisons 
of variables of ordinal or non-normally distributed data. 

Two-sided p values less than 0.05 were considered to be 
significant in all statistical analyses.

Results
During the 7-year period analyzed (2011–2017), we 
noted 1177 SE episodes from 1057 patients. Of these, 
1057 (89.8%) were first episodes and 120 (10.2%) were 
recurrent episodes for 80 patients (7.6%). These patients 
experienced at least one relapse, while 22 (2.1%) had a 
second relapse and 18 (1.7%) had three or more relapses 
(nine patients with three, five patients with four, two 
patients with five, and two patients with six relapses).

Clinical characteristics of the patients and first two SE 
episodes
The mean age of the patients with recurrent SE epi-
sodes at the first admission (n = 80, i.e. first episode) was 
62.2 years (median 66.5; SD 19.3; range 21–91), and this 
mean age increased by 1.1  years at the second episode. 
Both episodes included 42 male (52.5%) and 38 female 
(47.5%) patients. At the first episode, 55 patients (68.7%) 
had a history of previous seizures and 19 patients (23.8%) 
had a prior SE episode, which was assumed to have been 
treated in another hospital or prior to the study period. 
A total of 17 patients (21.3%) had no previous comor-
bidities, 49 (61.2%) had low-to-moderate burdens of 
comorbidities, and 14 patients (17.5%) had multiple 
comorbidities, as evaluated by the CCI. The CCI score 
did not differ between both episodes (p = 0.612).

The time between the first and the second admission 
due to SE was a mean of 262.4 days (median 160 days, SD 
302.4 days, range 14–1755 days).

The detailed clinical characteristics, including etiology, 
semiology, and diagnostics of the cohort, as well as the SE 
severities and patient outcomes of the first two recurrent 
SE episodes are shown in Table 1.

Severity of SE episodes
Considering the severity of SE at the first episode, 59 
patients (73.8%) had a “favorable STESS-score” of 0–3, 
while 21 patients (26.2%) had an “unfavorable STESS-
score” of 4–6. A decrease in the “unfavorable STESS-
score” group was noticed with the second episode 
(p = 0.018). This was partially explained by the change in 
the coding of the “history of seizures” parameter toward 
a more favorable score for all patients.

Half of the cohort had RSE (n = 35; 43.7%) or SRSE 
(n = 5; 6.3%) during the first episode. An increase in RSE 
(n = 43; 53.7%) and SRSE (n = 7; 8.7%) was noticeable for 
the second event. Thus, the refractory level for individ-
ual patients changed between the episodes, as shown in 
Fig.  1. Consequently, the refractory level of subsequent 
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Table 1 Clinical characteristics, SE severities, and SE patient outcomes for the first and second episode

First SE episode Second SE episode p value
n = 80 n = 80

Clinical characteristic

Age Mean ± SD in years 62.2 ± 19.2 63.3 ± 19.0 n.t.

Sex Female/male 38/42 38/42 n.t.

Previous history of seizures n 55 (68.7%) 80 (100%) n.t.

Comorbidities (CCI) 0.612

 None (score 0) n 17 (21.3%) 17 (21.3%)

 Low–moderate (score 1–4) n 49 (61.2%) 51 (63.7%)

 Multiple (score ≥ 5) n 14 (17.5%) 12 (15.0%)

mRS before SE onset 0.004

 Score 0–2 n 36 (45.0%) 28 (35.0%)

 Score 3–5 n 44 (55.0%) 52 (65.0%)

Etiology of SE n.t.

 Acute symptomatic n 7 (8.8%) 9 (11.3%)

 Remote symptomatic n 39 (48.8%) 60 (75.0%)

 Symptomatic within new onset n 22 (27.5%) 0 (0%)

 Progressive symptomatic n 5 (6.3%) 4 (5.0%)

 Other n 5 (6.3%) 2 (2.5%)

 Unknown n 2 (2.5%) 5 (6.3%)

Semiology of SE n.t.

 Tonic–clonic SE n 34 (42.5%) 29 (36.3%)

 Myoclonic SE n 20 (25.0%) 22 (27.5%)

 Dyscognitive focal SE n 15 (18.7%) 24 (30.0%)

 Absence SE n 1 (1.3%) 2 (2.5%)

 Other or not classifiable n 10 (12.5%) 3 (3.7%)

Diagnostics n.t.

 cMRI n 27 (33.8%) 20 (25.0%)

 cCT n 71 (88.8%) 63 (78.8%)

 EEG n 76 (95.0%) 74 (92.5%)

Severity of SE episodes

STESS at admission 0.018

 Score 0–3 n 59 (73.8%) 65 (81.3%)

 Score 4–6 n 21 (26.2%) 15 (18.7%)

SE refractoriness 0.151

 NRSE n 40 (50%) 30 (37.5%)

 RSE n 35 (43.7%) 43 (53.7%)

 SRSE n 5 (6.3%) 7 (8.7%)

Intensive care unit

 Patients treated in ICU n 70 (87.5%) 67 (83.8%)

 Length of stay (ICU) mean ± SD in days 10.4 ± 14.3 13.2 ± 15.8 0.443

Intubation n.t.

 In context of SE treatment n 10 (12.5%) 9 (11.3%)

 In context of airway management n 9 (11.3%) 4 (5.0%)

 Tracheostomy n 5 (6.3%) 6 (7.5%)

Outcome of SE episodes

Total length of hospital stay mean ± SD in days 16.0 ± 14.9 15.6 ± 15.5 0.843

 mRS at discharge 0.025

  Score 0–2 n 25 (31.3%) 18 (22.5%)

  Score 3–5 n 55 (68.7%) 53 (66.2%)
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SE episodes cannot be predicted based on the level of a 
former SE episode. In addition, an NRSE at the first SE 
episode does not provide a protective marker for a non-
refractory event in subsequent episodes.

The majority of patients (n = 70; 87.5%) required inten-
sive care treatment for a mean of 10.5 days (median 4.5, 
SD 14.3 days; range 1–85 days) at the first SE episode. 
Intubation and ventilation were used in 19 patients 
(23.8%). An increasing trend in the duration of ICU treat-
ment was observed for the second SE episode (Table 1).

Outcomes for the first two episodes
Comparisons were made of the functional status before 
SE onset and at the time of discharge using the mRS. 
While 36 patients (45.0%) had good functional sta-
tus (scores of 0–2) at the first SE admission, 44 (55.0%) 
were classified with poor initial functional status (scores 
of 3–5). A marked decline in the functional status was 

noticed on hospital discharge, as 55 patients (68.7%) 
were identified with poor functional status at this time 
(p < 0.001). Some improvement in the functional status 
was noticed between the first hospitalization discharge 
and the second admission (p = 0.01). However, after the 
second SE episode, a clear shift to poorer outcomes and 
functional status was observed, as 9 patients (11.3%) 
died and 62 patients (77.5%) had poor outcomes (scores 
of 3–6) (p < 0.001). The number of deceased patients 
increased to 32 (40.0%) by the end of the follow-up in 
2019. Changes in the functional status of the patients are 
presented in Fig. 2.

The decline in the functional status after subsequent 
SE episodes affected the discharge destination of the 
patients. After the first episode, 38 patients (47.5%) were 
discharged home, whereas only 31 (38.8%) were dis-
charged home after the second episode.

SE, status epilepticus; mRS, modified Rankin Scale; n.t., not tested

Table 1 (continued)

First SE episode Second SE episode p value
n = 80 n = 80

  Score 6 (death) n – 9 (11.3%)

 Discharge destination n.t.

  Home n 38 (47.5%) 31 (38.8%)

  Rehabilitation n 20 (25.0%) 16 (20.0%)

  Other hospital n 3 (3.8%) 3 (3.8%)

  Care facility n 18 (22.5%) 20 (25.0%)

  Other n 1 (1.3%) 1 (1.3%)

  Death n 0 (0%) 9 (11.3%)

Fig. 1 Sankey diagram of patients diagnosed with NRSE, RSE, and SRSE in their first, second, and third SE episodes (deceased refers to the 9 patients 
who died during the second SE episode and the 23 that died in the follow-up period)
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Pharmacological treatment during the first three 
admissions
First‑line medication
Out-of-hospital emergency treatment with benzodiaz-
epines (predominantly midazolam; 36/44 patients, 81.9%) 
was administered to 44 patients (55.0%) during the first 
SE episode. Emergency treatments were initiated by lay-
persons (7 patients, 15.9%) or ambulance service person-
nel (40 patients, 90.1%), and 32 patients (40.0%) began 
treatment at the hospital. No increase in out-of-hospital 
treatment was noticed during the second episode (43 
patients, 53.7%, p = 0.873), despite the recent history of 
SE. Emergency treatment during the second episode was 
initiated by laypersons (9 patients, 20.9%) and ambulance 
service personnel (36 patients, 83.7%), indicating a slight 
increase in out-of-hospital treatments by laypersons.

Lorazepam was the most commonly used benzodiaz-
epine in out-of-hospital and in-hospital administrations 
combined (first admission: n = 56; 70.0%; second admis-
sion: n = 59; 73.8%). The mean dosage of lorazepam was 
less than the current treatment regimen, in terms of both 
bolus and maintenance doses (first admission: bolus 
2.22  mg ± 1.56, maintenance dose 2.97  mg ± 1.47; sec-
ond admission: bolus 1.68  mg ± 0.80, maintenance dose 
2.82 mg ± 1.50).

Number of ASMs used
In total, 48 patients (60%) were taking ASMs before the 
first SE episode, with a mean  of 1.1 ASMs per patient 
(SD 1.2; range 0–5); 22 patients (27.5%) were on a sin-
gle ASM, 14 patients (17.5%) had two ASMs, and 12 
patients (15.0%) had three or more ASMs. After the first 
SE episode, patients received a higher amount of ASMs 
when they left the hospital (mean 2.1; SD 1.2; range 1–6, 

p < 0.001), with 31 patients (38.8%) discharged with one, 
24 patients (30.0%) with two, 12 patients (15.0%) with 
three, and 15 patients (17.5%) with four or more ASMs.

At second admission the mean number of ASMs used 
was 1.9 (SD 1.1; range 0–5), which was lower than that 
during the first discharge (p = 0.033). Eight patients 
(10.0%) were not using ASMs at this time. After the sec-
ond episode, a higher amount of ASMs were adminis-
tered at the time of discharge (mean 2.8; SD 1.0; range 
1–5, p < 0.001). Subsequent SE episodes led to an accu-
mulation of ASMs and greater numbers of patients were 
treated with polypharmacy, although some decreases in 
the number of used ASMs were noted between the epi-
sodes. Figure  3 shows the number of ASMs taken by 
patients at admission and at discharge from their first, 
second, and third SE episode.

Use of ASMs during the first three SE episodes
Levetiracetam (n = 34; 42.5%) was the most commonly 
used ASM before the first SE episode, while valproate 
(n = 14; 17.5%), lacosamide (n = 9; 11.3%), and lamo-
trigine (n = 9; 11.3%) were the next most administered 
medications.

Medication changes were noticeable with repeated 
episodes. All patients were using an ASM at the time of 
discharge after the first episode. The medications that 
are available in intravenous formulations were more 
commonly used (especially levetiracetam, lacosamide, 
and valproate) than medications that are only available 
orally. Levetiracetam remained the most commonly used 
medication for all episodes, although the increase in use 
reached the maximum during the first episode (82.5%). 
By the third episode (22 patients), an increase in the use 
of topiramate (36.4%) and phenytoin (22.7%) was noticed, 

Fig. 2 mRSs at admission and discharge for the first and second SE episodes
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possibly relating to the treatment refractoriness of the 
underlying epilepsy with recurrent SE episodes. The use 
of ASMs before and after the first, second, and third SE 
episodes are shown in Table 2.

Discussion
This retrospective, multicenter study describes the clini-
cal characteristics of 120 recurrent SE episodes in 80 
patients and provides insights into the burden of recur-
rent SE cases that result in increasingly poor and irre-
versible outcomes, which were identified by the mRS and 

Fig. 3 Sankey diagram showing changes in the numbers of ASMs used by patients at admission and discharge from their first, second, and third SE 
episode. Deceased refers to patients that died at the second SE (n = 9) or third SE episode (n = 1)

Table 2 Use of ASMs before and after the first, second, and third SE episodes; medications are divided into intravenously- and only 
orally available agents

*Relating to 71 patients discharged alive
# Relating to 21 patients discharged alive

First SE episode (n = 80) Second SE episode (n = 80) Third SE episode (n = 22)

Before SE episode After SE episode Before SE episode After SE episode * Before SE episode After SE  episode#

Intravenous-available ASMs

 Levetiracetam 34 (42.5%) 66 (82.5%) 62 (77.5%) 62 (87.3%) 18 (81.8%) 17 (80.9%)

 Valproate 14 (17.5%) 28 (35.0%) 26 (32.5%) 36 (50.7%) 10 (45.5%) 11 (52.4%)

 Lacosamide 9 (11.3%) 26 (32.5%) 25 (31.3%) 34 (47.9%) 5 (22.7%) 10 (47.6%)

 Phenytoin 1 (1.3%) 3 (3.8%) 1 (1.3%) 8 (11.3%) 2 (9.1%) 5 (23.8%)

 Phenobarbital 1 (1.3%) 1 (1.3%) 1 (1.3%) 2 (2.8%) 1 (4.5%) 1 (4.8%)

 Brivaracetam – 1 (1.3%) 1 (1.3%) 2 (2.8%) – –

Only oral-available ASMs

 Lamotrigine 9 (11.3%) 9 (11.3%) 8 (10.0%) 11 (15.5%) 4 (18.2%) 3 (14.3%)

 Topiramate 5 (6.3%) 12 (15.0%) 8 (10.0%) 15 (21.1%) 5 (22.7%) 8 (38.1%)

 Zonisamide 4 (5.0%) 6 (7.5%) 6 (7.5%) 5 (7.0%) 2 (9.1%) 2 (9.5%)

 Perampanel 1 (1.3%) 2 (2.5%) 1 (1.3%) 4 (5.6%) 1 (4.5%) 1 (4.8%)

No ASM intake 32 (40.0%) – 8 (10.0%) 1 (1.4%) 1 (4.5%) –
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increasing drug loads as a result of the multiple ASMs 
used for chronic treatment. In addition, this study reveals 
that a non-refractory course at the first SE episode did 
not exclude a refractory or super-refractory course at the 
second SE episode; therefore, no clinical reassurance is 
available for a positive outcome at the next SE episode.

In recent years, only a few research groups have 
focused on SE recurrence. Hesdorffer et al. [12] reported 
a recurrence rate of 25% in 4 years in Minnesota, while 
Tsetsou et  al. [13] indicated a cumulative SE relapse 
rate of 32% in 4 years in Switzerland. A recent study by 
Orlandi et al. [14] showed a recurrence rate of 10.2% in 
a hospital-based study from 2022, in which 44 out of 
430 patients relapsed. Our study results revealed that 
7.6% patients experienced consecutive SE episodes. Dis-
crepancies in recurrence rates can occur due to different 
study designs, inclusion criteria, and mixed populations 
regarding etiologies of the research groups.

Patients with recurrent SE in our study were, on aver-
age, over 60 years of age at the first episode. These results 
corroborate reported data, which have stated that SE 
occurrences were more common after the age of 60 [35, 
36]. Specific causes of SE episodes such as cerebrovascu-
lar disease, anoxia, neurodegenerative disease, and brain 
tumors are predominantly diagnosed in older adults, 
which could explain this finding [35, 37]. Tsetsou et  al. 
reported that previous strokes, brain tumors, and ASM 
withdrawal were the main causes of recurrent SE [13]. 
Furthermore, remote symptomatic etiologies, progressive 
symptomatic etiologies, and SRSE at the first SE episode 
were significantly associated with a high risk of recur-
rence [14]. Remote-symptomatic causes were the main 
etiologies in our recurrent SE cases during both admis-
sions. The greatest risk of relapse was reported to occur 
during the first 6 months after the incident SE [14], which 
is comparative to our median 160 days between the first 
and second episode.

A retrospective multicenter-study from Italy indicated 
that SE was less likely to recur when the first episode was 
classified as refractory [15]. However, another study sug-
gested that it was not refractory, but super-refractory 
events that were associated with a 3.9-fold increase in the 
risk of recurrence accompanied by an early relapse [14]. 
Our study showed that refractory SE was more common 
in second SE episodes than first SE episodes. In addi-
tion, patients with NRSE at the first SE episode presented 
with RSE and SRSE in subsequent episodes, which indi-
cates that NRSE at the first SE episode was insufficient to 
provide a protective marker for a non-refractory event in 
subsequent episodes. Similarly, the refractory level of a 
subsequent SE episode could not be predicted by the level 
of a prior SE episode, since previously refractory cases 
could present with non-refractory SE at the next episode.

In this study, the mRS identified a clear shift to poorer 
outcomes and functional status with subsequent SE epi-
sodes. In addition, less patients were discharged directly 
after the second SE episode, which reflects that fewer 
patients returned to their baseline conditions. Prior stud-
ies have reported a return to the baseline in 63.0% of the 
cases of recurrent SE. Fatal etiologies and higher STESS 
scores were associated with a lack of return to the base-
line, although SE recurrence itself was not directly asso-
ciated [13]. Mortality increased by the second episode in 
our study, while Tsetsou et al. showed no reported deaths 
at the second or third SE recurrence [13]. However, sub-
sequent clinical complications, such as prolonged hospi-
talization or intensive care, can be accompanied by an SE 
recurrence [38] and refraction [39], which can affect the 
overall outcomes of patients.

A recent German population-based study showed a 
17.2% increase in rescue medication (RM) prescriptions 
after SE [40]. Despite a history of SE, no increase in the 
out-of-hospital treatment was noticed during the second 
episode in this study. However, it was found that medica-
tion was administered slightly more often to this group 
by laypersons, which indicates the availability of accessi-
ble emergency medication at home. However, improve-
ments in clinical care are required to improve emergency 
care, including available fast-acting benzodiazepines in 
the home setting [41].

Due to the frequent occurrence of SE in patients with-
out previously diagnosed epilepsy, the 40% of non-ASMs 
users in our study and 52.3% in another study [40] at 
the first SE admission is reasonable. Mevius et  al. [40] 
reported up to 25.8% of non-ASM users among epilepsy 
patients at SE admission. As the withdrawal of ASMs is 
an independent risk factor for recurrent SE episodes [13] 
and the greatest risk for recurrence occurs in the first 
6  months after SE [14], medication alterations should 
be thoroughly considered, especially in close relation 
to the SE. Our study showed a distinct accumulation of 
ASMs over subsequent SE episodes, which could be  an 
indirect marker of drug resistance [15]. Gasparini et  al. 
highlighted an association between the number of ASMs 
taken at the last hospitalization and the recurrence of 
SE [15]. In our study, ASMs that could be administered 
intravenously were clearly the most commonly used, with 
levetiracetam as the main drug administered, followed by 
valproate and lacosamide [42, 43]. Pharmacological treat-
ment in the context of recurrent SE episodes should be 
more thoroughly investigated in future studies.

Study limitations
This multicenter study is limited by its retrospective and 
non-controlled study design and includes risks in terms 
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of methodological bias related to this type of study. How-
ever, the university hospitals in Frankfurt and Marburg 
offer emergency neurological treatment for a population 
of over one million and the patient data is systematically 
collected, which increases the reliability and generalizabil-
ity of our results. However, this is not a population-based 
study, since SE patients in the area could have been admit-
ted to other local hospitals for treatment.

Regardless of prior SE episodes in some patients, 
the first hospitalization during the study period was 
defined as the first SE episode for all patients. Consid-
ering the aim of the study was to describe the clinical 
characteristics of recurrent episodes, this was unlikely 
to cause a bias in this research setting.

Conclusion
This study shows that the functional status of patients 
worsens and mortality increases with repeated SE epi-
sodes. Furthermore, a clear accumulation of ASMs 
occurred from recurrent SE episodes. In addition, the 
refractory level of a subsequent SE episode cannot be 
predicted by the level of a former SE episode. These 
results highlight the need for physicians to improve 
clinical follow-ups with patients and outpatient care to 
reduce the health care burden associated with subse-
quent episodes of SE.

Abbreviations
ASM  Antiseizure medication
CePTER  Center for Personalized Translational Epilepsy Research
CCI  Charlson Comorbidity Index
cCT  Cranial computed tomography
cMRI  Cranial magnet resonance imaging
DRKS  Deutsches Register Klinischer Studien
EEG  Electroencephalography
ILAE  International League Against Epilepsy
mRS  Modified Rankin Scale
NRSE  Non-refractory status epilepticus
p  p Value
RSE  Refractory status epilepticus
SD  Standard deviation
SE  Status epilepticus
STESS  Status Epilepticus Severity Score
STROBE  Strengthening the Reporting of Observational Studies in 

Epidemiology
SRSE  Super-refractory status epilepticus

Acknowledgements
The authors would like to thank the study teams at  both participating epi-
lepsy centers. This study was supported by the State of Hessen with a LOEWE 
grant to the CePTER Consortium (https:// www. uni- frank furt. de/ 67689 811).

Author contributions
AS conceived and supervised the SE study at both centers. KB, FR, SK, LMW, 
and AS contributed to the recruitment, collection, and collation of data. KB, 
LK, and AS contributed to the development of the statistical analysis and 
manuscript writing. KB, LMW, and AS designed the figures. KB and AS wrote 
the first draft. LK and AS edited and revised the first draft. All authors read and 
approved the final manuscript.

Funding
This data analysis was supported by the State of Hessen with a LOEWE grant 
to the CePTER Consortium (https:// www. uni- frank furt. de/ 67689 811). LK 
received incoming research funding from STIFTUNG MICHAEL.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval
The study had ethical approval and STROBE guidelines were followed.

Consent for publication
Not applicable.

Competing interests
The authors declare the following financial interests or personal relationships 
that may be considered competing interests: KB and LMW have no conflicts of 
interest. FR received personal fees from Angelini Pharma/Arvelle Therapeu-
tics, Eisai GmbH, GW Pharmaceuticals/Jazz Pharma, Roche Pharma, and UCB 
Pharma, and grants from the Detlev-Wrobel-Fonds for Epilepsy Research, the 
Deutsche Forschungsgemeinschaft (DFG), the Federal Ministry of Educa-
tion and Research (BMBF), the LOEWE Programme of the State of Hesse, and 
the European Union. FR reports, that he is a part of the editorial board of 
Neurological Research and Practice. SK received personal fees and grants from 
Angelini Pharma, Bial, Desitin Arzneimittel, Epilog, Kanso, UCB Pharma, UNEEG, 
and Zogenix. LK received speaker honoraria from UCB, Merck and Eisai, con-
gress/travel support from UCB and Angelini Pharma, and personal grants from 
the Michael Foundation, Finnish neurology association, and HUS Neurocenter. 
AS received personal fees and grants from Angelini Pharma, Biocodex, Desitin 
Arzneimittel, Eisai, Jazz (GW) Pharmaceuticals, Marinus Pharma, Precisis, 
Takeda, UCB (Zogenix) Pharma, and UNEEG medical. AS reports, that he is a 
part of the editorial board of Neurological Research and Practice.

Author details
1 Epilepsy Center Frankfurt Rhine-Main and Department of Neurology, Univer-
sity Hospital and Goethe-University Frankfurt, Schleusenweg 2-16 (Haus 95), 
60528 Frankfurt am Main, Germany. 2 LOEWE Center for Personalized Trans-
lational Epilepsy Research (CePTER), Goethe-University Frankfurt, Frankfurt 
am Main, Germany. 3 Epilepsy Center Hessen and Department of Neurology, 
Philipps-University Marburg, Marburg (Lahn), Germany. 4 Epilepsia Helsinki, 
European Reference Network EpiCARE, Department of Neurology, Helsinki 
University Hospital and University of Helsinki, Helsinki, Finland. 

Received: 5 June 2023   Accepted: 27 June 2023

References
 1. Rosenow, F., Weber, J., et al. Status epilepticus im Erwachsenenalter 2020. 

https:// dgn. org/ leitl inie/ status- epile pticus- im- erwac hsene nalter.
 2. Knake, S., Rosenow, F., Vescovi, M., Oertel, W. H., Mueller, H. H., Wirbatz, 

A., et al. (2001). Incidence of status epilepticus in adults in Germany: A 
prospective, population-based study. Epilepsia, 42(6), 714–718.

 3. Betjemann, J. P., & Lowenstein, D. H. (2015). Status epilepticus in adults. 
The Lancet Neurology., 14(6), 615–624.

 4. Strzelczyk, A., Ansorge, S., Hapfelmeier, J., Bonthapally, V., Erder, M. H., & 
Rosenow, F. (2017). Costs, length of stay, and mortality of super-refractory 
status epilepticus: A population-based study from Germany. Epilepsia, 
58(9), 1533–1541.

 5. Schubert-Bast, S., Zöllner, J. P., Ansorge, S., Hapfelmeier, J., Bonthapally, V., 
Eldar-Lissai, A., et al. (2019). Burden and epidemiology of status epilep-
ticus in infants, children, and adolescents: A population-based study on 
German health insurance data. Epilepsia, 60(5), 911–920.

 6. Kellinghaus, C., Rossetti, A. O., Trinka, E., Lang, N., May, T. W., Unterberger, I., et al. 
(2019). Factors predicting cessation of status epilepticus in clinical practice: 

https://www.uni-frankfurt.de/67689811
https://www.uni-frankfurt.de/67689811
https://dgn.org/leitlinie/status-epilepticus-im-erwachsenenalter


Page 10 of 10Bauer et al. Neurological Research and Practice            (2023) 5:34 

Data from a prospective observational registry (SENSE). Annals of Neurology, 
85(3), 421–432.

 7. Guterman, E. L., Betjemann, J. P., Aimetti, A., Li, J. W., Wang, Z., Yin, D., et al. 
(2021). Association between treatment progression, disease refractoriness, 
and burden of illness among hospitalized patients with status epilepticus. 
JAMA Neurology, 78(5), 588–595.

 8. DeLorenzo, R. J., Hauser, W. A., Towne, A. R., Boggs, J. G., Pellock, J. M., Penberthy, 
L., et al. (1996). A prospective, population-based epidemiologic study of status 
epilepticus in Richmond, Virginia. Neurology, 46(4), 1029–1035.

 9. Roberg, L. E., Monsson, O., Kristensen, S. B., Dahl, S. M., Ulvin, L. B., Heuser, K., 
et al. (2022). Prediction of long-term survival after status epilepticus using the 
ACD score. JAMA Neurology, 79(6), 604–613.

 10. Malter, M. P., & Neuneier, J. (2022). Super-refractory status epilepticus in adults. 
Neurological Research and Practice, 4(1), 35.

 11. Lowenstein, D. H., & Alldredge, B. K. (1998). Status epilepticus. New England 
Journal of Medicine, 338(14), 970–976.

 12. Hesdorffer, D. C., Logroscino, G., Cascino, G. D., & Hauser, W. A. (2007). Recur-
rence of afebrile status epilepticus in a population-based study in Rochester, 
Minnesota. Neurology, 69(1), 73–78.

 13. Tsetsou, S., Novy, J., & Rossetti, A. O. (2015). Recurrence of status epilepticus: 
Prognostic role and outcome predictors. Epilepsia, 56(3), 473–478.

 14. Orlandi, N., Gozzi, A., Giovannini, G., Turchi, G., Cioclu, M. C., Vaudano, A. E., et al. 
(2022). Recurrent status epilepticus: Clinical features and recurrence risk in an 
adult population. Seizure, 97, 1–7.

 15. Gasparini, S., Ferlazzo, E., Gigli, G., Pauletto, G., Nilo, A., Lettieri, C., et al. 
(2021). Predictive factors of status epilepticus and its recurrence in 
patients with adult-onset seizures: A multicenter, long follow-up cohort 
study. Seizure, 91, 397–401.

 16. Rossetti, A. O., Hurwitz, S., Logroscino, G., & Bromfield, E. B. (2006). Progno-
sis of status epilepticus: Role of aetiology, age, and consciousness impair-
ment at presentation. Journal of Neurology, Neurosurgery and Psychiatry, 
77(5), 611–615.

 17. Fechner, A., Hubert, K., Jahnke, K., Knake, S., Konczalla, J., Menzler, K., et al. 
(2019). Treatment of refractory and superrefractory status epilepticus with 
topiramate: A cohort study of 106 patients and a review of the literature. 
Epilepsia, 60(12), 2448–2458.

 18. Hubert, K., Knake, S., Bauer, S., Voss, M., Rosenow, F., & Strzelczyk, A. (2020). 
Treatment of status epilepticus with zonisamide: A multicenter cohort 
study of 34 patients and review of literature. Epilepsy & Behavior: E&B, 109, 
107139.

 19. Kortland, L. M., Alfter, A., Bahr, O., Carl, B., Dodel, R., Freiman, T. M., et al. 
(2016). Costs and cost-driving factors for acute treatment of adults with 
status epilepticus: A multicenter cohort study from Germany. Epilepsia, 
57(12), 2056–2066.

 20. Strzelczyk, A., Kortland, L. M., Knake, S., & Rosenow, F. (2015). Stiripentol 
for the treatment of super-refractory status epilepticus. Acta Neurologica 
Scandinavica, 132(6), 435–439.

 21. Strzelczyk, A., Steinig, I., Willems, L. M., Reif, P. S., Senft, C., Voss, M., et al. 
(2017). Treatment of refractory and super-refractory status epilepticus 
with brivaracetam: A cohort study from two German university hospitals. 
Epilepsy & Behavior: E&B, 70(Pt A), 177–181.

 22. Kortland, L. M., Knake, S., von Podewils, F., Rosenow, F., & Strzelczyk, A. 
(2017). Socioeconomic outcome and quality of life in adults after status 
epilepticus: A multicenter, longitudinal, matched case-control analysis 
from Germany. Frontiers in Neurology, 8, 507.

 23. von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., & Van-
denbroucke, J. P. (2007). Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: Guidelines for reporting 
observational studies. BMJ, 335(7624), 806–808.

 24. Scheffer, I. E., Berkovic, S., Capovilla, G., Connolly, M. B., French, J., Guilhoto, 
L., et al. (2017). ILAE classification of the epilepsies: Position paper of 
the ILAE commission for classification and terminology. Epilepsia, 58(4), 
512–521.

 25. Trinka, E., Cock, H., Hesdorffer, D., Rossetti, A. O., Scheffer, I. E., Shinnar, S., 
et al. (2015). A definition and classification of status epilepticus—Report 
of the ILAE Task Force on classification of status epilepticus. Epilepsia, 
56(10), 1515–1523.

 26. Fisher, R. S., Cross, J. H., French, J. A., Higurashi, N., Hirsch, E., Jansen, F. E., 
et al. (2017). Operational classification of seizure types by the Interna-
tional League Against Epilepsy: Position paper of the ILAE commission for 
classification and terminology. Epilepsia, 58(4), 522–530.

 27. Dubey, D., Kalita, J., & Misra, U. K. (2017). Status epilepticus: Refractory and 
super-refractory. Neurology India, 65(Supplement), S12–S17.

 28. Novy, J., Logroscino, G., & Rossetti, A. O. (2010). Refractory status epilepticus: A 
prospective observational study. Epilepsia, 51(2), 251–256.

 29. Shorvon, S., & Ferlisi, M. (2011). The treatment of super-refractory status epilep-
ticus: A critical review of available therapies and a clinical treatment protocol. 
Brain, 134(Pt 10), 2802–2818.

 30. Rossetti, A. O., Logroscino, G., Milligan, T. A., Michaelides, C., Ruffieux, C., & 
Bromfield, E. B. (2008). Status Epilepticus Severity Score (STESS). Journal of 
Neurology., 255(10), 1561–1566.

 31. Charlson, M. E., Pompei, P., Ales, K. L., & MacKenzie, C. R. (1987). A new method 
of classifying prognostic comorbidity in longitudinal studies: Development 
and validation. Journal of Chronic Diseases, 40(5), 373–383.

 32. Sutter, R., Datta, A. N. (2022) Seizures and electroencephalography in the 
intensive care unit—new insights challenges and concerns. Z. Epileptol., 35(4), 
289–290.

 33. Fisch, U., Jünger, A. L., Hert, L., Rüegg, S., Sutter, R. (2022) Therapeutically 
induced EEG burst-suppression pattern to treat refractory status epilepticus—
what is the evidence? Z. Epileptol., 35(4), 303–309.

 34. Leitinger, M., Trinka, E., Gardella, E., Rohracher, A., Kalss, G., Qerama, E., 
et al. (2016). Diagnostic accuracy of the Salzburg EEG criteria for non-
convulsive status epilepticus: A retrospective study. The Lancet Neurology., 
15(10), 1054–1062.

 35. Lv, R. J., Wang, Q., Cui, T., Zhu, F., & Shao, X. Q. (2017). Status epilepticus-
related etiology, incidence and mortality: A meta-analysis. Epilepsy 
Research, 136, 12–17.

 36. Leppik, I. E. (2018). Status epilepticus in the elderly. Epilepsia, 59(Suppl 2), 
140–143.

 37. Willems, L. M., Rosenow, F., Strzelczyk, A. (2022) Therapeutic options for 
patients with status epilepticus in old age. Z. Epileptol., 35(4), 345–351.

 38. Marchi, N. A., Novy, J., Faouzi, M., Stahli, C., Burnand, B., & Rossetti, A. O. 
(2015). Status epilepticus: Impact of therapeutic coma on outcome. Criti-
cal Care Medicine, 43(5), 1003–1009.

 39. Beuchat, I., Rosenow, F., Kellinghaus, C., Trinka, E., Unterberger, I., Ruegg, S., 
et al. (2022). Refractory status epilepticus: risk factors and analysis of intu-
bation in the multicenter SENSE registry. Neurology, 99(16), e1824–e1834.

 40. Mevius, A., Joeres, L., Gille, P., Molzan, M., Foskett, N., Wilke, T., et al. (2023). 
Epidemiology, real-world treatment and mortality of patients with status 
epilepticus in Germany: Insights from a large healthcare database. Brain 
Communications, 5(3), fcad145.

 41. Kienitz, R., Kay, L., Beuchat, I., Gelhard, S., von Brauchitsch, S., Mann, C., 
et al. (2022). Benzodiazepines in the management of seizures and status 
epilepticus: A review of routes of delivery, pharmacokinetics, efficacy, and 
tolerability. CNS Drugs, 36(9), 951–975.

 42. Muller, A., von Hofen-Hohloch, J., Awissus, C., Przybilla, J., Mrestani, A., & 
Classen, J. (2022). Does diabetes mellitus affect the safety profile of valp-
roic acid for the treatment of status epilepticus? A retrospective cohort 
study. Neurological Research and Practice, 4(1), 52.

 43. Strzelczyk, A., Zöllner, J. P., Willems, L. M., Jost, J., Paule, E., Schubert-Bast, 
S., et al. (2017). Lacosamide in status epilepticus: Systematic review of 
current evidence. Epilepsia, 58(6), 933–950.

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


	Clinical characteristics and outcomes of patients with recurrent status epilepticus episodes
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key points 
	Background
	Materials and methods
	Study design
	Definition of SE
	Definitions of variables
	Statistical analysis

	Results
	Clinical characteristics of the patients and first two SE episodes
	Severity of SE episodes
	Outcomes for the first two episodes
	Pharmacological treatment during the first three admissions
	First-line medication

	Number of ASMs used
	Use of ASMs during the first three SE episodes

	Discussion
	Study limitations

	Conclusion
	Acknowledgements
	References


