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ABSTRACT

Background: Status epilepticus (SE) is a life-threatening state that needs rapid and adequate treatment. Benzo-
diazepines (BZD) are used as a first-line treatment for SE, and if the desired effect is not achieved, second-line
antiseizure medications are used.

Objective: To investigate whether the treatment with BZDs is performed adequately in patients with different
subtypes of SE requiring second-line ASM treatment and, if not, to identify the factors influencing the suboptimal
treatment.

Patients and methods: This is a retrospective single centre study from the patient register of Tampere University
Hospital including patients over 16 years of age with a diagnosis of SE, seizure or epilepsy and who received
intravenous (IV) ASM during a one-year period in 2015. Treatment was considered to be suboptimal if it was not
in line with the latest European, Finnish or American guidelines.

Results: In total, 109 episodes were registered. The largest group was that with convulsive SE with 56 episodes,
followed by postictal with 23 episodes, nonconvulsive status epilepticus (NCSE) with 22 episodes, and focal
awareness SE (FASE) with eight episodes. Overall, in 77 % of the episodes, BZDs were administered, and in 43 %
of the episodes, treatment was in line with guidelines. In the NCSE group, BZD was administered less often and
was less often in line with the guidelines than in the CSE group (27.3 % vs. 89.3 %, p < 0.001 and 4.5 % vs.
55.4 %, p < 0.001). For FASE episodes, the concordance with the guidelines was low. After IV administration, the
mean BZD dose was lower than that after buccal administration of midazolam (2.1 mg vs. 8.7 mg) or after rectal
administration of diazepam (4.5 mg vs. 10.0 mg). Lorazepam was administered only via the IV route, with mean
dosage of 2.6 mg. Clinical characteristics did not influence the dosing of BZDs.

Conclusions: BZDs were both underdosed and underused for all subtypes of SE. In particular, their use for NCSE
was infrequent and suboptimal. The divergence from the guidelines was influenced especially by low IV dosages.

1. Introduction

if a BZD fails to control an ongoing seizure, second-line intravenous (IV)
antiseizure medication (ASM) should be initiated (Glauser et al., 2016;

Treatment of acute epileptic seizures poses a substantial burden on
health care systems (Kamppi et al., 2023). Moreover, the most severe
manifestation of seizures, status epilepticus (SE), is a life-threatening
condition that needs to be diagnosed and treated in a timely manner
(Kamppi et al., 2023; Trinka and Kalviainen, 2017; Gutiérrez-Viedma
et al., 2021; Neligan and Shorvon, 2010). Treatment guidelines suggest
the use of benzodiazepines (BZDs) as a first-line therapy. Subsequently,

Kalviainen et al., 2016; Meierkord et al., 2010). These guidelines pro-
vide clear guidance for the selection of BZDs, including routes of
administration and dosing, especially for convulsive SE (CSE) (Table 1).
Both the Finnish and European Federation of Neurological Societies
(EFNS) guidelines recommend the use of BZDs as first-line medication in
nonconvulsive SE (NCSE) (Kalvidinen et al., 2016; Meierkord et al.,
2010).
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Previous studies have shown that the dosing of BZDs is often sub-
optimal, especially in the treatment of SE; however, many of these
studies have focused on patients who have received BZD medication,
and whether patients have received BZDs at all has been more infre-
quently reported. Furthermore, in these studies, the type of SE was
mostly CSE, whereas NCSE and focal aware SE (FASE) were less often or
incompletely reported (Sathe et al., 2019, 2021; Weant et al., 2021;
Sairanen et al., 2021; Braun et al., 2017; Rao et al., 2018; Alvarez et al.,
2015). Moreover, whether clinical characteristics or a prior diagnosis of
epilepsy influences SE patients’ BZD treatment has rarely been studied.

In this retrospective, population-based study, we investigated
whether patients who received second-line IV ASM treatment in emer-
gency room setting for different subtypes of SE and according to treat-
ment guidelines should also have been treated with BZDs; i) were
actually treated with BZDs at all; and ii) evaluated whether the dosing of
BZDs was in line with the guidelines; and iii) assessed whether the
administration route had an effect on the dosage of a given BZD. In
addition, we investigated whether patient characteristics such as prior
diagnosis of epilepsy, age, or history of central nervous system (CNS)
disorders influenced the BZD treatment regimen.

2. Methods

We searched the Tampere University Hospital electronic patient
registry for the following: i) patients with an ICD-10 codes G40.X, G41.X
and R56.X; and ii) using search terms comprising epilepsy, SE and
seizure during a one-year period from 1.1.2015 to 31.12.2015. In
addition, the different brand names of the following commonly used
second-line IV ASMs in Finland were explored: IV fosphenytoin, IV
lacosamide, IV levetiracetam and IV valproate. The study population
was the same as in our previous study related to indications for IV
second-line ASMs in emergency settings (Poytakangas et al., 2023).

2.1. Patient population and ASM administration

All patients older than 16 years of age who received second-line IV
ASM and met the criteria for SE according to the International League
Against Epilepsy definition at the time of BZD or second-line IV ASM
administration were chosen for further analysis (Trinka et al., 2015).
Subsequently, we recorded age, sex, prior diagnosis of epilepsy, neuro-
logical comorbidities and clinical symptoms during the SE episode.
Furthermore, we gathered detailed information about first-line medi-
cations, including the type of BZD, dosage, and administration route, as
well as the treatment facility (primary care, nursing home, emergency
medical services (EMS) or hospital within the first 24 h of arrival) used
during these episodes. In addition, the types of SE episodes were cate-
gorized as CSE, NCSE or focal aware SE (FASE), depending on the

Epilepsy Research 210 (2025) 107507

symptoms the patient had at the time of the first-line IV ASM adminis-
tration, even if the final diagnosis was made after dosing.

We further evaluated whether patients still had ongoing SE at the
time of administration of second-line IV ASM. This assessment was based
on the clinical findings described in the electronic patient register and/
or EEG examinations. Patients who likely did not have ongoing seizure
activity at the time of second-line IV ASM administration were catego-
rized into the postictal group. This assessment was based on the return of
consciousness shortly after administration of second-line IV ASM or on
the EEG findings supporting postictal state. In this group, the second-line
ASM administration was based on a difficult previous seizure state ful-
filling the criteria for SE or on suspicion of an ongoing seizure that was
later confirmed to suit better for a postictal condition. Postictal group
acted as a reference for comparison with other groups. Being the only
group with seizure termination at the time of second-line ASM admin-
istration, it allowed for the assessment of whether BZD treatment
administered prior to second-line ASM was differed from that in other
groups and whether it possibly influenced seizure control. In this study,
we used the 2010 EFNS guideline as a reference with the Finnish and
North American treatment guidelines from 2016 as these are much
similar to EFNS guideline but are also supporting the midazolam as a
first-line ASM and the intra nasal (IN), intramuscular (IM) and buccal
administration routes, which were already used in 2015 (Glauser et al.,
2016; Kalviainen et al., 2016; Meierkord et al., 2010). A summary of the
medications recommended in the guidelines and used for comparison is
provided in Table 1.

First, we assessed whether patients received BZDs at all. Second, we
evaluated whether the first BZD administration was in line with the
dosing recommended in the guidelines. We interpreted that a dose was
not in line with the recommendations if it was higher or lower than the
guideline-recommended dose or not given at all. This comparison was
performed directly with a used BZD and its dosage without using lor-
azepam (LZP) equivalents (LE). Coherence with the guidelines in the
different groups were compared between each other, using postictal and
CSE groups as reference groups. Third, we converted a given BZD dose
into a LE dose in the following manner: 4 mg of LZP was equivalent to
10 mg of midazolam (MDZ) or 10 mg of diazepam (DZP), the ratio of
which has been used in previous study (Sathe et al., 2021). Next, we
evaluated both the first given BZD dosage and the overall dosage of the
given BZDs, as patients could have potentially received the medication
more than once. Only BZDs administered before or at the same time as
second-line IV ASMs were included. Additionally, we calculated
whether patients were overdosed with BZDs when the total amount of
the LZP equivalent (LE) dose was greater than 8 mg (Glauser et al., 2016;
Kalviainen et al., 2016; Meierkord et al., 2010). In addition, we evalu-
ated whether clinical characteristics or a prior diagnosis of epilepsy
influenced the given BZD treatment.

Table 1
Summary of 2016 Finnish and American Epilepsy Society Guidelines for first-line antiseizure medication in status epilepticus patients and summary of 2010 EFNS
guidelines.
Finnish guidelines 2016 American epilepsy society guidelines 2016 EFNS guidelines 2010
Medication Dosage Administration Dosage Administration Dosage Administration
route route route
Midazolam 10 mg Buccal/IN 10 mg ™M
Diazepam 10 mg, may be Rectal 0.15-0.2 mg/kg, may be v 10mg v
repeated 4 times repeated once
Diazepam 5-10 mg, may be A%
repeated 4 times
Lorazepam 4 mg, may be repeated IV 4 mg, may be repeated A% 0.1 mg/kg, with a starting dose of 4mg IV
once once that may be repeated once
If none of the above are available, the
following alternatives can be used:
Phenobarbital 15mg/kg A%
Diazepam 0.2-0.5 mg/kg and 20 mg Rectal
Midazolam IN/Buccal

IV = Intravenous, IM = Intramuscular, IN = Intranasal, EFNS = European Federation of Neurological Societies.
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Table 2

Patient demographic and clinical characteristics.
Clinical characteristics All patients NCSE CSE Postictal FASE
Number of patients* /episodes 101/109 19/22 54/56 20/23 8/8
Age, median (IQR), years 67 (59-76) 63 (52-73) 68.5 (60-77.5) 67.5(60—77) 69 (66—72)
Sex, f/m (n, %) 41/60 (40.6/59.4) 6/13 (31.6/68.4) 22/32 (40.7/59.3) 8/12 (40/60) 5/3 (62.5/37.5)
Prior diagnosis of epilepsy (n, %) 43 (42.6) 9 (47.4) 20 (37) 10 (50) 4 (50.0)
Prior CNS disorder (n, %) 76 (75.2) 15 (78.9) 37 (68.5) 18 (90) 6 (75.0)

" The table reports a total of 101 patients, instead of the actual total of 94, as some patients could be included in different groups for different episodes: 4 patients are
included in both the Postictal and CSE groups, 2 patients are included in both the PI and NCSE groups and 1 patient is included in both the CSE and FASE groups, CSE
= convulsive status epilepticus, CNS = central nervous system, FASE = focal aware status epilepticus, IQR = interquartile range, NCSE = nonconvulsive status

epilepticus.

Patient information and data was collected from patient register of
Tampere University hospital and there was no contact with patients.
This study does not require ethics committee approval according to
Finnish Law on Research. Following Finnish guidelines, this study was
approved by the head of the Tampere University Science Centre. The
data that support the findings of this study are available from the cor-
responding author upon reasonable request. The data are not publicly
available due to privacy and ethical reasons.

2.2. Statistical analysis

Descriptive statistics (frequencies and proportions or means and
standard deviations (SD) or median and interquartile range (IQR)) are
reported to summarize patient characteristics. When examining an as-
sociation between study groups and categorical clinical variables,
Pearson’s chi-squared test, if assumptions were valid, or Fisher’s exact
test was used. Due to the positive skewed distribution of continuous
variables, the Mann—Whitney U test was applied to analyse differences
between groups. Because four tests were made between SE groups and
each background characteristics and measurements, we used Bonferroni
correction, i.e., P < 0.0125 was considered significant. Binary logistic
regression model was performed to assess the association between the
outcomes (BZD administration, BZD administration in line with the
guidelines, BZD overdose and BZD underdose) and SE categories.
Moreover, linear regression analysis (adjusted for age and sex) was used
to assess the association between the outcomes (the dosages of LE (mg)
1st BZD and the total amount of given BZD in LE) between SE categories.
For both logistic and linear regression postictal group was considered as
a reference group. We reported the odds ratio (OR), 95 % confidence
interval (CI), and p-value from unadjusted and adjusted (controlling the
effect of age and gender) model. All analyses were conducted using SPSS
statistical software version 28.0 for Windows (SPSS, Inc., Chicago, IL,
USA).

3. Results
3.1. Patients

In total, 109 episodes from 94 different patients were registered. The
largest group was the CSE group with 56 episodes, followed by the
postictal group with 23 episodes, the NCSE group with 22 episodes and
the FASE group with eight episodes. In the postictal group, all preceding
episodes were CSE episodes. The mean age of the patients was 67 years,
and 59 % of patients were males. A total of 43 % of patients had a prior
diagnosis of epilepsy, whereas 75 % of patients had a history of CNS
disorders. There were no statistically significant differences in age and
sex among the study groups (Table 2).

3.2. BZP administration

Overall, 77 % of the episodes were treated with BZDs prior to or at
the same time as second-line IV ASM. In the NCSE group, BZD was

administered only in 27 % of the episodes, which was significantly less
than that in the CSE and postictal groups (89 % and 96 %, respectively,
(p < 0.001). The findings from the binary logistic regression showed that
the likelihood of using BZP was significantly lower in the NCSE group
compared to postictal group (unadjusted OR = 0.017, 95% CI =
0.002-0.156, p < 0.001). Essential differences were not observed when
age and sex were added to the model (adjusted OR = 0.005, 95 % CI =
0.000-0.073, p < 0.001).

In the FASE group, the administration rate was 75 %, which was not
significantly different from those in the postictal or SE groups (Table 3).

3.3. BZD administration in line with the guidelines

In total, BZD administration in 43 % of the episodes was in line with
the guidelines. In 55 % of the CSE episodes and in 57 % of the episodes in
the postictal group, the administered BZDs were concordant with the
recommendations, which was significantly more often than in the NCSE
group (4.5 %, p < 0.001 and p < 0.001, respectively). The likelihood of
having BZD use in line with the guidelines was significantly higher in the
postictal group compared with NCSE group (OR = 0.032, 95% CI =
0.003-0.304, p=0.003, adjusted for age and sex). Similarly, the like-
lihood of having BZD use in line with the guidelines was also higher in
postictal group compared with FASE group but the difference was not
quite significant (OR = 0.199, 95% CI = 0.031-1.284, p=0.090,
adjusted for age and sex). In the FASE group, 25 % of the given BZDs
were aligned with the recommendations.

3.4. 1st BZD converted to an LE

When BZD was converted to an LE, the median 1st BZD dosage was
4.0 mg. In the NCSE group, the median 1st LE dosage was 2.0 mg, which
was lower than the median dosages in the CSE and postictal groups
4.0 mg in both. However, the difference was not statistically significant
(p > 0.05). In the FASE group, the median 1st LE dose was 3.0 mg, which
was not significantly different from those in the postictal or CSE group.

3.5. Total amount of given BZD in LE

Overall, the median total amount of BZD converted to an LE was
4.0 mg. For the postictal and CSE groups, the median total LE dosage was
4.0 mg, while for FASE group had a median dosage of 3.0 mg. The lowest
median total LE dosage was observed in the NCSE group (2.0 mg).
However, the differences in these dosage across the SE groups were not
statistically significant (p > 0.05).

Any significant differences between the postictal group and other SE
groups were not observed when we examined the relationship between
log-transformed LE 1st BZP dose or the total amount of BZD converted to
an LE with SE group fitting linear regression models.

3.6. Overdosing and underdosing of BZD

In just about 11 % of the episodes with BZD administration, the
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Table 3
Characterization of the use of BZDs in different SE groups.
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BZD characteristics Total episodes

NCSE episodes

CSE episodes Postictal episodes FASE episodes

(n=109) (n=22) (n=156) (n=23) (n=28)
BZD treatment (n, %) 84 (77.1) 6(27.3) 50 (89.3) 22 (95.7) 6 (75.0)
LE (mg) 1st BZD, median (range) 4.0 (0.4-4.0) 2.0 (0.4-4.0) 4.0 (0.4-4.0) 4.0 (0.4-4.0) 2.0 (2.0-4.0)
In line with guidelines (n, % of episodes) 47 (43.1) 1 (4.5) 31 (55.4) 13 (56.5) 2(25.0)
Total amount of given BZD in LE, median (range) 4.0 (0.4-19.6) 2.0 (0.4-12.0) 4.0 (0.8-19.6) 4.0 (0.8-12.8) 3.0 (2.0-6.5)
Cumulative overdosing of BZDs (over 8 mg) (n, % of 9 (10.7) 2(33.3) 4(8.0) 3(13.6) 0(0.0)
administrations)
Underdosing of 1st BZD dose (under 4 mg) (n, % of 29 (34.5) 3 (50.0) 16 (32.0) 6 (27.3) 4 (66.7)
administrations)

BZD = benzodiazepine, CSE = convulsive status epilepticus, FASE = focal aware status epilepticus, LE = lorazepam equivalent, NCSE = nonconvulsive status epi-
lepticus. The underdosing of BZDs was calculated for those who received first-line antiseizure medication.

patients were overdosed with BZDs, with no significant differences be-
tween the SE groups. Conversely, in almost 35 % of the episodes with
BZD administration, BZD underdosing was recorded, without significant
differences between the SE groups (p > 0.05) (Table 3).

3.7. Treatment unit/administration route/dosages of different BZD

The most common BZD was MDZ, which is typically administered in
EMS settings buccally or IN. The mean dosage for buccal use was 8.7 mg
(median 10.0 mg), and for IV use, it was 2.1 mg (median 1.0 mg). The
second most common BZD was DZP, which is most often administered
rectally in nursing homes or primary care centres. The mean dosage for
rectal administration was 10.0mg (median 10.0mg), and for IV
administration, it was 4.5 mg (median 5.0 mg). The third most common
BZD used was LZP, which is dispensed only via the IV route and in
hospital settings, for which the mean dosage was 2.6 mg (median
2.0 mg). The use of different BZDs is described in Table 4.

Furthermore, patient age (over or under 65 years), pre-existing epi-
lepsy diagnosis and previous CNS disease did not significantly influence
the dosing of the BZDs.

4. Discussion

Our study provides new clinically relevant information about the use
of BZD treatment in SE patients. First, the treatment of patients with all
types of SE treated with BZDs was suboptimal regarding both overall
usage and dosing, especially for patients with NCSE. Second, when BZD
was administered via the IV route, the dose was lower than that when
BZD was administered via other routes. Moreover, overall dosing was
infrequently in line with the guidelines. Finally, the clinical character-
istics of the patients did not influence the dosage of the BZDs
administered.

Overall, treatment with BZDs was in line with current guidelines for

less than half of the episodes (43 %). In the CSE and postictal groups, the
use of BZDs was better aligned with the guidelines (in 55 % and 57 % of
episodes, respectively) in contrast to the 30 % reported in two previous
studies that included only CSE patients (Sathe et al., 2019, 2021). Many
previous studies have concentrated on CSE, including only patients
treated with BZDs but not SE patients who were not treated with BZDs.
In these studies, the main problem has been the insufficient dosage of
BZDs administered (Sathe et al., 2019, 2021; Weant et al., 2021; Braun
et al., 2017). In previous studies, including SE episodes in which BZDs
were not given at all, the percentage of these nontreated episodes varied
from 7 % to 25 %, similar to the 23 % reported in our study (Sairanen
et al., 2021; Rao et al., 2018; Alvarez et al., 2015).

Previous real-world studies have rarely reported the overall imple-
mentation of BZD treatment in relation to the guidelines for NCSE
(Kalviainen et al., 2016; Meierkord et al., 2010). In our study, the use of
BZDs in NCSE episodes was in line with the established guidelines in
only 4.5 % of the episodes; furthermore, in 73 % of the episodes, BZD
was not administered at all. Some previous studies have also included
patients with NCSE, but they did not assess whether BZD was actually
administered or what dosage was used (Sairanen et al., 2021; Alvarez
etal., 2015). According to one study, BZD treatment was optimal in only
19 % of NCSE patients (Rao et al., 2018). The low administration rate in
NCSE episodes may be related to the diagnostic difficulty in recognizing
NCSE (Poytakangas et al., 2023). Moreover, in the present study, once
the correct diagnosis of NCSE was finally made, second-line IV ASM was
administered directly without BZD medication. When BZD was admin-
istered to patients with NCSE, the dose of BZD was too low according to
the established guidelines.

When assessing the use of different BZDs in previous studies, DZP
was mostly used in the EMS setting via the rectal route, MDZ in the EMS
setting via the IM or IV route, and LZP in the hospital setting via the IV
route (Sathe et al., 2019; Braun et al., 2017). This distribution of
administration routes was also similar in our study, even though IM

Table 4
Detailed information on the different BZDs.
DZp LZP MDZ
Treatment unit (N; % of all episodes)
Nursing home/Primary care centre 18 (16.5) 1 (0.9) 2(1.8)
EMS 1(0.9) 2(1.8) 42 (38.5)
Hospital 43.7) 12 (11.0) 1(0.9)
Total 23 (21.1) 15 (13.8) 45 (41.3)
Administration route (N; % of administrations)
Rectal 17 (73.9) 0 (0) 0 (0)
Buccal/IN 1(4.6) 0 (0) 34 (75.6)
v 5(22.7) 15 (100) 11 (24.49)
Dosage (mg)/administration route (median; range)
Rectal 10 (5-20) 0 0
Buccal/IN 5(5-5) 0 10 (2.5-10)
v 5(2.5-5) 2(1-4) 1(1-5)

DZP = diazepam, EMS = emergency medical services, IN = intranasal, IV= intravenous, LZP = lorazepam, MDZ = midazolam.
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administration of MDZ was replaced by buccal administration. In
Finland, the available options for BZD administration vary by setting:
rectal DZP or buccal MDZ preparations are often available options in
nursing homes; IV, IM or buccal MDZ in EMS; and IV LZP, MDZ or DZP
are typically used in hospital settings. Therefore, the availability of BZDs
alternatives in different settings may naturally guide their use. In CSE
and postictal episodes, BZD was administered frequently (89 % and
96 %, respectively), but the mean dosage of the first administered BZD
was low in both of these groups when compared to existing guidelines
(3.1 mg and 3.1 mg LE, respectively). Consequently, in these two groups,
the treatment was infrequently in line with the established guidelines.
Moreover, even though the mean total amount of BZD converted to an
LE between different SE groups did not reach statistical significance in
our study, it still might have had clinical significance.

When BZDs were administered buccally, rectally or IN, the doses
were higher than those of IV administration, where IV LZP and MDZ
dosages were lower than those proposed in guidelines both in the pre-
sent study and in a prior study (Braun et al., 2017). Moreover, MDZ was
administered at low IV dosages. The bioavailability of MDZ adminis-
tered buccally or IN is approximately 75 %, whereas in intramuscular
administration, the bioavailability is greater than 90 %; thus, pharma-
cokinetic factors cannot explain the low IV dose of MDZ either (Bell
et al., 1991; Bjorkman et al., 1997; Schwagmeier et al., 1998). In
addition, MDZ IV dosing is not recommended in the guidelines, nor has
it been properly studied for the treatment of SE (Glauser et al., 2016;
Kalviainen et al., 2016; Meierkord et al., 2010). In one retrospective,
single-centre study, IV MDZ treatment at a dosage of 2.5mg was as
effective as 5 mg of IV DZP in treating seizures in prehospital settings.
However, in that study, not all patients had SE (Clemency et al., 2015).
Hence, IV MDZ might be effective, but an adequate dosage would need
to be more precisely determined. Overdosing of BZDs was relatively rare
in our study.

The clinical characteristics of the study population were similar to
those of previous SE studies, and no statistically significant differences
could be observed between the different groups (Shorvon and Sen, 2020;
Knake et al., 2001; Coeytaux et al., 2000). In a previous study, LE doses
were found to be higher in patients younger than 65 years (Chamberlain
et al., 2020). There is a limited amount of data available on whether a
prior diagnosis of epilepsy or CNS disorder has an impact on the dosage
of BZDs in SE patients. A study among children demonstrated that a lack
of a previous diagnosis of epilepsy led to lower total BZD doses (Vasquez
et al., 2020). In our study, there was no difference in the frequency or
dosage of given BZDs between age groups or those with or without prior
epilepsy diagnoses.

This study has several strengths and limitations. In Finland, the
treatment of critically ill patients is centralized in university hospitals
such as Tampere University Hospital. This enables a large-scale popu-
lation-based assessment of patients with acute seizure disorders. In
addition, the Finnish patient information system enables comprehensive
data searches and analyses. One limitation of our study was that it was
retrospective which led to some challenges in terms of data collection. In
a retrospective evaluation, determining the type of seizure semiology or
the condition at the time of second-line ASM administration can be
challenging. Even though, all episodes were carefully reviewed, it is
possible that individual episodes may have ended up in an imperfect
group. In addition, it is possible that some patients had been treated in
other health care units in the region. Other limitation includes the low
number of eligible episodes in our study that was reduced due to focus
on the episodes with more challenging SE events and including only
those who required second-line ASM. We are aware of the rule of thumb
that there should be at least 10 events (or non-events if it is rarer option)
per degree of freedom used in the model. Therefore, small number of
observations was a clear limitation in regression analyses especially
when using adjustments for both outcomes.

Epilepsy Research 210 (2025) 107507

5. Conclusion

In conclusion, BZDs were not only underdosed but also underused in
this study. In particular, the use of BZDs in NCSE was infrequent and
suboptimal. The divergence from the latest treatment guidelines in the
other groups was influenced by low IV dosages. Additionally, IV dosing
of MDZ is not recommended in the current guidelines and should be
addressed in further studies. Since acute seizures are the second most
frequent neurological emergency after stroke in developed countries,
timely and adequate usage of BZD as first-line ASM is essential for
improving the care of this patient group causing a significant burden on
the health care system.

Funding

No funding has been available other than that of the author’s
institutions.

CRediT authorship contribution statement

Teemu Poytakangas: Writing — original draft, Methodology,
Investigation, Data curation, Conceptualization. Jukka T. Saarinen:
Writing — review & editing, Supervision, Investigation, Conceptualiza-
tion. Jukka Peltola: Writing — review & editing, Supervision, Investi-
gation, Conceptualization. Sirpa Rainesalo: Writing — review & editing,
Supervision, Conceptualization. Pabitra Basnyat: Writing — review &
editing, Software, Methodology, Formal analysis, Data curation.

Conflict of Interest

T.P, J.T.S, and S.R report no conflicts of interest. J.P has participated
in clinical trials for Eisai, UCB, and Bial; received research grants from
Angelini Pharma,Fisai, Jazz Pharma, Medtronic, UCB, and LivaNova;
received speaker honoraria from Angelini Pharma, LivaNova, Eisai,
Medtronic, Orion Pharma, Takeda and UCB; received support for travel
to congresses from LivaNova, Eisai, Medtronic, and UCB; and partici-
pated in advisory boards for Angelini Pharma, Jazz Pharma, Novartis,
LivaNova, Eisai, Medtronic, UCB, and Pfizer.

References

Alvarez, V., Lee, J.W., Drislane, F.W., Westover, M.B., Novy, J., Dworetzky, B.A.,
Rossetti, A.O., 2015. Practice variability and efficacy of clonazepam, lorazepam, and
midazolam in status epilepticus: a multicenter comparison. Epilepsia 56, 1275-1285.
https://doi.org/10.1111/epi.13056.

Bell, D.M., Richards, G., Dhillon, S., Oxley, J.R., Cromarty, J., Sander, J.W.A.S.,
Patsalos, P.N., 1991. A comparative pharmacokinetic study of intravenous and
intramuscular midazolam in patients with epilepsy. Epilepsy Res. 10, 183-190.
https://doi.org/10.1016,/0920-1211(91)90011-4.

Bjorkman, S., Rigemar, G., Idvall, J., 1997. Pharmacokinetics of midazolam given as an
intranasal spray to adult surgical patients. Br. J. Anaesth. 79, 575-580. https://doi.
org/10.1093/bja/79.5.575.

Braun, J., Gau, E., Revelle, S., Byrne, L., Kumar, A., 2017. Impact of non-guideline-based
treatment of status epilepticus. J. Neurol. Sci. 382, 126-130. https://doi.org/
10.1016/j.jns.2017.09.031.

Chamberlain, J.M., Kapur, J., Shinnar, S., Elm, J., Holsti, M., Babcock, L., Rogers, A.,
Barsan, W., Cloyd, J., Lowenstein, D., Bleck, T.P., Conwit, R., Meinzer, C., Cock, H.,
Fountain, N.B., Underwood, E., Connor, J.T., Silbergleit, R., Gray, E., Gunter, S.,
Fansler, A., Stevenson, V., Bengelink, E., Harney, D., Speers, M., Black, J., Fisher, N.,
Harsh, D., Ramakrishnan, A., Harris, L., Bozeman, N., Spiteri, A., Palesch, Y.,
Tillman, H., Zhao, W., Pauls, Q., Arnaud, C., Dillon, C.R., Riley, J., Alford, T.,
Conner, C., Coles, L., Sathe, A., Janis, S., Hartman, A., Fureman, B., Trinka, E.,
Treiman, D., Wright, D., Ratcliff, J., Hall, A., Williams, A., Simon, H., Stanley, N.,
Humpbhries, R., Mims, T., Short, J., Jones, E., Ottman, M., Gentile, N., Isenberg, D.,
Reimer, H., Sayoc Kalugdan, V., Hemphill, C., Yi Madhok, D., Duncan, J.,
Randazzo, D., Quinn, J., Visweswaran, A., Mann, R., Adeoye, O., McMullan, J.,
Foreman, B., Keegan, S., Biros, M., Driver, B., Hendrickson, A., Stang, J.,
Lewandowski, C., Miller, J., Chaudhry, K., Berry, S., Warden, C., Blake, R., Cook, J.
N., Sabolick, E., Selman, A., Kissman, K., Moore, M., Huff, J.S., Becker, L.,
Claassen, J., Velazquez, A., Falo, C., Coralic, Z., Grupp-Phelan, J., Baren, J.,
Ellison, A., Woodford, A., Samba, I., Kittick, M., Riviello, R., Massey, J.,
Bonacquisti, L., Levine, S., Motov, S., Fromm, C., Hossain, R., Likourezos, A.,
Pushkar, 1., Terndrup, T., Khaliqdina, S., Hill, M., Peterson, B., Terwilliger, A.,


https://doi.org/10.1111/epi.13056
https://doi.org/10.1016/0920-1211(91)90011-4
https://doi.org/10.1093/bja/79.5.575
https://doi.org/10.1093/bja/79.5.575
https://doi.org/10.1016/j.jns.2017.09.031
https://doi.org/10.1016/j.jns.2017.09.031

T. Poytakangas et al.

Holm, J., Wicklund, K., Wewerka, S., Welch, R., Pearson, C., Kumar, V.A., Ayaz, F.,
Bhuiyan, S., Mika, V.H., Morgan, L., Jones, F., Dishman, L., Henry, T., Erickson, F.,
Staugaitis, A., Lawyer, C., Miller, K., Callaway, C., Urban, A., DiFiore, S., Adams, P.,
Baum, B., Nomura, J., Davis, B., Aufderheide, T., Emmrich, A., Mena, M.,
Labinski, J., Ogedegbe, C., McCarthy, D., Villot-Santiago, A., Goldstein, J.,
Rosenthal, E.S., Cohen, A., Mei Su, C., Tirrell, G., Howell, M., Hendrickson, M.,
Nerheim, D., Jaton, E., Biney, B., Gibson, C., Dahlmeier, E., Blackburn, K. (Lamond),
Vaughan-Ogunlusi, O. (Tim), Zehtabchi, S., Sinert, R., Petty, B., Warden, C.,
Youngquist, S., Carlson, M., Gilles, N., Weingast, S. (Zelonis), Stern, B., Hopp, J.,
Ganley, V., Ornato, J., Hogan, C., Payne, A., Shreve, K., Dayan, P., Kuppermann, N.,
Denninghoff, K., Stanley, R., Ruddy, R., Lerner, E.B., Dean, J.M., Casper, C.,
Nigrovic, L., Schalick, W., Nelson, D., Thomas, B., Okada, P., Lee, A., Truesdale, N.,
Chan, S., Naresh, M., Robinson, V., Hwang, J., Carlston, K., Dela Cruz, M.,
Harbour, T., Karki, R., Cohen, D.M., Nowakowski, A., Lin, C., Fisher Kenny, E.,
Steele, D., Merck, L.H., Ryan, E., Basso, K., D'Urso, L. (Wasilewski), Brown, K.,
Nauman, G., Ledda, M., Gillen, S., Grant, V., Vance, C., Nishijima, D.K., Pimenta, K.,
Herzog, N., Bennett, J., Eisenhart, C., Thomas, D., Wagner, D., Hickey, R.W.,
Azrak, R., Rubalcava, D., Mondragon, J., Gonzalez, V., Khalil, M., Pearson, C.,
Kumar, V.A., Hart, K., Parker, S., Lumba-Brown, A., Quayle, K., Chinta, S.,
Robinson, D., Kwok, M., Peery, B., Ochs, J., Suarez, L., 2020. Efficacy of
levetiracetam, fosphenytoin, and valproate for established status epilepticus by age
group (ESETT): a double-blind, responsive-adaptive, randomised controlled trial.
Lancet 395, 1217-1224. https://doi.org/10.1016/50140-6736(20)30611-5.

Clemency, B.M., Ott, J.A., Tanski, C.T., Bart, J.A., Lindstrom, H.A., 2015. Parenteral
midazolam is superior to diazepam for treatment of prehospital seizures. Prehosp.
Emerg. Care 19, 218-223. https://doi.org/10.3109/10903127.2014.959220.

Coeytaux, A., Jallon, P., Galobardes, B., Morabia, A., 2000. Incidence of status
epilepticus in French-speaking Switzerland: (EPISTAR). Neurology 55, 693-697.
https://doi.org/10.1212/WNL.55.5.693.

Glauser, T., Shinnar, S., Gloss, D., Alldredge, B., Arya, R., Bainbridge, J., Bare, M.,
Bleck, T., Dodson, W.E., Garrity, L., Jagoda, A., Lowenstein, D., Pellock, J.,
Riviello, J., Sloan, E., Treiman, D.M., 2016. Evidence-based guideline: treatment of
convulsive status epilepticus in children and adults: report of the guideline
committee of the American epilepsy society. Epilepsy Curr. 16, 48-61. https://doi.
org/10.5698/1535-7597-16.1.48.

Gutiérrez-Viedma, A., Parejo-Carbonell, B., Romeral-Jiménez, M., Sanz-Graciani, I.,
Serrano-Garcia, 1., Cuadrado, M., Garcia-Morales, I., 2021. Therapy delay in status
epilepticus extends its duration and worsens its prognosis. Acta Neurol. Scand. 143,
281-289. https://doi.org/10.1111/ane.13363.

Kilviainen, R., Bendel, S., Jonsson, H., Keranen, T., Kurola, J., Salmi, T., Tuunainen, A.,
2016. Update on current care guideline: status epilepticus. Duodecim 132,
1385-1386.

Kamppi, L., Puolakka, T., Ritvanen, J., Tuppurainen, K., Pakkila, J., Kuisma, M.,
Peltola, J., 2023. Burden of suspected epileptic seizures on emergency services: a
population-based study. Eur. J. Neurol. 30, 2197-2205. https://doi.org/10.1111/
ene.15800.

Knake, S., Rosenow, F., Vescovi, M., Oertel, W.H., Mueller, H., Wirbatz, A., Katsarou, N.,
Hamer, H.M., for the Status Epilepticus Study Group Hessen (SESGH), 2001.
Incidence of status epilepticus in adults in Germany: a prospective, population-based
study. Epilepsia 42, 714-718. https://doi.org/10.1046/j.1528-1157.2001.01101.x.

Meierkord, H., Boon, P., Engelsen, B., Gocke, K., Shorvon, S., Tinuper, P., Holtkamp, M.,
2010. EFNS guideline on the management of status epilepticus in adults. Eur. J.
Neurol. 17, 348-355. https://doi.org/10.1111/j.1468-1331.2009.02917.x.

Neligan, A., Shorvon, S.D., 2010. Frequency and prognosis of convulsive status
epilepticus of different causes: a systematic review. Arch. Neurol. 67. https://doi.
org/10.1001/archneurol.2010.169.

Epilepsy Research 210 (2025) 107507

Poytékangas, T., Saarinen, J.T., Basnyat, P., Rainesalo, S., Peltola, J., 2023. Indications
for the use of intravenous second-line antiseizure medications in an emergency room
setting. Epilepsy Res. 196, 107218. https://doi.org/10.1016/j.
eplepsyres.2023.107218.

Rao, S.K., Mahulikar, A., Ibrahim, M., Shah, A., Seraji-Bozorgzad, N., Mohamed, W.,
2018. Inadequate benzodiazepine dosing may result in progression to refractory and
non-convulsive status epilepticus. Epileptic Disord. 20, 265-269. https://doi.org/
10.1684/epd.2018.0987.

Sairanen, J.J., Kantanen, A.-M., Hyppola, H.T., Kalvidinen, R.K., 2021. Status epilepticus:
practice variation and adherence to treatment guideline in a large community
hospital. J. Neurol. Sci. 427, 117542. https://doi.org/10.1016/].jns.2021.117542.

Sathe, A.G., Tillman, H., Coles, L.D., Elm, J.J., Silbergleit, R., Chamberlain, J., Kapur, J.,
Cock, H.R., Fountain, N.B., Shinnar, S., Lowenstein, D.H., Conwit, R.A., Bleck, T.P.,
Cloyd, J.C., 2019. Underdosing of benzodiazepines in patients with status epilepticus
enrolled in established status epilepticus treatment trial. Acad. Emerg. Med. 26,
940-943. https://doi.org/10.1111/acem.13811.

Sathe, A.G., Underwood, E., Coles, L.D., Elm, J.J., Silbergleit, R., Chamberlain, J.M.,
Kapur, J., Cock, H.R., Fountain, N.B., Shinnar, S., Lowenstein, D.H., Rosenthal, E.S.,
Conwit, R.A., Bleck, T.P., Cloyd, J.C., 2021. Patterns of benzodiazepine underdosing
in the established status epilepticus treatment trial. Epilepsia 62, 795-806. https://
doi.org/10.1111/epi.16825.

Schwagmeier, R., Alincic, S., Striebel, H.W., 1998. Midazolam pharmacokinetics
following intravenous and buccal administration. Br. J. Clin. Pharmacol. 46,
203-206. https://doi.org/10.1046/j.1365-2125.1998.00781..x.

Shorvon, S., Sen, A., 2020. What is status epilepticus and what do we know about its
epidemiology? Seizure 75, 131-136. https://doi.org/10.1016/j.
seizure.2019.10.003.

Trinka, E., Cock, H., Hesdorffer, D., Rossetti, A.O., Scheffer, I.E., Shinnar, S., Shorvon, S.,
Lowenstein, D.H., 2015. A definition and classification of status epilepticus — Report
of the ILAE task force on classification of status epilepticus. Epilepsia 56,
1515-1523. https://doi.org/10.1111/epi.13121.

Trinka, E., Kalvidinen, R., 2017. 25 years of advances in the definition, classification and
treatment of status epilepticus. Seizure 44, 65-73. https://doi.org/10.1016/j.
seizure.2016.11.001.

Vasquez, A., Gainza-Lein, M., Abend, N.S., Amengual-Gual, M., Anderson, A., Arya, R.,
Brenton, J.N., Carpenter, J.L., Chapman, K., Clark, J., Farias-Moeller, R., Gaillard, W.
D., Glauser, T., Goldstein, J.L., Goodkin, H.P., Guerriero, R.M., Kapur, K., Lai, Y.-C.,
McDonough, T.L., Mikati, M.A., Morgan, L.A., Novotny, E.J., Ostendorf, A.P.,
Payne, E.T., Peariso, K., Piantino, J., Riviello, J.J., Sannagowdara, K., Tasker, R.C.,
Tchapyjnikov, D., Topjian, A., Wainwright, M.S., Wilfong, A., Williams, K.,
Loddenkemper, T., on behalf of the Pediatric Status Epilepticus Research Group
(pSERG), Bansal, S., Kelley, S., Stafstrom, C., Kossoff, E., Habela, C., Lewis, D.,
Stanfield, T., Sculier, C., Aguilar, C.B., Sansevere, A., Sacco, M., Duncan, A.,
McCoy, J., DaSilva-Chiodo, K., Faist, R., Santel, D., LaFay, V., Clark, P., Borror, S.,
Debs, A., Clohessy, C., Weber, A., Yuliati, A., Luat, A., Singh, A., Helseth, A.,
Turner, D., Fernandes, C., Tran, L., McLean, M., Nayak, A., Riviello, J.J., Hecox, K.,
Nallamothu, R., Rehborg, R., Goldstein, D., Heinzen Cox, E., Malone, C.,
Thornburg, O., Grinspan, Z., Basma, N., Appavu, B., Burrows, B., Dyar, B.,
Mishler, L., Lee-Eng, J., Streb, M., Hahn, C., Lalgudi Ganesan, S. (Rishi), Huh, L.,
Martic, N., 2020. First-line medication dosing in pediatric refractory status
epilepticus. Neurology 95. (https://doi.org/10.1212/WNL.0000000000010828).

Weant, K.A., Barré, S.L., Bruner, S., Smiley, R., Hall, G.A., 2021. Assessment of
benzodiazepine dosing strategies for the management of status epilepticus in the
emergency department. Am. J. Emerg. Med. 44, 106-111. https://doi.org/10.1016/
j-ajem.2021.01.094.


https://doi.org/10.1016/S0140-6736(20)30611-5
https://doi.org/10.3109/10903127.2014.959220
https://doi.org/10.1212/WNL.55.5.693
https://doi.org/10.5698/1535-7597-16.1.48
https://doi.org/10.5698/1535-7597-16.1.48
https://doi.org/10.1111/ane.13363
http://refhub.elsevier.com/S0920-1211(25)00008-7/sbref10
http://refhub.elsevier.com/S0920-1211(25)00008-7/sbref10
http://refhub.elsevier.com/S0920-1211(25)00008-7/sbref10
https://doi.org/10.1111/ene.15800
https://doi.org/10.1111/ene.15800
https://doi.org/10.1046/j.1528-1157.2001.01101.x
https://doi.org/10.1111/j.1468-1331.2009.02917.x
https://doi.org/10.1001/archneurol.2010.169
https://doi.org/10.1001/archneurol.2010.169
https://doi.org/10.1016/j.eplepsyres.2023.107218
https://doi.org/10.1016/j.eplepsyres.2023.107218
https://doi.org/10.1684/epd.2018.0987
https://doi.org/10.1684/epd.2018.0987
https://doi.org/10.1016/j.jns.2021.117542
https://doi.org/10.1111/acem.13811
https://doi.org/10.1111/epi.16825
https://doi.org/10.1111/epi.16825
https://doi.org/10.1046/j.1365-2125.1998.00781.x
https://doi.org/10.1016/j.seizure.2019.10.003
https://doi.org/10.1016/j.seizure.2019.10.003
https://doi.org/10.1111/epi.13121
https://doi.org/10.1016/j.seizure.2016.11.001
https://doi.org/10.1016/j.seizure.2016.11.001
https://doi.org/10.1212/WNL.0000000000010828
https://doi.org/10.1016/j.ajem.2021.01.094
https://doi.org/10.1016/j.ajem.2021.01.094

	Use of benzodiazepines in patients with status epilepticus requiring second-line antiseizure medication treatment
	1 Introduction
	2 Methods
	2.1 Patient population and ASM administration
	2.2 Statistical analysis

	3 Results
	3.1 Patients
	3.2 BZP administration
	3.3 BZD administration in line with the guidelines
	3.4 1st BZD converted to an LE
	3.5 Total amount of given BZD in LE
	3.6 Overdosing and underdosing of BZD
	3.7 Treatment unit/administration route/dosages of different BZD

	4 Discussion
	5 Conclusion
	Funding
	CRediT authorship contribution statement
	Conflict of Interest
	References


