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A B S T R A C T

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

Treatment of acute epileptic seizures poses a substantial burden on 
health care systems (Kämppi 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 
(Kämppi et al., 2023; Trinka and Kälviäinen, 2017; Gutiérrez-Viedma 
et al., 2021; Neligan and Shorvon, 2010). Treatment guidelines suggest 
the use of benzodiazepines (BZDs) as a first-line therapy. Subsequently, 

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

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; Kälviäinen 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; 
Kälviäinen 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 
route

Dosage Administration 
route

Dosage Administration 
route

Midazolam 10 mg Buccal/IN 10 mg IM ​ ​
Diazepam 10 mg, may be 

repeated 4 times
Rectal 0.15–0.2 mg/kg, may be 

repeated once
IV 10 mg IV

Diazepam 5–10 mg, may be 
repeated 4 times

IV ​ ​ ​ ​

Lorazepam 4 mg, may be repeated 
once

IV 4 mg, may be repeated 
once

IV 0.1 mg/kg, with a starting dose of 4 mg 
that may be repeated once

IV

​ ​ ​ If none of the above are available, the 
following alternatives can be used:

​ ​

Phenobarbital ​ ​ 15 mg/kg IV ​ ​
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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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 

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.
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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 10.0 mg (median 10.0 mg), 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 
(Kälviäinen 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 
et al., 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 (Pöytäkangas 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 3 
Characterization of the use of BZDs in different SE groups.

BZD characteristics Total episodes 
(n = 109)

NCSE episodes 
(n = 22)

CSE episodes 
(n = 56)

Postictal episodes 
(n = 23)

FASE episodes 
(n = 8)

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 
administrations)

9 (10.7) 2 (33.3) 4 (8.0) 3 (13.6) 0 (0.0)

Underdosing of 1st BZD dose (under 4 mg) (n, % of 
administrations)

29 (34.5) 3 (50.0) 16 (32.0) 6 (27.3) 4 (66.7)

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.

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 4 (3.7) 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)
IV 5 (22.7) 15 (100) 11 (24.4)
​ Dosage (mg)/administration route (median; range)
Rectal 10 (5–20) 0 0
Buccal/IN 5 (5–5) 0 10 (2.5–10)
IV 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; Björkman 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; 
Kälviäinen et al., 2016; Meierkord et al., 2010). In one retrospective, 
single-centre study, IV MDZ treatment at a dosage of 2.5 mg 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.

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.
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T. Pöytäkangas et al.                                                                                                                                                                                                                           Epilepsy Research 210 (2025) 107507 

6 

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


