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Purpose: To summarize definitions, prevalence, risk factors, consequences, and acute management of
seizure clusters using rescue medications.
Methods: We searched MEDLINE for studies that assessed definitions, clinical characteristics, outcomes,
and use of rescue medication for aborting seizure clusters.
Results: Different clinical and statistical definitions for seizure clusters have been proposed, including: >3
seizures in 24 h, >2 seizures in 24 h, and >2 seizures in 6 h. Most studies of seizure clusters have been
conducted in tertiary epilepsy centers, with refractory epilepsy patients. Patients with severe and poorly
controlled epilepsy are more likely to experience seizure clusters.
Seizure clusters can result in increased health care utilization and have negative impact on the quality of
life of patients and caregivers. Use of benzodiazepine rescue medications in acute management of seizure
clusters can help avoid progression to status epilepticus and reduce emergency room visits. Rescue
medications are underutilized in seizure clusters. Currently, rectal diazepam gel is the only FDA approved
rescue medication for seizure clusters. In addition, buccal midazolam is approved in European countries
for treatment of prolonged seizures. However, various non-rectal non-IV benzodiazepines are safe and
effective in treating acute seizures and clusters. Most patients and caregivers preferred non-rectal routes.
Conclusion: Identifying patients that are at high risk for seizure clusters, providing them with formal
action plans and educating them about use of rescue medication for seizure clusters can help ameliorate
the outcomes in this group of epilepsy patients.

© 2018 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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1. Introduction clusters [2], which contributes to suboptimal use of rescue

medications [3]. Lack of rescue plan and underutilization of rescue

Patients with epilepsy often experience acute repetitive
seizures or seizure clusters. Surveys of patients and caregivers
suggested that seizure clusters have negative impact on quality of
life, emotional wellbeing, daily function, and productivity of the
patients and their caregivers [1]. They are associated with
increased utilization of emergency rooms and underutilization
of rescue medications [1].

There is no consensus in terms of definition of seizure clusters.
Patients, caregivers and providers use different definitions for
seizure clusters. There is a gap in communication among the
providers and the patients or caregivers in identifying seizure
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medication could result in unnecessary emergency room visits.
Better definitions of seizure clusters may help better characterize
them, and identify the patients that would benefit from interven-
ing with rescue medications [4].

In this paper we provide a review of the literature regarding the
definitions, risk factors, consequences, and management of seizure
clusters.

2. Definitions

Seizure cluster is not listed in the International League Against
Epilepsy (ILAE) Commission on Classification and Terminology
[2,5]. Different terminologies have been used to describe this
clinical entity: “acute repetitive seizures”, “flurries” [6], “cyclical,
serial, repetitive, crescendo, and recurrent seizures” [2].

1059-1311/© 2018 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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A broad definition of seizure clusters is “acute episodes of
deterioration in seizure control” [7]. It could be defined as a series
of grouped seizures that have short interictal periods; however, the
number of seizures and the interictal period is a subject of
controversy [6]. Different studies and authors have proposed
various definitions, some using a clinical approach and some based
on a statistical approach.

2.1. Clinical definitions

Several studies propose clinical definitions that define a
number of seizures during a limited time interval. It is assumed
that if seizures occur within 8 h it is more likely that they arise
from a concordant focus and thus not actually “independent”
[8]. A study showed that seizures with interictal period of less
than 8 h were more likely to come from the ipsilateral
hemisphere than seizures with longer interictal intervals [9].
Based on these findings, many studies defined seizure clusters
as 3 or more seizure in 24 h (interictal period of 8 h or less)
[6,10-18].

Other clinical definitions include: two or more seizures in six
hours [19], two or more seizures in 24 h [20], two to four
seizures in less than 48 h [17,21], and two generalized tonic
clonic or three complex partial seizures in 4 h [8]. A randomized
controlled trial of rectal diazepam in the treatment of acute of
repetitive seizures used the following operational definition:
“An episode of multiple complex partial or generalized (tonic,
clonic, tonic clonic, atypical absence, or myoclonic) seizures
occurring within a 24-h period in adults or a 12-h period in
children, with a pattern distinguishable from the patient’s usual
seizure pattern, and with onset readily recognizable by a
caregiver, such as a parent” [22].

2.2. Statistical definitions

Some studies have proposed statistical definitions that describe
an increase in seizure occurrence compared with what is expected
based on the patient’s average seizure frequency [23]. A threefold
or fourfold increase in seizure frequency within a 3-day period has
been considered as seizure clustering [8].A more sophisticated
statistical approach can be based on a Poisson (random)
distribution, where the events occur randomly within independent
time intervals. A deviation from this model can reflect seizure
clusters, and also indicate periodic patterns or regularity [8].
Deviations could include negative dependence of seizures (having
too many seizures in the prior day decreases the chance of having
seizure in the following day), and positive dependence (occurrence
of seizure in the prior day increases the chance of having seizure)
[24]. Departure from a random model can be observed in many
patients with refractory epilepsy. In a study of 24 patients with
epilepsy who maintained a seizure diary, 10 out of 22 had seizures
that were not randomly distributed [25]. In another study of 13
patients with intractable epilepsy who self-reported their seizures
using a seizure diary, in almost all the patients studied, seizures did
not follow a random pattern [24].

The clinical definitions do not account for the variability in the
baseline seizure frequency among different patients, and tend to
overestimate the occurrence of seizure clusters in patients who
regularly have high frequencies of seizures [20]. However, these
definitions could be easier to use clinically and probably more
relevant in the acute settings in terms of using rescue medications
to prevent status epilepticus. On the other hand, the statistical
approach could be useful to identify “false positives”. In addition,
the statistical definitions can be utilized in seizure detection and
prediction algorithms [26] using seizure diaries [3,20] and
automated seizure detection systems [27].

3. Prevalence

Prevalence of seizure clusters varies significantly in different
studies depending on the definitions used (Table 1) [8]. Prevalence
is lower if a statistical model is used [2,10]. Forty-three percent of
patients who were keeping a seizure diary met the clinical
definition of 3 or more seizures in 24 h, whereas only 22% met the
statistical definition [10].

Prevalence is also dependent on the study population. Most
studies on seizure clusters have been conducted in tertiary
epilepsy centers, where patients with refractory epilepsy are more
prevalent [3,8]. Therefore, the reported prevalence might be an
overestimation. The prevalence of seizure clusters ranges from 13
to 76% in the outpatient setting and 18 to 83% for the inpatient
setting (epilepsy monitoring unit) [6]. In a study of adult patients
in the outpatient setting, the prevalence of clusters (3 or more
seizures in 24 h or 3 times the baseline frequency) was 14.9% [3].
Another study including both inpatient and outpatient settings
reported a prevalence of 29% for 3 or more seizures in 24h [17]. In
the inpatient setting the prevalence has been reported to be 50% or
higher. In addition to the selection bias and more severe epilepsy
patients in the inpatient setting, in the long-term monitoring units,
anti-seizure medications are often temporarily withdrawn, which
can trigger seizure clusters [8]. Prevalence of 3 or more seizures in
24 h in patients undergoing pre-surgical epilepsy monitoring was
61.5% [18]. In a retrospective study of long-term inpatient
monitoring data, 83% of patients had 2 or more seizures with
less than 4 h in between seizures [28].

A population based study in Finland identified seizure clusters
(3 or more seizures in 24 h) in 22% of patients with epilepsy [15]. In
another population based study in UK, which used the general
practice research database, the prevalence of seizure clusters was
2.5/10,000 population (Confidence Interval: 2.3-2.7) using the
definition of 3 or more seizures in 24 h. The prevalence was lower
than many other studies (only 3% of patients with epilepsy) [16].
However, in the retrospective chart review studies, lack of
structured interviews to identify seizure clusters might underesti-
mate the prevalence of seizure clusters.

4. Patients at risk for seizure clusters

Some patients with epilepsy are at higher risk to develop
seizure clusters than others. Several studies have looked into
factors that are associated with seizure clusters (Table 1). Some
studies have suggested that patients with extratemporal epilepsy
[17], especially frontal lobe epilepsy [8], are more likely to have
seizure clusters. However, mesial temporal sclerosis has also been
shown to be associated with seizure clusters.'® 2° Multifocal
epilepsy [29], symptomatic generalized epilepsy, remote history of
CNS infection, and focal cortical dysplasia [3] are also identified as
risk for seizure clusters. History of seizure clusters [18] and status
epilepticus [3,17,30], head trauma [17], earlier age of seizure onset
[3,29], and high seizure frequency in the first 12 months after the
onset of epilepsy (one weekly seizure or more) [15] are associated
with seizure clusters.

The most significant risk factor for seizure clusters is having
intractable epilepsy [3,8] with high average seizure frequency
[10,15,17,20,29]. In other words, clustering of seizures could be an
indicator of poorly controlled epilepsy [17]. However, as men-
tioned above in the definitions section, having a high baseline
seizure frequency might result in an overestimation of prevalence
of seizure clusters defined clinically. The higher number of seizures
per day, the more likely they fall into the clinical definition of
clusters (3 or more seizures in 24 h) [8].

Rather than identifying the risk factors for “being a clusterer”, it
could also be clinically relevant to identify “periods of vulnerability”



Table 1

Clinical factors associated with seizure clusters.

Author Year  Study design Study setting  Study population Age (year) Number of Definition of clusters Risk factors for seizure  Analysis type OR (CI)
patients clusters
(%cluster)
Chen et al. [3] 2017  Retrospective Outpatient Epilepsy patients >16 4116 (15%) >3/24h (or 3 times the ~ Symptomatic Multivariate NA
daily average for Generalized Epilepsy 2.01 (1.41, 2.88)
patients with daily History of CNS infection 2.83(1.79,4.48)
seizures) Cortical dysplasia 1.91 (1.44, 2.53)
Complex partial seizure 1.80(1.32,2.46)
Status epilepticus 0.78 (0.73,
Age at seizure onset 0.83)
Absence of 1-year 213 (1.69, 2.7)
seizure freedom 2.41(1.58, 3.66)
Having failed 2 or more
AEDs
Asadi-Pooya et al. [21] 2016  Retrospective Inpatient Drug resistant epilepsy >10 978 (18%) >2/48 h No association of Univariate NA
patients who underwent extratemporal epilepsy
epilepsy surgery with seizure clusters
Fisher et al. [20] 2015  Cross-sectional Electronic Epilepsy patients <1 to >70, 5098 (23%) >2/24 h (midnight-to- Higher daily seizure Univariate NA
seizure mostly adults midnight calendar day) frequency
diary data
Sinha et al. [86] 2013  Prospective Inpatient Patients with new-onset 68.0+75 201 (26%) 3/24h Risk factors for new- Multivariate 1.22 (1.04-1.41)
seizures onset SE or seizure 1.03 (1.00-1.07)
clusters:
Lower GCS score
Higher number of
seizures
Sillanpaa et al. [15] 2008 Retrospective cohort  Outpatient Epilepsy patients <15 120 (21%) >3/24h High seizure frequency = Multivariate 4.6
at onset of epilepsy (1.01-16.38)
Haut et al. [17] 2005 Prospective Outpatient Epilepsy patients >18 141 (29%) >3/24h History of head trauma Multivariate 4.2 (1.6-11)
with LOC 3.0 (1.1-7.8)
Extratemporal
localization
Haut et al. [10] 2005 Prospective Outpatient Epilepsy patients Median: 87 (43% by a: >3/24h Higher seizure Univariate NA
39.6 definition a,  b: deviation from a frequency (by either
or 22% by Poisson distribution definition)
definition b)  Subjects reporting >3
seizures every day were
excluded
Haut et al. [18] 2002 Prospective Inpatient Intractable epilepsy 33+12.2 91 (61%) 3/24h A history of seizure Multivariate NA
patients undergoing clustering presence of
impatient Long-term EEG MTS on MRI
monitoring for pre-surgical
evaluation
Bauer et al. [23] 2001  Retrospective Outpatient- Refractory epilepsy 33.7+13.8 63 (57%) Asignificant increase of ~ Lower age at seizure Univariate NA
seizure patients seizure occurrence onset
diary data compared to the rate

expected from the
individual mean

CNS: Central Nervous System; GCS: Glasgow Coma Scale; LOC: Loss of Consciousness; SE: Status Epilepticus.
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to seizure clusters [ 10]. Different triggers have been described, such
as sleep, waking, or sleep deprivation [20], stress, feverorillness [29],
missing or changing medications, alcohol, and menstruation [20].
However, seizure clusters can occur in the absence of any triggers.

5. Consequences

Seizure clusters can result in increased emergency room visits
or hospitalization [6,8]. They have negative impact on productivity,
disrupting daily life, studies, and work of the patients and
caregivers [1,29].

Seizure clusters are dreaded because of their association with
status epilepticus, which is potentially life threatening [17,31]. In a
study of patients with intractable localization-related epilepsy,
convulsive status epilepticus had occurred in 44% of patients who
typically had seizure clusters and 12.5% of patients without seizure
clustering (p < 0.002). Typically clusterers were patients who had
more than half of their seizures in clusters of 3 or more seizures in
24h [32].

The failure of seizure terminating mechanisms seems to be the
common pathophysiology in seizure clusters and status epilepticus
[32]. Intra-cluster seizures are relatively shorter in duration
compared to isolated seizures or the terminal seizure in a cluster.
It is hypothesized that the intra-cluster seizures are not long
enough to activate the self-regulatory inhibitory mechanism that
normally limits seizures [28]. Another hypothesized mechanism is
the persistent lowering of seizure threshold by the seizures. Both of
these mechanisms could contribute to status epilepticus or seizure
cluster. Thus, patients with either condition are predisposed to the
other [28].

The association of seizure clusters with mortality is not well
stablished. In a prospective population-based study with a long
term follow up of 37 years on average, an increased risk of
mortality was observed in patients who started to have clusters
(defined as 3 or more seizures in 24 h) during treatment, but no
increased mortality in patients with clusters prior to treatment
compared to patients without clusters [15]. Confounding factors
such as severity of epilepsy and the underlying etiology should be
taken into account while interpreting these results.

Interestingly, having seizure clusters could be associated with
better outcome after epilepsy surgery. In a retrospective study of
681 patients with temporal lobe epilepsy who underwent surgical
resection, those who had a history of seizure clusters had a better
post-surgical outcome [21].

Seizure-related injury in patients with seizure clusters has not
been well studied. In a study of 141 epilepsy patients including 41
(29%) with a history of seizure clusters, there was no association
between seizure-related injuries and history of seizure clusters
defined as 3 or more seizures in 24 h [17].

6. Management

Use of benzodiazepine rescue medications is the cornerstone in
acute management of seizure clusters that can help to abort
clusters and reduce emergency room visits [7]. However, studies
have shown that benzodiazepines are largely underutilized in
patients with seizure clusters. A study of adult patients with
seizure clusters showed that fewer than half of them were
prescribed at least one benzodiazepine rescue medication [3]. The
most common rescue medications used were oral lorazepam
(28.9%), followed by rectal diazepam (7.8%), oral diazepam (7.0%),
and intranasal midazolam (6.9%) [3].

Rectal diazepam is the only U.S. Food and Drug Administration
(FDA) approved rescue medication for bouts of increased seizure
activity. It has been shown to be effective and safe in treating acute
repetitive seizures [33]. Lethargy is the most common side effect

[33]. Oral lorazepam is utilized by many patients for aborting
seizure clusters [3]. Other medications and different routes of
administration have also been investigated. Buccal, intramuscular
and intranasal midazolam, intramuscular and intranasal diazepam
are among the alternatives to the rectal diazepam that have been
studied for safety and efficacy. In addition to safety and efficacy of
non-rectal routes, there is superiority in terms of ease of
administration. Non-rectal non-IV routes were more rapidly
administered than rectal route [34,35].

Buccal midazolam (Buccolam®) is approved in Europe as a
rescue medication for acute seizure emergencies in children
>3 months and <18 years of age [29,36]. In studies comparing
buccal midazolam with rectal diazepam, buccal midazolam
showed comparable [37-39] or superior efficacy [40-42]. Side
effect of buccal midazolam include bitter taste [34] and risk of
aspiration (although it has not been reported in any of the studies)
[34,42].

Oral clonazepam is widely use in the United States, Europe, and
Latin America for seizure clusters. However, there is a gap in the
literature in terms of its effectiveness in acute treatment of seizure
clusters. IV clonazepam is an effective alternative to lorazepam and
midazolam in treating status epilepticus [43]. There is a need to
formally evaluate the effectiveness of oral clonazepam as a rescue
medication for seizure clusters. Intranasal midazolam has shown
effectiveness in aborting seizure clusters [44]. Studies comparing
midazolam nasal spray to diazepam rectal solution have shown
equal [45] or superior efficacy [46] in aborting prolonged seizures
(longer than 5min) [47] or clusters of 3 seizures in 1h [48].
Furthermore, intranasal midazolam had higher caregiver satisfac-
tion and ease of administration [47]. It has a rapid onset of action,
reaching the peak concentration at 10-12 min, and likely reaching
therapeutic levels significantly faster. The elimination half-life is
between 3.6 and 3.8 h, which is shorter than diazepam (50 h) [49].

Safety and efficacy of intranasal midazolam USL261/Nayzilam
in outpatient treatment of seizure clusters has been investigated in
a phase 3 double-blind controlled clinical trial (NCT 01390220).
Two hundred and one patients with seizure clusters (defined as 2
or more seizures within 6 h) were included. Based on the results
presented at the American Epilepsy Society meeting, of patients in
the midazolam arm, 53.7% achieved success (seizures terminated
within 10 min and maintained seizure freedom from 10 min to 6 h
after administration), compared with 34.4% in the placebo group
[19]. Mucosal irritation, lethargy, lacrimation, and abnormal taste
were the most frequently reported treatment-related side effects
for intranasal midazolam in this study [50].

Intranasal diazepam was shown to have good absorption and
bioavailability in healthy volunteers [51-53], which was compa-
rable to the bioavailability of rectal diazepam gel [54]. However,
the bioavailability of an intranasal diazepam formulation in
patients with epilepsy was shown to be suboptimal in a recent
clinical trial. The phase 3 clinical trial (NCT 02316847)[55]
investigating the long-term safety and tolerability of diazepam
intranasal spray in adolescents and adults with seizure clusters
was terminated due to unexpectedly low nasal mucosal absorp-
tion of the diazepam preparation and its failure to demonstrate its
bioequivalence to Diastat®™ rectal gel [56]. Another phase 3
clinical trial is currently ongoing to assess the safety of repeat
doses of intranasal diazepam (NRL-1) administered to epilepsy
patients who experience frequent breakthrough seizures or
seizure clusters [57].

Midazolam can be successfully administered intramuscularly.
Intramuscular midazolam had superior effectiveness in stopping
convulsive status epilepticus compared with intravenous loraze-
pam when administered via an autoinjector by paramedics prior to
hospital arrival [58]. In a small prospective randomized clinical
trial in children with prolonged seizure, intramuscular midazolam
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Fig. 1. Steps towards improving seizure cluster outcome.

resulted in more rapid cessation of seizures than intravenous
diazepam (7.8 min vs 11.2 min, P=0.047) [59].

Intramuscular diazepam has also been shown to be safe and
effective in aborting seizure clusters [60,61]. The familiarity of the
public with auto-injectors (e.g. EpiPen®) is another factor in favor of
thisroute [62]. Adverse effects include local hematoma, pain,and the
risk of caregiver needle stick [6,42]. Because of the relatively high
volume of solution that needs to be injected (3 ml),and the time of up
to 10 s during which the injected site may not move or be moved,
intramuscular application of diazepam does not seem to have the
potential for acceptance by patients in caregivers. The drug company
Pfizer that had sponsored a phase 3 trial for intramuscular diazepam
administered by an autoinjector®’ is no longer pursuing this project.

In a recent placebo controlled clinical trial, the Staccato®
alprazolam showed promise in reduction of epileptic activity in
photosensitive epilepsy [63,64]. The Staccato® system is a novel
method for fast drug delivery which comprises the vaporization of
drug and rapid generation of drug aerosols that the patient inhales
in a single breath. The rapid absorption and onset of action (T max
of 2 min) [64] is comparable to the IV administration.

Respiratory adverse events of benzodiazepines are more
common in intravenous and rectal forms than other routes [34].
Nevertheless, rectal diazepam did not cause serious events such as
respiratory or cardiac problems, even when multiple doses were
administered due to inadequate efficacy of the initial standard
dose in acute repetitive seizures [65]. In addition, it should be
pointed out that in patients with convulsive status epilepticus en
route to the hospital, IV benzodiazepines lead to lower rates (about
half) of respiratory failure than placebo; stopping the seizures is
the way to minimize respiratory issues [66].

The evidence in the literature strongly suggests that many
patients, families and care givers prefer other routes of delivery
over rectal route [34,42,47,67,68]. Reasons include social consider-
ations, personal dignity, and ease of use [34,6]. Thus, the much
anticipated alternatives to the rectal route would likely be widely
accepted and adopted by the patients once approved and
commercialized [62]. Currently, although not commercially
available, intranasal midazolam is already in use off-label as a
rescue medication in many institutions (including ours) by using
an IV midazolam solution placed in a metered-dose nasal sprayer
or a small syringe with an atomizer [29,69].

In addition to benzodiazepines, other treatments are available
for seizure clusters. Oral clobazam has been used for aborting
seizure clusters when oral therapy is possible [70]. In addition,
several studies have shown that intravenous levetiracetam is safe
and effective in acute repetitive seizures in pediatric patients [71-
75]; briviaracetam is now being studied for this use [76,77]. Vagus
nerve stimulation is another method for aborting seizures [78] and
is often utilized in patients with seizure clusters via patient or
caregiver swiping of a magnet to provide additional stimulation. Its
efficacy in aborting seizure clusters has not been well studied [76].

7. Challenges and future directions

Data on seizure frequencies are often obtained through self-
report by patients and/or by parents or care givers. However, this

method is suboptimal and subject to error and underestimation
[79,80]. Patients might be unaware or amnestic about the seizures.
Particularly, nocturnal seizures often go unrecognized [81]. Al-
though objective data have shown that epileptic seizures are
generally equally distributed among day and night, in a survey of
170 patients with epilepsy, patients reported a three-fold higher
frequency of seizures during daytime, whichindicates the possibility
of under-reporting the nighttime seizures [81]. In a study of 31
patients with epilepsy who were admitted to an epilepsy monitoring
unit, only 26% of patients were always aware of their seizures, and
30% were never aware of their seizures [82]. In another study of 91
adult patients with focal epilepsy admitted for video-EEG monitor-
ing, 55% of all recorded seizures went undocumented by the patients
[83]. Similarly in pediatric patients, a retrospective review of clinical
record of children admitted to the epilepsy monitoring unit showed
that the parents/caregivers under-reported 50% of seizures [84]. In
addition, in pediatric patients different caregivers might be
observing patients in different settings (school/home), resulting in
inconsistency in reporting seizures and difficulty in maintaining a
comprehensive diary [80].

Even for the recognized seizures, there is often poor compliance
in terms of documenting seizures and maintaining seizure diaries
[85] (including electronic seizure diaries). Keeping logs of seizures
might not be feasible for patients that have a high seizure
frequency. Seizure detection devices could provide an objective
mean of detecting and keeping track of seizures. However, the
currently available devices have some limitations including
questionable utility in different seizure types other than tonic-
clonic seizures, and have high rates of false detections [85].

In addition to the inaccuracy of patient self-report, there are other
factors that contribute to suboptimal addressing of seizure clusters
during the patient-physician encounter. One of the most important
factors is the gap in communication between patients/caregivers and
physicians. Since there is no standard definition for seizure clusters,
the patients and physicians might be referring to different entities by
using the word “clusters” which might result in confusion. A survey of
patient opinions based on internet forums revealed that sometimes
patients felt lack of understanding and acknowledgement by their
physician regarding their concern about seizure clusters [2].

It is important to raise the clinical awareness among the
healthcare providers and encourage them to investigate specifi-
cally about seizure clusters during their patient encounter.
Identifying patients that are at high risk for seizure clusters,
providing them with formal action plans and educating them
about use of rescue medication for seizure clusters can help
ameliorate the outcomes in this group of epilepsy patients (Fig. 1).
We will soon have additional approved options for treating
clusters. Hopefully this will lead to fewer emergency room visits,
fewer injuries, a lower prevalence of status epilepticus, more
willingness to participate in activities away from home, and overall
better quality of life for our patients with persistent seizures.

8. Conclusion

Seizure clusters are common in patients with refractory
epilepsy, and can be associated with adverse outcomes. Rescue
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medications can help ameliorate the outcomes, but are generally
underutilized in patients with seizure clusters. Non-rectal, non-1V
benzodiazepines are safe and effective in the outpatient manage-
ment of seizure clusters
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