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Abstract
Seizure clusters (also referred to as acute repetitive seizures) consist of several sei-
zures interspersed with brief interictal periods. Seizure clusters can break down 
γ-aminobutyric acidergic (GABAergic) inhibition of dentate granule cells, lead-
ing to hyperactivation. Functional changes to GABAA receptors, which play a 
vital neuroinhibitory role, can include altered GABAA receptor subunit traffick-
ing and cellular localization, intracellular chloride accumulation, and dysregula-
tion of proteins critical to chloride homeostasis. A reduction in neuroinhibition 
and potentiation of excitatory neurotransmission in CA1 pyramidal neurons rep-
resent pathological mechanisms that underlie seizure clusters. Benzodiazepines 
are well-established treatments for seizure clusters; however, there remain barri-
ers to appropriate care. At the clinical level, there is variability in seizure cluster 
definitions, such as the number and/or type of seizures associated with a cluster 
as well as the interictal duration between seizures. This can lead to delays in diag-
nosis and timely treatment. There are gaps in understanding between clinicians, 
their patients, and caregivers regarding acute treatment for seizure clusters, such 
as the use of rescue medications and emergency services. This lack of consensus 
to define seizure clusters in addition to a lack of education for appropriate treat-
ment can affect quality of life for patients and place a greater burden on patient 
families and caregivers. For patients with seizure clusters, the sense of unpredict-
ability can lead to continuous traumatic stress, during which patients and fami-
lies live with a heightened level of anxiety. Clinicians can affect patient quality of 
life and clinical outcomes through improved seizure cluster education and treat-
ment, such as the development and implementation of a personalized seizure 
action plan as well as prescriptions for suitable rescue medications indicated for 
seizure clusters and instructions for their proper use. In all, the combination of 
targeted therapy along with patient education and support can improve quality 
of life.
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1   |   SEIZURE CLUSTERS FROM 
BENCH TO HOME

Seizure clusters (acute repetitive seizures) may be char-
acterized by two or more seizures that have a pattern 
distinguishable from a patient's normal seizure pattern 
and that are separated by brief interictal states.1 Seizure 
clusters are associated with greater odds for status epilep-
ticus and greater rates of morbidity, mortality, and sudden 
unexplained death in epilepsy (SUDEP) as compared to 
nonclustering seizures.2–6 Therefore, prompt treatment 
designed to attenuate seizure activity is critical to prevent 
severe outcomes.

Seizure cluster management is a continuum from de-
velopment of therapies, notably benzodiazepines,7 to the 
creation and implementation of customized treatment 
protocols, such as a seizure action plan,8 to ensure appro-
priate, individualized, timely care. This review is designed 
to provide the underlying molecular mechanisms of sei-
zures and seizure clusters upon which therapies are tar-
geted as well as the clinical implications for health care 
providers, family members, and caregivers. The dynamic 
nature of seizure cluster pathophysiology and patient care 
spans from bench science to clinical care and to patients 
and caregivers at home.

2   |   PRECLINICAL/CLINICAL 
PATHOPHYSIOLOGY

Clinical literature suggests that seizure clusters occupy 
a space between a single seizure and status epilepticus. 
Treiman has considered seizure clusters as the first stage 
of status epilepticus.9 In experimental animals, discrete 
seizures occur repeatedly before merging into a single, 
prolonged seizure or status epilepticus. It is important to 
recognize that this transition state is a critical opportunity 
to terminate or prevent status epilepticus. In experimen-
tal animals, benzodiazepines are highly effective at termi-
nating seizure clusters.10 However, once seizure clusters 
merge into prolonged seizures, they become less respon-
sive to benzodiazepines.11

Here, we consider circuit and molecular mechanisms 
that convert seizure clusters into prolonged continuous 
seizures. Of note, data on the pathophysiology of status 
epilepticus are derived primarily from experimental mod-
els that have focused on the hippocampus because until 
recently, only a few neocortical-onset status epilepticus 
models, including one from our group,12 were available. 
However, ongoing neocortical studies show that benzodi-
azepine resistance develops rapidly and excitatory trans-
mission is enhanced in this model, and these features are 

similar to those observed in hippocampal-onset status 
epilepticus.

2.1  |  Dentate gate

Most seizures are self-limiting because there are brain 
circuit, cellular, and molecular mechanisms designed to 
limit the flow of excessive neuronal activity. Hippocampal 
circuitry is informative because it is a common site of sei-
zure origin, although its normal function is to encode 
memory, especially spatial memory.13 Pathophysiological 
modification of memory storage can lead to seizures.14 
The primary input into the hippocampus is from the en-
torhinal cortex, which projects to the dentate gyrus via 
the performant path. The dentate gyrus projects to CA3 
pyramidal cells via mossy fibers, and CA3 neurons send 
Schaffer collaterals to CA1 pyramidal neurons. CA1 
pyramidal neurons encode memory and generate sei-
zures.15,16 Rich interconnections of the entorhinal cortex 
with multiple cortical areas facilitate memory formation. 
However, we do not memorize most events within our 
stream of consciousness and sensation; thus, the dentate 
gyrus must filter out most sensory and affective informa-
tion flowing into the entorhinal cortex before it reaches 
the CA1 hippocampus.16

The dentate gyrus is a pattern separator or gate, pre-
venting the flow of excessive neuronal activity into the 
hippocampus proper.17–19 Several cellular and circuit 
properties help perform this filtering function. Granule 
cells, which are weakly excitable,20 receive a barrage of 
inhibitory inputs from a variety of γ-aminobutyric acider-
gic (GABAergic) interneurons.21 GABAergic terminals are 
distributed around granule cell soma and dendrites in the 
molecular layer, with the most dense innervation in the 

Key Points
•	 Seizure cluster management requires the iden-

tification of molecular and clinical mechanisms 
that contribute to patient outcomes

•	 A breakdown in GABAA receptor-mediated 
neurotransmission underlies the pathophysiol-
ogy of seizures and seizure clusters

•	 Varied definitions of seizure clusters, level of 
patient education, and provider knowledge are 
barriers to identifying at-risk patients

•	 Seizure action plans are designed to lead to con-
sistent, appropriate responses to seizure clus-
ters, supporting timely and effective care
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outer molecular layer.22 Three chemically identified types 
of interneurons constitute the bulk of interneurons, those 
expressing parvalbumin, cholecystokinin, and somatosta-
tin.21 These interneurons are highly active, releasing the 
inhibitory neurotransmitter GABA, which activates extra-
synaptic GABAA receptors, which further inhibit granule 
cells.23

GABAA receptors are pentameric, ligand-gated anion 
channels.24 The subunits are derived from α, β, γ, δ, ε, π, 
θ, and ρ gene families, some of which have multiple mem-
bers, such as α1–6, β1–3, and γ1–3. The majority of recep-
tors are composed of two α subunits, two β subunits, and 
one γ or δ subunit (Figure 1).24–27 Receptor sensitivity to 
neurosteroids and benzodiazepines, such as diazepam, 
lorazepam, and midazolam, depends on receptor subunit 
composition.28 Diazepam sensitivity requires a γ2 subunit, 
and the relative affinity also depends on the α subtype in-
corporated into the receptor.24 The δ subunit confers high 
neurosteroid sensitivity to the receptors. The γ2 subunit 
is necessary for synaptic localization of the receptors, 
whereas GABAA receptors composed of the δ subunit 
remain exclusively in the perisynaptic and extrasynaptic 
membranes.29 Synaptic GABA receptors mediate fast in-
hibition in response to the high concentration of GABA 
released in the synaptic cleft, whereas extrasynaptic re-
ceptors respond to GABA spilled over from the synapses 
and contribute to persistent background inhibition, called 
tonic inhibition.23,24,30

2.2  |  Seizures open dentate gate by 
breaking down GABAergic inhibition

Seizures open the dentate gate.31,32 Functional mapping 
studies demonstrate hyperactivation of dentate granule 
cells during the recurrent seizure stage.33 When seizures 
arise in the CA1 region, they travel to the entorhinal cor-
tex and stop because the dentate gyrus prevents their 
reentry into the hippocampus.31 This phenomenon occurs 
in vivo and in vitro (slice experiments).34 Detailed cellu-
lar mapping of dentate gyrus activation during recurrent 
seizures reinforces the notion of the dentate gate, with 
massive activation of granule cells when seizures become 
self-sustaining.33

Repeated seizures can break down GABAergic inhibi-
tion of dentate granule cells.35 Multiple mechanisms lead 
to the disruption of inhibition, including altered receptor 
trafficking, accumulation of intracellular chloride ions, 
and dysfunction of interneurons. Seizures reduce and 
modify GABAA receptors on hippocampal neurons.36,37 
Neurotransmitter receptors, such as GABAA receptors, 
constantly move from the intracellular compartment to 
the neuronal surface membrane to synapses. Then they 
are endocytosed into the endosomes, and these processes 
allow dynamic modulation of inhibitory transmission.38 A 
large number of studies show that seizures accelerate the 
endocytosis of GABAA receptors.35,39,40 Seizures specifi-
cally enhance the endocytosis of synaptic GABAA recep-
tors, reducing synaptic inhibition.35,41 Benzodiazepines 
selectively enhance GABA-mediated synaptic inhibition 
but not extrasynaptic tonic inhibition. Therefore, benzo-
diazepines are ideal for reinforcing synaptic inhibition 
under assault from seizures.

GABA receptors allow the bidirectional passage of 
chloride ions across the neuronal membrane, depend-
ing on the membrane potential and the chloride reversal 
potential. Intracellular chloride accumulation makes 
chloride reversal potential more depolarized, and, if this 
reaches beyond the action potential threshold, GABA 
can be excitatory.42 Seizure-induced accumulation of 
chloride aids the collapse of GABAergic inhibition in 
hippocampal neurons.37,43 A low intracellular chloride 
ion concentration helps the inhibitory action of the 
neurotransmitter GABA.44 In addition to intracellular 
immobile anions exercising Donnan forces, chloride 
transporters play an important role in maintaining the 
chloride equilibrium potential. The K+/Cl− cotrans-
porter (KCC2) plays an important role in seizure-
induced disruption of chloride homeostasis.45 Recurrent 
seizures reduce KCC2 activity by dephosphorylating the 
protein.46 Reduced KCC2 activity reduces the efficacy of 
GABAergic inhibition and may even convert it into an 
excitatory transmitter.43

F I G U R E  1   γ-Aminobutyric acid (GABA) neurotransmission. 
GABAA receptors are heteropentameric chloride channels. 
Benzodiazepine-induced modulation of GABAA receptor function 
requires expression of the γ2 subunit in the channel complex. 
Republished with permission of the American Society for 
Pharmacology and Experimental Therapeutics, from Möhler H, 
Fritschy JM, Rudolph U. A new benzodiazepine pharmacology. 
J Pharmacol Exp Ther. 2002;300(1):2–8; permission conveyed 
through Copyright Clearance Center.

 15281167, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17342, W

iley O
nline L

ibrary on [22/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  S17KAPUR et al.

2.3  |  Seizure potentiates excitatory 
synaptic transmission in CA1 
pyramidal neurons

As noted above, CA1 pyramidal neurons play an im-
portant role in encoding memory. This encoding is 
achieved in part through long-term potentiation (LTP) 
of excitatory glutamatergic synapses.47 Seizures can po-
tentiate excitatory synapses using mechanisms similar 
to LTP.48,49 Fast excitatory transmission is mediated 
primarily by aminomethylphosphonic acid (AMPA) 
and N-methyl-D-aspartate (NMDA) receptors. A single 
seizure potentiates AMPA receptor-mediated excita-
tory transmission on specific CA1 pyramidal neurons.50 
In summary, repetitive seizures enhance excitatory 
transmission.

2.4  |  Pathophysiology to patient care

Most seizures end by themselves because multiple brain 
mechanisms at the circuit, cellular, and molecular lev-
els, such as AMPA- and NMDA-mediated transmission 
and altered purinergic transmission, act in concert to 
terminate them.51–55 However, recurrent seizure epi-
sodes are dangerous because they break down natural 
GABAergic seizure-terminating mechanisms and initi-
ate synaptic potentiation, which could trigger further 
seizures. Early treatment of recurrent seizures with 
benzodiazepines can break this vicious cycle. However, 
although benzodiazepines are effective at terminat-
ing seizure clusters, there remain challenges to timely 
treatment at clinical and patient levels. The following 
sections will describe clinician and patient perspectives 
as they relate to seizure cluster management, includ-
ing those of clinical staff as well as family members and 
caregivers.

3   |   IMPACT: CLINICAL 
PERSPECTIVE

Seizure clusters are dynamic events that vary from pa-
tient to patient. As such, clinical decisions related to 
rescue treatment must consider a multitude of factors, 
such as the patient's typical presentation (including re-
sponse to treatment), as well as the patient's environ-
ment, care team, and other individuals who could be 
involved in patient care (coworkers, friends, etc.). Here, 
we will discuss issues related to management of seizure 
clusters from a clinician's point of view, highlighting 
key concepts along with potential barriers to appropri-
ate care (Table 1).

3.1  |  Identifying patients at risk

There is a clinical need to identify patients at risk of 
seizure clusters, which involves coordinated efforts 
from patients, patient family members and friends, 
emergency medical services, and health care provid-
ers. Seizure clusters are associated with morbidity and 
mortality,3–5 including SUDEP for patients with an 
underlying tendency for SUDEP.56 Patients who expe-
rience seizure clusters commonly have refractory epi-
lepsy and higher rates of hospitalization,1,2 leading to 
greater health care costs and demands on health care 
resources. See Haut and Nabbout, Recognizing Seizure 
Clusters in the Community: The Path to Uniformity and 
Individualization in Nomenclature and Definition for 
more details regarding the clinical implications of sei-
zure clusters.57

A number of practical barriers to identifying patients at 
risk for seizure clusters exist. There is no clear consensus 
on the definition of a seizure cluster, which complicates 
identification in the limited time that clinicians have for 
patient consultations. The number of seizures, type, and 
time interval between seizures (4–24 h or more) differ 
across seizure cluster definitions.2,58–62 Recall of informa-
tion in and around the time of seizure can be limited for 
patients with seizure clusters. Seizures that occur during 
sleep may not be fully characterized or recognized.63,64 
Moreover, some patients and their families may not un-
derstand the seriousness of the occurrence of seizure clus-
ters,60 managing care on an as-needed basis without an 
organized plan. Current health care practices may also 
represent a barrier. For example, decisions to refer pa-
tients from primary care to specialized epilepsy/neurology 
care can influence timeliness of appropriate treatment.65

Strategies to address these barriers include improved 
communication between health care providers to help 
increase colleagues' awareness of seizure clusters to bet-
ter identify at-risk patients. Similarly, a comprehensive 
record of seizure history is critical for identification of 
seizure clusters. Health care providers should identify 
efficient, easy-to-implement methods to gather patient 
information on seizure patterns, frequencies, and char-
acteristics of seizure clusters. Moreover, patient and care-
giver education on seizure clusters can improve seizure 
cluster identification.

3.2  |  Management and self-
management of seizure clusters

Seizure action plans (SAPs) and specific acute SAPs (ASAPs) 
are designed to improve patient outcomes, decrease patient 
anxiety, reduce overuse of emergency medical services, and 
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facilitate sharing of treatment guidance.8,66,67 SAPs pro-
vide instructions related to seizure care and management 
(rescue and daily medications) as well as detailed patient 
and contact information, whereas an ASAP is concisely fo-
cused on the rescue protocol and provides emergency pro-
cedures.8 See Patel and Becker, Introduction to Use of an 
Acute Seizure Action Plan for Seizure Clusters and Guidance 
for Implementation in this supplement for more details 
regarding ASAPs.68 In facilities that care for people with 
epilepsy who also have intellectual disabilities, direct, easy-
to-understand instructions for seizure cluster care like those 
found in an ASAP could improve recognition of patient-
specific manifestations (e.g., types of seizures that are likely 
to represent the initial seizure in a cluster), shorten response 
times for treatment, and reinforce optimal response and 
care provided by multiple staff members, including support 
staff with limited medical training. In the community set-
ting, some adult patients may be familiar with seizure first 
aid, but their care partners may benefit from written specific 
and comprehensive guidance. Importantly, SAPs are under-
used in adult patients compared with pediatric patients,60 
who can be asked to have SAPs on file in school settings.69

There are several practical barriers to greater utiliza-
tion of SAPs/ASAPs by adult patients who practice self-
care. First, there is a lack of recommendations and support 
tools for health care providers, particularly guidance 
on incorporation of newly approved treatment options. 
Adults who are living and working in community settings 
may be reluctant to inform peers or employers about their 
SAP/ASAP owing to concerns over public perception of 
their condition.70,71 Ideally, an SAP/ASAP should be de-
signed for use in a particular setting, such as home, work, 
or in a care facility. For example, a general SAP may be 

used less if deemed unsuitable for a specific work environ-
ment. Colleagues and employers may have reservations or 
concerns over their involvement in the SAP (easier to call 
emergency medical services), as well as misperceptions of 
safety concerning rescue medications. In addition, current 
recommendations for SAPs can be labor-intensive69 and 
can be perceived as difficult to implement owing to time 
constraints.

There are steps that can be taken to address barri-
ers to implementation of SAPs/ASAPs. Development 
of SAPs/ASAPs should be consistent, with seizure clus-
ters included as part of the process. Action plans can 
be designed to balance the privacy rights of adults with 
the need to provide appropriate care during a seizure 
cluster. For example, patient preference to minimize 
use of an ambulance or taking social considerations 
into choice of rescue therapy can inform development 
of the action plan. A collaborative development process 
involving patient, (with adult patients' consent) care-
giver or care partner, and clinician can help improve 
relevance of the plan, leading to patients and caregiv-
ers being more willing to use and share their plans with 
others (e.g., colleagues at work, babysitters, grandpar-
ents).8 Colleagues, including emergency department 
staff and first-line health care providers (e.g., primary 
care providers), should also be educated on the role of 
SAPs/ASAPs. Integration of SAPs/ASAPs into electronic 
medical record systems facilitates appropriate access by 
health care providers, such as those in the emergency 
department, while complying with privacy legislation.72 
Processes should be streamlined for ease of use and 
effectiveness, such as simplified formats, accessibil-
ity, use of plain language, color coding, checkboxes for 

T A B L E  1   Clinical perspective

Issues Barriers Solutions

Identification of  
at-risk patients

•	 Variable definitions of seizure clusters
•	 Details of seizure events can be limited (poor recall, 

events during sleep)
•	 Delay in referral to specialized care (epileptologist/

neurologist)

•	 Provide user-friendly methods to record and/or 
track seizure clusters

•	 Improve communication between health care 
providers to increase awareness of seizure clusters

Management of 
seizure clusters

•	 Lack of recommendations (rescue medication) and 
support for health care providers

•	 Patient reluctance to disclose condition

•	 Customize SAPs/ASAPs (for patient and seizure 
cluster)

•	 Explain the purpose and function of SAPs/ASAPs, 
rescue medications

•	 Simplify formats of SAPs/ASAPs, integrate with 
smart applications/devices (e.g., seizure diaries)

Rescue medication •	 Patient uncertainty over role of rescue medication
•	 Access to rescue medication (authorization, cost, 

pharmacy)
•	 Concerns or preferences over route of administration 

(intranasal, rectal, buccal)

•	 Evaluate suitability of rescue medication on a case-
by-case basis

•	 Educate patients, caregivers, and family members 
on the purpose and proper use of the prescribed 
rescue medication (include in SAP/ASAP)

Abbreviations: ASAP, acute SAP; SAP, seizure action plan.
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      |  S19KAPUR et al.

common items, and illustrations.8 SAPs/ASAPs should 
be reviewed regularly and updated as necessary, in-
cluding when pediatric patients transition to adult care 
and when patients experience a change in their seizure 
pattern. Other improvements, such as electronic SAPs/
ASAPs with integration of a seizure diary and person-
alization, can facilitate use of these plans. SAPs/ASAPs 
can also empower patients and caregivers and reduce 
their need to call health care providers.8

Rescue medications are key interventions included in 
SAPs/ASAPs for patients with seizure clusters.8,69 Despite 
their benefits, rescue medications (e.g., benzodiazepines) 
appear to be underused,73 which may contribute to over-
use of emergency medical services.2 Selection of a rescue 
medication should be customized to each patient, with 
consideration given to the safety and effectiveness with re-
spect to seizure cluster duration. For patients in long-term 
care facilities who have physical limitations (e.g., wheel-
chair) or large patients who may be difficult to position 
correctly for treatment, considerations should be made 
with respect to route of administration. Rectal adminis-
tration of rescue medication to someone in a wheelchair 
could represent a barrier to timely treatment. Moreover, 
the steps required for administration of some rescue treat-
ments can be relatively extensive,74 which can also repre-
sent barriers to use owing to the level of training needed 
by facility staff members to administer treatment. An in-
ability to successfully administer rescue medication could 
lead to reduced effectiveness due to poor absorption of 
the drug,75 potentially requiring extended care of the sei-
zure cluster and limiting the availability of staff to care for 
other patients' needs. Alternative routes of administration 
have been approved (i.e., two intranasal formulations) 
or are in development (e.g., buccal or intrapulmonary 
formulations) and represent an important area of on-
going research.76,77 (See Gidal and Detyniecki, Rescue 
Therapies for Seizure Clusters: Pharmacology and Target of 
Treatments in this supplement for more details regarding 
current and future therapies.78) Alternative routes could 
alleviate concerns from staff members over administra-
tion of treatment for patients who require long-term care. 
In all, rescue medications for seizure clusters may reduce 
health care utilization and improve management in the 
community setting and long-term care facilities by giving 
patients and caregivers a greater sense of control.8

Despite the importance of rescue medications, a key 
component of effective SAPs/ASAPs, there remain bar-
riers to use of rescue medications. There are gaps in the 
understanding of seizure clusters and the role of rescue 
medications for treatment.60 Other challenges for rescue 
medication exist, such as difficulties with insurance cover-
age, cost, need for prior authorization, and access through 
special pharmacies.79 In the community setting, routes of 

administration (e.g., rectal) can be important consider-
ations, particularly for adult and adolescent patients.69,80,81

Health care providers can address these gaps and im-
prove use of rescue medications through education and 
communication with colleagues across settings, including 
emergency department staff and first-line health care pro-
viders. Moreover, health care providers should carefully 
evaluate their patients for suitability of rescue medication 
treatment, considering their history, seizure patterns, use 
of rescue medications, and use of emergency medical ser-
vices. Patient education on the role of rescue medication 
as a crucial component of the SAP or ASAP should be 
extended to include family members. Practical informa-
tion on dosing and administration of rescue medications 
should be provided in the SAP or ASAP. If the patient has 
social concerns about their rescue medication, clinicians 
can discuss alternative medications and routes of admin-
istration with patients to determine whether a change in 
treatment may be warranted, which should be reflected in 
an updated SAP or ASAP.

3.3  |  Clinician role

The clinician plays three vital roles in the overall super-
vision and administration of care for patients who ex-
perience seizure clusters. First, the clinician serves as a 
communicator, providing instructions and discussing 
patient goals. Second, the clinician serves as an educator, 
understanding and using treatments, including the role of 
the SAP or ASAP, with the intention of empowering pa-
tients. Third, the clinician serves a primary role as a health 
care provider, evaluating symptoms and seizure history to 
determine whether a diagnosis of seizure clusters is ap-
propriate, prescribing medication, and guiding the de-
velopment of the SAP or ASAP (including clear direction 
about when to use rescue medication). In all, the clinician 
seeks to reduce barriers to the identification of patients at 
risk of seizure clusters and to guide the appropriate use of 
SAPs/ASAPs with rescue medications to improve patient 
outcomes. However, to be successful, this process must 
reflect the perspectives of the patient and family or car-
egivers as well.

4   |   IMPACT: FAMILY 
PERSPECTIVE

Seizure clusters can adversely affect various aspects of 
quality of life, such as the ability to plan and participate 
in activities, of both patients and caregivers. However, 
the degree to which seizure clusters affect quality of life 
can also vary according to disease severity. Here, we will 
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discuss implications of seizure clusters on quality of life 
in patients with frequent and infrequent seizure clusters.

In patients with frequent seizure clusters, the unpre-
dictability of epilepsy results in a greater burden on pa-
tients and caregivers.60 Increased seizure frequency leads 
to more disruptions throughout the day, and the ability 
to perform common daily activities becomes strained.60 
Moreover, frequent seizures are suggestive of greater dis-
ease severity, which has been associated with cognitive 
decline and risk of life-threatening events (e.g., injuries, 
aspiration pneumonia).82–84 An inability to control sei-
zure clusters can result in uncertainty about the efficacy 
of treatment decisions. For example, questions can arise 
about the efficacy of medications in patients with frequent 
seizures.85 Patients and caregivers can encounter other 
questions when faced with an inability to control seizure 
clusters, such as the safety of additional doses of rescue 
medication, alternative medications with different routes 
of administration (e.g., rectal vs. nasal), doubts about 
medication delivery or absorption following an involun-
tary response (sneeze for nasal administration, defecation 
for rectal administration), and the use of emergency ser-
vices.75,86–88 Over time, this can lead to continuous trau-
matic stress (CTS).89 In contrast to posttraumatic stress 
disorder, which is stress due to an event that happened 
in the past, CTS is a condition in which an individual 
lives at a heightened level of anxiety concerning future 
events. Seizure-associated CTS can damage a person's self-
confidence to plan and engage in normal daily activities.60 
Specifically, patients can experience questions and inse-
curities over length of rest/recuperation, personal abilities 
and skills, future physical/mental/emotional challenges, 
public embarrassment (urination or defecation in public), 
and health care costs.60,90 Trauma or judgment from wit-
nesses of an event, especially one that involves emergency 
personnel, can contribute further to patient stress. In ad-
dition to experiencing stress over the challenges presented 
to patients, parents of children who have early life epi-
lepsies along with other family members can experience 
chronic stress originating from a variety of other factors, 
such as medical care decisions specific to early life epi-
lepsies, relationships (within and outside the family), and 
planning for the future.91 In all, frequent seizure clusters 
can discourage patients and family from planning events 
and living their lives, resulting in a reactive day-to-day ex-
istence, whereby patients and family are surviving rather 
than thriving (Figure 2).

Seizure frequency has been associated with greater 
stigma and lower self-esteem, which contribute to re-
ductions in health-related quality of life in people with 
epilepsy.92–94 Patients with infrequent seizure clusters, 
along with their family members, can experience many 
of the same thoughts and feelings as those who deal with 

frequent seizure clusters, although the degree to which 
these feelings are experienced could vary. For example, 
some patients may experience less stress over rescue med-
ications because these medications may play a smaller 
role in their daily management of the disease. However, 
some patients with infrequent seizure clusters may expe-
rience stress owing to the lack of familiarity with seizure 
cluster occurrence and management.

4.1  |  Challenges

As previously discussed, seizure cluster definitions are 
variable,2,59–62 which can present barriers to appropriate 
treatment for patients and their families, just as it does to 
clinicians. Moreover, seizures are dynamic; patient signs 
and symptoms as well as the overall disease course can 
change over time, including the type and frequency of sei-
zures within a seizure cluster. For example, a patient may 
start with a generalized tonic–clonic seizure, which could 
later taper into an atypical absence seizure. The variable 
nature of seizure clusters and the lack of a one-size-fits-all 
definition presents a substantial barrier to timely identi-
fication of seizure cluster patterns as well as treatments.

There remain other questions and concerns experi-
enced by patients with seizure clusters and their fam-
ilies, such as the potential for brain damage, when to 
seek emergency care at a hospital, appropriate use of 
rescue medication outside the home, and use of an SAP 
or ASAP.60,88 Moreover, gaps have been noted between 
clinicians' recommendations for action and patients' 
more passive seizure cluster management. For example, 
a survey of patients with seizure clusters, caregivers, 
and clinicians noted that approximately 79% of clini-
cians recommended rescue medication for a seizure 

F I G U R E  2   Outcomes associated with poor seizure cluster 
control for patients, care partners, and family members. CTS, 
continuous traumatic stress.

↑

↑ ↓
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cluster, 67% recommended calling a doctor, and 61% 
recommended emergency services.60 In contrast to cli-
nicians, patients reported that they would do nothing 
(27%) during a seizure cluster, with only 24% replying 
that they would seek emergency care, 20% would call 
their doctor, and 20% would take rescue medication.60 
These findings underscore the challenges in patient and 
family adoption of clinically appropriate care for seizure 
clusters as recommended by physicians. The develop-
ment and implementation of an SAP or ASAP could 
improve patient and family attitudes toward seizure 
cluster management.8 However, patients and families 
may be unclear about what information to include in an 
SAP or ASAP, who should have access to it (e.g., em-
ployers), and how the SAP or ASAP should be executed. 
Nevertheless, although SAPs are underused by adult pa-
tients,60 current evidence in pediatric patients suggests 
that SAPs could be beneficial in improving quality of 
life.67 Taken together, improved patient–clinician com-
munication, a standardized seizure cluster definition, 
and SAPs or ASAPs that incorporate seizure cluster-
specific language could improve quality of life for pa-
tients with seizure clusters and their family members. 
Patient and family input are vital to the development of 
an effective, individualized SAP or ASAP.

5   |   CONCLUSION: SEIZURE 
CLUSTERS FROM BENCH TO HOME

The mechanisms that lead to seizure clusters have im-
plications for appropriate therapies and their implemen-
tation by health care providers as well as coordinating 
therapy with patients and caregivers. Because of the 
understanding of GABAA receptor expression and func-
tion, benzodiazepines are the mainstay of treatment 
for seizure clusters. However, clinicians, patients, and 
their families face barriers to seizure cluster identifica-
tion and treatment. Clinical investigations are needed to 
identify factors that affect quality and timeliness of care 
received by patients and families as well as those that 
affect the delivery of care by nonspecialist health care 
providers. The development and use of a clearly defined, 
personalized SAP and ASAP can help ensure treatment 
to mitigate some of the important burdens that patients 
and their families face.

AUTHOR CONTRIBUTIONS
Original draft preparation: All authors developed the ini-
tial content outline for the article. Writing–review and ed-
iting: All authors provided critical review and revision. All 
authors approved the final version of the manuscript for 
submission to Epilepsia.

ACKNOWLEDGMENTS
Medical writing support was provided at the direction 
of the authors by Kirk W. Evanson, PhD, of the Curry 
Rockefeller Group (Tarrytown, NY), which also provided 
additional editorial assistance including formatting and 
proofreading. This support was funded by Neurelis (San 
Diego, CA).

CONFLICT OF INTEREST
J.K. does not report any competing interests. L.L. is a 
consultant for Neurelis, SK Life Science, and Supernus 
Pharmaceuticals, and is a speaker for LivaNova. T.D.-S. is 
the Executive Director of the LGS Foundation and a con-
sultant for the Chan Zuckerberg Initiative and Neurelis. 
We confirm that we have read the Journal's position on 
issues involved in ethical publication and affirm that this 
report is consistent with those guidelines.

ORCID
Jaideep Kapur   https://orcid.org/0000-0002-8608-1352 
Lucretia Long   https://orcid.org/0000-0002-6240-3521 
Tracy Dixon-Salazar   https://orcid.org/0000-0002-7801-1741 

REFERENCES
	 1.	 Jafarpour S, Hirsch LJ, Gainza-Lein M, Kellinghaus C, 

Detyniecki K. Seizure cluster: definition, prevalence, conse-
quences, and management. Seizure. 2019;68:9–15.

	 2.	 Haut SR, Shinnar S, Moshe SL. Seizure clustering: risks and 
outcomes. Epilepsia. 2005;46(1):146–9.

	 3.	 Logsdail SJ, Toone BK. Post-ictal psychoses. A clinical and phe-
nomenological description. Br J Psychiatry. 1988;152:246–52.

	 4.	 Ryvlin P, Nashef L, Lhatoo SD, Bateman LM, Bird J, Bleasel A, 
et al. Incidence and mechanisms of cardiorespiratory arrests in 
epilepsy monitoring units (MORTEMUS): a retrospective study. 
Lancet Neurol. 2013;12(10):966–77.

	 5.	 Sillanpää M, Schmidt D. Seizure clustering during drug treat-
ment affects seizure outcome and mortality of childhood-onset 
epilepsy. Brain. 2008;131(Pt 4):938–44.

	 6.	 Bauman K, Devinsky O. Seizure clusters: morbidity and mortal-
ity. Front Neurol. 2021;12:636045.

	 7.	 Haut SR. Seizure clusters: characteristics and treatment. Curr 
Opin Neurol. 2015;28(2):143–50.

	 8.	 Penovich P, Glauser T, Becker D, Patel AD, Sirven J, Long L, et al. 
Recommendations for development of acute seizure action plans 
(ASAPs) from an expert panel. Epilepsy Behav. 2021;123:108264.

	 9.	 Treiman DM, Walton NY, Kendrick C. A progressive sequence 
of electroencephalographic changes during generalized con-
vulsive status epilepticus. Epilepsy Res. 1990;5(1):49–60.

	10.	 Wang NC, Good LB, Marsh ST, Treiman DM. EEG stages pre-
dict treatment response in experimental status epilepticus. 
Epilepsia. 2009;50(4):949–52.

	11.	 Higdon LM, Sperling MR. A review of a diazepam nasal spray 
for the treatment of acute seizure clusters and prolonged sei-
zures. Expert Rev Neurother. 2021;21:1–6.

	12.	 Singh T, Joshi S, Williamson JM, Kapur J. Neocortical injury-
induced status epilepticus. Epilepsia. 2020;61(12):2811–24.

 15281167, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17342, W

iley O
nline L

ibrary on [22/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-8608-1352
https://orcid.org/0000-0002-8608-1352
https://orcid.org/0000-0002-6240-3521
https://orcid.org/0000-0002-6240-3521
https://orcid.org/0000-0002-7801-1741
https://orcid.org/0000-0002-7801-1741


S22  |      KAPUR et al.

	13.	 Preston AR, Eichenbaum H. Interplay of hippocampus and 
prefrontal cortex in memory. Curr Biol. 2013;23(17):R764–73.

	14.	 Jarero-Basulto JJ, Gasca-Martinez Y, Rivera-Cervantes 
MC, Urena-Guerrero ME, Feria-Velasco AI, Beas-Zarate C. 
Interactions between epilepsy and plasticity. Pharmaceuticals 
(Basel). 2018;11(1):17.

	15.	 Soltesz I, Losonczy A. CA1 pyramidal cell diversity enabling 
parallel information processing in the hippocampus. Nat 
Neurosci. 2018;21(4):484–93.

	16.	 Dudek FE, Sutula TP. Epileptogenesis in the dentate gyrus: a 
critical perspective. Prog Brain Res. 2007;163:755–73.

	17.	 Lothman EW, Bertram EH 3rd, Stringer JL. Functional 
anatomy of hippocampal seizures. Prog Neurobiol. 1991;​
37(1):1–82.

	18.	 Krook-Magnuson E, Armstrong C, Bui A, Lew S, Oijala M, 
Soltesz I. In vivo evaluation of the dentate gate theory in epi-
lepsy. J Physiol. 2015;593(10):2379–88.

	19.	 Pathak HR, Weissinger F, Terunuma M, Carlson GC, Hsu FC, 
Moss SJ, et al. Disrupted dentate granule cell chloride regula-
tion enhances synaptic excitability during development of tem-
poral lobe epilepsy. J Neurosci. 2007;27(51):14012–22.

	20.	 Staley KJ, Otis TS, Mody I. Membrane properties of dentate 
gyrus granule cells: comparison of sharp microelectrode and 
whole-cell recordings. J Neurophysiol. 1992;67(5):1346–58.

	21.	 Houser CR. Interneurons of the dentate gyrus: an overview 
of cell types, terminal fields and neurochemical identity. Prog 
Brain Res. 2007;163:217–32.

	22.	 Han ZS, Buhl EH, Lorinczi Z, Somogyi P. A high degree of spa-
tial selectivity in the axonal and dendritic domains of physio-
logically identified local-circuit neurons in the dentate gyrus of 
the rat hippocampus. Eur J Neurosci. 1993;5(5):395–410.

	23.	 Stell BM, Brickley SG, Tang CY, Farrant M, Mody I. 
Neuroactive steroids reduce neuronal excitability by selec-
tively enhancing tonic inhibition mediated by delta subunit-
containing GABAA receptors. Proc Natl Acad Sci U S A. 
2003;100(24):14439–44.

	24.	 Mohler H. GABAA receptor diversity and pharmacology. Cell 
Tissue Res. 2006;326(2):505–16.

	25.	 Chang Y, Wang R, Barot S, Weiss DS. Stoichiometry of a recom-
binant GABAA receptor. J Neurosci. 1996;16(17):5415–24.

	26.	 Tretter V, Ehya N, Fuchs K, Sieghart W. Stoichiometry and as-
sembly of a recombinant GABAA receptor subtype. J Neurosci. 
1997;17(8):2728–37.

	27.	 Barrera NP, Betts J, You H, Henderson RM, Martin IL, Dunn 
SM, et al. Atomic force microscopy reveals the stoichiometry 
and subunit arrangement of the alpha4beta3delta GABA(A) re-
ceptor. Mol Pharmacol. 2008;73(3):960–7.

	28.	 Macdonald RL, Olsen RW. GABAA receptor channels. Annu 
Rev Neurosci. 1994;17:569–602.

	29.	 Sun C, Sieghart W, Kapur J. Distribution of alpha1, alpha4, 
gamma2, and delta subunits of GABAA receptors in hippocam-
pal granule cells. Brain Res. 2004;1029(2):207–16.

	30.	 Soltesz I, Smetters DK, Mody I. Tonic inhibition originates from 
synapses close to the soma. Neuron. 1995;14(6):1273–83.

	31.	 Stringer JL, Lothman EW. Bilateral maximal dentate activation 
is critical for the appearance of an afterdischarge in the dentate 
gyrus. Neuroscience. 1992;46(2):309–14.

	32.	 Lothman EW, Stringer JL, Bertram EH. The dentate gyrus as 
a control point for seizures in the hippocampus and beyond. 
Epilepsy Res Suppl. 1992;7:301–13.

	33.	 Dabrowska N, Joshi S, Williamson J, Lewczuk E, Lu Y, Oberoi 
S, et al. Parallel pathways of seizure generalization. Brain. 
2019;142(8):2336–51.

	34.	 Kapur J, Michelson HB, Buterbaugh GG, Lothman EW. Evidence 
for a chronic loss of inhibition in the hippocampus after kin-
dling: electrophysiological studies. Epilepsy Res. 1989;4(2):90–9.

	35.	 Goodkin HP, Joshi S, Mtchedlishvili Z, Brar J, Kapur J. Subunit-
specific trafficking of GABAA receptors during status epilepti-
cus. J Neurosci. 2008;28(10):2527–38.

	36.	 Kapur J, Macdonald RL. Rapid seizure-induced reduction of 
benzodiazepine and Zn2+ sensitivity of hippocampal dentate 
granule cell GABAA receptors. J Neurosci. 1997;17(19):7532–40.

	37.	 Kapur J, Coulter DA. Experimental status epilepticus alters 
gamma-aminobutyric acid type A receptor function in CA1 py-
ramidal neurons. Ann Neurol. 1995;38(6):893–900.

	38.	 Jacob TC, Moss SJ, Jurd R. GABA(A) receptor trafficking and its 
role in the dynamic modulation of neuronal inhibition. Nat Rev 
Neurosci. 2008;9(5):331–43.

	39.	 Naylor DE, Liu H, Wasterlain CG. Trafficking of GABAA recep-
tors, loss of inhibition, and a mechanism for pharmacoresis-
tance in status epilepticus. J Neurosci. 2005;25(34):7724–33.

	40.	 Goodkin HP, Yeh JL, Kapur J. Status epilepticus increases the 
intracellular accumulation of GABAA receptors. J Neurosci. 
2005;25(23):5511–20.

	41.	 Terunuma M, Xu J, Vithlani M, Sieghart W, Kittler J, Pangalos 
M, et al. Deficits in phosphorylation of GABA(A) receptors 
by intimately associated protein kinase C activity underlie 
compromised synaptic inhibition during status epilepticus. J 
Neurosci. 2008;28(2):376–84.

	42.	 Ben-Ari Y. Excitatory actions of gaba during development: the 
nature of the nurture. Nat Rev Neurosci. 2002;3(9):728–39.

	43.	 Deeb TZ, Maguire J, Moss SJ. Possible alterations in GABAA 
receptor signaling that underlie benzodiazepine-resistant sei-
zures. Epilepsia. 2012;53(Suppl 9)):79–88.

	44.	 Doyon N, Vinay L, Prescott SA, De Koninck Y. Chloride regu-
lation: a dynamic equilibrium crucial for synaptic inhibition. 
Neuron. 2016;89(6):1157–72.

	45.	 Kelley MR, Deeb TZ, Brandon NJ, Dunlop J, Davies PA, Moss 
SJ. Compromising KCC2 transporter activity enhances the de-
velopment of continuous seizure activity. Neuropharmacology. 
2016;108:103–10.

	46.	 Moore YE, Kelley MR, Brandon NJ, Deeb TZ, Moss SJ. Seizing 
control of KCC2: a new therapeutic target for epilepsy. Trends 
Neurosci. 2017;40(9):555–71.

	47.	 Whitlock JR, Heynen AJ, Shuler MG, Bear MF. Learning in-
duces long-term potentiation in the hippocampus. Science. 
2006;313(5790):1093–7.

	48.	 Sutula T, Steward O. Facilitation of kindling by prior induc-
tion of long-term potentiation in the perforant path. Brain Res. 
1987;420(1):109–17.

	49.	 Meador KJ. The basic science of memory as it applies to epi-
lepsy. Epilepsia. 2007;48(Suppl 9):23–5.

	50.	 Joshi S, Rajasekaran K, Sun H, Williamson J, Kapur J. 
Enhanced AMPA receptor-mediated neurotransmission on 
CA1 pyramidal neurons during status epilepticus. Neurobiol 
Dis. 2017;103:45–53.

	51.	 Adotevi N, Lewczuk E, Sun H, Joshi S, Dabrowska N, Shan S, 
et al. Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid receptor plasticity sustains severe, fatal status epilepticus. 
Ann Neurol. 2020;87(1):84–96.

 15281167, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17342, W

iley O
nline L

ibrary on [22/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  S23KAPUR et al.

	52.	 Beamer E, Kuchukulla M, Boison D, Engel T. ATP and 
adenosine—two players in the control of seizures and epilepsy 
development. Prog Neurobiol. 2021;204:102105.

	53.	 Naylor DE, Liu H, Niquet J, Wasterlain CG. Rapid surface 
accumulation of NMDA receptors increases glutamater-
gic excitation during status epilepticus. Neurobiol Dis. 
2013;54:225–38.

	54.	 Rajasekaran K, Todorovic M, Kapur J. Calcium-permeable 
AMPA receptors are expressed in a rodent model of status epi-
lepticus. Ann Neurol. 2012;72(1):91–102.

	55.	 Wasterlain CG, Naylor DE, Liu H, Niquet J, Baldwin R. 
Trafficking of NMDA receptors during status epilepticus: ther-
apeutic implications. Epilepsia. 2013;54(Suppl. 6):78–80.

	56.	 Ochoa-Urrea M, Lacuey N, Vilella L, Zhu L, Jamal-Omidi S, 
Rani MRS, et al. Seizure clusters, seizure severity markers, and 
SUDEP risk. Front Neurol. 2021;12:643916.

	57.	 Haut SR, Nabbout R. Recognizing seizure clusters in the com-
munity: the path to uniformity and individualization in nomen-
clature and definition. Epilepsia. 2022;63(Suppl. 1):S6–S13.

	58.	 Leguia MG, Andrzejak RG, Rummel C, Fan JM, Mirro EA, 
Tcheng TK, et al. Seizure cycles in focal epilepsy. JAMA Neurol. 
2021;78(4):454–63.

	59.	 Martinez C, Sullivan T, Hauser WA. Prevalence of acute re-
petitive seizures (ARS) in the United Kingdom. Epilepsy Res. 
2009;87(2–3):137–43.

	60.	 Penovich PE, Buelow J, Steinberg K, Sirven J, Wheless J. 
Burden of seizure clusters on patients with epilepsy and care-
givers: survey of patient, caregiver, and clinician perspectives. 
Neurologist. 2017;22(6):207–14.

	61.	 Detyniecki K, Van Ess PJ, Sequeira DJ, Wheless JW, Meng TC, 
Pullman WE. Safety and efficacy of midazolam nasal spray in 
the outpatient treatment of patients with seizure clusters—a 
randomized, double-blind, placebo-controlled trial. Epilepsia. 
2019;60(9):1797–808.

	62.	 Noe KH, Drazkowski JF. Safety of long-term video-
electroencephalographic monitoring for evaluation of epilepsy. 
Mayo Clin Proc. 2009;84(6):495–500.

	63.	 Blachut B, Hoppe C, Surges R, Stahl J, Elger CE, Helmstaedter 
C. Counting seizures: the primary outcome measure in epilep-
tology from the patients' perspective. Seizure. 2015;29:97–103.

	64.	 Hoppe C, Poepel A, Elger CE. Epilepsy: accuracy of patient sei-
zure counts. Arch Neurol. 2007;64(11):1595–9.

	65.	 Prideaux L, Barton S, Maixner W, Harvey AS. Potential de-
lays in referral and assessment for epilepsy surgery in chil-
dren with drug-resistant, early-onset epilepsy. Epilepsy Res. 
2018;143:20–6.

	66.	 Roundy LM, Filloux FM, Kerr L, Rimer A, Bonkowsky JL. 
Seizure action plans do not reduce health care utilization in pe-
diatric epilepsy patients. J Child Neurol. 2016;31(4):433–8.

	67.	 Albert DVF, Moreland JJ, Salvator A, Moore-Clingenpeel M, 
Haridas B, Cole JW, et al. Seizure action plans for pediatric 
patients with epilepsy: a randomized controlled trial. J Child 
Neurol. 2019;34(11):666–73.

	68.	 Patel AD, Becker DA. Introduction to use of an acute seizure ac-
tion plan for seizure clusters and guidance for implementation. 
Epilepsia. 2022;63(Suppl. 1):S25–S33.

	69.	 Dean P, O'Hara K, Brooks L, Shinnar R, Bougher G, Santilli 
N. Managing acute seizures: new rescue delivery option 
and resources to assist school nurses. NASN Sch Nurse. 
2021;36(6):346–54.

	70.	 Sleeth C, Drake K, Labiner DM, Chong J. Felt and enacted 
stigma in elderly persons with epilepsy: a qualitative approach. 
Epilepsy Behav. 2016;55:108–12.

	71.	 Heersink M, Kocovski NL, MacKenzie MB, Denomme K, 
Macrodimitris S. Social anxiety and its psychosocial im-
pact on the lives of people with epilepsy. Epilepsy Behav. 
2015;51:286–93.

	72.	 Mbwana JS, Grinspan ZM, Bailey R, Berl M, Buchhalter J, 
Bumbut A, et al. Using EHRs to advance epilepsy care. Neurol 
Clin Pract. 2019;9(1):83–8.

	73.	 Chen B, Choi H, Hirsch LJ, Katz A, Legge A, Wong RA, et al. 
Prevalence and risk factors of seizure clusters in adult patients 
with epilepsy. Epilepsy Res. 2017;133:98–102.

	74.	 Valeant Pharmaceuticals. Diastat® C-IV (diazepam rectal gel). 
Full Prescribing Information. Valeant Pharmaceuticals; 2016.

	75.	 Hua S. Physiological and pharmaceutical considerations for 
rectal drug formulations. Front Pharmacol. 2019;10:1196.

	76.	 Neurelis, Inc. Valtoco (diazepam nasal spray). Full Prescribing 
Information. Neurelis, Inc.; 2021.

	77.	 UCB, Inc. NAYZILAM® (midazolam nasal spray). Full 
Prescribing Information. UCB, Inc.; 2021.

	78.	 Gidal B, Detyniecki K. Rescue therapies for seizure clus-
ters: pharmacology and target of treatments. Epilepsia. 
2022;63(Suppl. 1):S34–S44.

	79.	 Sanchez Fernandez I, Gainza-Lein M, Loddenkemper T. 
Nonintravenous rescue medications for pediatric status epi-
lepticus: a cost-effectiveness analysis. Epilepsia. 2017;58(8):​
1349–59.

	80.	 Gainza-Lein M, Benjamin R, Stredny C, McGurl M, Kapur K, 
Loddenkemper T. Rescue medications in epilepsy patients: a 
family perspective. Seizure. 2017;52:188–94.

	81.	 Nunley S, Glynn P, Rust S, Vidaurre J, Albert DVF, Patel AD. 
A hospital-based study on caregiver preferences on acute sei-
zure rescue medications in pediatric patients with epilepsy: 
intranasal midazolam versus rectal diazepam. Epilepsy Behav. 
2019;92:53–6.

	82.	 Thompson PJ, Duncan JS. Cognitive decline in severe intracta-
ble epilepsy. Epilepsia. 2005;46(11):1780–7.

	83.	 Wilson DA, Selassie AW. Risk of severe and repetitive traumatic 
brain injury in persons with epilepsy: a population-based case-
control study. Epilepsy Behav. 2014;32:42–8.

	84.	 DeToledo JC, Lowe MR. Seizures, lateral decubitus, aspira-
tion, and shoulder dislocation: time to change the guidelines? 
Neurology. 2001;56(3):290–1.

	85.	 Wheless JW. Intractable epilepsy: a survey of patients and care-
givers. Epilepsy Behav. 2006;8(4):756–64.

	86.	 Haut SR, Seinfeld S, Pellock J. Benzodiazepine use in sei-
zure emergencies: a systematic review. Epilepsy Behav. 
2016;63:109–17.

	87.	 Djupesland PG. Nasal drug delivery devices: characteristics and 
performance in a clinical perspective—a review. Drug Deliv 
Transl Res. 2013;3(1):42–62.

	88.	 Abarbanell NR. Prehospital seizure management: triage crite-
ria for the advanced life support rescue team. Am J Emerg Med. 
1993;11(3):210–2.

	89.	 Eagle G, Kaminer D. Continuous traumatic stress: expanding 
the lexicon of traumatic stress. Peace Confl. 2013;19(2):85–99.

	90.	 Caron E, Wheless CE, Patters AB, Wheless JW. The charges for 
seizures in the pediatric emergency room: a single center study. 
Pediatr Neurol. 2015;52(5):517–20.

 15281167, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17342, W

iley O
nline L

ibrary on [22/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



S24  |      KAPUR et al.

	91.	 Berg AT, Kaiser K, Dixon-Salazar T, Elliot A, McNamara N, 
Meskis MA, et al. Seizure burden in severe early-life epi-
lepsy: perspectives from parents. Epilepsia Open. 2019;4(2):​
293–301.

	92.	 Baker GA, Spector S, McGrath Y, Soteriou H. Impact of epi-
lepsy in adolescence: a UK controlled study. Epilepsy Behav. 
2005;6(4):556–62.

	93.	 Baker GA, Jacoby A, Chadwick DW. The associations of psy-
chopathology in epilepsy: a community study. Epilepsy Res. 
1996;25(1):29–39.

	94.	 Taylor RS, Sander JW, Taylor RJ, Baker GA. Predictors of 
health-related quality of life and costs in adults with epilepsy: a 
systematic review. Epilepsia. 2011;52(12):2168–80.

How to cite this article: Kapur J, Long L, Dixon-
Salazar T. Consequences: Bench to home. Epilepsia. 
2022;63(Suppl. 1):S14–S24. https://doi.org/10.1111/
epi.17342

 15281167, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17342, W

iley O
nline L

ibrary on [22/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/epi.17342
https://doi.org/10.1111/epi.17342

	Consequences: Bench to home
	Abstract
	1|SEIZURE CLUSTERS FROM BENCH TO HOME
	2|PRECLINICAL/CLINICAL PATHOPHYSIOLOGY
	2.1|Dentate gate
	2.2|Seizures open dentate gate by breaking down GABAergic inhibition
	2.3|Seizure potentiates excitatory synaptic transmission in CA1 pyramidal neurons
	2.4|Pathophysiology to patient care

	3|IMPACT: CLINICAL PERSPECTIVE
	3.1|Identifying patients at risk
	3.2|Management and self-­management of seizure clusters
	3.3|Clinician role

	4|IMPACT: FAMILY PERSPECTIVE
	4.1|Challenges

	5|CONCLUSION: SEIZURE CLUSTERS FROM BENCH TO HOME
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


