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ABSTRACT

Introduction: Seizure outcomes from antiseizure medication (ASM) therapy can be measured across var-
ious domains using assessment tools. The available tools may contain an array of different components or
items. Seizure severity assessment, as opposed to seizure frequency count may have been a more accu-
rate measurement in determining the effectiveness of ASM therapy. This study aimed to review studies
developing seizure severity assessment tools for adults with epilepsy, describe the development methods
and validation, and compare the list of items in these tools.
Methods: The systematic search utilized established databases such as Scopus, Ovid, Web of Science,
Medline, Wiley Online, and Cochrane Library. Studies published from inception to December 15, 2022,
were selected. Publications describing the development of tools to measure seizure severity among adult
epilepsy patients were included. Outcome measures including the tool’s content, development methods,
validity, and reliability assessments were compared.
Results: The search produced eight publications describing the development of eight seizure severity
assessment tools. One of these tools is part of a multidimensional assessment of the overall impact of epi-
lepsy. The frequently used method in the initial development was the qualitative method (n = 6) where
two publications reanalyzed the items from previous studies. Face validity was the most common vali-
dation test conducted (n = 4). At least one reliability assessment was conducted for each of the tools, most
commonly by the test-retest method (n = 6) and inter-rater reliability (n = 5). All of these tools cover the
components of pre-ictal (warning/aura), ictal, and postictal (recovery) events.
Conclusion: The identified tools described the assessment of seizure severity using various subscales. The
emergence of new methods in quantifying seizure severity unfolds opportunities in discovering more
comprehensive assessments of seizure severity in both clinical trials and daily clinical practice.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

awareness to focal aware seizures, the elimination of one or more
ictal events, the shortening of the seizure duration, and others [3].

Seizure frequency and severity are the two most important out-
come variables in evaluating epilepsy treatment with antiseizure
medication (ASM) [1]. The reported efficacy of ASM is based on
the number of patients who attained more than a 50% reduction
in seizure frequency [2]. However, this traditional method led to
questions on whether seizure frequency alone is sufficient as an
indicator of ASM efficacy. The simple measure of documenting sei-
zure frequency may not accurately determine the overall epilepsy
control. It did not take into consideration any changes in the sei-
zure type, for instance, the change from primarily focal impaired
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Researchers observed that ASMs act by preventing the progression
of focal aware seizures to bilateral tonic-clonic seizures. Thus,
according to Baker et al., ASM may affect seizure severity by means
of altering seizure types without necessarily reducing the fre-
quency of seizures [4]. Undoubtedly, this warrants a comprehen-
sive method of assessing and measuring the efficacy of drug
therapy toward improving seizure outcomes.

Assessment tools or scales are valuable instruments for assigning
numerical ratings to events that cannot be measured directly. In this
context, the event is seizure severity. The tools or scales comprise
groups of items displaying ranks of theoretical variables, which are
not evaluated by direct means. The development of the scales
requires laborious and systematic research protocols. When justify-
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ing the development of a new scale, investigators should provide a
summary of their existing measurement from the literature review,
cite any existing instruments that are similar, and highlight the gap
in the existing measurement from the literature by expressing the
constructs that existing measures fail to gauge [5-7].

The essence of an outcome assessment in clinical trials and
healthcare settings is the patient-reported outcome measure
(PROM) [8]. This survey-based assessment method is crucial as it
has been associated with greater patient satisfaction and improve-
ment in patient-clinician communication [9]. While it is not with-
out limitation, capturing patients’ and carers’ own perspectives of
their disease and symptoms is fundamental. Limitations of
survey-based assessment include weaknesses in the development
of the tools, validity, and reliability issues, ambiguous score inter-
pretation, respondents’ interpretation and recall bias, and inability
to capture objective measures of the disease [10]. In the context of
characterizing seizure severity, the three main factors that may be
reported by patients and carers are seizure semiology, seizure fre-
quency, and total duration of the seizure event [11]. Details of the
ictal phase such as loss of awareness, presence of motor symptomes,
disruptive automatisms, falls, or seizure-related injuries are all
important elements in seizure assessment.

Previous reviews related to the measurement of seizure severity
have highlighted some distinctive features of the existing seizure
severity assessment tools, which were used mainly in drug trials
[1,12,13]. These reviews included different depths of discussion on
the aspect of the initial development method, scale content, and
appropriateness of the scoring system. The obvious shortfall of the
earlier tools as reported by Cramer and colleagues was the inability
to capture changes in treatment effect (“responsiveness” element of
the tool). This aspect is important as consistency and reliability tests
alone are inadequate in determining the treatment effect. It has also
been observed that the content of these tools may or may not cover
all the severity components for an individual as the number of items
is limited. This is further hampered by the inconsistent and arbitrary
scoring system with no clinical interpretation for the final score [1].

There was a notable shift in the seizure severity tools’ applica-
bility. The functionality of the tools was not only observed in a con-
trolled environment (drug trials) but also anticipated in a more
practical, real-life clinical setting. Consequently, methods of
detecting the minimal clinically important difference (MCID) were
instituted and this could help clinicians optimize drug therapy
based on the slightest yet significant change in the patient’s dis-
ease status. Additionally, Cramer and French suggested including
the anatomic-clinical connections in which electrical events of
the brain through electroencephalogram (EEG) reports are inte-
grated with physical events of seizures for severity assessment
[1]. On that note, a recent study [10] has demonstrated the associ-
ation of ictal intracranial EEG (iEEG) with seizure severity. Another
possible approach for practical application is to incorporate psy-
chological symptoms, occupational and social functioning in a
wholesome psychosocial rating [14]. All of these, and probably
many more other dimensions, should be appraised in the pursuit
of establishing a gold standard assessment tool for seizure severity.

The current systematic review aimed to identify and compare
the available seizure severity assessment tools for adult epilepsy
patients in various settings. The comparison was carried out based
on original articles published by the developers.

2. Material and methods

2.1. Search strategy and literature search

Articles were searched through the following databases; Sco-
pus, Medline, Wiley Online Library, Web of Science (WOS), Ovid,
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Cochrane Library, and Google Scholar from the date of inception
through December 15, 2022. The Medical Subject Heading (MeSH)
and terms that were used to search for relevant publications
include “seizure severity,” “seizure control,” “seizure frequency,”
“seizure outcomes,” “assess®,” “measure*,” “scale,” “score,” and
“questionnaire.” Boolean operators, such as OR and AND, were uti-
lized to narrow the search.

Various types of study designs were explored including clinical
trials and observational studies. No limitations were applied with
regard to the year of publication. Only articles published in the
English language were included. Abstracts and conference pro-
ceedings, commentaries, editorials, and columnist and expert opin-
ion articles were excluded.

" o«

2.2. Data extraction and analysis

The country of origin, study aim and objectives, study design,
development methods, research settings in which the tool was
developed, the primary user of the tool, and information on the
validity and reliability assessment were analyzed. Information on
the application of the tools and their clinical use was also
extracted. All the criteria and characteristics of each tool were
compared and contrasted from one to another within similar
domains.

2.3. Quality assessment

The COnsensus-based Standards for the selection of health Mea-
surement Instruments (COSMIN) Risk of Bias (ROB) checklist is
employed to evaluate the methodological quality of the measure-
ment tools [15]. The COSMIN ROB checklist comprises 10 criteria,
which include PROM development, content validity, structural
validity, internal consistency, cross-cultural validity/measurement
invariance, reliability, measurement error, criterion validity,
hypotheses testing for construct validity, and responsiveness. The
checklist was rated as “very good,” “adequate,” “doubtful,” and
“inadequate.” “The worst score counts” principle was used to
determine the overall quality of a study. The response option
“NA” (not applicable) was applied for items that were irrelevant
to the study. The “NA” rating is not considered the “worst score
counts” [16]. It should be aware that COSMIN Checklist is useful
mainly as a guide for new tools development, therefore the quality
assessment was done only for comparison purposes between the
tools.

3. Results

A total of 537 possibly relevant publications were identified in
the initial search across all databases. These were evaluated pri-
marily in accordance with the predetermined inclusion and exclu-
sion criteria (Table 1). The PRISMA 2020 statement [17] was used
to guide in narrowing the search for eligible publications. A review
of the title suitability and the removal of duplicates excluded 390
articles. The remaining 147 publications were individually re-
assessed for relevance. Studies investigating other epilepsy
domains, utilizing other interventions and assessment methods,
with populations other than adults as well as animal studies were
further excluded (n = 111). From this screening step, 36 articles
were found to be relevant. Following re-evaluation and assessment
of the abstracts, 24 of these were excluded. Some of these articles
may have been excluded on more than one criterion. The details of
the excluded articles are described in Fig. 1. References from these
remaining articles were screened and two potential studies were
found, but later removed due to both studies only adapting and
utilizing the existing tools. This reinstated the 12 identified articles
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Table 1
Inclusion and exclusion criteria for study selection.

Inclusion criteria Exclusion criteria

e Original primary studies

e English language

e Population of study - Adult epi-
lepsy patients, prescribed with
one or more ASMs

e Developing, modifying, and vali-
dating the tools/scale/question-
naire in assessing seizure severity

e The assessment of seizure sever-
ity should adopt patient/physi-
cian reported outcome measures
(PROM) method

e Studies that are only utilizing
and adapting the tools in clinical
trial, other research, or health-
care practice

Investigating exclusively factors,
predictors, and the effect of an
intervention/disease/condition
on seizure severity

e The assessment is meant for
specific patient conditions - e.g.
pregnancy, intellectual disability,
behavioral problem, etc
Non-pharmacological interven-
tion instituted in the develop-
ment process

as the original papers that developed or revised the seizure sever-
ity assessment tools. Two of the articles were excluded as these
articles only applied, translated, or adapted the existing assess-
ment tools and there were no changes to any part of the tools as
reported in the original articles. Further appraisal of the articles
found another two of the publications were follow-up studies that
result in updated versions of the scale without changing the essen-
tial components of the items [18,19]. A pediatric study on the
development of the scale was excluded. One study that has a sei-
zure severity component in its tool’s content was included during
revision. This yielded eight publications for this review. The graph-
ical description of the article search and screening is presented as a
PRISMA [17] flowchart (Fig. 1).

3.1. Study background

This systematic review identified eight publications describing
eight seizure severity assessment tools for quantitative measure-
ment. Three tools were the updated versions of the two primary
ones; the Chalfont Seizure Severity Scale (CSSS) and the first ver-
sion of the Liverpool Seizure Severity Scale (Original LSSS). The
tools were utilized for adult patients ranging from 15 to 80 years
of age. The Veteran Administration Scale (VA) was the earliest
developed tool which was published in 1983 [20]. It was developed
with the initial purpose of measuring and comparing the outcome
of ASM therapy in clinical trials [21,22]. The developers of VA have
pioneered the method of quantifying seizure severity for the eval-
uation of drug therapy effectiveness which was then conducted by
mere measurement of seizure frequency prior to the publication.

The second tool known as CSSS was published by researchers
from the United Kingdom [23]. Later, the tool was further refined,
simplified, and renamed the National Hospital Seizure Severity
Scale (NHS3) [24]. The next published assessment tool is a
patient-based tool called LSSS which was developed by Gus A.
Baker et al. [4]. This tool was the foundation for two other tools
that were developed later [25,26]. It has been translated into at
least 21 languages from all over the world. In this current review,
however, the focus was on the original seizure severity assessment
tools and their updated versions. In 2002, the principal developers
of VA and LSSS collaborated to develop a new seizure severity
assessment tool named the Seizure Severity Questionnaire (SSQ)
to further improve and increase the sensitivity of the tool [3].
The final tool, which is known as the Personal Impact of Epilepsy
Scale - PIES, incorporates the element of seizure severity in its
scale with an adverse drug reaction, comorbidities, and quality of
life of epilepsy patients [27]. However, since the focus of this
review is exclusively on seizure severity assessment, hence, only
the seizure domain will be compared and discussed in this study.
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For the study setting, five of these tools were developed in spe-
cialized epilepsy or neurology clinic (CSSS, NHS3, Revised LSSS,
SSQ, and PIES). One was taken from the analysis of a randomized
controlled trial (LSSS 2.0) that utilized the original version (Original
LSSS) whereas the setting of the development of the latter was not
reported. Subjects were mainly recruited from patients followed
up under these clinics (Table 2).

3.2. Study quality

Generally, there are mixed rates with regard to the COSMIN
checklist [15] for each domain for all of the tools. Most of the tools
were rated as at least “adequate” for the reliability and hypothesis
testing checklist and “inadequate” for the responsiveness checklist.
The details of the rating for each study are described in Table 3.

3.3. Methods of tool development

The qualitative research method has been applied in the initial
development of the identified tools. The two main approaches of
the qualitative method were interviews with target individuals
and a reanalysis of previous studies. The interviews were con-
ducted with either patients or relatives and were reviewed by
expert panels. Three of the studies clearly mentioned the involve-
ment of expert panels who were directly involved in the clinical
practice to devise the tool (Original LSSS, LSSS 2.0, SSQ). Five stud-
ies (CSSS, NHS3, Revised LSSS, LSSS 2.0, PIES) involved patients and
relatives/observers. The LSSS 2.0 included a patient-focus group
discussion to clarify the components of the tool.

Variables obtained from the epilepsy patients’ interviews
were utilized by CSSS and LSSS 2.0. In the interview, the percep-
tion of patients on the severity of their seizures was documented
and analyzed. These variables were further synthesized to form
the items in the scales. In contrast to the development of the
Original LSSS, neurologists with a special interest in epilepsy
were recruited to devise a scale based on their clinical experi-
ence. The Revised LSSS was also the result of the modification
and further validity assessment of the existing scale (Original
LSSS). The main difference between the Revised and Original
LSSS was the elimination of four items which was considered
redundant in assessing symptom descriptions. The NHS3, on
the other hand, was developed as a result of qualitative observa-
tions of CSSS in clinical and ASM trials.

The VA was the product of pre-existing data reanalysis. The
investigators reviewed all clinical trials on ASM therapy effective-
ness, critically analyzed the variety of methods utilized, and listed
all the relevant variables. A mechanism for calculating a single
numerical composite rating that accounts for all of the variables
was developed. The tool assigned absolute numerical values to
specific problem areas. However, for certain items, the sensitivity
thresholds can be adjusted. As for SSQ, it was first developed by
a thorough review of the existing seizure severity assessment tools.
The investigators aligned the flow of seizure activity and composed
it to become a series of questionnaires. Each of the items in the
scales was weighted and underwent further sensitivity evaluation
for the seizure severity. Finally, the most current tool, PIES, corre-
lated the items in its preliminary questions (the draft PIES items
included questions from SSQ) with the comparator instrument,
NHS3, resulting in a total score of R = 0.2886 (n = 35, p = 0.05).

The two most recent studies (SSQ and PIES) have instituted
MCID analysis in their follow-up studies [19,28]. Both studies
calculated the minimally important change (MIC) using the stan-
dard anchor-based method. The pronounced difference between
these two studies was the study setting; SSQ conducted the
analysis during a phase 3 lacosamide trial [29] whereas PIES
conducted the analysis in a Specialized Epilepsy Center. The
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*QOL — Quality of Life, ADR — Adverse Drug Reaction
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Fig. 1. PRISMA 2020 flow diagram for the systematic review, *QOL - Quality of Life, ADR - Adverse Drug Reaction.

SSQ utilized the Patient Global Impression of Change (PGIC)
score with the categories of “much improved,” “minimally
improved,” “much worsened,” and “minimally worsened” being
applied [19]. PIES compared the mean of change in anchor ques-
tions, dubbed as “improved,” “same,” and “worse,” between two
groups (clinic patients and blinded raters). A 0.48-point change
in the total score (MIC threshold range: 0.34 to 0.50) represents
a clinically meaningful change in seizure severity from the
patient’s perspective as measured using the SSQ. For PIES, the
8% MCID reduction that was achieved from the study demon-
strated a meaningful improvement in patient function on any
of the PIES subscales or the total score.

4

3.4. Validity and reliability tests

Various validity tests have been used to develop the tools such
as the face, content, construct, and criterion validity tests. All of the
tools included in this study have been tested with at least one of
the established validity methods (Table 4). The exception was the
VA, whereby the validity assessment was not clearly reported and
only addressed as inter-rater validation. The CSSS and SSQ have
undergone face and content validities. The investigators of CSSS
recruited patients, their relatives, and panels of medical and nurs-
ing professionals who are involved in the management of epilepsy
to complete the scales. Good concurrence was demonstrated for
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Table 2

Characteristics of included studies.
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Author & year
of publication
(country or

origin) (Ref. no)

Aim

Name of Tool

Initial Scale Development
Method (brief steps in
development)

Study subjects
(total, n)

Study Setting

Finalized tools
appended in the
publication?
explicit/implicit

Cramer et al.,
1983(USA)
[20]

Duncan &
Sander
1991(United
Kingdom)

[23]

O’Donoghue
et al., 1996
(United
Kingdom)
[24]

Baker et al.,
1991(United
Kingdom)

[25]

Baker et al.,
1998(United
Kingdom)

[26]

Scott-Lennox
et al,, 2001
(United
Kingdom)

[27]

Cramer et al.,
2002(USA &
UK)

[28]

Fisher et al.,
2015 (USA)
[29]

Developing a scale to assess
frequency and severity of seizures
for evaluation of antiepileptic
therapy

Developing a seizure severity scale
for AED evaluation and routine
clinical practice

Refining and simplifying the
Chalfont Seizure Severity Scale

Developing a patient-based
seizure severity scale as an
outcome measure in evaluation of
treatment in intractable Epilepsy

Examining the psychometric
properties of Revised Liverpool
Seizure Severity Scale

Examining the reliability, validity,
and responsiveness of the revised
scoring system for the LSSS

Developing a new seizure severity
scale that will be beneficial in
clinical trials

Developing a multidimensional
PRO scale to quantify the overall
impact of epilepsy on a single-
scale

(incorporating the impact of
seizures, side effects,
comorbidities and quality of life)

Veteran
Administration
(VA)

The Chalfont
Seizure
Severity Scale
(CSSS)

The National
Hospital
Seizure
Severity Scale
(NHS3)

Liverpool
Seizure
Severity Scale
(Original LSSS)

Revised
Liverpool
Seizure
Severity Scale
(Revised LSSS)
Liverpool
Seizure
Severity Scale
2.0 (LSSS 2.0)

Seizure
Severity
Questionnaires
(55Q)

The Personal
Impact of
Epilepsy Scale
(PIES)

Criteria formulated by
investigators based on clinical
experience and pilot study

- Open Interviews  with

patients and relatives to

identify factors

Each factor was assigned

with weighted scale

- Piloted and tested to tar-
geted study

- Qualitative, observational

(Interview, Visual Ana-

logue Scale)

Construct Validity

- Expert panels of the field
(neurologists, neurophysi-
ologists) created a scale on
a  basis of clinical
experience.

Modification of the original
(LSSS Four items were
added to improve the con-
tent validity of the scale)

- Qualitative (Patient Focus
group and expert panels)
- Modified LSSS items
Revised scoring system of
both versions of LSSS
Construct Analysis
Retrospective Re-analysis
Review of the existing tools
Series of questions were
reviewed by patients and
physicians,  and pilot
testing
- Panel of experts reviews
the items
Items were formatted as a
structured interview
Open interview with 8 epi-
lepsy patients to generate
themes
- Questionnaire constructed
from the theme (152
items)
- The drafted questionnaire
was given to patients
NHS3 was completed and
compared to the
questionnaire

>800 patients
participated in
VA Cooperative
Study

Inter-rater
reliability
n=293
Test-retest
reliability
n =101

Inter-observer
reliability
n=_87
Test-retest
reliability
n=18
Validity

n =80

Total n = 159

Total n = 97

n =944 (n = 804
from ALERT
study, n = 140
from LAM 30/31)

Pilot study:
Patient, n = 33
Observer n = 28

Reliability &
validity
assessment:
n=91

Initial interview
n=38
Respondent to
draft
questionnaire

n = 50, final
questionnaire

n =46

Clinical trials of
ASM treatment

- Specialised
Epilepsy
Clinic

- Inpatient
Assessment
Unit

Routine
Epilepsy Clinic

Not reported

Specialist
Epilepsy Clinic

Analysis from
RCT that
utilized LSSS

Tertiary
Hospital
Neurology
Clinic

Epilepsy Clinic

Yes | Explicit

Yes | Explicit

Yes | Explicit

No / Implicit

No / Implicit

No / Explicit

No / Explicit

No / Implicit

the scores obtained on different seizure types for both patients

(and relatives) and healthcare professional perceptions.

The SSQ involved a panel of international epileptologists to
review the revised questionnaires for receptiveness in a clinical
setting. The investigators assessed the validity of SSQ using the
construct validity method. Other tools that used construct validity
for validity assessment were NHS3, LSSS 2.0, and PIES. Unlike
NHS3, LSSS 2.0 tested the correlations between the instruments
based on known relationships. This was executed on data from

previous studies [30,31].

The most common types of reliability assessment that have

been utilized include Test-retest, (CSSS, NHS3, Original and Revised

”

LSSS, SSQ, PIES), inter-rater reliability (VA, CSSS, Original LSSS,
SSQ), and Internal Consistency (NHS3, all LSSS versions). Differ-
ences that have been noted among these tools were whether the
reliability assessment was carried out on the whole tool (VA, CSSS,
NHS3, PIES) or tested by subscales (Original LSSS, Revised LSSS,
LSSS 2.0, and SSQ). In the LSSS 2.0 development study, the seizure

status was categorized as “minor,” “major,” and “most severe” and

the reliability assessment was done individually. Due to the inabil-
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Table 3
COSMIN Risk of Bias Checklist assessing methodological quality of each study per measurement property.
Tool, year (Ref. PROM Content Structural Internal Reliability Measurement Criterion Hypotheses Responsive
no.) development  Validity Validity Consistency Error Validity Testing -ness
VA, 1983 [20] - D I I I 1 1 I 1
Chalfont Scale, A A D I A D - A I
1991 [23]
Original LSSS, A I I I A 1 1 A I
1991 [25]
NHS3, 1996 [24] VG A - VG VG VG - VG I
Revised LSSS, D D D D A 1 I A I
1998 [26]
LSSS 2.0, 2001 A A A VG A I - A A
[27]
SSQ, 2002 [28,19] VG VG A VG VG - VG VG VG
PIES, 2015 [29,30] VG VG A VG VG I VG VG VG

VG = Very Good, A = Adequate, D = Doubtful, I = Inadequate, - = Not applicable.

ity of capturing change in a major: minor status (major seizures
reported at the beginning of the study that is fully controlled by
medication could still leave minor seizures at the end of the study
that was not evaluated) as well as other missing data (potentially
underestimating the impact of the medication in minor seizures),
the “most severe” score was more reliable and valid as an assess-
ment of seizure severity. The descriptions of reliability assess-
ments for all the tools are described in Table 5.

3.5. Contents of the tools

In general, the identified tools were presented either as a single
scale or as several sections (subscales). The number of items in
these tools, validity assessment, scoring range, and other features
is described in Table 4. The first tool (VA scale) is divided into three
subscales which are categorized by seizure types; focal-onset sei-
zures (“simple,” “complex,” and “secondarily generalized”). Each
of the scales consists of the components of seizure frequency,
warning (aura), factors of triggering seizures, whether seizures
occur as a cluster, drug levels, loss of consciousness (for focal
impaired awareness seizures), diurnal patterns, and functional
interference for focal aware seizures formerly known as simple
partial seizures. For each type of seizure, a score is generated for
a time interval. The score is then discounted by reviewing a series
of altering conditions, for example, helpful warnings preceding a
seizure, avoidable precipitants (e.g., lack of sleep), low drug levels,
or seizures that mostly occur at night where the functionality is
less likely to be impaired. Further modification of the scores is
applied if focal aware seizures and focal impaired awareness sei-
zures did not significantly disrupt functioning. Modifications are
20-80% deductions of the points assigned for frequency. Scores
for all the subscales were added together to yield a total seizure
score for the interval assessed in the clinical trial.

The second tool is CSSS which consists of 11 items. The items
include descriptions of seizures such as loss of consciousness, aura,
dropping of objects, injury, incontinence, automatism, duration of
seizures and recovery time, generalized convulsion, and whether
seizures occurred only in sleep. For each of the items describing
seizure (except for the duration item), the absence of the symp-
toms is always allocated a 0 score. As described earlier, the
updated version of the scale, NHS3, added a weighted score for
each of the responses. One of the instances is the question on “in-
continence” where the patient can choose the frequency of occur-
rence which is either “nearly always” or “always,” “often,”
“occasionally” or “never.” Even though this scale is simple and easy
to administer, it is unable to capture fluctuations in seizure sever-
ity following changes in drug therapy.

6

Both the original LSSS and Revised LSSS consist of two subscales
which were patients’ perception of their seizure control (Percept)
and the descriptions of events during and after the seizure episode
(Ictal/ Postictal). The Percept subscale comprised questions on the
time of seizure occurrence, the presence of aura or warning signs,
and if the patient was able to expect a seizure and lessen its con-
sequences. The Ictal/ Postictal subscale covered questions on the
description of the seizure attack such as loss of consciousness,
degree of postictal confusion and its duration, incontinence, fall,
tongue-biting, injury, automatism, and perceived overall severity.
The original version of LSSS included a total of 16 items; the Per-
cept subscale consists of six items whereas 10 items are related
to the Ictal/ postictal subscale. The inclusion of “major” and “mi-
nor” seizures into the scale, also with the addition of two items
to each subscale, was established when the investigators revised
the scale (Revised LSSS). The items that were included were the
norms of seizure attack (particularly at night, wakening, or at
any time of the day) and if the seizures come in a cluster or not
(for Percept scale). As for the Ictal/ Postictal scale, the items that
were added were whether the patients smacked their lips, fidgeted,
or behaved in an unusual way during the attack and the presence
of postictal drowsiness.

The final version of the Revised LSSS included eight items in the
Percept subscale and 12 items in the Ictal/ Postictal subscale. The
updated version, LSSS 2.0, eliminated the Percept subscale alto-
gether with an inference that the Percept scale measured the
impact of seizure on the quality of life and not the seizure severity
per se. It came down to a 1-unit scale that comprises 12 items with
individualized weighted scoring responses. Other than timeliness
items (time to recover from consciousness, confusion, and return
to normal activity), items on events and severity of seizures were
reversely weighted (0 score for the most severe and 4 for the least
severe symptoms). This is to avoid patients responding in a pattern
due to recall issues. The physician will then reverse the code for the
total score.

The SSQ, which was first commenced in 1999, consisted of a
total of 24 items and has three main subscales addressing warning,
ictal, and postictal events. For the warning scale, the developer
addressed whether the warning symptoms could help the patient
in terms of readiness of having the attack. Both Ictal and Postictal
subscales tackled the degree of severity and bothersomeness of the
events with an additional query on the frequency for the postictal
subscale. Items on the Postictal subscale cover the cognitive
effects, emotional effects, recovery, and physical effects (sleepy,
tired, weak, sore muscles, headache) after the seizure episode.
Three items addressed the overall intensity (severity), bothersome-
ness (interference with patients’ livelihood), and which phases of
seizures bother the most (warnings, events during a seizure, and
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Table 4
Extractions from studies included (subjects, content and validity assessment).

Tool, year (Ref. no.) Average Age Scale Rater No. of Subscale (domain) Scoring and Validity assessment used Usability
of subjects items interpretation
(years)

VA, 1983 [20] Adults (Age Physician 6-8 items Subscale based on seizure types (divided into 3 Total score unclear Not specified in the article but was Clinical Trials
range not per sections: Generalised clonic-tonic, complex partial, undertaken by other investigators for ASMs
mentioned) subscale and simple partial) (Wijsman, 1991) Clinical

practice

Chalfont, 1991 [23] Adults (Age Interview with 11 No subscale 1-178 Face & Content Validity Longitudinal
range not Observer/Carer/ - Scored as per type of Studies
mentioned) Witness seizure, higher

score = more severe

NHS3, 1996 [24] 31 (median) Observer/Carer/ 8 No subscale 1-27 Construct Validity Clinical Trials
(IQR range: Witness - Higher score = more for ASMs
27-44) severe seizure

Original LSSS, 1991 [25] 31 (mean) Patient 16 i. Percept subscale Not mentioned in the Not specified in the article Clinical Trials
(range: 15-80) ii. Ictal/- postictal subscale article for ASMs

Revised LSSS, 1998 [26] 32 (mean) Patient 20 i. Minor Percept Percept scale: 7-32 Criterion Validity Clinical Trials
(range: 15-70) subscale for ASMs

ii. Major Percept Ictal/post
Subscale ictal scale: 10-48

iii. Minor Ictal/postictal - Higher score = more
subscale severe seizure

iv. Major Ictal/postictal
subscale

LSSS 2.0, 2001 [27] 39.4 (mean) Patient 12 No subscale (Ictal scale only) 0-100 Construct Validity Clinical Trials
- Higher score = more for ASMs
severe seizure

SSQ, 2002 [28] 39 (mean) Physician 24 i. Warning 7 (maximum Face & Content Validity (pilot Study) - Clinical Tri-

(range: 17-77) (facilitated ii. Activity movement score) als for
interview) (ictal) - Higher score = more Copstruct Validity ASMs
iii. Recovery (post ictal) severe seizure - Clinical
setting

PIES, 2015 [29] 42.7 (mean) Patient 9 (seizure  No subscale 0-36 (seizure domain) Construct Validity - Clinical Tri-
(range: 21-71) domain) (seizure domain) - Higher score = more als for

severe seizure ASMs
- Healthcare
setting
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Table 5

Findings of reliability assessments of the tools.

Tool, year (Ref. no.)

Scale Tested

Reliability Assessment Utilized

Statistical Method
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coefficient (seizure domain):
Range: 0.644-0.837

Test-retest Inter-rater or inter- Internal Pearson Correlation Cronbach’s alpha Others (or unclear
observer consistency of (r-value) statistical tests)
the scale
VA, 1983 [20] Overall - v - 0.9 - -
Chalfont Scale, 1991 [23] Overall I %4 - - - Coefficient of
reliability:
Inter-rater
reliability = 13.4
Test-retest = 15.9
NHS3, 1996 [24] Overall I %4 I Interclass correlation: 0.77 -
test-retest = 0.9
Inter observer = 0.9
Original LSSS, 1991 [25] Subscale: I I I Test-retest result: ictal/post -
i. Ictal/ postictal (by subscale; ictal/post (only 4 of the items drawn ictal/ postictal = 0.8 ictal = 0.85
ii. Percept ictal and Percept from the scale (not specified) Percept = 0.79 percept = 0.69
subscale)
Revised LSSS, 1998 [26] Subscale: % - %4 Subscale: Subscale: -
Major seizures Major seizures Major seizures
i. Percept i. Percept = 0.96 i. Percept = 0.62
ii. Ictal/ postictal ii. ictal/ postictal = 0.93 il.
ictal/postictal = 0.85
Minor seizures
i. Percept Minor seizures Minor seizures
ii. Ictal/ postictal i. Percept = 0.72 i. Percept = 0.68
ii. ictal/post ictal = 0.78 ii.
ictal/postictal = 0.86
LSSS 2.0, 2001 [27] Subscale: - - I - From ALERT study: -
Major seizures Most severe
Minor seizures =0.87
Most severe
From LAM30/31
study:
Most severe
=073
SSQ, 2002 [28] Each of the subscales were I %4 - I - Coefficient of
tested for reliability (22 (Correlations among summary reliability(Kappa
items) score and derived variables) coefficient)
Test-retest:
Summary score
=0.74
Inter-rater:
Summary score
=0.76
PIES, 2015 [29] Overall I - %4 Internal consistency 0.87 (overall) -

Label: ‘+’: tests done, ‘-*: test not done/not applicable.
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recovering from a seizure). The final item asked about any changes
in terms of severity or bothersomeness after changing seizure ther-
apy. Following this tool development, two updated versions were
accessible for use. SSQ V3 (2003) did not have much change in
the scale except an elaboration on the recovery responses whereas
the latest version (SSQ V2.2 by Cramer et al., 2014) has an addi-
tional subitem which addresses any change of seizure severity
since baseline following changes in seizure treatment (baseline
and follow-up versions).

As mentioned earlier, the SSQ items were used as a reference in
developing the construct for seizure assessment in the PIES. Ulti-
mately, the domain comprises nine items. These items include
the duration from the last seizure attack (any type and most sev-
ere), with a response category ranging from 1 day to > 1 year. Other
aspects of seizures such as the overall intensity, loss of awareness,
warning, bothersomeness, and post-seizure bothersomeness
within the last 3 months are covered in items number 3 to 7.
The last two items gauged the response for injuries suffered as a
consequence of an attack, and lastly the duration and presence of
a seizure cluster. These items were fitted with a 5-point scale rang-
ing from O to 4 which indicates from “never” or “not at all” to “very
often” or “very much”.

4. Discussion

This systematic review compared various assessment tools that
were developed to measure seizure severity among adults with
epilepsy. One of the most crucial parts of developing a tool or a
questionnaire is the initial selection of items to be included. Many
researchers have acknowledged that the process of scale develop-
ment entails complicated procedures that necessitate theoretical
and methodological disciplines [32]. This includes the design and
development of factors/items, preliminary questionnaire testing
(pilot testing), validity and reliability testing, and subsequent val-
idation. The researcher can adopt or follow a pre-existing question-
naire with a standard structure from existing literature while
devising a new questionnaire [33].

The qualitative approach to the initial development varies from
one study to another. The main developers must first identify the
theorized structures that are relevant to patients, and evaluate
the employment of the assessment tool, the reports of trials that
addressed the constructs, and the features of the patients [34].
The selection of the approach is dependent on the aim of the study.
Since these studies focused on obtaining the patients’ experience of
seizure events, interviews would help the researchers to gain in-
depth information on persons’ subjective experiences, feelings,
and motivations. Interviews also have the advantage of being inter-
active, allowing unexpected topics to arise and be identified by
researchers [35]. Different methods such as face-to-face inter-
views, self-completed questionnaires, diary reviews, and various
tool applications such as electronic devices or computers are also
able to gauge patients’ perspectives.

Unlike the individual interview approach, focus group discus-
sions (FGD) are beneficial for bringing together similar participants
with relevant experience and sharing detailed information about
their experience [36]. One of the drawbacks of this approach
includes the participants’ reservations about sharing sensitive
topics in a group. In addition, the moderators and the data analysts
required a certain level of experience [35]. It is worth noting that
all the publications in this review complied with the standard for-
mat of initial tool development using one or more of the standard
qualitative research approaches.

The validity assessment of an instrument is one of the key
requirements in its development [37]. Most of the studies in this
review have carried out validity tests. Face validity was the
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frequently used test in these studies. It is defined as a subjective
assessment of the arrangement of items in a tool as well as
whether the items appear to be appropriate, sensible, and straight-
forward in measuring the intended construct [38]. It is the easiest
and least precise approach to establishing validity, as it is entirely
dependent on the assessor’s competence and acquaintance with
the topic area [39]. The external validity of the tool can be
improved by obtaining population representation through
approaches e.g., random selection, using diversified groups, utiliz-
ing non-reactive measures, and applying precise description to
allow study repetition or replication across different populations
and settings [37]. This was well executed by developers of the
updated versions of the seizure severity assessment tools.

Generally, all the investigators have conducted one or more reli-
ability assessment methods to verify the scales’ precision, consis-
tency, repeatability, and trustworthiness. The reliability of the
test-retest and other forms is commonly determined using the sta-
tistical test of correlation [40]. For a low-stakes setting or less
important situations, values of 0.7 or 0.8 are considered sufficient.
Most of the studies managed to achieve a coefficient of reliability
of more than 0.7. As a general rule, reliability values greater than
0.8 are considered high [41]. To prevent threats of reliability, it is
important to provide clear standardized instruction, minimize
ambiguity in the items, arrange the items in proper order, and pro-
vide a simple comprehensive questionnaire that is easy to read and
does not take a long time to respond to [42]. These are seen in
updated versions and more recently developed seizure severity
assessment tools (NHS3, LSSS 2.0, SSQ, PIES).

An established guideline issued by the FDA; Guidance for Indus-
try Patient-Reported Outcome Measures: Use in Medical Product
Development to Support Labelling Claims outlined the require-
ment and guidance for the development of patient-reported out-
come instruments [43]. The guidelines comprehensively
described the proper and systematic way of tools’ development,
from hypothesizing and adjusting the conceptual framework to
modifying the instrument which includes culturally adapting and
translating to other languages.

The difference in the number of items and contents of the sei-
zure severity tools is notable, even for the revised version. The
most notable similarity across all the tools is the ability of the tool
to capture a certain degree of disruptive automatisms and func-
tional impairments experienced by the patients in one way or
another. This is an important feature as functional impairment
(disability) is probably a good marker for the effectiveness of treat-
ment which is especially appropriate for use in drug trials [1]. One
of the major differences between these tools is the number of scale
sets, either multiple subscales (VA, Original, Revised LSSS, and SSQ)
or just one-segmented tool. These subscales may help the rater to
recall the events and distinguish between seizure phases. The LSSS
2.0 removed the Percept scale that represents the events before
seizures and overall patients’ perception toward seizure control,
due to the lack of function for severity assessment. This may give
rise to an argument on whether the limited number of questions
may or may not cover an individual’s seizure severity [1]. Earlier
tools (VA, CSSS, NHS3, LSSS) may also bear this drawback, coupled
with subjective and ambiguous scoring systems, cumbersomeness,
an undetermined degree of score improvement/worsening with
drug therapy changes, and a lack of sensitivity of the scale to gauge
an individual’s specific response. This issue was addressed with the
development of the second most recent seizure severity tool [3].

In the 90s when new ASMs were being discovered, drug trials
utilized seizure severity tools as one of the instruments to measure
drug effectiveness [34,35]. The Original LSSS was used and was
adequately able to assess the change in seizure severity, however,
it did not correlate with the change in seizure frequency. Thus, it
was considered an independent measure. The ictal subscale of
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the tool is capable of detecting changes in seizure severity hence
suggesting a true additional treatment effect. Thereafter, when
the SSQ has been published, the newer ASMs trials utilized the tool
as a part of effectiveness measurement, adding the advantage of its
capability of detecting changes in clinical status. A recently pub-
lished ASM trial that utilized the SSQ found significant improve-
ments in seizure severity with eslicarbazepine treatment, with
improvement in health-related quality of life as well [44].

Throughout the years of researching and developing severity
assessments, researchers have acknowledged the need to assess
the overall impact of epilepsy and not just seizure events. This
led to the development of the most current scale, the PIES. As men-
tioned earlier, this scale provides an assessment of the overall
impact of epilepsy which are aspects of seizure, adverse drug reac-
tions, comorbidities as well as the quality of life as rated by
patients, in a single tool. Its development complied with the stan-
dard guideline mentioned above with additional analysis on the
minimal clinically important difference (MCID), which was carried
out recently [28,43]. Prior to this, the SSQ research team demon-
strated that the tool plays an important role in assessing the
change of seizure severity as an outcome measure in future ASM
trials [19]. Therefore, it is worth considering this analysis as an
ideal prerequisite element for the establishment of future
patient-reported outcome instruments.

Thus far, COSMIN Checklist is the only validated tool appropri-
ate for assessing the methodological quality of PROM studies. One
of the concerns of its use in these studies is the tendency to under-
estimate a study that uses terminology other than that used by
COSMIN [45]. This was handled by assigning at least two indepen-
dent assessors in which the final score is based on consensus. From
the assessment, the SSQ and the PIES met all the key requirements
and have the advantage of having a number of earlier tools to refer
to and were able to tackle the limitations of the latter. Understand-
ing the lack of sensitivity and responsiveness of the tool, the
updated versions of the SSQ were developed [18,19]. It has the
baseline and follow-up versions to capture any changes that occur
along the course of ASM therapy. Thus, the SSQ and its later ver-
sions, are more appropriate for use in clinical practice as compared
to the earlier tools. In contrast to the SSQ, the PIES provides a more
concise assessment of seizure severity which would make it more
favorable for daily clinical practice.

Researchers have investigated the possibilities of using other
methods such as incorporating diagnostic measures with the exist-
ing seizure severity tools to measure seizure severity. A recent
study conducted by Pattnaik et. al [10] was reported to have a pos-
itive finding on the association between preictal iEEG recordings
with severe seizure activity. In the study, they combined the three
components of seizure; seizure semiology (as measured by NHS3),
spread, and duration of seizure as measured by iEEG network
recordings into a single scoring tool. An important point to note
with regard to this approach is, it is unable to detect changes in
severity following changes in ASM therapy. Besides, there may be
discrepancies in seizure severity scores in an ambulatory EEG set-
ting, where more seizure triggers may be inflicted. Nevertheless,
this approach is a valuable breakthrough and is anticipated to be
further expanded to assess long-term changes in seizure severity.

5. Conclusion

The development of seizure severity assessment tools has come
a long way since first initiated four decades ago. Despite the variety
and vast differences in the process of developing the tools, these
existing tools were able to serve their function which is mainly
as an instrument to assess the effectiveness of ASM therapy.
Improvements and lessons learned from the limitations of the
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earlier tools would heighten the usability and functionality of the
new ones, supported by additional tests to assess their sensitivity
and responsiveness. In recent years, methods other than patient-
reported outcomes have been investigated for measuring seizure
severity. It would be interesting to see the integration of the objec-
tive measures and PROM in a single module to be established and
further utilized in clinical trials, other research, and daily clinical
practice.
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