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Abstract
Background The aim of the present systematic revision is to analyze existing published reports about the use of home-videos
recordings (HVRs) to support physicians in the differential diagnosis of paroxysmal seizure-like episodes (PSLE). We also
developed practical recommendations in order to ensure adequate quality standards and safety advice for HVRs.
Material and methods A comprehensive search of PubMed, Medline, Scopus, and Google Scholar was performed, and results
were included up to July 2020. All studies concerning the use of HVRs as a diagnostic tool for patients presenting PSLE were
included.
Results Seventeen studies satisfied all inclusion and exclusion criteria and were considered for the review. A consistent boost in
diagnostic and clinical decision-making was reported across all studies in the literature. One study found that HVRs decreased the
stress level in many families and improved their quality of life. Training in performing good-quality videos is necessary and
increases the diagnostic value of HVRs.
Conclusions HVRs can be of diagnostic value in epilepsy diagnosis and management. HVRs are low cost, widespread, and may
provide great support for neurologists. It is important to train patients and caregivers in performing good quality videos to
optimize this useful tool and to guarantee safety standards during the recording.
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Background

Epilepsy is a clinical diagnosis, and the accurate character-
ization of seizures is of utmost importance for prognosis
and for the appropriate choice of treatment [1, 2].
Differential diagnosis for seizures is broad. Even experi-
enced neurologists can be misled when the diagnosis needs
to be inferred from descriptions provided by family

members or caregivers who witnessed the seizures.
Indeed, misdiagnosis in epilepsy is not uncommon with
rates varying from 4.6 to 30% across several studies [3].
Currently, neurologists are supported in the diagnosis of
epilepsy by neuroimaging studies and neurophysiological
techniques which allow a prolonged recording of electroen-
cephalographic (EEG) activity. However, differential diag-
nosis, particularly with psychogenic nonepileptic events
(PNEE) and nonepileptic paroxysmal events (NEPE), is a
clinical challenge and can contribute to the rate of misdi-
agnoses in epilepsy [4]. In this scenario, inpatient long-term
video-electroencephalographic (VEEG) monitoring has
largely demonstrated its clinical value in differential diag-
nosis of paroxysmal events with a detection rate of epilep-
tic seizures of almost 70% [5]. False negatives at VEEG
can be attributed to low frequency of events or to their
association with specific settings that are difficult to repro-
duce in a hospital environment. Moreover, some patients
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with epilepsy, especially those with psychiatric comorbidi-
ties, may present both seizures and PNEE, thus complicat-
ing the diagnostic process [6]. Social and economic condi-
tions may further represent an obstacle for access to outpa-
tient examinations in developing countries, with a conse-
quent delay in diagnosis [7]. Although VEEG remains the
gold standard for diagnosis, a detailed clinical history and
witnessed description of behavior during ictal events re-
mains a mainstay in epilepsy diagnosis. However,
witnessed description of seizures usually has low reliability
as it depends mainly on the observers’ level of medical
knowledge [8].

In the present era of smartphone devices which are ubiqui-
tous in society [9], there is a crescent interest in the potential
role of home video recordings (HVRs) in supporting the di-
agnosis of epilepsy. Several studies have already highlighted
their non-inferiority to VEEGmonitoring to diagnose epilepsy
[10–13], and many examples already exist of smartphone ap-
plications that aid physicians in clinical decision-making and
optimal management of patients with epilepsy [14, 15].
However, there is no consensus on quality standards and safe-
ty recommendations for HVRs.

The aim of the present systematic revision is to analyze
existing evidence of literature where HVRs have been used
to support physicians in diagnosing paroxysmal seizure-like
episodes (PSLE).We also propose practical recommendations
in order to ensure adequate quality standards for seizures’
HVRs, which will allow the highest benefit in terms of clinical
practice and diagnostic support, while providing practical
safety measures to guarantee patients’ security and protection.

Methods

Literature search strategy and study selection process

A systematic review was performed applying the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [16]. Full-text articles and confer-
ence proceedings were selected from a comprehensive search
of PubMed, Medline, Scopus, and Google Scholar databases.
Keywords and their synonyms were combined in each data-
base as follows: (“home-videos” OR “smartphones”) AND
(“epilepsy” OR “seizure”) AND (“home seizure videos” OR
“domestic epilepsy videos”). No filter was applied on the pub-
lication date of the articles, and all results of each database
were included up to July 2020.

After removal of duplicates, all articles were evaluated,
independently, through a screening of titles and abstracts by
three independent reviewers (L.R., M.T., G.A.). The same
three reviewers performed an accurate reading of all full-text
articles assessed for eligibility to this study, and they per-
formed a collection of data to minimize the risk of bias. In

case of disagreement among investigators regarding the selec-
tion of specific articles, the senior investigator made the final
decision (G.A.).

Full-text articles were selected for systematic revision if
they met the following inclusion criteria:

(i) the study included patient/s who performed HVRs be-
cause of PSLE; (ii) HVRs were utilized as a diagnostic tool;
(iii) HVRs were performed using either smartphones or other
types of domestic home-video recordings (i.e., cameras); (iv)
articles were written in English language; (v) prospective in-
terventional studies with or without control (active or passive)
and with or without randomization; (vi) prospective and ret-
rospective observational studies; (vii) case reports/series; (viii)
monocentric and multicentric studies; (ix) articles were pub-
lished in a peer-reviewed journal.

The exclusion criteria were (i) use of home videos together
with EEG recordings for diagnosing PSLE; (ii) use of HVRs
for indications different from diagnosing PSLE; (iii) studies
conducted in animals or in vitro models; (iv) reviews, books,
and conference proceedings.

Data extraction process

Database searching identified 78 articles (Fig. 1). Thirteen
articles were excluded because of duplicate. Articles were
exported on a separate database, and their data were indepen-
dently reviewed by two experienced epileptologists (M.T. and
G.A.), and by a third senior author (V.D.L) in case of disagree-
ment. After an accurate revision of full manuscripts, 17 arti-
cles satisfied all the inclusion and exclusion criteria and were
considered for evaluation. The selected articles were furtherly
classified according to the following checklist: (i) authors and
years; (ii) number of patients and type of publication (i.e., case
reports or clinical studies); (iii) age of patients (pediatric or
adult age); (iv) medical center where the study was performed;
and (v) characteristics and key findings of the study.

Quality and safety recommendations

Nine epileptologists with recognized expertise in diagnostic
evaluation, EEG, and management and treatment of epilepsy
were gathered to address the writing of quality and safety
recommendations for optimal HVRs. The expert panel
discussed relevant data from the systematic review of the
English-language medical literature in a series of conference
calls. Critical evaluations included study design, numbers of
patients, definitions used, outcomes reported, and potential
biases. The committee members synthesized the data, and
inconsistencies were resolved by means of discussion until a
consensus was achieved. The final quality and safety recom-
mendations were reviewed and approved by all nine
participants.
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Results

Table 1 displays the 17 identified studies [10–13, 17–29] and
case reports that have included clinical application of home/
smartphone videos in diagnosing PSLE. Studies were carried
out in North America, Europe, and Asia. Below, we summa-
rize relevant clinical aspects of reported studies.

The only prospective, multicenter masked clinical trial was
conducted recently in 44 patients (age: 20–82) by Tatum et al.
[10]. They evaluated the diagnostic performances of
smartphone recorded paroxysmal neurological events in 8 ter-
tiary care epilepsy centers and compared measures of perfor-
mance between board-certified expert epileptologists and neu-
rology trainees. The diagnostic accuracy of smartphone
videos interpretation for epileptic seizures was 89.1% for ex-
perts and 75.1% for residents, providing class II evidence of
high diagnostic accuracy for smartphone videography.

Four articles included case reports and/or case series of
HVRs supporting the diagnosis of children’s spells [17], myo-
clonic status epilepticus [20], anoxic epileptic seizures [21],
and temporal lobe epilepsy [24].

The only study investigating the potential impact on quality
of life of HVRs was conducted by Johansen et al. [19]. They
employed a structured questionnaire which was sent to the
parents of 173 children with epilepsy and who had been rec-
ommended to a home video observation system of seizures.
They concluded that the installation of a video TV observation
system in a bedroom at home decreased the stress level in
many families and improved their quality of life.

One study [29] was conducted only in infants using an
instructional leaflet on HVRs for the general movement as-
sessment completed by parents. The authors demonstrated the
effectiveness of an instructional leaflet in guiding parental
home recording of infants and the feasibility of HVRs for

Fig. 1 Database searches
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general movement assessment by a clinical certified physical
therapist.

Two studies [12, 27] employed a video-based survey to
investigate the diagnostic accuracy of HVRs among medical
professionals. Huang et al. [12] analyzed 301 questionnaires
collected during pediatric academic conferences using HVRs
from 12 children with PSLE. HVRs increased the mean cor-
rect diagnosis percentage by 3.9% for epileptic events and
11.5% for non-epileptic events. Similarly, Wasserman and
colleagues [27] showed 10 video episodes’ recordings of
PSLE to 46 medical participants (20 neurologists and 26
non-neurologists). Neurologists’ ability to diagnose correctly
seizures’ semiology was higher (87.5%) than internal medi-
cine (54%) and emergency department physicians (44%),
underlining the need for video taking of episodes and educa-
tion plan to first responders.

Six articles [18, 22, 23, 25, 26, 28] explored the clinical
value of HVRs in differentiating PNEE from epileptic sei-
zures. Samuel and Duncan [18] reported that HVRs supported
the diagnosis of PNEE and epileptic seizures in 41% and in
36% of their patients, respectively. Chen et al. [22] reported a
sensitivity of 93% and a specificity of 94% for HVRs in dif-
ferentiating epileptic seizures form PNEE, which was superior
to EEG data alone (sensitivity 89% and specificity 94%).
Beniczky et al. [23] reported an overall accuracy of 85% in
interpreting seizure semiology from HVRs. Goodwin et al.
[25] found that 82% of HVRs aided the diagnosis of ambula-
tory EEGs performed in their center. Erba et al. [26] reported
that HVRs provided an accurate diagnosis of epileptic
seizures/PNEE in about one third of cases (7 out of 23,
30.4%). Ramanujam et al. [28] found that HVRs diagnosed
PNEE with a sensitivity of 95.4%, a specificity of 97.5%, a
PPV of 92.65%, and a NPV of 98.5%.

One study [11] evaluated the impact of HVRs in picking up
semiological signs and classifying epilepsy type in a develop-
ing country (India). The authors concluded that the wide-
spread availability of mobile phones, even in the rural areas
of India, can be harnessed to capture seizures and classify
epilepsy accurately, offering a significant aid in the diagnostic
classification of PSLE.

Finally, the study conducted by Ojeda and colleagues [13]
was the only one to provide formal instructions to optimize the
recording of PSLE in an adult epilepsy clinic. They found that
training in performing good quality HVRs offered high diagnos-
tic value in the epilepsy management of adults with epilepsy.

Discussion

This review suggests that HVRs are a promising and reliable tool
for the diagnostic assessment of patients with PSLE. A consis-
tent boost in diagnostic and clinical decision-making was report-
ed across all studies in the literature. This suggests that HVRs are

effective, timesaving, and provide consistency of care in differ-
ent centers and across continents, with high practical value and
universal relevance. The results of our systematic review also
highlight the recommendations of the operational classification
of seizure type by the International League Against Epilepsy
(ILAE) [30] which encourage the use of supporting information
including videos recorded by family members as part of the
diagnostic process for seizures. At the same time, the reviewed
articles indicate the clinical observation of PSLE is usually suf-
ficient in differentiating seizure’s semiology and differentiating
epileptic seizures from PNEE, even before viewing the EEG.
However, it should be mentioned that HVRs had the highest
clinical value only for epileptologists, while general neurologists
and nonneurologists usually required additional diagnostic tools
and showed lower interrater agreement [27]. Therefore, since it
has been proven that discriminating seizure’s semiology is a
learned skill and requires specific neurologic training [8, 31],
specific education for the task may be needed in order to fully
exploit the clinical benefit provided by HVRs.

Clinical and care implications and future research
priorities

The most consistent added diagnostic value for HVRs was in
differentiating patients with PNEE from epileptic seizures,
especially when motor signs were present [18, 22, 23, 25,
26, 28]. PNEE still represent a clinical challenge even for
the experienced neurologist since their manifestations are
greatly variable and often resemble those of epileptic seizures
[32]. The ILAE Nonepileptic Seizures Task Force published
recommendations indicate that HVRs can provide some ad-
vantages, but their use is not recommended because the diag-
nostic yield of typical events recorded by witnesses has not
been systematically evaluated [33]. However, the results of
recent studies have started to challenge this notion, and we
suggest that HVRs should not only be recommended but that
they may also represent a “red flag” for seizure mimic if
volunteered by patients, as suggested by Tatum et al. [10],
probably because they respond to the need of patients to con-
firm that their episodes are “real”. Indeed, the possibility to
diagnose PNEE after the first attack at the emergency depart-
ment would largely benefit this patient population as it may
avoid unnecessary examinations, expedite treatment planning,
and reduce the risk of undesired side effects from unnecessary
antiseizure medications.

There is a lack of longitudinal data on the diagnostic tra-
jectory of patients with PSLE recommended for home video
registration of their attacks since all the reviewed studies were
restricted to a single video at one point. Assessing longitudinal
care with serial HVRs could reveal even greater advantages,
for instance as a method of screening for patients before ad-
mission to a full long-term video EEG monitoring unit. This
will eventually help reducing waiting lists and to expedite the
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selection for presurgical work-up in those cases who may
benefit the most from resective epilepsy surgery [34].

Socioeconomic and demographic factors have been con-
sidered in one study only [11]. The applicability of HVRs in
different healthcare systems and countries represents an op-
portunity for exploring patient populations where manifesta-
tions and frequency of PNEE may vary in relation to cultural
differences. Furthermore, HVRs are simple, widely available,
and inexpensive compared to video EEG monitoring which is
available at very few centers in developing countries.

Several studies have focused on the accuracy of investiga-
tions. However, privacy regulations and ethical issues need to
be addressed before developing educational websites or tele-
medicine services for this purpose.

Finally, further studies with larger cohorts are needed to
assess the added value of HVRs for different age groups,
including neonates and elderly, since the differential diagnosis
across age groups may vary greatly and require customized
clinical management [35, 36].

Recommendations for quality standards of video
recording and safety assessment

There is clear need for population-based studies with well-
described instructions for optimal video recording of PSLE.
Indeed, Ojeda et al. [13] showed that the quality of home
videos is of utmost importance, and caregivers of these pa-
tients should be instructed to ensure good illumination, visi-
bility of the face as well as the rest of the body without ob-
struction, and capture of the entire event from the beginning.
Furthermore, there is a lack of data concerning safety recom-
mendations for HVRs, especially when motor signs are pres-
ent, and there is a concrete risk of seizure’s related injuries.

Hopefully, the development of training modules and de-
tailed instructions in local languages may eventually increase
the number of patients referred for home video registration of
PSLE, strengthen the evidence of clinical usefulness, and
guarantee adequate measures of safety standards.

Herein, we propose our practical recommendations for
HVRs (Supplementary Table 1 [English version] and 2
[Italian version]). We focused on the quality standards which
have been already suggested by Ojeda et al. [13] and Tatum
et al. [10], including quality standards rating score and instruc-
tions in demonstrating interactivity with the patient. A key
issue is the recording the episode from the onset, which may
not always be possible but of utmost importance for differen-
tial diagnosis, especially when nonmotor manifestations are
prevalent and nonepileptic syndromes other than PNEE are
suspected since prodromal symptoms and the results of other
physiological parameters (i.e., ECG telemetry, blood pres-
sure) are often necessary to formulate a correct diagnosis [26].

As for safety instructions, we recommend checking the
surrounding area for any condition favoring seizure’s related

injuries (i.e., head traumas or drowning) [37]. Special empha-
sis has been given to autonomic alterations, which can be
particularly worrisome in children because of the risk of apnea
and respiratory failure [38]. Last, we suggest recording each
episode for no more than 2–3 min, in order to prevent the
insurgence of status epilepticus [39], and follow the instruc-
tion for rescue therapy provided by the neurologist or alert the
healthcare emergency service.

Conclusion

The results of this systematic review suggest that HVRs of
seizures can be of diagnostic value in epilepsy diagnosis and
management. HVRs are low cost, widespread, and may pro-
vide great support for neurologists. It is important to train
patients and caregivers in performing good quality videos to
optimize this useful tool. Home video recordings are not
intended to replace video EEG monitoring studies but proba-
bly could help in selecting cases to confirm its necessity and
appropriateness and in reducing waiting lists of long-term
EEG monitoring. Data protection and privacy issues should
be highly guaranteed to the patient by the physician and the
institution.

In addition, HVRs can be especially helpful in situations
when measures of lockdown, social distancing, and reduction
of outpatient visits are required, as we have experienced with
the recent coronavirus disease 2019 pandemic [40]. Finally, it
is important to emphasize to parents and caregivers that the
patient’s safety comes always first, and of course, it should be
constantly assured before and during the video recording.
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