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Abstract

Purpose. Inpatient video-EEG monitoring (VEM) is an important investigation in
patients with seizures or blackouts and in the pre-surgical workup of patients with
epilepsy. There has been an expansion in the number of Epilepsy Monitoring Units
(EMU) in the UK offering VEM with a necessary increase in attention on quality and
safety. Previous surveys have shown variation across centres on issues including
consent and patient monitoring.

Method. In an effort to bring together healthcare professionals in the UK managing
patients on EMU, we conducted an online survey of current VEM practice and held a
one-day workshop convened under the auspices of the British Chapter of the ILAE.
The survey and workshop aimed to cover all aspects of VEM, including pre-admission,
consent procedures, patient safety, drug reduction and reinstatement, seizure
management, staffing levels, ictal testing and good data recording practice.

Results. This paper reports on the findings of the survey, the workshop presentations
and workshop discussions. 32 centres took part in the survey and there were
representatives from 22 centres at the workshop. There was variation in protocols,
procedures and consent processes between units, and levels of observation of
monitored patients. Nevertheless, the workshop discussion found broad areas of
agreement on points.

Conclusion. A survey and workshop of UK epilepsy monitoring units found that some
variability in practice is inevitable due to different local arrangements and patient
groups under investigation. However, there were areas of clear consensus
particularly in relation to consent and patient safety that can be applied to most

units and form a basis for setting minimum standards.



Introduction

Long term inpatient video-EEG monitoring (VEM) is an essential investigation in
tertiary epilepsy centres [1, 2]. VEM involves the recording of continuous and
simultaneous video, EEG and ECG with a view to capturing clinical events of interest.
The recording is typically carried out over 2 — 5 days, but can be longer according to
the clinical situation. The referring clinician should be clear about the indication for
VEM along with the expected outcome of the test. These include 1) differential
diagnosis of paroxysmal events, most commonly epileptic seizures versus non-
epileptic attacks, 2) differentiation between nocturnal epilepsy and parasomnias 3)
characterisation of seizure types and electro-clinical syndromes 4) quantification of
seizures or sub-clinical EEG discharges and 5) as part of the pre-surgical evaluation
for seizure localization or lateralization [3].

VEM, whilst clinically effective, is labour intensive and often a limited resource [4-6].
VEM units require staff with clinical expertise in epilepsy. Ward based nursing staff
need to be trained and experienced in recognizing and safely managing seizures, and
interact with patients during seizures in a way that supports the diagnostic process
[7]. Neurophysiology technical staff are needed to ensure continuous high quality
data recording. Patient safety is paramount, particularly where anti-epileptic drugs
(AED) are reduced or withdrawn to increase the chance of capturing a seizure during
the monitoring period.

Technological advances, the ready availability of commercial systems, increasing
demand for accurate diagnostic facilities and the recognition of the value of VEM
have led to an expansion in the number of Epilepsy Monitoring Units (EMU) in the

UK. Given the growth of EMU and a desire to share knowledge between units, a one-
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day workshop was convened under the auspices of the British Chapter of the ILAE in
September 2016. The day was preceded by an online survey of current VEM practice.
The workshop comprised a morning of presentations by invited expert speakers
followed by three breakout focus group sessions in the afternoon. The survey and
workshop aimed to cover all aspects of VEM, including pre-admission, consent
procedures, patient safety, drug reduction and reinstatement, seizure management,
staffing levels, ictal testing and good data recording practice. This paper reports on

the findings of the survey, the workshop presentations and workshop discussions.

Survey findings

A survey was developed by two of the authors (MB and KH) adapted from the
recently published European survey on current practices in epilepsy monitoring units
[8]. The survey was sent to all British Chapter ILAE members in March 2016 with
subsequent reminders and additional personal emails to sites known to have an
Epilepsy Monitoring Unit (EMU) in the UK. The survey closed in August 2016.
Responses were received from 32 centres: 22 adult, 7 paediatric and 3 that had
EMUs for both. Most EMUs were located in hospital neurology wards (25), others
were on the neurosurgery ward (1), neurology and neurosurgery ward (1), self-
contained 2 bed unit in a epilepsy service hosted in a neuropsychiatry service (1),
dedicated ward in the hospital (1), stand-alone epilepsy assessment centre (1),
children’s ward (1), children’s HDU (1). The number of beds per unit varied from one
to seven with a median of 2 (figure 1). The number of adult admissions per year per
unit are also shown in figure 1. Ten centres undertook invasive intracranial

monitoring. Full survey questions and responses are shown in table 2. A standard



protocol for pre-admission screening is used by 16 (64% of units). Signed informed
consent is required by 18 (72%) though only 12 (48%) included risk of AED reduction
in their consent process. 9 (36%) had standardized protocols for AED drug reduction
and 17 (68%) for reinstating AEDs and rescue AEDs after seizures. 14 (56%) used
continuous observation, compared to 11 (44%) with intermittent observation. The
type of staff differed in that those with continuous observation were more likely to
use healthcare professionals as opposed to qualified staff nurses (figure 2).

Results in table 1 show that wide variation exists and few questions received a
consistent response from all centres. Previous surveys have had similar findings with
variability between units in areas of practice [8-10]. Most recently a 60-item web-
based survey to 27 EMUs in 25 centres across Europe had similar findings to ours
[11]. The variability between centres will, at least in part reflect that there is no ‘one
size fits all’ approach, and centres will adapt to their local needs and resources.
Nevertheless, seeking consensus and setting standards of practice are important;
recent quality indicators have been developed to standardize measurement and

report on quality and safety of care on the EMU [12, 13].

Workshop presentations and discussions

Safety in the EMU.

Safety in the EMU is centered around the risks and consequences of epileptic
seizures. This is of particular importance when AEDs are withdrawn to increase the
chance of capturing seizures during the recording period. Adverse events on the
EMU have been addressed in recent publications of local and multicenter surveys

[14-19]. Adverse events fall into the following key areas: injuries and falls, cardiac



arrhythmias, psychosis, status epilepticus, and in rare cases, Sudden Unexpected
Death in Epilepsy (SUDEP) (Ryvlin et al, 2013).

There was clear consensus in the following areas. All patients should have written
information prior to the admission for VEM and pre-screening at a recent clinic, or
telephone assessment before admission, with documentation of seizure type,
epilepsy syndrome, seizure frequency and whether the patient experiences seizure
clusters, history of generalised tonic clonic seizure (GTCS), previous episodes of
psychosis, co-morbidity, learning difficulties, previous injuries, and results of
previous investigations. Signed consent is needed for VEM (for use in medical
records and separately for teaching and case presentations). A specific signed
consent is needed for AED reduction. Information should be given on the risks of
GTCS, seizure clusters, status epilepticus, possible admission to intensive care unit,
post ictal psychosis and SUDEP. The MORTMEUS study, an international survey and
detailed review of VEM data from monitored SUDEP cases, reported on 16 SUDEP
and 9 near SUDEP from a total of 147 units who responded; 14 of 16 SUDEP cases
occurred at night. The reported time to cardiopulmonary resuscitation (CPR) from
seizure end (where known) in the SUDEP cases was 13 minutes in one, and
considerably longer or not at all in the other SUDEP cases, compared to <1 minute to
CPR in most of the near SUDEP cases [20]. It is not possible, on available evidence to
quantify a SUDEP risk on the EMU in an appropriately monitored and responded
case. The emphasis therefore should be on close supervision and monitoring with
prompt seizure interventions. Staffing ratios for continuous monitoring in cases
where medication is withdrawn should ideally be no more than 2 patients to 1

appropriately qualified and trained staff member. Padded cot sides, a low bed or a



mattress on the floor should be considered to reduce risk of injury, particularly in
cases with known hypermotor seizures. Patients who are undergoing drug reduction,
should have an intravenous cannula (flushed regularly) for emergency drug
interventions, remain in bed and be in view of the camera at all times. Restrictions
around movement from the bed are necessary according to local arrangments and

policies.

A view from the CESS (Children’s Epilepsy Surgery Service)

Around 30% of children with epilepsy do not respond to antiepileptic medication and
may be candidates for a surgical approach. There is increasing evidence that children
should be considered for surgery earlier rather than later, in view of the
consequence of on-going seizures on brain development [21]. Using data from a
recent prospective study in the USA [22] it can be estimated that in the UK over 700
children should be evaluated per year of which half should proceed to surgery. A
recent audit [23] demonstrated that only a third of eligible children had surgery
within 2 years of the onset of symptoms.

To improve this situation, in 2012 NHS England designated and commissioned four
centres across the nation to form the Children’s Epilepsy Surgery Service (CESS)
which include the following centres: Birmingham Children's Hospital, Bristol Royal
Hospital for Children, Liverpool’s Alder Hey with Royal Manchester Children’s
Hospitals, and Great Ormond Street Hospital (GOSH) with King's Health Partners [24].
Although there are a few recommendations and guidelines available [2, 25-27], none
of these are specifically for paediatric VEM despite the fact that considerable risks

have been described in recent surveys [8, 18, 20, 28]. Therefore, the CESS



Neurophysiology working group has developed consensus guidelines for VEM in
children using a modified Delphi process. Building on current recommendations the
following key areas were identified: indications, referral pathways, equipment
standards, recording techniques (with specific emphasis on safety of VEM), AED
withdrawal protocol, protocol for behavioural testing and data storage, in addition
to guidelines for writing factual reports and conclusions [29]. Although these
guidelines were specifically developed for pre-surgical evaluation in children with

epilepsy, it is believed that guidelines are transferable to paediatric VEM in general.

What should we be monitoring and how

Electronically recorded information should include the patient’s name, date of birth,
date on which the test was performed, name of test and relevant patient
identification numbers. Calibration signals should be recorded at the beginning of
each recording. Automated recording of technical parameters such as impedance
values, sampling frequency, filter settings, gain, and montage selections should be
available. The EEG signal is a reflection of a series of variables. These include the
activation of neural networks; the localisation, orientation and source of the dipole
and propagation through the brain. Despite attempts to automate some aspects of
EEG monitoring such as spike detection algorithms, the innate complexity of EEG
signal necessitates assessment and interpretation by trained experts.

Continuous surveillance during VEM by dedicated healthcare professionals is
recommended through direct observation of the patient(s) supplemented with the
use of video monitors and nurse alarms [18].- Healthcare professionals should be

trained to recognise seizures, and major disturbances of cardiac rhythms, and



engage appropriately with patients during seizures and instigate necessary
treatment measures.

Video and EEG should be reviewed by trained neurophysiology staff within 24 hours
to mitigate against the consequences of unnoticed or subclinical seizures and plan
any AED changes for the subsequent 24 hours. A minimum staffing ratio of 1
dedicated HCP to 4 patients has been recommended [18]. However, if AED tapering
or other forms of provocation are being utilised a higher staffing ratio of 1 HCP to 2
patients is preferred, particularly if intracranial inverstigations are performed in one
or more patients. Daily multidisciplinary ward rounds were recommended to
improve communication, manage risks and maximise outcomes.

Capturing a single habitual event, confirmed by patient and family may be sufficient
for diagnostics or seizure classification. Stereotypy for > 2 habitual events is
necessary for seizures without clear time-locked epileptiform changes such as some
extratemporal seizures. There was no clear consensus regarding the minimum
number seizures that must be recorded for optimal patient selection for epilepsy
surgery. This will necessarily be dependent on the individual’s clinical characteristics,
imaging findings and interictal EEG abnormalities [30, 31] A recent review concluded
VEM findings failed to predict outcome at 6 months, 1 year and 2 years in temporal
lobe epilepsy when corrected for routine EEG and MRI findings [32], and markers
other than VEM findings, such as imaging may be more reliable in predicting post-
operative seizure remission [33]. In pre-surgical planning VEM data must be
reviewed in an epilepsy surgery MDT alongside all clinical information, imaging and
neuropsychology.

Audiovisual data
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The following were recommended standard requirements for all units. For the
audiovisual signal an omnidirectional audio microphone (that picks up sound with
equal gain from all sides or directions) eliminating the need for directional
readjustment. Video should be acquired through 2 high density remote pan/tilt
cameras that keep patients in view minimising the chance of obstruction and with an
infrared facility for low ambient light conditions. The camera(s) should always be
focused on the patient.

Electrophysiological signals

The EEG signal should be recorded with a 10:20 montage as a minimum. An
additional bilateral 3 electrode inferior temporal array that covers the 19 standard
10-20 electrodes plus 6 inferior temporal electrodes can have advantages in
localising temporal lobe seizures [34], and higher density EEG (10:10) for presumed
extratemporal lobe epilepsy [35]. A minimum sampling rate of 256 Hz i.e. three
times the high frequency filter setting of 70 Hz. Higher rates, such as 512 Hz, are
preferable to prevent aliasing on modern high-resolution computer screens [36].
Much higher sampling would be needed for detecting high frequency oscillations in
intracranial EEG, but this highly specialised area [37] was not discussed further at the
workshop. The onset, propagation, postictal clinical and EEG features of
electroclinical events should be noted with comments on whether the event
constitutes a habitual episode and any delay between clinical and electrographic
onset. Software to support standardised EEG reporting has been developed, the
Standardised Computer-based Organised Reporting of EEG (SCORE) [38], though

individual practice in the use of this or similar software was not assessed here.
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Continuous ECG display during VEM with alarms for bradycardia and tachycardia
were recommended as a minimum standard. Muscle artefact may obscure the
detection of ictal arrhythmias with a single lead ECG. Use of a 3 lead ECG [39] in VEM
may provide more reliable ECG data. EMG channels can be utilised to determine
laterality of seizure semiology. Bilateral deltoid leads were considered the minimum
requirement. Surface EMG recording from antagonistic muscle groups was
recommended to distinguish between tonic and atonic seizures (both can cause
head-drop and falls). Other EMG leads should be individually tailored during VEM.
Bilateral EOG and submentalis leads to differentiate exclusively nocturnal seizures
from sleep disorders were also considered to be a minimum requirement.
Measurement of oxygen saturation using pulse oximetry was also recommended,

particularly at night.

Attending seizures and ictal testing

Patient safety is of the highest priority. All staff working on the EMU should receive
training in recognising and managing ictal and postictal patients. Patients with
convulsive seizures should be positioned in the lateral decubitus position postictally;
oxygen should be applied and suction provided. Staff should remain with the patient
until he/she has regained awareness. In cases of administration of benzodiazepines
and postictal sleep, further vital sign monitoring using pulse oximetry should be
considered. Clear protocols must be in place for the management of seizure clusters,
status epilepticus and challenging postictal behaviour to ensure patient and staff

safety. Patients should also be monitored for signs of postictal psychosis.
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Testing of cognitive, behavioural, sensory and motor functions in the ictal and
postictal period allows clinically relevant semiology to be determined. Most EMUs
perform ictal or postictal testing, although standardisation between EMUs is lacking
[8]. A consensus procedure for ictal testing or ictal testing battery (ITB) has recently
been developed by a joint taskforce of the ILAE - Commission on European Affairs
and the European Epilepsy Monitoring Unit Association [7]; it would be of interest in
future surveys and workshops to assess the uptake of this or other standardised
procedures. The ITB was prospectively evaluated on 250 seizures in 10 centres to
assess feasibility. The ITB was found to be feasible in 93% of the included seizures.
Difficulty in implementation related to short seizures (myoclonus; brief absence; and
brief focal seizures). The ITB provides information on subtle feature of semiology
including autonomic features; responsiveness to verbal command and/or touch;
comprehension; orientation; verbal and visual memory. Clinical examination is
suggested to assess for tone, Todd’s paresis and Babinski reflex. The ITB is dynamic
and adjusted according to the seizure and takes 2-9 minutes to complete. It is
recommended that local protocols should be developed using the most salient
features of the ITB. Training for EMU staff, laminated version of the local ITB in the
EMU and a pocket version would be helpful prompts. In patients with suspected
dissociative seizures, nursing staff may be asked to check whether eyes are closed
and if eye opening is resisted during the clinical event. Resistance to opening can be

a useful indictor of non-organic clinical events.
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Data Storage

All EEG data should be reviewed prior to any clipping and archiving of data. As a
minimum, the consensus was that archiving should include clipped EEG data labelled
as sleep; wake; interictal sections and ictal recordings with relevant clipped video to
demonstrate associated semiology. Data should be stored on a server system to
facilitate long term back up and review as needed. This minimises the risk of data
loss by incorporating built-in data storage redundancy and regular data backup [36].
EEG recording formats should be able to store the EEG signal data and technologist’s
comments. EEG recording systems should be able to input and output publicly
available data formats such as European Data Format (EDF) or EDF-plus [40] for
storage of EEG and video data [41]. Manufacturers are encouraged to provide a
method for outputting studies in a format with a standalone viewer so that a user
can view the recording on any computer. The stored digital information should allow
data recovery in an accessible format in addition to providing information about
those who have accessed the record, as required by the Care Records Guarantees.
Information governance and data protection guidance has recently been updated in

the UK [42].

Provocation procedures, drug reduction and rescue protocols

All attendees agreed that provocation procedures and AED reduction need to be
individualized to each patient and no standard protocol could cover the varied local
facilities, patient characteristics and treatment regimens. Nevertheless, general
recommendations and similarities in practice were observed. The main provocation

procedure in the EMU is AED reduction. Additional provocation included sleep
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deprivation and less commonly exercise or specific stimuli in reflex seizures.
Hyperventilation can also enhance diagnostic yield in the EMU and may be helpful in
provoking both epileptiform activity and non-epileptic attacks.

The workshop consensus was that AED reduction should not be implemented prior
to admission, and that the risk of beginning AED reduction in an unsupervised
environment is not offset by a potential gain in capturing seizures earlier in the
admission to the EMU. The rate of drug reduction, and which drug to withdraw first
in those on polytherapy, is an individualized process, taking into account the AEDs in
question, the frequency and severity of seizures and risk/benefit to the patient.
Nevertheless, the practice of most units where AED reduction is needed, is to reduce
AEDs by 50% on day 1, and by 75% day on day 2, and tailor further reduction,
stopping one or all AEDs thereafter until the desired number of events are recorded.
AEDs should be reinstated to full dose at least 24 hours prior to discharge. In
addition, a ‘loading’ dose of AED was recommended by some, or consideration of a
temporary course of benzodiazepine, for example Clobazam, over a few days. Again,
there was consensus that this was an individualized decision based on type and
severity of seizures and patients’ home circumstances, namely the presence of adult
family members or a carer. For rescue medication, all centres have a protocol for
status epilepticus that can be applied to the EMU. A further consideration for rescue
medication is oral, buccal or iv benzodiazepines following a generalized tonic clonic
seizure, seizures lasting >5minutes, or multiple or increasing seizures, along with
reinstating full AEDs.

All patients need daily review by the EMU designated consultant or competent

designee to supervise AED tapering and each EMU should have its own protocols for
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AED tapering appropriate for their environment and patients. At the end of the
admission unaccompanied discharge should be avoided but if contingencies fail and
the patient lives alone risks could be mitigated by earlier reinstatement of AEDs;
and/or cover with short term benzodiazepines. Any local protocol needs to be
sufficiently simple and robust to be followed by junior members of the team and out
of hours on call staff.

There was recognition that there was little published literature and a need for a
better evidence base to inform AED reduction decisions on the EMU. In a study of
158 patients with rapid withdrawal of AEDs, most discontinued within 24 hours of
admission, showed similar complication rates to studies with slower withdrawal [43].
A recently published retrospective study of 79 patients stratified to fast or slow AED
reduction, and complete or incomplete withdrawal found that complete AED
discontinuation was associated with three times increased likelihood of receiving
rescue therapy and double the rate of having GTCS compared to the group partially
discontinued, though discontinuation rate did not affect complication rates [44].
Future work would help evaluate different AEDs, rates of reduction and impact on
seizure threshold based on the AEDs half-life and other concomitant medication.

It was notable that amongst all the workshop attendees all adult EMUs except one
in @ major centre operate a Monday to Friday monitoring period only, unless
undertaking an intracranial recording when additional provision is made to cover
Saturday and Sunday. This is primarily due to staffing reasons. This may influence
AED withdrawal regimens and diagnostic yield from each admission. A study is

currently underway across EMUs is France assessing the impact of a standardized
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protocol of AED withdrawal against current practices as the control, due to complete

in 2019[45].

Concluding remarks

VEM is a gold standard test in making a diagnosis of epilepsy versus non-epileptic
attacks, classifying epileptic seizures and syndromes and in the pre-surgical
evaluation of patients with epilepsy. Our workshop showed the breadth and scope
of procedural, technical and staffing factors that need to be in place for the
necessary safety and quality on VEM units. We hope that we have identified and
highlighted areas where there is clear consensus for good practice and areas for
future work. The latter includes a better evidence based guidance on AED reduction,

the number of seizures needed for surgical planning and methods for data display.
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Table 1. Questions sent to each centre with count of responses.

Figure 1. Summary of the number of the number of beds and reported admissions
per centre per year.

Figure 2. Ratio of designated staff observing patients in epilepsy monitoring unit
according to whether intermittent or continuous observation is in place.
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Table 1

Survey question Response (adult) Responses
(children)

Yes (%) | No (%) | Yes (%) | No (%)

Do you have standardized protocols for preadmission screening 15 (63) | 9(37) 3 (43) 4 (57)

that considers seizure frequency, seizure types, episodes of seizure

clusters or status epilepticus, previous injuries, and psychiatric

disturbances?

Do you have any preliminary assessment of possible comorbidities 8(33) | 16(67) | 2(29) 5(71)

(for instance, osteoporosis and cardiorespiratory compromise) that

may render seizure provocation potentially harmful?

Do you require a signed informed consent form prior to the video- 17 (71) | 7(29) 1(20) 6 (80)

EEG monitoring procedure?

Does your written consent include risks of AED reduction? 12 (50) | 12(50) | 1(20) 6 (80)

Do you have standardized protocols / practice for AED reduction? 9(37) | 15(63) | 3(43) 4 (57)

Do you have standardized protocols / practice for reinstating AEDs? | 17 (71) | 7(29) 3 (43) 4 (57)

Do you have standardized protocols / practice for rescue AEDs after | 16 (67) | 8(33) | 7(100) 0(0)

seizures?

Do you have a standardized protocol to ensure patient safety after 9(37) | 15(63) | 4(57) 3(43)

being discharged from the EMU?

Intensity and level of observation. 13(54) | 11(46) | 3(43) 4 (57)

Is diagnostic testing performed on the patient at seizure onset in 20(83) | 4(17) 2 (29) 5(71)

the ictal and postictal phases?

Do you use automatic systems for detection of ECG abnormalities 6(25) | 18(75) | 2(29) 5(71)

and for alarming purposes?

Do you use any system for oxygen desaturation detection and for 10(42) | 14(58) | 5(71) 2 (29)

alarming purposes?

Do you use seizure detection systems based on detecting 4(17) | 20(83) 0(0) 7 (100)

movement while the patient lies in bed?
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