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1. Introduction
Combined video and electroencephalographic monitoring (VEM) is an important diagnostic tool for the diagnosis of epileptic seizures and non-epileptic events for pre-surgical evaluation [1-5].  However, VEM is not without associated burden and risks for patients and their families and should therefore be conducted in as timely, accurate and safe a manner as possible [2, 3].  The reported death of a patient undergoing VEM in the United States, [6] and more recently a death in Australia, prompted the Epilepsy Society of Australia to review Australian VEM unit protocols and practices.  The results of this review highlighted variations in practice amongst VEM units. This clinical practice guideline has been developed through review of available evidence and consultation with epilepsy nurses, epileptologists, and EEG technologists/scientists.
2. Purpose

To advise doctors, nurses and EEG technologists/scientists of agreed clinical practice standards for the care of patients undergoing VEM.

3. Target Population
These guidelines are for children and adults referred for VEM using scalp electrodes for whom the diagnosis of epilepsy is unclear, the epilepsy syndrome is uncertain or seizures are refractory to treatment and epilepsy surgery is a consideration.  Referral patterns and specific criteria for VEM will differ between units.  Additional recommendations specific to patients undergoing VEM with intra-cranial electrodes and ictal SPECT are to be completed.
4. Background
VEM aims to correlate clinical behavior captured on video with associated EEG activity in order to confirm or exclude a diagnosis of epilepsy, classify seizures and/or lateralise or localise the seizure focus [4, 7].  To achieve these outcomes a multidisciplinary, highly skilled team of epileptologists, nurses and EEG scientists is required [1].  The duration of VEM monitoring varies from short term (day patient) monitoring to long term inpatient monitoring.  Monitoring time is primarily dictated by the admission aims; for diagnosis, a single episode may be sufficient, while for pre-surgical assessment, three to five characteristic seizures may be required [7].  On average it takes 2.8 to 7.6 inpatient days to capture three to five characteristic seizures [8, 5].
In order to optimise the outcomes of VEM it is important that patients and their families or careers are well informed about the process.  Pre-admission education in the form of pamphlets or videos has been found to be more effective than post admission education in adults undergoing surgery [9].  Printed information, in addition to routine verbal information, may also assist in reducing anxiety levels in patients undergoing VEM [10]  A comprehensive pre-admission process incorporates (when feasible) a tour of the unit, a VEM information brochure and verbal information about the VEM process provided by an epileptologist and epilepsy nurse [11]. 
Adult carers or ‘sitters’ are a necessary and valued resource in VEM units, particularly in units without 24 hour nursing or technical observation [2, 12].  The role of the sitter is to provide support for the patient and to assist staff in the identification of seizure events by pushing the event button [12].  Therefore, each sitter must be familiar with the patient’s seizures and be well informed about their role in the monitoring process [1, 12]
To increase the chance of capturing seizure events and minimise the financial and personal costs of prolonged monitoring, seizure activating procedures such as anti-epileptic drug (AED) reduction or cessation, sleep deprivation, hyperventilation or photic stimulation are used [3 -,5,7,13].  However, the use of seizure activating measures may cause patients to experience seizures of greater frequency and/or severity than their normal seizure pattern, thus increasing the risk of an adverse event [3, 14].  Major seizure related adverse events include:
· Falls and other injuries (e.g. tongue laceration, compression fractures of the spine, entrapment in bed-rails, burns)
· Seizure clusters
· Status epilepticus (SE)
· Airway obstruction

· Aspiration pneumonia

· Post-ictal psychosis

· Death
Understanding the potential for VEM related adverse events assists when obtaining informed consent and counselling patients and their families.  Information on risk also informs the design, equipping, staffing and care delivery in VEM units [15]. The majority of available data on adverse events comes from retrospective audits, mostly of adults undergoing VEM with variable inclusion criteria [3,13,15-17].  
4.1
Falls and other Injuries
In a recent survey, epilepsy professionals in the USA identified falls as the most common adverse event experienced by patients undergoing VEM [18].  One small study of 20 adults who experienced 170 recorded seizures found six falls [16].  A large, recently published, six year review of 507 VEM patients found 44 experienced one or more adverse events (9%).  Fifteen patients had fallen, sustaining injuries ranging from bruising and lacerations to an extradural haematoma requiring emergency surgery. The fall rate for the period studied was calculated at six per 1000 inpatient-days, similar to that estimated in an earlier study of a mixed paediatric and adult VEM unit [19].
Falls are potentially preventable adverse events in VEM units.  Strategies to prevent falls include;
· confining the patient to bed or chair as much as possible

· continuous use of appropriately padded bedrails

· use of bed pans and bedside commode chairs

· sponge bathing rather than showering

· movement beyond bed or chair only in the company of a staff member [19]
To reduce the risk of injury from falling, it is recommended that VEM units incorporate the following safety features; wall mounted patient monitoring equipment, appropriately padded bedsides, chairs, floor mats and bathroom doors fitted with emergency external access [1, 19].
4.2
Status Epilepticus

Status epilepticus (SE) is a neurological emergency with a high morbidity and mortality rate [20, 21].   SE is operationally defined as a seizure lasting longer than five minutes, or two or more seizures with incomplete recovery of consciousness between seizures [20].  VEM patients with a history of tonic clonic seizures, clustering of seizures or previous SE have a higher risk of developing SE during VEM [2, 14].  However, SE can occur in any patient for the first time with drug reduction or withdrawal.  
One study of five VEM centres with over 500 adult patients found a 3% incidence of SE [17].  In another study of 132 adults who experienced 590 seizures, two cases (1.8%) experienced SE [3].  A similar rate of SE was found amongst 507 children and adults, with 10 cases (1.69%) experiencing 13 episodes of SE [15]. 
 Anti-epileptic drug (AED) reduction or withdrawal is a recognised method of inducing seizures. There are no published studies on whether AED withdrawal using a standardised protocol reduces the risk of seizure clusters.  Seizure clusters were less common in one out of five centres with a formalised protocol for AED withdrawal [17].    
Whilst the aim of VEM is to record seizures, patient safety is paramount and SE should be avoided whenever possible and treated as a matter of urgency if it occurs [2, 15]. To facilitate this, The National Association of Epilepsy Centres in the USA advises VEM units be located in a tertiary hospital with access to intensive care facilities and anaesthesia services [1].

4.3    Post-Ictal Psychosis and Post-Ictal Aggression
Post-ictal psychosis manifests as an episode of psychosis occurring within a week of a seizure or (more commonly) cluster of generalised tonic-clonic seizures [22, 23]. A brief lucid interval post seizure recovery prior to the onset of post-ictal psychosis has been commonly reported [22-24].   Post-ictal psychosis has been described in patients who experience complex partial seizures, with or without secondary generalisation [25].  Post-ictal psychosis is also associated with chronic inter-ictal psychosis, with an associated increase in morbidity and mortality [23].  Post-ictal psychosis has been linked to the weaning of AEDs prior to pre-surgical monitoring [25] and an increase in seizure frequency or the clusters of generalised tonic-clonic seizures that can occur during VEM [26]. Other associated factors include temporal lobe epilepsy and bilateral limbic lesions [23].

 The symptoms of post-ictal psychosis vary from mood disturbance, confusion, visual, auditory, tactile and olfactory hallucinations and paranoid ideation with or without delirium [23, 25] to more severe and serious disturbances in behaviour including, physical aggression and self-harm [22, 24, 25]. 
A well designed, prospective study of 622 VEM patients with complex partial epilepsy found a 4.6% rate of new onset post-ictal psychosis which had occurred up to seven days post seizure [23].  The most commonly reported features were paranoid delusions and auditory hallucinations.  A higher prevalence of mood disorders amongst close relatives (odds ratio 3.49, P = 0.001) was the only factor found to predict post-ictal psychosis.

Dobesberger et al., [15] reported a 3.35% rate of post-ictal psychosis amongst 507 VEM patients with 17 developing a de novo psychosis up to two weeks post VEM. These psychotic episodes lasted from two to 55 days, with 12 patients requiring inpatient psychiatric care.  Whilst none of the patients who developed post-ictal psychosis had a prior history of the condition the majority (87.5%) had a history of psychiatric co-morbidities.
Therefore, post-ictal psychosis is a common adverse event experienced by patients undergoing VEM. Staff should be cognisant that psychosis can develop in patients without prior history and in some cases the delayed onset will result in the episode of psychosis occurring post-discharge [15].  Mild cases of post-ictal agitation or psychosis may be managed by reducing stimuli, limiting staff members and visitors and minimising noise.  These measures, in combination with close, supportive supervision may be all that is required [19, 24].  In more severe cases, when behaviour becomes aggressive or violence is threatened, sedation is commonly required, in conjunction with urgent referral to psychiatry for assessment and care [24].    
Aggression (in the absence of psychosis) may also occur in the post-ictal phase.  Aggression may be provoked or aggravated if physical restraints are used for the prevention of self harm.  It has been suggested that prior detailed knowledge of seizure behaviours, in combination with close patient observation, are the best preparation for uncontrolled or aggressive behaviour [19].
4.4
Death
People with epilepsy have a higher risk of premature death than that of the general population [27-29].  Causes of seizure related death include; accidents (most commonly drowning and burns), suicide, convulsive SE and sudden unexpected death in epilepsy (SUDEP).  There is anecdotal evidence that of the 5000 people VEM monitored each year in the USA there is one death from SUDEP [6]. 
SUDEP is defined as a witnessed or unwitnessed death occurring suddenly and unexpectedly, that is not the result of trauma or drowning and when structural and toxicological causes have been excluded [30]. Whilst it is likely that the cause of SUDEP is multifactorial, the cumulative evidence from animal models [31, 32] and case reports of SUDEP [33-35] point to prolonged ictal EEG suppression associated with sustained central apnoea.  Prone positioning, a common finding in SUDEP cases, may also cause airway obstruction and reduce vital capacity and tidal volumes, thus contributing to hypoventilation and death [33, 34, 36].  Abnormalities in cardiac function thought to contribute to cases of SUDEP include; seizure induced catecholamine surges and decreased heart rate variability which provokes ictal tachy and brady arrythmias and periods of asystole [37]. Other factors implicated in SUDEP are; frequency of generalised tonic-clonic seizures, long duration of epilepsy, unwitnessed seizures, and seizures in sleep [30, 36-38]. 
The rate of SUDEP differs between patient cohorts but is highest amongst patients with intractable epilepsy (~1:1000 person-years) [30].  Data from pooled analysis of four large case-control studies shows a higher risk of SUDEP to be associated with male gender, younger age at onset of epilepsy, duration of epilepsy to be greater than 15 years, intractable generalised tonic-clonic seizures and multiple antiepileptic drugs [39]. It is thought that children have a lower risk of SUDEP than adults [40, 41].
Whilst the final results from the mortality in epilepsy monitoring units (MORTEMUS) study are yet to be published, preliminary data suggest the annual risk of SUDEP amongst VEM patients to be 0.62%, similar to the risk of SUDEP for patients with treatment resistant focal epilepsy [42].  Whether the risk for patients in VEM units is higher has not been studied, but identified risk factors such as secondarily generalised seizures and AED withdrawal exist in the VEM setting and the majority of patients are monitored because they have poorly controlled seizures.  
In order to minimise the risk of injury or death, patients undergoing VEM require close 24 hour observation of patients.  Up-to-date unit protocols are recommended for the assessment and management of patients seizing and recovering from seizure, including an protocol for SE [1].  It is important to ensure all staff employed in the unit are educated in the use of these protocols [16].  In light of the current knowledge about apnoea and SUDEP, continuous alarmed pulse oximetry, in addition to alarmed electrocardiography, may assist in the early detection of seizures and episodes of post-ictal hypoxaemia and apnoea in patients undergoing VEM [43, 44].  Pulse oximetry has been shown to be a useful tool in the early detection of hypoxemia in patients under anaesthesia, intensive care [45] and overnight monitoring of sleep apnoea [46]. There are no data, other than anecdotal evidence, of the use of pulse oximetry in VEM units [6].  
5.
Clinical Practice Guidelines
 The range of adverse events described in the literature reinforces the need for established standards of care for VEM.  However, the majority of papers refer to adults undergoing VEM or have combined adult and paediatric data, thus the nature and incidence of adverse events amongst paediatric patients is unclear. The following clinical practice guidelines summarise what are currently considered to be the minimum standards for VEM unit design, equipment and care in Australia and are congruent with recently published consensus recommendations from the United States of America [47]. These standards are intended to guide and support clinical decision making and thus do not replace case by case assessment of patient care requirements.
   5.1    Unit Design
· The unit layout is designed to minimise the risk of injury with a wall or ceiling mounted camera, appropriately padded bedsides, monitoring chairs and floor mats where appropriate. 
· Layout and furnishings should facilitate patient examination and the administration of first aid. Functioning oxygen and suction equipment are located close to the monitoring chair/bed/cot.  
· The doors of the bathroom and toilet are able to be opened from outside in an emergency.
· The position of camera allows 240˚, view of patient’s face/head and body. Staff are to ensure camera view is not blocked. Infrared light or standard lights on at night. Additional lighting may be required for some patients.
· All electrical equipment complies with Australian standards for patient monitoring equipment connected to the electrical mains.

      5.2    Personnel 
· An epileptologist supervises the study.  The epileptologist, or a covering neurologist, is contactable for the duration of the study.
· The VEM unit is staffed by registered nurses (RN) who have completed epilepsy and VEM competencies and have either an epilepsy clinical nurse specialist (CNS) or clinical nurse consultant (CNC).
· An EEG scientist or neurologist is able to review the EEG at all times, either in the unit or via remote access technology.  Nursing staff are able to contact the EEG scientist directly, or via the neurologist. A troubleshooting manual for non-technical staff is recommended.
· The VEM unit has an education program in place to teach RNs and resident medical officers (RMOs) about epilepsy and VEM.  It is mandatory that staff employed in VEM units have completed the education program.
· The unit has access to biomedical and information technology support.
      5.3    Pre-Admission Process
· Each patient requires a referral letter or request form including the following information; past medical history, seizure history, current drugs, seizure patterns (including past episodes of psychosis/violence or status epilepticus). 
· Prior to admission, patients and their family members are to be provided with literature on the hospital admission process, name and contact details of key staff members, information about the VEM protocols and procedures, estimated length of stay, expectations of carers/sitters, visitor access, facilities and personal items required during admission.
      5.4     Medical Admission
· Patients are admitted by a neurologist or neurology RMO.
· Informed consent is obtained from the patient, or family member/guardian if the patient is unable to give legal consent.  Prior to signing the audiovisual consent form patients and carers or ‘sitters’ are informed that all conversations and images will be recorded (and in some units seen at the nursing desk) and that while some data will be kept on record some will be destroyed. Patients, carers or ‘sitters’ also informed that data may be used in the department for teaching and research purposes. Patients have the option to withhold consent for their video EEG data to be used for purposes other than their own clinical care.  Consent forms prepared by individual hospitals and/or medical record are annotated with the discussion between patient/family and medical/nursing staff.
· The epileptologist/neurologist orders the reduction or withdrawal of AEDs on an individual basis, taking into consideration the patient’s past medical and seizure history.
· AED doses should not be reduced pre-admission because of the risks from increased seizures and the risk of SE occurring in a non-hospital environment.
· An IV is inserted in paediatric and adult patients undergoing reduction or withdrawal of AED/s. Patency of the IV is maintained as per hospital protocol.
· Paediatric patients are not routinely cannulated. 
5.5
     Nursing Admission
· A comprehensive nursing admission is completed including; baseline assessment of neurological function and measurement of vital signs and peripheral oxygen saturation.
· Either the admitting nurse and/or the EEG scientist are responsible for providing the patient and their family member/sitter/s with a full VEM unit orientation including; written and verbal education about requirements for camera view, overnight lighting (if required), seizure alert procedures, safety precaution including overnight pulse oximetry or ECG monitoring, audio-visual consent, sitter responsibilities, seizure alarm, completion of a seizure log, AED withdrawal and IV access (if required), toileting and bathing procedures.
· Education for the sitter includes; information about their role in closely observing and interacting with the patient during waking hours and watching for the commencement of a seizure, reporting any auras, consistently activating the seizure button, the nurse alarm when necessary and attesting to whether the seizure is typical or atypical.  It is expected a sitter stay with the patient 24 hours a day, or at least overnight.  Sitters should be relieved for regular breaks by nurses or technologists who continue to closely observe the patient.
5.6     Inpatient Care
· Baseline observation of vital signs; blood pressure, pulse, temperature, peripheral oxygen saturation on admission then at the beginning of each nursing shift. More frequent observations are performed after seizures as per hospital protocol.

· Seizure observations are performed by nurses and/or technologists and documented on a standardised seizure chart which is included in the VEM report and filed in the medical record. 
· Continuous recording of the electrocardiogram (ECG) with audible alarm limits set to detect tachy and brady arrhythmias for adults, and when clinically indicated, paediatric patients.
· The use of pulse oximetry with audible alarm limits, used in conjunction with a variety of paediatric and adult probes, may assist in the early identification of oxygen desaturation.  
· Staff and patient/sitter activated seizure alarm working and accessible to patient and sitter
· Nurse supervision or standby whilst patient ambulating / showering / toileting
· Visual observations over night at 30 minute intervals to check patient and equipment. On each bedside visit recheck; the patient is on camera and visitors / sitters are not obstructing the camera view, the seizure alarm/nurse call button/ computer button are in reach of patient or sitter and the EEG scalp electrodes and ECG leads (if used) show an unimpeded, clear tracing on the monitor 

· Nursing and medical progress notes are completed as per hospital protocol. 
· Daily medical assessment 
· Weekend/after hours plan for medical review and technical support.

5.7
     Seizure Management
· Management of a patient with a single seizure in the VEM is determined by the type of seizure and whether it is typical of the patient’s habitual seizure. A plan for seizure management is clearly documented in the notes and rescue medication prescribed.. 
    5.8      Cluster Seizures and Status Epilepticus
· Each patient requires a plan for managing cluster or prolonged seizures. In the case of a seizure lasting > 5mins or without recovery between seizures the unit SE  protocol is to be enacted. A medical emergency is called as per hospital protocol. .
  5.9      Post-Ictal Psychosis
· In the case of mild confusion/psychosis continue supportive supervision. Limit staff and visitor contact to reduce stimuli.
· Acute psychosis with risk of danger to self or others, as above, with urgent referral for psychiatric assessment. Sedation will usually be necessary.
     5.10     Discharge
· AEDs should be reinstated prior to discharge with a ‘safety net’ time allowance dependent on the type of AEDs and other circumstances, such as air travel.  Generally this will mean at least 24 hours, and preferably 48 hours of full or newly adjusted drug dosage or the administration of a loading dose of AED(s) prior to discharge. If there is insufficient time for target AED levels to be reached before discharge then short term treatment with an oral benzodiazepine, such as Clobazam, may be useful.
· When a rescue treatment for seizures has been ordered the carer/family member is to be provided with written instructions which include the drug order and how to correctly calculate and deliver the drug dose.  Provide a written plan in the event of failure of the rescue drug.
· Inform family/carers about potential for delayed onset post-ictal psychosis
6. 
Glossary & Abbreviations
AED:


antiepileptic drug
ECG:

 
electrocardiogram

EEG:


Electroencephalograph

Epileptologist:

Neurologist with epilepsy specialisation
ENSIGA:

Epilepsy Nurse Special Interest Group

CNS:


Clinical Nurse Specialist

CNC


Clinical Nurse Consultant

IV


Intravenous

RN


Registered Nurse

RMO


Registered Medical Officer 

SPECT

Single Photon Emission Tomography

SE


Status Epilepticus

SUDEP

Sudden unexpected death in epilepsy

USA


United States of America

VEM


Video and Electroencephalographic monitoring
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