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VOORWOORD 
De eerste melding van een opname van elektrische activiteit in de hersenen dateert van 
het begin van de 20ste eeuw, door de Duitse psychiater Hans Berger in 1929. Hiermee 
legde Berger de funderingen van een totaal nieuwe medische discipline, de klinische 
neurofysiologie. In 1936 toonde W. Gray Walter abnormale elektrische activiteit in de 
hersengebieden rond een tumor en verminderde activiteit in de tumor aan. Hij was ook 
de eerste die bewees dat het zogenaamde alfa-ritme (aanwezig in rust) bijna volledig uit 
de hersenen verdwijnt tijdens een mentale taak die alertheid vergt, en dat het vervangen 
wordt door een sneller ritme, de bèta-golven. Meer recent standaardiseerde het 10-20 
systeem de plaatsing van de elektroden van het encefalogram (EEG), en digitale EEG’s 
maakten kwantitatieve interpretaties mogelijk. 

Geëvokeerde potentialen (‘evoked potentials’ of EP’s) zijn elektrische potentialen die 
worden geregistreerd na het aanbieden van een stimulus, verschillend van de spontane 
potentialen van het EEG. Historisch gezien werden geëvokeerde potentialen al sinds het 
begin van de jaren 1950 onderzocht bij patiënten waarbij men zich eerst concentreerde 
op lange-latentie potentialen met een grote amplitude. Een aparte klasse van 
geëvokeerde potentialen zijn de ‘event related potentials’ of ERP’s. ERP’s worden ook 
geregistreerd na visuele, auditieve of somatosensitieve stimuli, maar vereisen in de 
meeste gevallen dat de persoon een stimulus van een groep andere stimuli 
onderscheidt.  

Door de jaren zijn de klinische indicaties voor deze testen geëvolueerd. In de huidige 
klinische praktijk worden het EEG en de EP’s op grote schaal gebruikt voor de aanpak 
van bepaalde aandoeningen. De positie van ERP’s is op dit moment minder duidelijk. Dit 
KCE rapport biedt een leidraad voor het gebruik van EEG en EP’s of ERP’s in de 
klinische praktijk.  

 

 

 

 

 

Gert Peeters     Jean-Pierre Closon 

Adjunct algemeen directeur a.i.   Algemeen directeur a.i. 
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Samenvatting 

INLEIDING 
Een electroencefalogram (EEG) weerspiegelt de som van gesynchronizeerde 
postsynaptische corticale potentialen in tijd en ruimte, gemeten als elektrische signalen 
op het hoofd. EEG activiteit is samengesteld uit veelvoudige oscillaties. Deze hebben 
verschillende karakteristieke frequenties, distributie in de ruimte en associaties met 
verschillende stadia in het functioneren van de hersenen (zoals wakker versus slaap).  

Geëvokeerde potentialen (EP’s) zijn veranderingen in de elektrische hersenactiviteit, in 
stereotypen ingedeeld en in tijd gelinkt aan een stimulus. De stimulus bestaat uit klikjes 
of tonen (Brain-Stem Auditory Evoked Potentials, BAEP), patroon-omkering of 
lichtflitsen (Visual Evoked Potentials, VEP), elektrische stimulatie (Somatosensory 
Evoked Potentials, SEP), of stimulatie van de motorische cortex (Motor Evoked 
Potentials, MEP). De potentialen worden gekenmerkt door een specifieke latentietijd 
tussen het voorval en de respons, en kunnen worden gegroepeerd in potentialen met 
korte, midden of lange latentietijd. De meeste EP’s kunnen niet worden gezien bij 
gewone EEG opnames omwille van hun lage amplitudes en hun vermenging met de 
normale achtergrond hersengolven. Om de signal-to-noise ratio te verhogen is 
averaging (middeling) een vaak gebruikte methode, door dezelfde stimulus repetitief aan 
te bieden.  

Event-related potentials (ERP’s) zijn spanningsfluctuaties die een stabiele tijdsrelatie 
vertonen met een definieerbaar referentievoorval, een of andere fysieke of mentale 
gebeurtenis. De stimulus is in de meeste gevallen een auditieve stimulus, maar kan 
worden uitgebreid tot meer complexe paradigma’s en modaliteiten.  

DOEL 
Dit rapport concentreert zich op het gebruik van het EEG, EP’s en ERP’s in de 
neurologische of psychiatrische praktijk. Experimenteel gebruik en intraoperatief 
gebruik vallen buiten dit rapport. Bovendien werden indicaties die meestal in een 
hooggespecialiseerde setting worden behandeld, uitgesloten. 

EERSTE ONDERZOEKSVRAAG 
Wat is het huidige gebruik van het EEG en EP’s in België, en wat zijn de kosten voor de 
verplichte ziekteverzekering en voor de patiënten? 

TWEEDE ONDERZOEKSVRAAG 
Wat is het wetenschappelijke bewijs voor de diagnostische en/of prognostische waarde 
van EEG, EP’s en ERP’s?  

BEPERKINGEN 
Richtlijnen zijn gebaseerd op beschikbare studies en kunnen dus wijzigen naarmate 
nieuwe studies worden gepubliceerd. Bijgevolg moet deze richtlijn worden gezien als 
een algemene leidraad. Het is in geen geval de bedoeling dat de richtlijnen uit dit 
rapport strikt worden toegepast bij elke patiënt. Stikte toepassing van de richtlijnen 
waarborgt geen succes bij elke patiënt, en kan ook niet worden beschouwd als de enige 
mogelijke klinische benadering, waardoor alle andere benaderingen die hetzelfde doel 
nastreven worden uitgesloten. De uiteindelijke beslissing voor het gebruik van een 
bepaalde procedure of behandeling is de verantwoordelijkheid van de behandelende 
arts, die hierbij rekening houdt met alle klinische informatie over de patiënt.  
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TECHNISCHE NAUWKEURIGHEID EN 
STANDAARDISERING 

De nauwkeurigheid en reproduceerbaarheid van testen hangt in sterke mate af van hun 
standaardisering. Het toepassen van een standaard gevalideerde techniek is daarom 
essentieel wanneer het EEG en de EP’s gebruikt worden in de klinische praktijk.  

Voor EEG en EP’s zijn technische standaarden beschikbaar, de situatie is echter minder 
duidelijk voor ERP’s. Voor het EEG waarborgt het 10-20 systeem een 
gestandaardiseerde plaatsing van de elektroden op het hoofd. Daarnaast bestaan er 
geaccepteerde standaarden voor instrumentatie, inductieprotocols en rapportering. 
Voor EP’s werden documenten geïdentificeerd die de stimulus beschrijven, de plaatsing 
van de elektroden, polariteit, impedantie, bandfilter, averaging, minimum opnames en 
interpretatie. Voor ERP’s werd slechts een enkele technische norm geïdentificeerd 
(voor de P300 test). 

HUIDIG GEBRUIK VAN DE TESTEN IN BELGIE 
Op dit moment worden het EEG en de EP’s terugbetaald door de Belgische 
ziekteverzekering. Voor het EEG bestaan er twee nomenclatuurcodes: gewoon EEG en 
24-uurs EEG. Voor BAEP, VEP en SEP bestaan drie afzonderlijke nomenclatuurcodes: 
een enkele test, twee testen met elk een andere modaliteit (bijv. BAEP+VEP); en drie 
testen, elk met een andere modaliteit. Daarnaast worden MEP’s terugbetaald als een 
aparte categorie. ERP’s worden terugbetaald door het normenclatuurnummer voor EP’s 
te gebruiken, behalve voor één specifieke test (de Contingent Negative Variation test) 
waar een interpretatieregel specificeert dat het wordt terugbetaald met de code van het 
EEG.  

EEG/EP kunnen worden uitgevoerd door neurologen/(neuro)psychiaters, en onder 
bepaalde omstandigheden door oftalmologen, keel-, neus- en oorspecialisten, urologen 
of neuropediaters. MEP’s kunnen worden uitgevoerd door 
neurologen/(neuro)psychiaters of specialisten in fysiotherapie. Specialisten in 
fysiotherapie mogen ook SEP’s uitvoeren. 

In totaal werd meer dan €24 miljoen uitgegeven voor 420 000 EEG testen in 2006, gelijk 
verdeeld over ambulante patiënten en gehospitaliseerde patiënten. Tijdens het laatste 
decennium bleef het gebruik van het EEG in België vrij stabiel, met een kleine daling in 
het aantal EEG’s bij gehospitaliseerde patiënten. 

Daarbij werd in 2006 ook €17 miljoen gespendeerd aan 200 000 EP’s. Bij 
gehospitaliseerde patiënten werden 41 871 enkelvoudige EP’s, 25 858 dubbele EP’s, 
12 448 drievoudige EP’s, en 5 448 MEP’s uitgevoerd. In de ambulante zorg werden 
43 291 enkelvoudige EP’s, 15 001 dubbele EP’s, 10 557 drievoudige EP’s en 10 665 
MEP’s uitgevoerd. In tegenstelling tot de EEG steeg het gebruik van sommige EP’s 
tijdens de laatste tien jaar wel, vooral de terugbetalingscode voor twee EP’s.  

Aangezien ERP’s niet afzonderlijk worden gecodeerd, is het gebruik ervan onbekend en 
vormt een subgroep van het gebruik van het EEG en de EP’s. 

EVIDENCE REVIEW  
Het doel van de evidence review was de waarde van het EEG, de EP’s en de ERP’s in de 
klinische praktijk te evalueren bij patiënten met neurologische of psychiatrische klachten 
en/of aandoeningen. Testen kunnen worden gebruikt voor diagnostische doeleinden, 
voor prognostische doeleinden of om de behandeling te sturen of te monitoren. Elk van 
deze verschillende aspecten werden in de review meegenomen.  
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METHODEN 
Eerst werd een systematisch literatuuronderzoek gedaan naar systematic reviews en 
health technology assessment rapporten van de testen. Daarna werden klinische 
richtlijnen gezocht voor de testen en voor de aandoeningen waarvoor evidence werd 
gevonden.  

Dan werden publicaties geselecteerd volgens vooraf bepaalde criteria. Vervolgens 
werden de geselecteerde publicaties beoordeeld op kwaliteit door middel van de 
INAHTA controlelijst, systematic reviews controlelijst van het Dutch Cochrane Centre, 
of de AGREE controlelijst. Studies met een lage kwaliteit werden uitgesloten van 
verdere review. 

Alle publicaties werden daarna in categorieën ondergebracht volgens aandoening. Het is 
belangrijk zich te realiseren dat deze onderverdeling in categorieën niet betekent dat 
verondersteld wordt dat de target conditie al bekend is bij het uitvoeren van de test.  
Bijvoorbeeld, wanneer men vermoedt dat een patiënt aan schizofrenie lijdt, op basis van 
de klinische presentatie en mogelijk andere testen, zullen de richtlijnen voor 
schizofrenie van toepassing zijn. Maar als bij dezelfde patiënt temporele epilepsie ook 
een mogelijk differentiële diagnose is, zal de richtlijn voor epilepsie ook van toepassing 
zijn. Bovendien kunnen patiënten ook lijden aan meer dan een aandoening tegelijkertijd, 
waardoor de richtlijnen voor alle relevante aandoeningen van toepassing zijn. Kort 
samengevat betekent dit dat verschillende richtlijnen van toepassing kunnen zijn op een 
enkele patiënt.  

RESULTATEN 
De resultaten van de review worden samengevat in Tabel 1. Uit deze tabel blijkt dat het 
EEG vooral wordt aanbevolen bij vermoeden van epileptische aandoeningen. Daarnaast 
kan het ook worden gebruikt bij de diagnose van de ziekte van Creutzfeldt-Jacob, de 
diagnose van encefalitis, de prognose van anoxisch-ischemische encefalopatie bij 
pasgeborenen, en om de uitkomst te voorspellen bij comateuze patiënten. In dit laatste 
geval hebben SEP’s echter een betere voorspellende waarde waardoor ze de voorkeur 
genieten. EP’s worden daarnaast ook aanbevolen voor het voorspellen van de uitkomst 
bij traumatisch hersenletsel (SEP), de diagnose van akoestisch neuroma wanneer MRI 
(magnetic resonance imaging) niet mogelijk is, de diagnose van multipele sclerose in 
geval van onzekerheid om disseminatie in de ruimte (VEP) aan te tonen, de diagnose van 
neuropathie wanneer perifeer sensorisch onderzoek (SEP) niet mogelijk is, bij patiënten 
met paraplegie wanneer hysterische paralyse wordt vermoed (MEP) en om het herstel 
te voorspellen (SEP). Op dit ogenblik worden ERP’s niet aanbevolen voor diagnose, 
prognose of follow-up van patiënten in de routine klinische praktijk. 
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Tabel 1: samenvatting van aanbevelingen 

 Diagnosis Prognosis Follow-up Other 
Akoestisch neuroma 
 

BAEP wanneer MRI gecontra-
indiceerd is of niet verdragen 
wordt 

⁄ ⁄ ⁄ 

ADHD ⁄ ⁄ ⁄ EEG in geval van vermoeden van een 
ander probleem 

Alcoholisme 
 

⁄ ⁄ ⁄ ⁄ 

Anxietas ⁄ ⁄ ⁄ ⁄ 

Autisme ⁄ ⁄ ⁄ EEG in geval van vermoeden van een 
aandoening die gepaard gaat met 
epileptische aanvallen 

Hersenmetastasen ⁄ ⁄ ⁄ EEG in geval van aanvallen die niet als 
epileptisch kunnen worden geïdentificeerd 

Hersendood EEG kan worden gebruikt om de 
diagnose te bevestigen 

⁄ ⁄ ⁄ 

Hersenverlamming 
 

⁄ ⁄ ⁄ EEG in geval van vermoeden van epilepsie 

Spondylosis cervicalis 
 

⁄ SEP of MEP om 
tekenen/symptomen van 
myelopathie te 
voorspellen 

⁄ MEP om de diagnose van compressie van 
het cervicale ruggenmerg te stellen  

Coma of vegetatieve toestand ⁄ SEP (of EEG) om een 
slechte uitkomst te 
voorspellen 

 ⁄ 

Dementie EEG in geval van twijfels over 
alzheimer dementie 

⁄ ⁄ EEG in geval van vermoeden van ziekte 
van Creutzfeldt-Jacob  
Of in geval van vermoeden van transient 
epileptic amnesia 

Depressie of bipolaire stoornis ⁄ ⁄ ⁄ ⁄ 

Elektroshocktherapie NVT NVT NVT EEG voor behandeling indien  ingegeven 
door klinische beoordeling 
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 Diagnosis Prognosis Follow-up Other 
Encefalitis EEG om betrokkenheid hersenen 

te beoordelen 
⁄ ⁄ ⁄ 

Epilepsie EEG is gouden standaard bij 
patiënten met klinisch vermoeden 
van epilepsie  

⁄ ⁄ ⁄ 

Global developmental delay ⁄ ⁄ ⁄ EEG in geval van vermoeden van epilepsie 

Hoofdletsel/ traumatisch 
hersenletsel 

⁄ SEP om slechte uitkomst 
te voorspellen 

⁄ ⁄ 

Hoofdpijn of migraine ⁄ ⁄ ⁄ EEG in geval van vermoeden van 
aandoening die gepaard gaat met toevallen 

Kinderen met hypoxische-
ischemishe encefalopathie 

⁄ Amplitude integrated EEG 
om slechte uitkomst te 
voorspellen 

⁄ ⁄ 

Metabole encefalopathie 
 

⁄ ⁄ ⁄ ⁄ 

Multipele sclerose VEP in gevallen van diagnostische 
onzekerheid, om disseminatie in 
de ruimte aan te tonen 

⁄ ⁄ ⁄ 

Neuropathie SEP kan  nuttig zijn in gevallen 
waar geen perifere  sensorische 
respons kan worden verkregen 

⁄ ⁄ ⁄ 

Paresthesie ⁄ ⁄ ⁄ ⁄ 

Radiculopathie 
 

⁄ ⁄ ⁄ ⁄ 

Schizofrenie ⁄ ⁄ ⁄ EEG kan nuttig zijn indien klinisch 
geïndiceerd 

Ruggenmergletsel of 
paraplegie 

MEP in geval van vermoeden van 
hysterische paralyse 

SEP om herstel te 
voorspellen 

⁄  

Cerebro-vasculair accident 
 

⁄ ⁄ ⁄ EEG kan nuttig zijn in geval van 
epileptische aanvallen 

Eenzijdige doofheid ⁄ ⁄ ⁄ ⁄ 

Vertigo ⁄ ⁄ ⁄ ⁄ 
EEG: electroencephalogram; BAEP: brain auditory evoked potential; VEP: visual evoked potentials; SEP: somatosensory evoked potentials; MEP: motor evoked potentials; NVT: 
niet van toepassing 
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BELEIDSAANBEVELINGEN 
• Gezien de complexiteit van de testen op het vlak van instrumentatie, 

interpretatie en rapportering is een aangepaste opleiding van hen die 
deze testen uitvoeren, essentieel. Om bij te blijven met de 
technologische en klinische ontwikkelingen, moet een training worden 
aangeboden door de beroepsorganisaties, op een continue en 
systematische manier als onderdeel van de medische navorming.  

• Er is geen klinische rechtvaardiging om twee of drie EP’s van een 
verschillende modaliteit te gebruiken bij een enkele patiënt. De 
nomenclatuurcodes voor twee of drie testen moeten dus worden 
geschrapt.  

• De evidence voor ERP’s is momenteel onvoldoende voor gebruik in de 
klinische praktijk. Daarenboven ontbreken normen voor instrumentatie 
en rapportering. Terugbetaling van deze testen wordt daarom niet 
aanbevolen. Bovendien zou de terugbetaling van ERP’s met de codes 
van EEG of EP’s  opnieuw moeten bekeken worden. 
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VEP Visual evoked potentials 

 



KCE Reports 109 Evoced Potentials 5 

1 RESEARCH QUESTIONS AND SCOPE  
This KCE project offers guidance for the use of electro-encephalogram (EEG) and 
evoked potentials (EP) or event related potentials (ERP) in clinical practice.  

Electroencephalography (EEG) is defined as the recording of electric currents developed 
in the brain by means of skin electrodes or needle electrodes applied to the scalp.  

Evoked potentials (EP), recorded at the scalp, are the electrical responses within the 
nervous system in response to an external stimulus. The evoked potential can be 
auditory (BAEP), somatosensory (SEP), or visual (VEP), according to the nature of the 
given external stimulus.  

Another distinct class of evoked potentials are the “event related potentials” or ERPs. 
ERPs are also recorded after visual, auditory or somatosensory stimuli, but require in 
most cases that the subject distinguishes one stimulus from a group of other stimuli.  

Motor-evoked potentials (produced by transcranial magnetic stimulation or TMS) are 
measured by electrodes at the level of the muscle, after stimulation of the scalp 
overlying the motor cortex. TMS is, generally speaking, a technique for noninvasive 
stimulation of the human brain.  

In 2006, over 400,000 EEGs were recorded and reimbursed by the Belgian Health 
Insurance for a total amount of approximately 24 million Euros, whereas approximately 
17 million Euros were spent on evoked potentials. The budget spent on the 
reimbursement of ERPs is quite high compared to the relative importance of these tests 
in clinical practice as defined in the literature (RIZIV/INAMI, DGEC). A survey by the 
RIZIV/INAMI showed that only 25% of neurologists/neuropsychiatrics use ERPs in their 
practice, for a set of very diverse indications. 

Considering the high number of tests performed yearly, and the observed variation in 
indications, the purpose of this report is to describe good clinical practice for the use of 
these tests in relation to current practice in Belgium. The purpose of the project was by 
no means to audit current practice. 

1.1 FIRST RESEARCH QUESTION 

What is the current use of the EEG and EP in Belgium, and what are the costs for the 
Health Insurance and the patients? 

1.2 SECOND RESEARCH QUESTION 

What is the scientific evidence on the diagnostic and/or prognostic value of EEG, EP and 
event related potentials?  

1.3 SCOPE 

This report is focused on the use of EEG, evoked potentials and event related potentials 
for clinical practice in neurology or psychiatry. Experimental use or use for scientific 
purposes is outside the scope of this report. 

Intraoperative use of the tests, for example spinal monitoring, is excluded as well. In 
addition, indications treated in specialised settings were excluded, for example sleep-
related disorders. 

1.4 LIMITATIONS 

Guidance is based on the available studies, and can change as new studies are published. 
Consequently, this guidance should be regarded as a general line of action. It is by no 
means the intention that the guidance issued in this report should be strictly adhered to 
in every patient. Adherence to the guidance does not guarantee success in every 
patient, nor can it be regarded as the only possible clinical approach thereby excluding 
other approaches that aim for the same result. The ultimate decision of using a certain 
procedure or treatment remains the responsibility of the treating physician, who takes 
all clinical information on the patient into account by doing so.  

In addition, it is desirable that this guidance should be adapted to the local context. 
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2 STANDARDISATION AND TECHNICAL 
ACCURACY 

2.1 INTRODUCTION 

An EEG reflects the temporal and spatial summation of synchronized postsynaptic 
cortical potentials, measured as electrical signals on the scalp. Scalp EEG activity is 
comprised of multiple oscillations. These have different characteristic frequencies, 
spatial distributions and associations with different states of brain functioning (such as 
awake versus asleep).  

Evoked potentials are changes in electrical brain activity stereotyped and time-locked to 
an event (e.g. stimulus). EPs and ERPs can be distinguished based on the type of 
stimulus, the polarity, the latency, and the scalp distribution. The stimulus consists of 
clicks or tones (Brain-Stem Auditory Evoked Potential, BAEP), pattern reversal or 
flashes (Visual EP, VEP), electrical stimulation (Somatosensory EP, SEP), stimulation of 
the motor cortex (Motor Evoked Potentials, MEP). The recorded potentials are 
characterized by a specific latency between the event and the response, and can be 
grouped into short, middle or long-latency EPs or ERPs. Most EPs cannot be seen in 
routine EEG recordings. This is because of their low amplitudes and their admixture 
with normal background brain waves. To increase the signal-to-noise ratio an often-
used method is averaging. This can be done when the same stimulus is presented many 
times. Historically EPs have been studied in patients since the early 1950s, first focusing 
on long-latency components having a large amplitude. Since the early 1970s short and 
middle latency potentials with a smaller amplitude were studied, aided by advances in 
transistor technology and the ability to amplify biological signal of a fraction of a 
microvolt.1  

Event-related potentials are voltage fluctuations that display stable time relationships to 
a definable reference event, some physical or mental occurrence. These (often long-
latency) potentials can be recorded from the human scalp and extracted from the 
ongoing EEG by means of filtering and signal averaging.2 The stimulus is most often an 
auditory stimulus, but can be extended to more complex stimulation paradigms and 
modalities.  

Standardisation of tests contributes to the validity of the test. Adherence to a standard 
validated technique is critical when EEG and evoked potentials are used for clinical 
decision making. In this chapter, the technical aspects of EEG, evoked potentials and 
event related potentials are summarized.  

2.2 METHODS 

English language technical guidelines and standards were searched in Medline, CRD, 
SumSearch, and general search engines such as Google and Yahoo. In addition, the 
websites of the medical specialist organisations of the neighbouring countries France, 
the Netherlands and Germany were identified and searched for technical guidelines and 
standards. All search terms used are listed in appendix 1. 

2.3 RESULTS FOR STANDARDS AND TECHNICAL 
GUIDELINES 

A list of standards and technical/clinical practice guidelines for EEGs and/or EPs were 
identified: 

• the American Clinical Neurophysiology Society (ACNS)3-10 and available at 
https://www.acns.org (updated in 2006) 

• the International Federation of Clinical Neurophysiology (IFCN) at 
http://www1.elsevier.com/homepage/sah/ifcn/doc/standard.htm, 

• The American Association of Neuromuscular and Electrodiagnostic 
Medicine (AANEM) at http://www.aanem.org/publications/guidelines.cfm 
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• the International Society for Clinical Electrophysiology of Vision (ISCEV) 11 
(http://www.iscev.org/standards/pdfs/vep-standard-2004.pdf) 

• the College of Physicians and Surgeons of Alberta, Canada, 
(http://www.cpsa.ab.ca/facilitiesaccreditation/neurophysiology_standards.a
sp) 

• the Deutschen Gesellschaft für Klinische Neurophysiologie 
(http://www.dgkn.de/fileadmin/richtlinien_pdf/ep03.pdf) 

• Possible quality indicators are presented in an AANEM 
paper.(http://www.aanem.org/documents/gl_establish_qa_program.PDF) 

• Guidance for the qualifications of US physicians performing 
electrodiagnostic procedures. 
(http://www.aanem.org/documents/who_is_qualified.PDF), 
(https://www.acns.org) 

• Guidance for the set-up of an ERP lab and performing ERP testing is 
provided by Otte.12 

2.4 PATIENT ISSUES 

The risks in electrodiagnostic medicine are discussed in a document of the AANEM.13 
(http://www.aanem.org/documents/risksinEDXMed.pdf).  

The EEG is painless, with a minimum of discomfort. Precautions should be taken as to 
avoid transmission of pathogens between patients, staff, and equipment. Breaking the 
skin when applying scalp EEG electrodes, creates the risk of infection from bloodborn 
pathogens such as HIV, Hepatitis C, and Creutzfeldt Jacob Disease. Modern engineering 
principles suggest that excellent EEG signals can be collected without scalp abrasion. 
(http://www.ccs.fau.edu/eeg/ferree2001.pdf) Subcutaneous needle electrodes should not 
be used for ERPs because of the risk of infection. The investigator must balance the 
need for reducing skin potentials with the necessity of preventing any possibility of 
infection. Impedances of less than 2 kOhm occur only if the skin layer is effectively 
breached, which clearly increases the risk of infection. 
(http://www.ccs.fau.edu/eeg/picton2000.pdf) 

Some patient categories are at risk for electrodiagnostic procedures.13 Needle insertion 
in patients at risk for bleeding complications may induce bleeding. Specific precautions 
are given for patients with cardiac pacemakers. Expert consultation is required when 
the use of electrodiagnostics is considered in patients with implanted defibrillators. 
Expert advice is also needed in case of transmagnetic stimulation (TMS) in patients with 
a cardiac pacemaker, a deep brain, spinal or bladder stimulator, or intracranial metallic 
clips. Electric transcranial stimulation may be dangerous in patients with skull 
discontinuities after craniotomy. Care should be taken in patients with a history of 
epileptic seizures or taking drugs which might influence the excitability threshold.14 

Finally, care should be taken as to avoid the occurrence of pneumothorax or peritonitis 
when needles are inserted in the thoracic and abdominal region. 

The AANEM found no contraindications to perform evoked response testing during 
pregnancy (based on a literature search in 2007). 
(http://www.aanem.org/documents/EDXPregnantWomen.pdf) 

For the conduct of ERPs, the investigator should take into account the nervousness of 
the patient which can be induced by a patient-unfriendly examination room.12 

2.5 THE ELECTRO-ENCEPHALOGRAM (EEG) 

Scalp EEG activity is comprised of multiple oscillations. These have different 
characteristic frequencies, spatial distributions and associations with different states of 
brain functioning.  

• Alpha waves have a frequency of 8 to 12 cycles per second. Alpha waves 
are present only in the waking state when the eyes are closed but the 
subject is mentally alert. Alpha waves go away (desynchronise: “Berger” 
reaction) when the eyes are open or the subject is concentrating.  
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• Beta waves have a frequency of 13 to 30 cycles per second. These waves 
are normally found when the subject is alert or has taken high doses of 
certain medicines, such as benzodiazepines.  

• Delta waves have a frequency of less than 3 cycles per second. These 
waves are normally found only during sleep or in young children.  

• Theta waves have a frequency of 4 to 7 cycles per second. These waves 
are normally found only during sleep or in young children. 

• Sharp waves have a duration of 70-200ms. Spikes are sharp waves with a 
duration of 20-70ms. 

2.5.1 Instrumentation  

Electrode locations and names are defined by the international 10–20 system (see 
Figure 1) for most clinical and research applications. This system ensures that the 
naming of electrodes is consistent across laboratories.  

Figure 1:10-20 system illustration - profile view and top view 

 
  

Each electrode is connected to one input of a differential amplifier (one amplifier per 
pair of electrodes); a common system reference electrode is connected to the other 
input of each differential amplifier. These amplifiers amplify the voltage between the 
active electrode and the reference. In analog EEG, the signal is then filtered, and the 
EEG signal is processed as the deflection of pens as paper passes underneath. 
Appropriate calibration should be made at the beginning and end of every analog EEG 
recording.15 The ACNS guideline also states the baseline record should contain at least 
20 min of technically satisfactory recording.9  

Most EEG systems these days, however, are digital, and the amplified signal is digitized 
via an analog-to-digital converter. Analog-to-digital sampling typically occurs at 256-512 
Hz in clinical scalp EEG. The digital EEG signal is stored electronically and can be filtered 
for display. The high-pass filter (0.5-1 Hz) removes slow artefacts, such as 
electrogalvanic signals and movement artefacts, whereas the low-pass filter (35–70 Hz) 
removes high-frequency artefacts, such as electromyographic signals. An additional 
notch filter is typically used to remove artefacts caused by electrical power lines (50 Hz 
in Belgium). Recording the EEG in electronic format (digital EEG) has become standard 
practice: https://www.acns.org//pdfs/QEEG%20Statement.pdf. IFCN standards for the 
digital recording of clinical EEG are also available.16  

An extension of the EEG technique, called quantitative EEG (qEEG), involves 
manipulating the EEG signals with a computer using the fast Fourier, wavelet or other 
transform algorithm. In addition to the paper EEG, the stored qEEG data allow for: 

1. Signal analysis 

• automated event detection, e.g. seizure detection 
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• monitoring and trending, e.g. intra-operative or in the intensive care unit 
(ICU) 

• source analysis, e.g. help to locate an epilectic focus 

• frequency analysis, e.g.. look for excess of slow wave activity 

o subdivision of the EEG into different frequency bands, such as delta, 
theta, alpha, beta and gamma;  

o estimation of the absolute or relative power in a band;  

o calculating the ratio between bands;  

o investigating left/right symmetry and  

o investigating spectral coherence (i.e., synchronization between 
channels for evaluation of seizure origin). 

2. Topographic displays (“brain maps”) and  

3. Statistical comparisons versus normative values and diagnostic discriminant 
analysis (determine with which diagnostic group the patient’s EEG is 
statistically most closely associated) 

Dedicated qEEG-software is available. An important critique with regard to qEEG 
systems is the use of normative databases as most are proprietary and remain a black 
box for the clinician using the system. In contrast to the routine neurological EEG which 
uses bipolar montages to detect epileptic foci, qEEG systems will use monopolar 
montages in order to get a more general idea of the spread of the activity. In fact these 
are also bipolar montages but they use “linked ears” as reference, average of all points 
of measurement, or a local average (Laplacian reference).12 

Standards for EEG instrumentation are available from IFCN.17 Specific guidance for filter 
settings and recording is also given by the College of Physicians and Surgeons of Alberta, 
Canada. 
(http://www.cpsa.ab.ca/facilitiesaccreditation/attachments/EEG%20Standards.pdf) IFCN 
guidelines for topographic and frequency analysis of EEGs and EPs have been 
published.18 

2.5.2 Procedures  

Certain procedures are used to obtain adequate activation of the EEG, e.g. the addition 
of photic stimulation and hyperventilation. These procedures may trigger seizures in 
persons with epilepsy and often require increased recording time. Guidelines 
recommend hyperventilation for a minimum of 3 minutes should be used routinely 
unless medical or other justifiable reasons contraindicate it. Recording should be 
continued for at least 1 min after cessation of overbreathing. Recordings with eyes-open 
should be compared with eyes-closed. At the end of the session the patient may be 
asked to look at a flashing light to evaluate whether this triggers epileptiform activity. 

The recommendations for routine EEG by the International League against Epilepsy 
were included in the NICE (National Institute of Clinical Excellence) clinical practice 
guideline for epilepsy (http://www.nice.org.uk/nicemedia/pdf/CG020fullguideline.pdf) 

• The ‘modified combined nomenclature’ derived from the 10-20 system 
should be used for electrode location 

• The minimum number of electrodes should be 21 for adults and 9 for 
children 

• At least bipolar montages with longitudinal and transverse chains should 
be included 

• Artefacts of eye movement should be excluded using eye-opening, eye-
closing, and blink procedures 

• Activation procedures, such as hyperventilation and photic stimulation, 
should be used. 
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Additional minimum technical standards for EEG recordings are available for paediatric 
use19, and for the evaluation of suspected brain death.20  

2.5.2.1 Sleep EEG 

A sleep EEG may be carried out in hospital, or at home using an ambulatory EEG. A 
sleep EEG lasts up to three hours or up to eight or nine hours if it is a night's sleep.  

2.5.2.2 Sleep Deprived EEG 

Depriving someone of sleep can cause changes in the electrical activity of the brain. 
Sleep-deprived EEGs can be used when a routine EEG was not informative.  

2.5.2.3 The ambulatory EEG  

The EEG can be recorded over a period of one or more days, using a small portable 
EEG recorder which is worn on a waist belt.  

2.5.2.4 Long-term EEG monitoring with or without video recording 

Long-term monitoring for epilepsy (LTME) refers to the simultaneous recording of EEG 
and clinical behaviour over extended periods of time to evaluate patients with 
paroxysmal disturbances of cerebral function. The 1993 IFCN21 and 1994 ACNS 
guidelines for LTME22 have recently been updated and are available at www.acns.org. In 
case of video-telemetry, a video camera is linked to an EEG machine. The camera will 
visually record the patient’s movements and at the same time the EEG machine will 
record the brainwave pattern.  

2.5.2.5 Comatose and critically ill patients 

Standards of clinical practice of EEG and EPs in comatose patients have been proposed 
by IFCN.23 Standard terminology for rhythmic and periodic EEG patterns in critically ill 
patients has been proposed by an ACNS subcommittee.24 

2.6 EVOKED POTENTIALS 

Technical requirements for evoked potentials are listed in Table 1 and are based on 
published standards. Sources of information used to construct this table can be found 
below in the text. 
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Table 1: Characteristics of different types of evoked potentials 
Parameter VEP (B)AEP SEP MEP 
Stimulus Checkerboard Pattern  

Check size 30s of visual angle 
Luminance/contrast: 
documented, constant 
Time for reversal <20ms 
Frequency of reversal 0.5-2Hz 

Click 
100ms square wave, standard 
audiometric earphones 
Duration <= 250 microsec 
Frequency 10-30Hz 
Intensity: 60-90dB above normal 
threshold (max 100dB) 
Contralateral ear receives masking 
noise of 20-40dB lesser intensity 

Square wave constant 
current, 0.1-0.3ms  
Frequency (3-)5Hz 
Intensity 4mA (or 10-20%) 
above motor threshold,  
3-4x sens. threshold 
N. medianus at wrist 
N. tibialis post. at knee 
Point of stimulation close to 
cathode 

Flat round coil  
Hand: 
Cortex: flat centrally over Cz  
Cervical vertebral body 7 
Leg:  
Cortex: flat centrally over Fz 
Lumbar vertebral body 5 
Stimulus: current clockwise for target 
muscle left, and vise versa 
Slight tonic contraction of target muscle 
with cortical stimulation 20% of max  
Stimulus: 1.5x threshold value  
 

Remarks Monocular stimulation 
Fixation at centre 
Glasses on 
No sedation 

Monoaural stimulation 
Possible under sedation or general 
anesthesia 

Height and age to be 
recorded  
Minimum skin temperature 
norms 

 

Electrodes 
placement 

Occipital: Oz, O1, O2  
Hemifield study: T5 or PO7, T6 
or PO8 versus Fz 
Reference: vertex Cz 
 

Two channel recordings (both ears) 
Ear lobe or mastoid  versus Cz 
Reference: mid-frontal Fz 

N. medianus 
Brachial plexus: Erb 
Spinal: vertebr. body 7 and 2 
Cortex: C3’ or CP3, C4’ or 
CP4 contralateral 
versus Fz 
N. tibialis post. 
Lumbosacral L1 versus 
Beckenkamm 
Cortex: CPz versus Fz 

Hand: 
Inteross. dors. I  
Abduct.poll.brev.  
Abduc.dig.min. 
Leg 
Tib.ant 
Abduct.hall 
Ext.dig.brev. 
Electrodes at muscle end plate, grounding 
at distal tendon joining muscle. 

Polarity Negative upwards 
Reference positive 

Positive upwards 
Reference negative 

Negative upwards  
Reference positive 

Negative upwards  
Reference positive 

Impedance < 5kOhm <3-5kOhm < 5kOhm < 5kOhm 
Filter band-pass 0.5-100Hz 30-3000Hz 10-3000Hz or Cortical 5-

1000Hz, Spinal 10-1000Hz 
1-2000Hz 
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Parameter VEP (B)AEP SEP MEP 
Recording sweep 250-500ms 10-20ms 50ms (n. medianus) 

100ms (n. tibialis post.) 
100ms  

Trials averaged 
Signal to noise  

50-200 
1/2 

1000-4000 
1/10 

500-2000 
1/4 - 1/10 

 

Minimum 
Recordings 

Two for each VEP condition Two for each ear Two traces should 
superimpose almost exactly 

4-5x 

Reproducibility 1ms resolution 
Latency P100 
+/- 20% amplitude P100 

0,1ms resolution 
Latency wave I, II, V 
+/- 20% amplitudes 

N. medianus 0,25ms latency 
N. tibialis post. 0,5ms latency 
+/- 20% amplitude 
 

0,5ms latency 
+/- 20% amplitude 
 
 

Interpretation P100 latency 
P100 amplitude 
P100 morphology 
 

Wave peak latency: I, III, V 
Interpeak intervals 
Amplitude ratio I/V (or V/I)  

Latencies arm N9; N13; N14; 
N20 
Leg: N18 lumbar; P40 
Amplitude: N20, P40  
Interpeak latencies 
Conduction velocity 
Side-to-side comparisons  
Correct for height 

Central and peripheral latency 
Central motor conduction time 
Arm: cortex-cervical 
Leg: cortex-lumbar 
Ratio of amplitudes cortex/peripheral 
Morphology of potential 
Correct for height 

Note: differences in characteristics or requirements exist between the various sources consulted, the table above should therefore not be used as a standard   
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2.6.1 Visual Evoked Potentials (VEP) and Electroretinogram (REG) 

VEPs are electrophysiologic responses to stimulation by visual stimuli. VEPs test the 
function of the visual pathway from the retina to the occipital cortex. It measures the 
conduction of the visual pathways from the optic nerve, optic chiasm, and optic 
radiations to the occipital cortex. It is important to note that, although the axons from 
the nasal half of the retina decussate at the optic chiasm, the temporal axons do not. 
Therefore, retrochiasmatic lesions may not be detected.  

An electroretinogram (ERG) is the mass response of the retina to visual stimulation. 
ERG testing aims to document retinal dysfunction and distinguish whether the 
abnormality involves the photoreceptors or the ganglion cell layer. In conjunction with 
VEP testing, the ERG can help clarify whether a VEP abnormality is due to retinal 
disease or to more central visual pathway disease.6 

2.6.1.1 Instrumentation  

The scalp electrodes should be placed relative to bony landmarks, in proportion to the 
size of the head, according to the International 10/20 system.7, 25 Responses are 
collected over Oz, O1, and O2 and with hemifield studies at T5 and T6 electrodes using 
the standard EEG electrode placement.  

In order to perform a technically adequate clinical electrophysiological procedure it is 
necessary to calibrate the stimulating and recording equipment.26 

2.6.1.2 Procedures  

Stimulation at a relatively low rate (up to 4/s) will produce “transient” VEPs. Stimulation 
at higher rates (10/s or higher) will produce responses that merge into relatively simple 
oscillations occurring at the frequency of stimulation. These persist for the duration of 
the stimulation and are referred to as “steady-state” VEPs. VEP peak latency refers to 
the time from stimulus onset to the maximum positive or negative deflection or 
excursion.  

Responses evoked by patterned stimuli are “pattern” VEPs or PVEPs. Responses evoked 
by unpatterned stimuli are “flash” VEPs or FVEPs.6 The standard pattern reversal 
stimulus consists of black and white checks that change phase abruptly and repeatedly 
(i.e., black to white and white to black), at a specified number of reversals per second. 
Pattern reversal is the preferred technique for most clinical purposes as the results are 
less variable in waveform and timing than the results elicited by other stimuli. The flash 
VEP is particularly useful when optical factors or poor cooperation make the use of 
pattern stimulation inappropriate.  

For pattern reversal, the VEP consists of N75, P100 and N135 peaks. The P100 
waveform is at its maximum in the midoccipital area. The responses are averaged and 
the P100 positive polarity waveform that appears in the posterior head region is 
analyzed.  

Figure 2: A normal pattern reversal VEP 

 
Copied from Odom et al.11 (American standard of reporting) 
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For standard testing, specifications have been published for the stimulus in terms of the 
visual angle of each check, the reversal frequency, the number of reversals, the mean 
luminance, the pattern contrast, and the field size. Testing circumstances should be 
standardized as well, including seating distance of 70-100 cm from the monitor screen. 
In order to avoid masking of a unilateral conduction abnormality, monocular stimulation 
is used by covering the eye not being tested with a patch. The patient focuses on a TV 
screen which displays the checkerboard pattern. For children or others whose attention 
may wander, goggles are used which show the pattern to one eye at a time. Flash VEP 
should be elicited by a well defined flash presented in a dimly illuminated room. Sedation 
should not be used, and note should be taken of medications that the patient is taking.  

A standard for performing VEP is available from the International Society for Clinical 
Electrophysiology of Vision (ISCEV)11 (http://www.iscev.org/standards/pdfs/vep-
standard-2004.pdf) and from the American Clinical Neurophysiology Society (ACNS)6 
This standard also covers REG. Requirements for VEP using the pattern reversal 
technique have been published by the College of Physicians and Surgeons of Alberta, 
Canada (http://www.cpsa.ab.ca/facilitiesaccreditation/neurophysiology_standards.asp). 
This document provides a number of requirements for VEPs, including the following.  

• Time for pattern reversal <20 ms. 

• Rate of reversal between 1-2 seconds. 

• Stimulus viewed monocularly. 

• Patient wears glasses to correct for any refractive error. 

• Observe patient during recording to ensure that he/she is fixating at the 
centre of the stimulus. 

• Record visual evoked potentials from the mid-occipital and lateral regions 
relative to the mid-frontal region. 

• Filter band-pass of the amplifier between 1-100 Hz. 

• Record response using a sweep of at least 250 ms. 

• Averaging carried out over 100-200 trials. 

2.6.1.3 Reporting  

A minimum of two recordings of each VEP condition should be acquired, measured and 
displayed. Reports should specify the stimulus parameters; the eye tested and the 
recording parameters; the filter settings and the locations of the positive (i.e., active) 
and negative (i.e., reference) and indifferent (i.e., ground) electrodes. In the US, it is 
recommended that VEP traces be presented as positive upwards, whereas in Europe, 
the upward presentation of a negative polarity is used. In any case, traces should have a 
clear indication of polarity, time in milliseconds, and amplitude in microvolts. All VEP 
reports should include normative values and the limits of normal. Normative data 
should be assembled on a lab-by-lab basis.11 The report should also indicate whether the 
recordings meet the international standard.11 

2.6.2 Brain-Stem Auditory Evoked Potential (BAEP) or Brain-Stem Auditory 
Evoked Response (BAER)  

BAEPs are responses of the auditory nerve, brainstem, and, perhaps, higher subcortical 
structures to acoustic stimulation. Most of its components appear to arise from multiple 
sources, preventing a simple one-to-one correspondence between potential generators 
and individual BAEP waves. Generators currently are postulated to be as follows:  

• Wave I - Action potential of the cranial nerve (CN) VIII  

• Wave II - Cochlear nucleus (and CN VIII)  

• Wave III - Ipsilateral superior olivary nucleus  

• Wave IV - Nucleus or axons of lateral lemniscus  

• Wave V - Inferior colliculus  
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Short-latency auditory evoked potentials (SAEPs) are electrical responses of the 
auditory pathways that occur within 10—15 ms of an appropriate acoustic stimulus in 
normal subjects. This generic term encompasses two categories of events: the 
“electrocochleogram” and the “brainstem auditory evoked potentials” (BAEP). The 
electrocochleogram consists of electrical responses of the cochlea and the auditory 
nerve to acoustic stimulation.5 

Figure 3: the 5 principal BAEP peaks  

 
The 5 principal BAEP peaks are identified by numerals I-V Peaks shown for a typical adult patient. 
(Copied from Nuwer et al.27). 

2.6.2.1 Instrumentation 

Standards for brain-stem auditory evoked potentials have been published by IFCN27 and 
ACNS.5 These guidelines are limited to the neurological applications of short-latency 
auditory evoked potentials, i.e., to the use of these responses to detect and 
approximately localize dysfunctions of the auditory pathways within the auditory nerve 
and brainstem. The audiologic applications of these potentials, some of which require 
the utilization of frequency-specific stimuli to assess and quantify hearing function, were 
not included. 

An electrode is placed on each ear lobe and at Cz. In order to record a high quality 
BAEP, it is highly recommended that the impedance of the electrodes is below 3 kOhm.  

2.6.2.2 Procedures 

Standard broadband click stimulation is used on the ear tested, while the contralateral 
ear receives masking noise. Each ear is usually tested twice. The test can also be 
performed under sedation or under general anesthesia.  

Requirements for Auditory Evoked Potentials have been published by the College of 
Physicians and Surgeons of Alberta, Canada. 
(http://www.cpsa.ab.ca/facilitiesaccreditation/neurophysiology_standards.asp). The 
stimulus used, should be a click obtained by passing a 100 ms square wave through 
standard audiometric earphones. The intensity of the stimulus has to be between 60-90 
dB above normal adult thresholds of this stimulus. For neurological purposes, the clicks 
shall be presented monaurally at rates between 10 and 30/s. Recordings should also be 
obtained from the contralateral ear. (i.e. Two channel recordings). The responses shall 
be recorded between an electrode at the vertex or mid-frontal region and one at the 
earlobe or mastoid of the ear being stimulated. The filter band pass of the amplifier shall 
be 30-3000 Hz. The response shall be recorded over a sweep between 10-15 ms. 
Averaging shall be done using 1000-4000 trials. 
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2.6.2.3 Reporting 

The BAEP measurements must include the following: (1) wave I peak latency; (2) wave 
III peak latency; (3) wave V peak latency; (4) I-III interpeak interval; (5) III-V interpeak 
interval; (6) I-V interpeak interval; (7) wave I amplitude; (8) wave V amplitude; and (9) 
wave IV-V/I amplitude ratio.5 The I-V interpeak interval, for example, represents the 
conduction form the proximal eighth nerve through pons and into the midbrain. Factors 
influencing peak latencies of BAEPs include age, sex, auditory acuity stimulus repetition 
rate, intensity, and polarity.  

A typical upper limit of normal is 4.5 ms, with slightly lower values for young women 
and slightly higher for older men. Normal right-left asymmetries for the I-V interpeak 
should be at most 0.5 ms.27 There is a large variation with age, from a I-V interpeak 
interval of 5.1-5.2 ms in (a term) neonates to 4.0 ms in children of 2-6 jaar and older. 
The male-female variation is relatively small compared with variations between subjects. 
28 

2.6.3 Somatosensory EP (SEP) and short latency SEP (SSEP) 

SEPs may be used to assess the functional integrity of the central and peripheral sensory 
pathways. SEPs can be recorded after physiological stimuli (eg, muscle stretch). 
However, electrical stimulation is usually administered to elicit the potential. The usual 
sites for SEP stimulation are the median nerve at the wrist, the posterior tibial nerve, 
and the common peroneal nerve at the knee. 

2.6.3.1 Instrumentation 

For the median nerve response, recordings shall be taken from the brachial plexus, the 
spinal cord, and the cortex. Brachial plexus responses should be recorded from an 
electrode on Erb's point (Erb), located within the angle formed by the posterior border 
of the clavicular head of the sternocleidomastoid muscle and the clavicle, 2-3 cm above 
the clavicle. The designations EPc and EPi refer to the electrode contralateral or 
ipsilateral, respectively, to the wrist stimulated. The cortical response should be 
recorded from a location on the scalp contralateral to the stimulation. The designations 
Cc and Ci refer to the contralateral or ipsilateral electrode, respectively, to the wrist 
stimulated.  

For recording lower extremity SEPs, electrodes are placed over the lumbosacral spine, 
placed in the midline and labelled with the name of the vertebral body they are placed 
on, followed by the letter S, for example T10S. If the lumbar response is not clearly 
recognizable or not used, the nerve action potential of the posterior tibial nerve at the 
knee shall be recorded to demonstrate normal or abnormal function in the nerve. The 
cortical response shall be recorded maximally from an electrode midway between the 
vertex and the mid-parietal location. 

2.6.3.2 Procedures 

Standards for short latency SEPs and corresponding reference values have been 
published by IFCN29 and ACNS.4 The scope of the latter guideline is limited to SSEPs 
following median nerve stimulation at the wrist for the upper extremity, and posterior 
tibial nerve stimulation at the ankle for the lower extremity. 

Requirements for SEPs have been published by the College of Physicians and Surgeons 
of Alberta, Canada. 
(http://www.cpsa.ab.ca/facilitiesaccreditation/neurophysiology_standards.asp). These 
requirements include: “The patient’s height should be recorded. The stimulus used 
should be a constant-current pulse supplied through electrodes located on the skin over 
the nerves being evaluated. The point of stimulation shall be close to the cathode. The 
duration of stimuli shall be between 0.1 and 0.3 ms. Stimuli should be presented at rates 
near 5/s. The intensity of the stimulus shall be adjusted to a level that is 10-20% higher 
than the threshold for eliciting a visible motor twitch. Somatosensory responses shall be 
recorded using a filter band-pass of 10-3000 Hz.  
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Averaging shall be done using 500-2000 trials. The sweep duration shall be 40-50 ms for 
median nerve responses. The sweep duration shall be 100 ms for tibial nerve 
responses.” 

Figure 4: SEP from median nerve stimulation 

 
Typical peaks in each of the 4 recording channels in a normal patient. (Copied from Nuwer et 
al.29) 

The stimulating current is adjusted to produce a minimal movement of the joint 
involved. This stimulation intensity may cause some twitching and tingling but is typically 
well tolerated by patients.  Because limb cooling affects peripheral nerve conduction 
velocity, minimum skin temperature norms should be established for each laboratory. In 
general, 2-3 separate traces should superimpose almost exactly. Tracings are produced 
based on the averaging of 500 to 2000 trials. 29 

Amplitude, peak, and interpeak latency measurements with side-to-side comparisons 
are used to assess abnormalities. Responses recorded are classified according to specific 
latencies. Short-latency SEPs refer to the portion of the SEP waveform that occurs 
within 25 milliseconds after stimulation of the upper extremity nerves, 40 milliseconds 
after stimulation of the peroneal nerve, or 50 milliseconds after stimulation of the tibial 
nerve. Long-latency refers to the waveforms recorded more than 100 milliseconds 
following stimulation of these nerves. Middle-latency SEP refers to waveforms that 
occur between these 2 periods. Middle and long-latency SEPs show more variation 
making clinical use more difficult. The peripheral conduction velocity is calculated by 
dividing the arm length by the N9 latency. Similarly, using subtraction of two specific 
latencies, the conduction time plexus-cord and cord-cortex can be calculated and 
compared with reference ranges. 

2.6.3.3 Reporting 

The physician’s SEP report should note which nerves were tested, latencies at various 
testing points, and an evaluation of whether the resulting values are normal or 
abnormal. Waveforms are described in terms of morphology, amplitude, and dispersion. 
Each laboratory should establish reference values for latencies and interpeak latencies. 
Latencies increase with patient's age and height.  
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2.6.4 Laser-evoked potentials  

Laser-evoked potentials (LEPs) are a method of investigating pain using radiant-heat 
pulse stimuli by laser stimulators, which selectively excite the free nerve endings (A-
delta and C) in the superficial skin layers.  

2.6.4.1 Instrumentation  

A CO2 laser stimulator is used to record LEPs after face, hand, and foot stimulation.  

2.6.4.2 Procedures  

The recordings include the perceptive threshold, latency and amplitude of the main 
vertex components, and their side-to-side differences. The LEP signals are nociceptive 
responses. The LEP signal of the A� nociceptor is a late negative-positive complex 
(N2-P2) with maximal amplitude at the vertex. The unmyelinated nociceptive pathway 
related to C-fibre activation produces an ultralate LED, and is technically more difficult 
to study.30   

Figure 5: LEP after CO2 stimulation at the cheek (S1), hand (S2) and right 
foot (S3) 

 
The N2-P2 complex can be seen between 200 and 300 ms. (copied from Nederlandse Vereniging 
voor Neurofysiologie, http://www.nvknf.nl) 

2.6.5 Motor Evoked Potentials (MEP) 

MEP can detect disruption on a motor pathway of the brain or spinal cord. The motor 
cortex can be stimulated using transcranial magnetic stimulation (TMS) or transcranial 
electrical stimulation (TES). Methods for MEP have been published by the IFCN14 and 
have been reviewed by IFCN31 and Chawla (www.emedicine.com/neuro/topic222.htm). 

2.6.5.1 Transcranial magnetic stimulation (TMS)  

Magnetic stimulation of the nervous system can occur only in the setting of a rapidly 
changing magnetic field. Subjects exposed to a constant field, for example in magnetic 
resonance imaging (MRI), do not experience stimulation of nervous tissue. The intensity 
of the secondarily produced electrical field in nervous tissue is related to the speed of 
change in magnetic field strength.  



KCE Reports 109 Evoced Potentials 19 

A major advantage of magnetic stimulation over electrical stimulation is its ability to 
penetrate tissues regardless of electrical resistance. The drop-off is essentially the same 
for air, bone, fat, muscle, and saline.  

2.6.5.2 Instrumentation  

In choosing coils, the trade-off is between strength and focality of stimulation. Coil 
diameter may vary between 5 cm and 15 cm. Large-diameter coils stimulate over a 
wider area but are less focal than small-diameter coils.  

2.6.5.3 Procedures  

Several TMS techniques are covered in an IFCN review.31 Tests used in clinical practice 
include motor threshold (MT), central motor conduction time (CMCT), the triple 
stimulation technique (TST), the silent period (SP), and short-interval intracortical 
inhibition (SICI). 

Motor threshold (MT) refers to the lowest TMS intensity capable of eliciting small 
motor-evoked potentials (MEPs). The recruitment curve, also known as input–output or 
stimulus–response curves, refers to the increase in MEP amplitude with increasing TMS 
intensity. Compared to MT, this measure assesses neurons that are intrinsically less 
excitable or spatially further from the centre of activation by TMS. Recruitment curves 
are generally steeper in muscles with low MT, such as intrinsic hand muscles. 

Central motor conduction time (CMCT) is an estimate of the conduction time of 
corticospinal fibres between motor cortex and spinal (or bulbar) motor neurons. It 
includes the times for excitation of cortical cells, conduction via the corticospinal (or 
corticobulbar) tract and excitation of the motor neuron sufficient to exceed its firing 
threshold. The estimate is made by subtracting the spinal motor neuron to muscle 
latency from the cortex to muscle latency. 

The triple stimulation technique (TST) is a collision method. Three stimuli are given in 
sequence with appropriate delays. The first stimulus is TMS. It is followed by two 
supramaximal stimuli given to the nerve supplying the target muscle, first distally (close 
to the muscle) and then proximally (as proximally as possible on the nerve). Two 
collisions of the evoked action potentials occur. If a spinal motor neuron was excited by 
TMS, its descending action potential collides with the antidromic potential evoked by 
the distal peripheral stimulus. If a spinal motor neuron was not excited by TMS, the 
antidromic potential evoked by the distal stimulus does not collide and ascends. After a 
second delay, the proximal stimulus evokes the response that will be studied. The 
action potentials evoked by the proximal nerve stimulus will only descend to the target 
muscle if no antidromic potential is ascending from the peripheral stimulus and they will 
collide if an action potential ascends. Therefore, only those action potentials will 
descend on the axons that were excited initially by TMS. In contrast to the original 
desynchronized action potentials evoked by TMS, the action potentials are now 
synchronized because they are elicited by a single proximal nerve stimulus. The 
response is compared to that of a control curve, obtained by a triple stimulation 
performed on the peripheral nerve. 

Besides evoking MEPs in the target muscles, single TMS pulses delivered during 
voluntary muscle contraction produce a period of EMG suppression known as the silent 
period (SP). The excitability threshold for MEP elicitation may be lowered by 
performing a voluntary contraction of the target muscle. TMS may also be used to 
investigate the facilitatory and inhibitory mechanisms on the corticospinal neurons. 
Some of these TMS techniques involve paired-stimuli based on a conditioning-test 
paradigm. Stimulation parameters such as the intensity of the conditioning stimulus (CS) 
and test stimulus (TS) together with the time between the two stimuli (interstimulus 
interval, ISI) determine interactions between stimuli. When the CS is below and the TS 
is above the motor threshold (MT), the CS inhibits the response to TS at ISIs of 1–6 ms. 
Short-interval intracortical inhibition (SICI) is the ratio of the MEP amplitude produced 
by CS – TS to that produced by TS alone. Ratios below one represent inhibition and 
ratios above one represent facilitation.  
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2.6.5.4 Transcranial electrical stimulation (TES) 

Electrical stimulators have a simpler design than magnetic stimulators. The stimulation is 
transmitted through cutaneous electrodes. The main advantage is a better depth of 
penetration, allowing direct spinal cord stimulation. The main limitation is the local 
discomfort that is created by the stimulation. 

2.6.5.5 Instrumentation  

Electrical stimulators contain a capacitor that produces constant current, high-voltage 
pulses of brief duration for percutaneous stimulation. The output current range is 0-
1000 milliamperes, from a source voltage as high as 400 V. The pulse width range can be 
varied from 50 milliseconds to 2 milliseconds. The voltage is kept constant during the 
stimulation, but the intensity of stimulation depends on the skin impedance. Some 
electrical stimulators can deliver repetitive (2-9) pulses, which have been shown to 
facilitate induction of motor responses.  

2.7 EVENT-RELATED POTENTIALS 

Event-related potentials are (micro)voltage fluctuations that display stable time 
relationships to a definable reference event, being a physical or mental occurrence. The 
term “event-related potentials” is used here to include both evoked and emitted 
potentials. Evoked potentials can be either exogenous, endogenous or both, whereas 
emitted potentials are always endogenous (mainly the result of mental processing).2  

These potentials can be recorded from the human scalp and extracted from the ongoing 
EEG by means of filtering and signal averaging. Mathematical procedures such as Fourier 
analysis and independent component analysis can be used to analyse the recorded 
signals. Because the temporal resolution of these measurements is in the order of 
milliseconds, ERPs can accurately measure when processing activities take place in the 
human brain. The spatial resolution of ERP measurements is limited both by theory and 
by present technology, but multichannel recordings allow estimating the intracerebral 
locations of these cerebral processes.  

We were able to identify a standard for the auditory P300 ERP only.32 More general 
research guidelines for ERP experiments have been published by Picton2 
(http://www.ccs.fau.edu/eeg/picton2000.pdf)  These and other authors26 insist on the 
description and calibration of the stimulating and recording equipment, the stimuli used, 
the recording electrodes (impedance, location, the way electrodes are affixed), the 
signal amplification (gain and filtering characteristics of the recording system), the A/D 
conversion rate, the way in which ERPs are time locked to the stimuli or the responses, 
specifications of any latency-compensation procedures, use of digital filtering for 
analysis, and procedures used for rejection of artefacts or compensation of artefacts.  

The number of responses that need to be averaged will depend on the measurements 
being taken and the level of background noise present in single-trial recordings. The 
baseline period should be long enough to average out noise fluctuations in the average 
waveforms. Averaging may however lead to incorrect conclusions if individual responses 
are not checked. For example the amplitude of the averaged signal will be lower in case 
of variable latencies of embedded triggers. Averaging over too long a period may also 
not be appropriate for some ERP measurements in case the amplitude of the response 
decreases quickly after the first events.12  

Several ERP labelling systems are currently in use. The two most common approaches 
are to designate the observed peaks and troughs in the waveform in terms of polarity 
and order of occurrence in the waveform ~N1, P2, or in terms of polarity and typical 
peak latency ~N125, P200. A variant of the latter system can be used to describe a 
mean deflection over a specified time window ~e.g., P20-50, N300-500. Negative 
latencies may be used to label movement-related potentials that precede response 
onset. For example, N-90 indicates a negative deflection that peaks 90 ms prior to the 
response. To emphasize variations among components at different scalp areas, the 
recording site may at times be usefully incorporated in the label ~e.g., N175/Oz. 
Observational and theoretical terminology should always be kept distinct. 
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The presentation of averaged ERP waveforms that illustrate the principal phenomena 
being reported is mandatory. ERP waveforms can be plotted with upward deflections 
indicating positive (often used in US) or negative potentials (often used in Europe) at the 
active electrode relative to the reference. When comparing waveforms and maps to 
those in the literature, it is essential to consider differences in the reference. For 
example, the classic adult P300 or P3b wave is usually recorded at Fpz as a negative 
deflection when using an average reference but as a positive deflection when using an 
ear or mastoid reference. 

2.7.1 P300 

The P300 is a positive ERP component recorded widely across the scalp around 300 ms 
after presentation of an auditory, visual or somatosensory “odd-ball” stimulus.  

Figure 6: auditory long-latency event-related potential 

 
Only the Pz channel is shown. The 365 ms P3 latency is within normal limits for this 40-year-old 
patient (copied from Goodin et al.32) 

2.7.1.1 Procedures 

The P300 is typically generated using a binaural auditory ‘oddball’ protocol in response 
to low-probability deviant target stimuli requiring an overt response (e.g. the pressing of 
a button), a covert response or a combination of both.  Typically the P300 amplitude in 
response to the low-probability target stimuli (the rare tone) will be higher than that in 
response to the standard stimuli (the frequent tone). The response (called “primary 
task”) has an important effect on latency and amplitude of the two components and 
should be well defined and strictly standardised.  

The rate of stimulus presentation is generally less than 1/sec because the ERP becomes 
attenuated at faster rates. Generally 30-60 rare tones are presented during each 
repetition of the test. Drowsiness should be avoided as should distracting noises. A 
filter band of 1Hz-300Hz is typically used.12  

Standards for long-latency auditory event-related potentials are available from the 
IFCN.32 

2.7.1.2 Reporting  

The P300 normally has a latency of about 320 ms at the age of 20. Latency increases 
with age to a mean of 420 ms at the age of 80. A deviation greater than 2 standard 
errors from the age-P3 latency regression line is considered as the upper limit of 
normal.32 Anticholinergic interventions induce a latency increase and amplitude 
reduction of P300 whereas the opposite is observed after choline agonists. Care should 
be taken in scoring the P300 in case of occipito-parietal alpha activity remaining despite 
averaging, or in case of eye movement. 

The P300 wave itself is thought to be comprised of two 'wavelets' known as P3a and 
P3b signals.  
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The two wavelets are sometimes referred to as 'non-target' (P3a) and 'target' (P3b) 
ERPs. The P3a occurs after novel events independently of task relevance and is 
characterized by a more frontal distribution, a shorter latency and a fast habituation. 
The P3b corresponds to the classical P300 recorded with an oddball paradigm after rare 
and task relevant events. P3b originates from temporal–parietal activity associated with 
attention and appears to be related to subsequent memory and decision processing.  

In order to clearly identify the P3a and P3b components it is imperative that a standard 
task and stimulus paradigm is adhered to. An accepted standard is the “3 way odd ball” 
paradigm. Three stimuli presented are presented: a standard stimulus, a target stimulus 
that is not easily differentiated from the standard, and a completely different “novel” 
stimulus much more salient than standard and target. It is expected that adherence to 
the 3 way oddball technique as a standard could lead to more robust findings and less 
between centre variance, allowing multicentre clinical validation studies. 

Figure 7: P300 response to an infrequent salient auditory stimulus 

 
The P300 response to a target stimulus appears as a broad positive ERP component between 300 
and 400 ms poststimulus, with maximum amplitude at the Pz electrode. (Copied from Turetsky et 
al.33) 

2.7.2 Loudness dependent AEP (LDAEP)  

The ‘LDAEP’ assesses the auditory evoked N1/P2 response: the increase in amplitude of 
the N1, a negativity in the EP around 100 ms after stimulus presentation, and the 
subsequent positivity (P2) elicited by increasing tone loudness/sound level during 
auditory stimulation. 
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Figure 8: The N1 amplitudes at several electrode positions (negativity is 
presented upwards) in response to five different sound levels. 

 
Figure is copied from Linka et al.,34 

2.7.3 P50 sensory gating 

The P50 is used to assess sensory gating.35 33 Sensory gating refers to the pre-attentional 
habituation of responses to repeated exposure to the same sensory stimulus. The 
inhibition of responsiveness to repetitive stimulation provides humans with the ability to 
negotiate a sensory-laden environment by blocking out irrelevant, meaningless, or 
redundant stimuli.  

2.7.3.1 Procedures  

The P50 is a midlatency auditory event-related potential (ERP) occurring 50 ms after 
stimulus presentation, elicited in the "paired click" paradigm or the "steady state" 
paradigm. In the paired click paradigm, the second auditory click is presented 500 ms 
after an initial click.33 The first click is commonly referred to as the "conditioning 
stimulus (C)" or S1, and the second click is called the "testing stimulus (T)" or S2. EEG 
responses, usually measured at vertex, are averaged for S1 and S2 separately following 
baseline correction and artefact rejection. A high degree of habituation of every P50 
evoked potential both evoked by test (S1) as by conditioning (S2) stimulus may be seen.  

The most commonly used sensory gating index is the T/C ratio, in which the relative 
average amplitude of the P50 wave generated in response to the T (S2) stimuli is 
compared to the average amplitude generated in response to the C (S1) stimuli. A T/C 
ratio below 50% is the usual definition of normal sensory gating.35  Children of 5-7 years 
of age have smaller amplitudes to the first response and show less sensory gating 
compared to the older age groups. There is no need to take gender differences into 
account.36 

In the steady state paradigm, auditory clicks are presented at a continuous rate (e.g., 10 
clicks/sec). The average P50 amplitude across all trials serves as an indicator of sensory 
gating, with larger amplitudes suggesting impaired sensory gating. 

Data reduction for both paradigms, however, is not completely automated. For 
example, subjective judgments are required to finalize the selection of trials to be 
included in the S1 and S2 averages. If subjective inclusion criteria are used by raters who 
are not blinded with respect to experimental design features, there is a risk for biased 
results. Test standardization thus remains a priority.  
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The P50 test is affected by nicotine use. All patients should be warned (and monitored) 
not to smoke at least one hour before the test.  

Figure 9: Auditory evoked responses of 3 control subjects 

 
Paired click paradigm. Arrows mark the location of the P50 wave. Positive polarity is downward. 
Test-to-conditioning (T/C) ratio is indicated for each subject. (Copied from Turetsky et al.33) 

2.7.4 Error-related negativity (ERN) 

The ERN is a large negative polarity peak in the event-related brain potential waveform 
that occurs when people make errors in reaction time tasks. It begins at the moment of 
the error and reaches a maximum about 100 ms later. It is largest at fronto-central 
scalp locations and appears to originate in an area of the brain called the anterior 
cingulate cortex. Research on ERN is ongoing in the management of depression.  

Figure 10: Error-related negativity 

 
Figure copied from www.gehringlab.org 
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2.7.5 Mismatch Negativity (MMN) 

MMN is a negative auditory ERP component that is elicited when a sequence of 
repetitive standard sounds is interrupted infrequently by "oddball" stimuli. The MMN 
test does not need specific patient cooperation as it does not involve a specific task, 
which is considered an advantage in a psychiatric setting.12 Physiologically, MMN is the 
first measurable brain response component that differentiates between frequent and 
deviant auditory stimuli and reflects the properties of an automatic, memory-based 
comparison of a given stimulus with a previous one. A recent overview on the MMN 
test has been published by Näätänen.37 

2.7.5.1 Procedures  

A repetitive standard sequence of every 500 ms is interrupted in 10% to 15% of trials by 
a total of 150 to 250 infrequent stimuli that differ in duration, loudness or pitch from 
the more frequently presented stimuli. The MMN occurs as early as 50 ms following 
deviant stimuli, peaks after an additional 100–200 ms.12, 33, 38 and is recorded over 
fronto-central brain regions. MMN is mostly shown as the difference wave between the 
response to the frequent and the deviant stimuli. Recently, it has been demonstrated 
that not only physical characteristics of the stimulus but also abstract properties can 
lead to MMN.  

In contrast to the habituation seen for the N2b wave (see P300), there is no habituation 
for the MMN.12 

Figure 11: MMN elicited by deviances in frequency of various extents 

 

 
Difference wave containing the MMN elicited by deviances in frequency of various extents is 
presented. (Figure is copied from Kujala et al.38). 

2.7.6 Contingent Negative Variation (CNV) 

The CNV is a brain potential that develops during a short (∼1–5 s) interval between 
two task-relevant stimuli, with the second “imperative” stimulus typically requiring a 
motor response. The CNV occurring just before the imperative stimulus, often called 
the “late CNV” to distinguish it from potentials elicited by the first stimulus, is 
generated by a network of cortical and subcortical structures that includes prefrontal, 
posterior parietal, temporal, premotor, primary motor and somatosensory cortex, and 
the basal ganglia.39 
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Figure 12: Contingent Negative Variation  

 
A. ERP waveforms as a function of cue type.  
B. Scalp topography of the voltage difference of ready cue minus relax cue at 699 ms. The time 
point corresponds to the vertical line in A. E6 indicates the location of the electrode with the 
maximum CNV amplitude. (Copied from Fan et al.40) 
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3 CURRENT USE IN BELGIUM 
3.1 REIMBURSEMENT 

Currently, the EEG and evoked potentials (auditory, visual and somatosensory) are 
reimbursed by the Belgian Health Insurance. Event related potentials can be reimbursed 
by using the nomenclature number of EEG (CNV or Contingent Negative Variation) or 
EP (other ERP’s). TMS (motor-evoked potentials) is also reimbursed; there is no specific 
nomenclature code for rTMS.EEG/EP can be performed by 
neurologists/(neuro)psychiatrists, and under certain circumstances by ophthalmologists, 
ENT-specialists, urologists or neuro-paediatricians. TMS can be performed by 
neurologists/(neuro)psychiatrists or specialists in physical medicine. Specialists in 
physical medicine also perform somatosensory evoked potentials (SEP). This KCE 
report is concerned solely with the performance of EEG, evoked potentials and event 
related potentials for neurological or psychiatric disorders, thereby excluding 
ophthalmic, ENT or other indications. 

3.2 ANALYSES 

All reimbursed tests in the period 1995-2006 (or 2000-2006 depending on availability) 
were calculated, based on RIZIV/INAMI data. In table 2, all the tests included in the 
analyses are summarised. For each test, the reimbursement by the NIHDI (National 
Institute for Health and Disability Insurance, or RIZIV/INAMI) and the co-payment by 
the patient are given. 

Data were analysed separately for tests performed in ambulatory care or in hospital. 
Data were further stratified according to type of hospital, i.e. general hospital or 
psychiatric hospital, and according to hospital service. 

EP single refers to one evoked potential test, EP double to two evoked potentials of a 
different modality (e.g. VEP + BAEP) and EP triple to three evoked potentials of a 
different modality (e.g. VEP + BAEP + SEP). 
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Table 2: Reimbursement and co-payment amounts in function of preferential status (source NIHDI 2008) 
   No preferential status Preferential status 

 
NIHDI 
code 

Ambulatory or 
in hospital Reimbursement Co-payment Reimbursement Co-payment 

EEG 477131 Ambulatory 54.30 € 8.68 € 62.98 € 0.00 € 
 477142 In hospital 62.98 € 0.00 € 62.98 € 0.00 € 
EP single 477315 Ambulatory 82.15 € 8.68 € 90.83 € 0.00 € 
 477326 In hospital 90.83 € 0.00 € 90.83 € 0.00 € 
EP double 477330 Ambulatory 130.59 € 8.68 € 139.27 € 0.00 € 
 477341 In hospital 139.27 € 0.00 € 139.27 € 0.00 € 
EP triple 477352 Ambulatory 172.98 € 8.68 € 181.66 € 0.00 € 
 477363 In hospital 181.66 € 0.00 € 181.66 € 0.00 € 
EEG 24h 477411 Ambulatory 152.82 € 8.68 € 161.50 € 0.00 € 
 477422 In hospital 161.50 € 0.00 € 161.50 € 0.00 € 
MEP neurology/psychiatry 477536 Ambulatory 66.68 € 8.68 € 75.36 € 0.00 € 
 477540 In hospital 75.36 € 0.00 € 75.36 € 0.00 € 
MEP physical therapy 558655 Ambulatory 66.61 € 8.68 € 75.29 € 0.00 € 
 558666 In hospital 75.29 € 0.00 € 75.29 € 0.00 € 
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3.3 RESULTS 

3.3.1 EEG 

The annual number of reimbursed EEGs in ambulatory care or in hospital has remained 
stable over the last decade.(Figure 13) In 1995, 200,758 tests were reimbursed in 
ambulatory care and 232,914 tests in hospital, totalling 433,672. In 2006, 200,888 tests 
were reimbursed in ambulatory care and 212,726 in hospital in 2006, totalling 413,614 
tests.  

Compared to the standard EEG, the number of annual reimbursed 24h EEG is far less: 
1,159 tests in ambulatory care and 1,290 in hospital in 1995, 1,882 tests in ambulatory 
care and 2.978 in hospital in 2006. 

Figure 13: Number of EEG per year in ambulatory care or in hospital. 

 
Likewise, the budget spent on EEGs has remained stable. In 1995, €23,888,093 was 
spent on EEGs, of which €10,284,200 in ambulatory care and €13,603,893 in hospital 
care. This has only slightly risen to €24,063,506 in 2006, of which 11,007,625 in 
ambulatory care and 13,055,880 in hospital.  

In contrast, although the absolute number is smaller, the budget spent on 24h EEG has 
doubled since 1995: from €320,275 in 1995 to €746,625 in 2006. Budget spent in 
ambulatory care was €146,741 in 1995 and €281,066 in 2006; budget spent in hospital 
was €173,534 in 1995 and €465,560 in 2006. 

Of those performed in hospital, the majority of reimbursed EEGs are performed in 
general hospitals, only a small number is performed in psychiatric hospitals (Figure 14). 
Of the 35 different types of hospital service, 26 performed less than 1% of all tests. Of 
the remaining 9 services, internal medicine performs the highest number of EEGs, 
followed by services not further specified. Neuropsychiatry is the third most common 
service performing EEGs 
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Figure 14: Number of EEG per year in general or psychiatric hospitals. 

Figure 15: Number of EEG per year in function of hospital service (only 
services with more than 1% of total volume were included). 

 

3.3.2 Evoked potentials 

The number of reimbursed single evoked potentials has increased slightly since 1995: 
from 73,248 tests to 85,162 in 2006, equally divided over ambulatory care and hospital 
care. The budget spent on single evoked potentials has risen likewise from €5,308,740 
in 1995 to €7,197,180 in 2006. 
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The number of double evoked potentials has increased more than the single evoked 
potentials: from 27,365 in 1995 to 40,589 in 2006. Likewise, the budget has risen from 
€3,106,749 in 1995 to €5,406,059 in 2006. Slightly more tests were performed in 
hospital than in ambulatory care. 

As for the number of triple evoked potentials, very little change can be seen between 
1995 and 2006. In 1995, 22,965 tests were performed representing €3,419,390; in 2006, 
23,005 tests were reimbursed representing €3.974,742. Ambulatory care and hospital 
care are equally represented. 

Motor evoked potentials are reimbursed in physical therapy as well as in 
neurology/psychiatry. In physical therapy, the absolute number of reimbursed tests has 
decreased between 1995 and 2006: from 13,360 to 7,753. This decrease can be 
observed both in ambulatory care and in hospital care. Likewise, the budget spent on 
motor evoked potentials in physical therapy has decreased from €776,053 to €512,777. 
In contrast, motor evoked potentials in neurology/psychiatry have doubled since 1995, 
mostly by an increase in ambulatory care. In 1995, 8,616 were reimbursed in 
neurology/psychiatry of which 4,377 in ambulatory care and 4,239 in hospital. In 2006, 
this number has risen to 16,113 in total, of which 10,665 in ambulatory care and 5,448 
in hospital. The budget spent has risen from €511,644 to €1,102,279 in 2006. 

Evolution of number of reimbursed tests is shown in Figure 16. 

Figure 16: Number of evoked potentials (EP) per year in ambulatory care or 
in hospital. 

 
Of those evoked potentials performed in hospital, the majority of tests are performed 
in general hospitals rather than in psychiatric hospitals (Figure 17).  

Single evoked potentials are most often performed in the following hospital services: 
not otherwise specified, neuropsychiatry and internal medicine. Double evoked 
potentials are most often performed in neuropsychiatry, internal medicine and service 
not otherwise specified. Triple evoked potentials in internal medicine, not otherwise 
specified and neuropsychatry. MEPs physical therapy are most often performed in 
services not otherwise specified; MEP neurology/psychiatry in internal medicine and 
services not otherwise specified. (Figure 18) 

 



32 Evoced Potentials KCE reports 109 

Figure 17: Number of EP per year in general or psychiatric hospitals.  

Figure 18: Number of EP per year in function of hospital service (only 
services with more than 1% of total volume were included). 
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3.4 DISCUSSION 

In 2006, 216,494 EEGs were performed in hospitalised patients, representing 13,570,927 
Euros. In ambulatory care, 203,484 EEGs were performed, representing 11,328,921 
Euros. Over the last decade, the use of EEG in Belgium has been relatively stable, with a 
small decline of the number of EEGs performed in hospital. 

Also in 2006, 41,871 single evoked potentials, 25,858 double evoked potentials, 12,448 
triple evoked potentials, and 5,448 motor evoked potentials were performed in 
hospitalised patients. Total expenditure was 9,754,169 Euros. In ambulatory care, 
43,291 single evoked potentials, 15,001 double evoked potentials, 10,557 triple evoked 
potentials and 10,665 motor evoked potentials were performed for a total expenditure 
of 7,926,090 Euros. In contrast to EEG, the use of some evoked potentials has risen 
over the last decade, especially the reimbursement code for two evoked potentials. 
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4 LITERATURE REVIEW 
4.1 INTRODUCTION 

The objective of the literature review was to evaluate the value of EEG, evoked 
potentials and event related potentials in clinical practice, in patients with neurological 
or psychiatric complaints and/or conditions. Tests can be used for diagnostic purposes; 
some tests can be suitable for excluding and others for including a target condition. 
Tests can be used to predict the prognosis of patients diagnosed with a certain target 
condition, and tests can be used to guide clinical management or monitor therapy. Each 
of these different aspects were taken into account in the review, which was divided in 
two parts: one part on the value of EEG, and one part on the value of evoked potentials 
and event related potentials. 

Similar methods were used for both parts. First, a systematic search was performed on 
systematic reviews and health technology assessment reports of the tests. Secondly, 
clinical guidelines were searched on the tests, and on the target conditions for which 
evidence was identified.  

Publications were then selected according to preset criteria, which will be listed in the 
respective chapters. Subsequently, selected publications were assessed for quality. 
Health technology assessment reports were assessed using the INAHTA checklist, 
systematic reviews were assessed using the checklist of the Dutch Cochrane Centre, 
and guidelines using the AGREE checklist. Low quality studies were excluded from 
further review. 

All publications were then categorised according to target condition, and results on the 
tests were extracted. It is important to note that this categorisation does not imply that 
the target condition is assumed to be already known when performing the test. In fact, 
when the test is used for diagnostic purposes, this is impossible. How then should this 
categorisation be understood? For example, when a patient is suspected of having 
schizophrenia, based on clinical presentation and possible other testing, the guidelines 
for the schizophrenia diagnostic work-up apply. But if, in that same patient, temporal 
epilepsy is also considered as a differential diagnosis, the guidelines for the epilepsy 
diagnostic work-up apply as well. In addition to such diagnostic uncertainty by which 
more than one diagnostic category applies for one patient, patients may also suffer from 
more than one target condition simultaneously, by which the guidelines for all relevant 
target conditions apply. In summary, several guidelines may be applicable for one 
patient.  

In case recommendations were supported by levels of evidence or grades of 
recommendations, these are cited within the text. In appendix 11, the various grading 
systems are included for consultation. 

An important aspect in the assessment of diagnostic tests is whether the test has been 
evaluated in a patient population that is representative for clinical practice. This is not 
only a question of external validity, but also a question of avoiding biased results. The 
optimal design for assessing diagnostic accuracy is a prospective cohort study. As was 
shown in the study by Lijmer et al. in 199941 and confirmed by Rutjes et al. in 200642, 
case-control studies severely bias the results, with a relative diagnostic odds ratio of 
nearly 5 for studies including severe cases and healthy controls, compared to studies 
that do not. For this reason, case-control studies are categorised as low level of 
evidence for diagnostic tests43. In fact, the results of case-control studies are to be 
considered as exploring the possibilities of a diagnostic parameter, but can not 
determine the true diagnostic accuracy of the test. In this report, which assesses the 
value of diagnostic tests for every day clinical practice, case-control studies were 
considered as insufficient to inform clinical practice and were subsequently excluded. 
Case-referent studies that sample cases and controls from the same clinically relevant 
population were not excluded44. 

Interested readers are referred to the book edited by Knottnerus and Buntinx, The 
evidence base of clinical diagnosis’ by BMJ Books45. 
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Topics are ranked alphabetically. 

Key points 

• The value of EEG, evoked potentials and event related potentials was 
evaluated for the diagnosis, prognosis and follow-up of patients with 
neurological and/or psychiatric complaints or disorders. 

• Evidence was searched in two, complementary ways: systematic reviews and 
clinical practice guidelines. 

• Evidence is categorised according to target condition. 

• Several categories may apply for one patient. 

4.2 ELECTROENCEPHALOGRAM 

4.2.1 Search for systematic reviews, meta-analyses, and HTA reports 

The literature was searched in Medline, Embase, CRD, INAHTA database and NICE in 
February 2008. All search terms used are listed in the appendix 2, with the number of 
references that were retrieved. In total, 392 articles were retrieved, discarding 
duplicates. 

Primary selection was done based on title and abstract. Secondary selection of the 
remaining articles was done based on full text. 

Inclusion criteria: 

• Design: Systematic reviews or meta-analyses, HTA reports  

• Patients: Studies on patients within clinical care, further not specified 

• Diagnostic tests: Electroencephalography, electroencephalogram, 
quantified EEG, sleep EEG, ambulatory EEG, video-telemetry 

• Outcome: clinical patient oriented outcomes, for example awakening from 
coma, diagnose of epilepsy or prognosis impact. Intermediate outcomes 
are not eligible. 

Exclusion criteria: 

• Narrative reviews: no details on methods, no systematic and transparent 
search 

• Economic analyses: maybe interesting at a later stage, but not initially 

• Studies on animals or in vitro studies 

The selection was done independently by two reviewers, discrepancies were resolved 
by discussion.  

4.2.2 Search for guidelines (March 2008) 

Guidelines were searched in two ways: by using the search term of the test, in this case 
EEG, and by using search terms relating to each disease or clinical problem for which 
systematic reviews or guidelines were selected by the previous search. 

Guidelines older than 5 years without revision and guidelines out of the scope (without 
considering EEG in diagnostic or follow-up) were excluded. 

All search terms and references retrieved are listed in appendix 3. 

Additional searches, such for mild traumatic brain injury or for death, were done if 
asked by external experts. These searches are described in the related chapter. 
Diseases or symptoms, such sleep related disorders, diagnosed in specialized hospital 
services were not considered in this report.  
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4.2.3 Quality appraisal 

All HTA reports were assessed for quality using the checklist of INAHTA. 

Systematic reviews and meta-analyses were assessed using the checklist of the Dutch 
Cochrane Centre. 

Guidelines were assessed with AGREE. High quality was attributed for a score > 70, 
good quality for a score 70 - 60, fair quality for a score 59 - 50 and low quality for a 
score < 50. 

4.2.4 Results  

After selection, 2 HTA reports and 15 systematic reviews were included in this report. 
The search and selection process is illustrated in Figure 19. In addition, we included 79 
guidelines: 36 were identified in the test-based search, and 43 in the disease-based 
approach.  

Figure 19: Flow chart of the search strategy for systematic reviews and HTA 
reports on EEG  

Potentially relevant citations 
identified: 392

Based on title and abstract 
evaluation, citations excluded: 329
Reasons:

Population 27
Diagnostic test 135
Outcome 31
Design 93

Studies retrieved for more 
detailed evaluation: 63

Based on full text evaluation, 
studies excluded: 46
Reasons:

Population 1
Diagnostic test 7
Outcome 1
Design 31
Language 0

Relevant studies: 17

 

4.2.5 Patients suspected of or diagnosed with Attention deficit hyperactivity 
disorder (ADHD) 

ADHD affects between 2 and 4 % of school-aged children with a higher prevalence (10 
to 16%) in some studies46. The prevalence of ADHD in epilepsy is three to five times 
greater than normal. It has been suggested that methylphenidate lowers the seizure 
threshold. However, the information to support this possibility is very limited and 
conflicting47. 
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Eight guidelines and two systematic reviews/meta-analyses were identified, of which 
both systematic reviews included case-control studies only and were subsequently 
excluded48, 49 , and two guidelines were of low quality. Finally, six guidelines were 
included (see Table 3).  

All guidelines do not recommend the use of EEG for the diagnosis of ADHD, whereas 
two guidelines recommend it for the investigation of another underlying medical 
problem if indicated by elements in the history or physical examination. 

In 2008, NICE50 stated that “The possibility of methylphenidate lowering the seizure 
threshold for those with epilepsy has been investigated in recent studies in those 
patients whose seizures were under control. These studies did not find an increase in 
seizures. It is noted in the literature that patients with seizures are generally excluded 
from the majority of studies regarding treatment for ADHD.” 

4.2.5.1 Additional search for original studies 

In order to evaluate the value of EEG as a screening test before prescribing a stimulant 
therapy in patients with ADHD, without clinical signs or history of seizures, an 
additional literature search was performed (June 2008).  

Medline was searched with the following MESH terms: "Seizures"[Mesh] AND 
"Attention Deficit Disorder with Hyperactivity"[Mesh]) AND "Methylphenidate"[Mesh].  
Embase was searched with the terms: 'seizure'/exp/mj AND 'attention deficit 
disorder'/exp/mj AND 'methylphenidate'/exp. Medline yielded 8 references, Embase 12, 
and an additional 4 references were identified in the clinical guidelines, totalling 24 
references. Six references were duplicates. Eight were excluded being out of the scope. 
Of the 10 remaining studies, three were narrative reviews, five studies included patients 
known as having epilepsy, and one studied physiological but no clinical outcomes. Thus, 
only one study51 was selected. 

The study of Hemmer51 examined the relationship between EEG findings, stimulant use 
and seizure occurrence in children with ADHD without known epilepsy. Seizures 
occurred in 1 of the 175 patients with normal EEG and in 3 of 30 patients with 
epileptiform EEG (p< 0.003). It is, however, a poor quality study with a retrospective 
design based on record review. No blinding was mentioned. Biased results can not be 
excluded and good-quality prospective studies are necessary to confirm this result.  

4.2.5.2 Conclusion  

All recommendations on the use of EEG in children suspected of or diagnosed with 
ADHD are in agreement, as no guideline recommends it for the diagnosis of ADHD, 
both in children and adults, nor during management or follow-up of patients with 
ADHD. EEG is considered only if another underlying medical problem is suspected.  

Key points 

• EEG is not useful for the diagnosis of ADHD, both in children and in adults.  

• EEG is not recommended to exclude epilepsy before prescribing a stimulant 
treatment.  

• EEG is not recommended for the management or follow-up of ADHD, 
except if another medical problem is suspected. Consequently, the 
recommendations for this other problem apply. 
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Table 3: guidelines on ADHD 
Institution/authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up Methylphenidate 
chlorhydrate 
prescription 

Other: underlying 
medical problem 

American Academy of Child and 
Adolescent Psychiatry 52 

2007 60  
— Ø Ø Ø √ 

SIGN53 2005 71  — Ø Ø Ø √ 

University of Michigan Health System54 2005 62  
Ø Ø Ø Ø Ø 

Institute for Clinical Systems 
Improvement (ICSI)55 

2007 69  
Ø Ø Ø Ø Ø 

Cincinnati Children's Hospital Medical 
Center56 

2004 65  
— Ø Ø Ø Ø 

British Association of 
Psychopharmacology57 

2007 45: excluded 
     

European clinical guideline58  2004 43: excluded      
NICE50 2008 72  Ø Ø Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 
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4.2.6 Patients suspected of or diagnosed with Autism 

Epilepsy is common in patients with autistic disorder. The prevalence of epilepsy in 
autistic children has been estimated at 7 to 14%, whereas the cumulative prevalence by 
adulthood is estimated at 20% to 35%59. Seizure onset peaks in early childhood and 
again in adolescence. Mental retardation, with or without motor abnormalities and 
family history of epilepsy, was a significant risk factor for the development of seizures in 
autistic individuals. It is unclear whether there is a relationship between autism and an 
early regressive course (before 36 months), childhood disintegrative disorder ([CDD] 
after 36 months), Landau–Kleffner syndrome, and electrical status epilepticus during 
slow wave sleep (ESES)59. 

Three guidelines were identified (see Table 4).  

Two of these three guidelines do not recommend universal screening of children with 
autism with an EEG in the absence of other clinical criteria, the third guideline finds 
insufficient evidence to recommend for or against screening. All agree on the 
importance of subtle symptoms of clinical or subclinical seizures, and a history of 
regression. 

Autism with regression and childhood disintegrative disorder have both been associated 
with seizures or epileptiform sleep-deprived EEG (with adequate sampling of slow wave 
sleep). A higher incidence of epileptiform EEG abnormalities in autistic children with a 
history of regression has been reported when compared to autistic children with clinical 
epilepsy. Seizures or epileptiform discharges were more prevalent in children with 
regression who demonstrated cognitive deficits. Regression in cognition and language in 
adolescence associated with seizure onset has also been observed, but little is known 
about its cause or prevalence. There may be a causal relationship between a subgroup 
of children with autistic regression and EEG-defined "benign focal epilepsies”. The 
SIGN60 guideline specified, with a low level of evidence, that when children experience 
language regression over the age of three, they are more likely to experience seizures 
and the differential diagnosis should include consideration of an acquired epileptic 
dysphasia/ Landau Kleffner dysphasia.  

Diagnostic properties of EEG in autism spectrum disorder were studied by comparing 
EEG findings to clinical seizure history61 . The sensitivity for EEG ranged from 60 to 
100% in all but one study. The specificity ranged from 53 to 92%. The positive likelihood 
ratio ranged from 1.21 to 5.3 in all but two studies (one 0.0 and one 9.6) and the 
negative likelihood ratio ranged from 0.0 to -0.63. The authors stated that comparing 
EEG findings to seizure history for specificity and likelihood ratio calculations is not 
really relevant for screening subclinical epileptiform abnormalities. At this time, little is 
known about the clinical implications of these abnormalities. There is a lack of evidence 
about the efficacy of commonly used anticonvulsants to detect changes in language and 
behaviour. There is no evidence to suggest that anticonvulsants are more or less 
effective in controlling seizures in autistic patients compared with other patients61 . 

4.2.6.1 Conclusion  

All guidelines agree that there is insufficient evidence to recommend EEG in all patients 
with autism spectrum disorder as a screening test, except in case of associated seizure 
disorders.  
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Key points 

• There is insufficient evidence to recommend the performance of an EEG in 
all patients with autism spectrum disorder, except in case of associated 
seizure disorders.   

• EEG is not recommended to screen for subclinical epileptiform 
abnormalities. 

• Given the frequency of seizure disorders in patients with autism, a high 
index of clinical suspicion should be maintained for subtle symptoms of 
seizures or regression. 

Table 4: guidelines for autism 
Institution/Authors Year of 

publication 
AGREE Score Diagnosis Prognosis Follow-up Other: 

Screening for 
epilepsy  

MacMillan Children 
Center Toronto 
(Canadian)61 

2005 51 
Good quality 
systematic 
review but poor 
guideline  

Ø Ø Ø — 

SIGN60 
 

2007 78 
Ø Ø Ø — 

American Academy of 
Neurology and the Child 
Neurology Society59 

2006 63 
Ø Ø Ø — 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.7 Patients suspected of or diagnosed with Brain metastases 

Brain metastases represent an important cause of morbidity and mortality for cancer 
patients. EEG is not used to diagnose brain metastasis, which is done with imaging. The 
use of EEG is discussed in case of seizures to determine the need of an anticonvulsant 
therapy. 

No HTA reports or systematic reviews were identified; only one guideline by the 
European Federation of Neurological Societies was found (Table 5). The guideline is 
based on a systematic literature search; consensus-based recommendations were made 
when evidence was not available. 

The guideline recommends an EEG is indicated in patients who suffer from seizures that 
cannot be classified as epileptic (good practice point)62. 

None guideline was found about the diagnosis of primary brain tumour. 

4.2.7.1 Conclusion 

The guideline of the European Federation of Neurological Societies (EFNS) on the 
diagnosis and treatment of brain metastasis stated as good practice point (consensus of 
all members of the Task Force) that EEG is indicated in patients who suffer from 
seizures that cannot be classified as epileptic62. 

Key point  

• EEG is not useful for the diagnosis of brain metastasis, except in case of 
seizures that cannot be identified as epileptic. 
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Table 5: guideline for brain metastases 
Institution/Authors  Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up Other: 
Seizures  

European federation of 
neurological Societies62 

2006 54 
 

— Ø Ø √ 

√: recommended; —: not recommended; Ø: not mentioned 

Table 6: guideline for cerebral palsy 
Institution/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up Other: Seizures  

American Academy 
of Neurology63 

2004 59 
 

— Ø Ø √ 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.8 Assessment and follow-up of child with Cerebral palsy 

The prevalence of epilepsy in children with cerebral palsy ranges from 35 to 62%. The 
prevalence of EEG varies depending on the type of cerebral palsy that is present. 
Children with spastic quadriplegia (50 to 94%) or haemiplegia (30%) have a higher 
incidence of epilepsy than patients with diplegia or ataxic cerebral palsy (16 to 27%). 
Given the frequency of epilepsy in children with cerebral palsy, EEG is often considered 
during the initial evaluation63.  

Only one guideline was identified (by the American Academy of Neurology); systematic 
reviews and HTA reports were not available (Table 6).  

The guideline is based on a systematic review of the literature.  

Although approximately 45% of children with cerebral palsy develop epilepsy, in none of 
the retrospective studies involving 2014 children was there evidence that the EEG was 
useful in determining the aetiology of the child’s cerebral palsy. Therefore, an EEG 
should not be obtained for the purpose of determining the aetiology of cerebral palsy 
(level A, class I and II evidence). An EEG is not recommended unless there are features 
suggestive of epilepsy or a specific epileptic syndrome (Level A, class I and II evidence)63. 

4.2.8.1 Conclusion 

An EEG should not be obtained for the purpose of determining the aetiology of the 
cerebral palsy. An EEG is not recommended unless there are features suggestive of 
epilepsy or a specific epileptic syndrome. Approximately 45% of children with child’s 
palsy develop epilepsy.  

Key point 

• EEG is not useful for diagnosing the aetiology of the cerebral palsy. 

• EEG is recommended in case features suggest epilepsy, which is present in 
approximately 45% of children with cerebral palsy.  

4.2.9 Prediction of outcome of Comatose patients 

In comatose patients, EEG may be performed to predict outcome, i.e. awakening or 
death. Several types of coma were included in the publications found. This section deals 
with anoxic or anoxic-ischaemic coma and vegetative state. Traumatic coma is dealt 
with under the heading of head injury. 

The literature search yielded three guidelines and two systematic reviews. One 
guideline was excluded because of poor quality (AGREE score <50)64. (Table 7).  

The first systematic review by Zandbergen et al.65 is of good methodological quality, 
including both prospective and retrospective studies. In 33 studies on the early 
neurological examination of patients with anoxic-ischaemic coma, 14 prognostic 
variables were studied, three of which had a specificity of 100%:  
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• Absence of pupillary light reflexes on day 3: pooled positive likelihood 
ratio 10·5 [95% CI 2·1–52·4];  

• Absent motor response to pain on day 3: pooled positive likelihood ratio 
16·8 [3·4–84·1];  

• Bilateral absence of early cortical SSEP within the first week: pooled 
positive likelihood ratio 12·0 [5·3–27·6].  

EEG recordings with an isoelectric or burst-suppression pattern had a specificity of 
100% in five of six relevant studies (pooled positive likelihood ratio 9·0 [2·5–33·1]). 
These characteristics were present in 19%, 31%, 33%, and 33% of pooled patient 
populations, respectively. 

SSEP has the smallest confidence interval of its pooled positive likelihood ratio and its 
pooled false-positive test rate. Because evoked potentials are also the least susceptible 
to metabolic changes and drugs, recording of SSEP is the most useful method to predict 
poor outcome. 

The second systematic review66 is of less quality, with a literature search in Medline only 
and including poor quality studies as well. In patients with anoxic coma, it appears 
warranted to delay prognostication until day 3. By that time, approximately half of those 
patients with no chance of ultimate recovery have died. After day 3, prognosis is made 
based on clinical signs + EEG + SEP. 

Table 7: guidelines on coma 
Institution/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up 

American Academy of 
Neurology67 

2006 64 
Ø √ Ø 

Australian Government 
national Health and medical 
research Council68 

2003 73 
Ø √ Ø 

Royal College of Physicians64 2003 38: excluded    
√: recommended; —: not recommended; Ø: not mentioned 

In the guidelines, it is stated that burst suppression or generalized epileptiform 
discharges on EEG predict poor outcome but with insufficient prognostic accuracy (level 
C)67. In addition, in patients with vegetative state, there is a lack of correlation between 
EEG recordings and clinical status. Reactivity, if present, suggests a better prognosis, but 
its absence does not reliably predict post-coma unresponsiveness or death68. 

4.2.9.1 Conclusion 

The conclusions for the use of EEG are all in agreement. An EEG recording with an 
isoelectric or burst-suppression pattern has good specificity for poor outcome in 
patients with anoxic or anoxic-ischaemic coma and vegetative state. False positives are 
however possible. 

Key points 

• In patients with anoxic coma or vegetative state, an EEG with an isoelectric 
or burst suppression pattern has good specificity for poor outcome. False 
positives are however possible.  

4.2.10 Death  

Clinical signs (Glasgow score = 3, loss of brainstem reflexes, apnoea) are used to 
diagnose brain death. EEG is used in some cases to confirm brain death.  

A specific search was performed for brain death, as only one systematic review on the 
subject was identified so far66. Search terms used are listed in appendix 4.  One 
guideline69 was relevant but older than 5 years.  
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Experts added three consensus documents: Société Française d’anesthésie et de 
réanimation/Société de reanimation de langue française70 , European expert consensus71 
and International Federation of Clinical Neurophysiology72. These guidelines and 
consensus documents were considered despite a poor methodological quality as they 
were the only available. 

The systematic review of Attia reports the results of one study on comatose patients, 
summarizing multiple reports of EEG activity after clinical criteria for brain death had 
been met (e.g. apnoea test). These results show that the EEG must not be the sole 
criterion of brain death66.  

The guideline of the American Electroencephalographic Society (1994)69 published 
minimum technical standards for EEG recordings in suspected cerebral death. 
Electrocerebral inactivity (ECI) or electrocerebral silence (ECS) is defined as no EEG 
activity over 2 µV when recording from scalp electrode pairs 10 or more cm apart with 
electrode impedances under 10 000 ohms, but over 100 ohms.  

An expert consensus conference of the Sfar (Société française d’anesthésie et de 
reanimation), the SRLF (Société de réanimation de langue française) and the Agence de 
la Biomédecine about the management of dead patients selected for organ removal 
concluded encephalic death should be confirmed by an additional test such as silent EEG 
(no activity >5µV)   during 30 minutes and repeated after four hours, or cerebral 
angiography or Doppler70. 

The guideline of a panel of European experts on the use of neurophysiological tests in 
the intensive care unit concluded that, even if the EEG is still often recommended, it is 
technically difficult, often gives rise to ambiguous results, and does not allow the 
confirmation of breath death in the presence of sedative drugs.  The authors stated that 
there is no single way to confirm brain death, and that lawmakers should adapt their 
rules23. The recommendations of the IFCN (International Federation of Clinical 
Neurophysiology) confirm the limits of EEG in diagnosing the cerebral death72. 

4.2.10.1 Conclusion 

In patients suspected of cerebral death, EEG is used to confirm the clinical diagnose. It is 
however technically difficult and may give ambiguous results. 

Key point 

• In patients suspected of cerebral death, EEG confirms the clinical diagnosis. 
It is however technically difficult and may give ambiguous results.  

4.2.11 Patients suspected of or diagnosed with Dementia 

Dementia is a common disorder in the elderly, involving as many as 10% of those over 
65 years of age73 . Dementia is a generic term indicating a loss of intellectual functions 
including memory, significant deterioration in the ability to carry out day-to-day 
activities, and changes in social behaviour. The most common cause of dementia is 
Alzheimer’s disease. Other types of dementia are vascular dementia, dementia with 
Lewy Bodies, fronto-temporal dementia, mixed dementia and Creutzfeldt-Jacob 
disease74 . 

Proper diagnosis is essential to the management of patients suffering from mental 
impairment. The accurate differential diagnosis of dementia subtypes has become 
increasingly important with the advent of licensed treatments for Alzheimer’s disease 
and the recognition of the potentially serious side effects of antipsychotics in people 
with Lewy Bodies dementia74 .  

The diagnosis of the different dementia disorders are based on clinical criteria. Definite 
diagnoses are possible only at histopathology, which should serve as gold standard. 
Since histopathology is rarely available in the majority of studies, clinical diagnosis in 
accordance with specific criteria is often used as surrogate gold standard75 . 

The literature search yielded 13 guidelines, one systematic review76 and one health 
technology assessment (HTA) report75.  
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One guideline was not available in full text77, one was on radiology only78 and one was 
of low quality79. In addition, the systematic review76 was excluded for low quality as well. 
This leaves 10 guidelines (Table 8) and one HTA report for inclusion in the report.  

The HTA report by SBU75 is of good quality and found there is limited evidence 
(evidence grade 3) that either visually rated EEG or quantitative EEG helps the 
diagnostic workup in differentiating Alzheimer disease from controls and other 
dementia disorders. This conclusion is based on eight publications. However, the 
majority of the papers presented data on Alzheimer disease (AD) patients versus 
controls or patients with other dementia disorders versus control, and also AD versus 
depression. 

The EEG is not recommended as a routine investigation for dementia. SIGN 
recommends an EEG for the diagnosis of sporadic Creutzfeldt-Jacob disease, with 
reported sensitivity of 65% and specificity of 85%74. (level 2+). The Royal College of 
Psychiatrists recommends an EEG for Creutzfeldt-Jacob and frontal lobe dementia80. 
The CBO81 states that it is probable that the EEG has low sensitivity (± 45%) and 
reasonable specificity (± 90%) for the differential diagnosis between patients with 
Alzheimer disease and healthy patients. In case of doubt about Alzheimer disease, an 
abnormal EEG background pattern increases the likelihood of Alzheimer disease, while a 
normal EEG is not very significant (level 2). It is probable that EEG abnormalities, 
especially slowing down of dominant frequency and decreasing of alpha and beta activity, 
have an unfavourable prognostic significance for Alzheimer disease (level 2). There are 
no convincing indications that EEG can discriminate between Alzheimer disease and 
Lewy bodies’ disease, or between healthy subjects and light cognitive disorder. EEG can 
not predict with reliability which patients with light cognitive disorder will receive a 
treatment for Alzheimer disease or not (level 2)81. 

The European Federation of neurological Societies82 recommend that EEG may be a 
useful adjunct, and should be included in the diagnostic work of patients suspected of 
having Creutzfeld-Jakob disease or transient epileptic amnesia (level B).  

Table 8: guidelines on dementia 
Institution/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-
up 

Other: 
Creutzfeldt-Jacob 

SIGN74 2006 79 
— Ø Ø √ 

Royal College of 
Psychiatrists80 

2005 59 
 

— Ø Ø √ 

NICE83 2006 76 — Ø Ø Ø 
Singapore Ministry of 
Health84 

2007 62 
Ø Ø Ø Ø 

US Preventive Services 
Task Force85 

2003 61 
Ø Ø Ø Ø 

Alberta Clinical 
Practice Guideline 
Program79 

2007 48 
Excluded 

    

British Columbia 
medical association86 

2007 53 
Ø Ø Ø Ø 

American Academy of 
Neurology/ Miyasaki87 

2006 65 
Ø Ø Ø Ø 

American Academy of 
Neurology/ Petersen88 

 2003 58 
Ø Ø Ø Ø 

American Academy of 
Neurology/ Knopman73 

2004 56 
Ø Ø Ø Ø 

CBO81 2005 64 √ √ Ø √ 
European federation of 
Neurological Societies/ 
Waldemar82 

2007 59 
√ Ø Ø √ 

√: recommended; —: not recommended; Ø: not mentioned 
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4.2.11.1 Additional search on suspicion of Creutzfeldt-Jacob disease 

Creutzfeldt-Jakob disease (CJD) is a transmissible, progressive fatal spongiform 
encephalopathy. The cardinal manifestations for the disease are rapidly progressive 
dementia, generalized myoclonus and periodic sharp waves complexes on EEG. 
According to two guidelines74, 80, EEG may be useful for the diagnostic of sporadic 
Creutzfeld-Jacob disease, with reported sensitivity of 65% and specificity of 85%. 

To complete the clinical value of an EEG to diagnose Creutzfeldt-Jakob disease, an 
additional search was done in Medline and Embase (July 2008). Search terms are listed 
in appendix 4. Medline yielded 20 references, Embase 143. Discarding duplicates, 160 
references were screened for relevance.  

Studies were included if they are prospective diagnostic accuracy studies considering 
EEG as a test for Creutzfeldt-Jakob disease. Studies were excluded if they included less 
than 20 patients, covered other diseases, or used other designs (letters, narrative 
reviews, cases report and case control studies).  

Results 

Four studies were selected 89-92. The selection process is illustrated in Figure 20. The 
main characteristics and critical appraisal (QUADAS score) are available in Table 9.  

Potentially relevant citations 
identified: 160

Based on title and abstract 
evaluation, citations excluded: 156
Reasons:

Population 99
Intervention 16
Outcome 0
Design 41

Studies retrieved for more 
detailed evaluation: 4  

Figure 20: literature search on Creutzfeldt-Jacob disease 

In patients with suspicion of Creuztfeldt Jakob disease, the presence of periodic sharp 
wave complexes (PSWs) in EEG has a sensitivity of 32-67 % and a specificity of 74-98%. 
The positive predictive value ranges from 83 to 99% and the negative predictive value 
from 25 to 71%. 

4.2.11.2 Additional search on suspicion of dementia with Lewy bodies 

The prevalence estimates of dementia with Lewy bodies (DLB) vary widely. It is believed 
to be the second most common cause of dementia, after Alzheimer disease. The clinical 
diagnostic criteria for DLB have low sensitivity and there are no accepted biomarkers. 
EEG abnormalities reported in DLB patients are however conflicting, varying from 
periodic discharge to slowing of the background rhythms with temporal slow-wave 
transients or findings similar to those of patients with Alzheimer disease or Creutzfeldt-
Jakob disease.  

Differentiate between these diseases at the early stage may be important because 
patients with DLB exhibit faster disease progression and different response to 
acetylcholinesterase inhibitors93, 94.   
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To investigate the clinical value of EEG in dementia with Lewy bodies, an additional 
search was done in Medline and Embase (July 2008). Search terms are listed in appendix 
4. Medline yielded 3 publications93, 95, 96 and Embase 197. External experts provided 2 
additional studies94, 98. None of these references was cited in guidelines. Two studies 
were excluded based on design: the first was a letter97 and the second was a narrative 
review95. A third study96 was excluded because EEG was not considered as a diagnostic 
test. Two studies93, 98 were excluded because they were case control studies. This left 
one study for inclusion in the report. 

The study of Bonanni94 is a good quality diagnostic accuracy study (QUADAS score: 
10Y, 3U, 1N) with a two-gate design. Of consecutive referrals, 140 patients with early 
stage dementia (MMSE ≥ 20) were selected: 50 with a suspicion of Alzheimer’s disease 
(AD), 50 with a suspicion of dementia with Lewy bodies (DLB) and 40 with a suspicion 
of Parkinson’s disease with dementia (PDD). After 2 years of follow-up, there were 17 
drop outs. Clinical diagnosis changed in 12 cases. The EEGs (at the moment of the 
inclusion) of the 40 clinically confirmed AD, 36 DLB and 35 PDD were analyzed. The 
most relevant group differences were observed between the AD and DLB patients in 
EEGs from posterior derivations (p<0.001). Dominant frequencies were 8.3 ± 0.6HZ 
for the AD group and 7.4 ± 1.6HZ for the DLB group, in which most of the patients 
(88%) exhibited a frequency band of 5.6 ± 7.9Hz. Dominant frequency variability also 
differed between the AD (1.1 ± 0.4Hz) and DLB groups (1.8 ± 1.2Hz, P<0.001).Of note, 
less than half (46%) of the patients with PDD exhibited the EEG abnormalities seen in 
those with DLB. At follow-up, EEG abnormalities from posterior leads were seen in all 
subjects with DLB and in three-quarters of those with PDD. 
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Table 9: Main characteristics of the studies on Creutzfeldt-Jacob disease 
Study Population Test Ref standard Results Design  
Steinhoff  
199689  

29 patients with suspected 
CJD 

PSWs in EEG 
retrospective analysis 
 

15 patients confirmed by 
autopsy 
14 clinical evolution not CJD 

Sensitivity: 67 % 
Specificity: 86 % 
PPV 83 % 
NPV 71 % 

Diagnostic accuracy study 
QUADAS score: 6Y, 4U, 4N. 

Steinhoff 
200490 

1001 patients with 
suspected CJD 

PSWs in EEG 
(Periodic sharp wave 
complexes) 

Autopsy results 
post mortem diagnosis 
(available in 330 patients 
206 included: 56 CJD 
excluded and 150 CJD 
verified ) 

Sensitivity: 63% 
Specificity: 98% 
PPV 99% 
NPV 49% 

Diagnostic accuracy study 
Two-Gate design 
QUADAS score: 
6Y, 3U, 5N. 

Tschampa  
200591 

193 consecutive patients 
suspected of CJD 
28 patients not included for 
EEG results 

MRI 
CSF analysis for 14-3-3 
protein 
PSWs in EEG 
(Periodic sharp wave 
complexes) 

Autopsy results or WHO 
criteria for CJD (clinically 
probable and autopsy proven 
definite case together as CJD) 

Sensitivity: 32% 
Specificity: 94% 
PPV 95% 
NPV 25% 
 

Diagnostic accuracy study 
QUADAS score: 5Y, 6U, 3N. 

Zerr 200092 
 

1003 patients suspected of 
CJD  
Clinical diagnosis available 
in 805 cases 
 

PSWs in EEG 
(Periodic sharp wave 
complexes) 
CSF analysis for 14-3-3 
protein 

Neuropathologic 
examination/ autopsy 
(available in 262 patients) 
 

Sensitivity: 66% 
Specificity: 74% 
PPV 93% 
NPV 30% 

Diagnostic accuracy study 
QUADAS score: 
6Y, 5U, 3N. 
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4.2.11.3 Conclusion 

EEG is not recommended as routine investigation for dementia diagnosis or follow-up. 
However, there is limited evidence to sustain the use of EEG in some situations.  

• Doubt about the diagnosis of Alzheimer disease 

• Suspicion of (temporal) epilepsy or not convulsive status epilepticus, 
transient epileptic amnesia 

• Suspicion of metabolic, toxic or infectious encephalopathy 

• Suspicion of Creuzfeldt-Jacob disease 

Key points 

• EEG may be a useful adjunct, and should be included in the diagnostic work 
of patients suspected of having Creutzfeld-Jakob disease or transient 
epileptic amnesia. 

• In patients with suspicion of Creuztfeldt Jakob disease, the presence of 
periodic sharp wave complexes (PSWs) in EEG has high specificity. 

• In case of doubt about Alzheimer disease, an abnormal EEG background 
pattern increases the likelihood of Alzheimer disease, while a normal EEG is 
not very significant.  

• There is currently no evidence that EEG can discriminate between patients 
with Alzheimer disease and Lewy bodies’ disease, or between healthy 
subjects and light cognitive disorder. 

4.2.12 Patients suspected of or diagnosed with Depression or bipolar disorders 

The prevalence of major depressive and dysthymic disorders is estimated to be 
approximately 2% in children and 4 to 8% in adolescents99. Men experience a life-time 
risk of 7-12% and women 20-23%100. Bipolar affective disorder is relatively common, 
with a lifetime prevalence of approximately 1.3%101. 

One HTA report102 was included. The quality of the report is fair: the included studies 
were of average quality with few patients, the follow-up was short. Several studies were 
done by the same group of authors and duplicate inclusion of patients was not excluded. 
Another meta-analysis103 included experimental instead of clinical studies on resting 
frontal EEG asymmetry in patients with depression and anxiety. This meta-analysis was 
consequently excluded. 

The Australian HTA report102 found that qEEG can predict the response to 
antidepressants. Differences between responders and non-responders to drug 
treatment of depression are observable by qEEG, despite there being no clinically visible 
impact of treatment in the patient at this early stage. The main factor consistently linked 
to response was cordance, which is measured along a continuum of values from 
negative to positive. Cordance is derived from qEEG data using an algorithm comparing 
absolute and relative power signals within specific types of frequencies. The evaluation is 
made at 48 hours and one week after start of treatment. The treatments studied were 
mainly fluoxetine and venlafaxine. 

Eleven guidelines were found. Checked with the AGREE list, three101, 104, 105 were of high 
quality, two106, 107 were of good quality and six99, 100, 108-111 were of fair quality. (Table 10) 

4.2.12.1 Conclusion 

All guidelines were in agreement that the EEG is not indicated for the diagnosis and 
management of patients with depression or bipolar disorders, in adults, adolescents nor 
children. 

The HTA report102 suggests that “early quantitative EEG (qEEG) cordance” can predict 
the response to antidepressant therapy. A larger clinical trial is currently underway that 
may confirm this finding.  
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Key points 

• EEG is not indicated for the diagnosis and the management of patients with 
depression or bipolar disorders, in adults, adolescents and children. 

• The promising findings about « early quantitative EEG cordance » need to 
be confirmed before utilization in clinical practice.   

Table 10: guidelines on depression or bipolar disorder 
Institution/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up 

NICE104 2005 73 Ø Ø Ø 
SIGN101 2005 75 Ø Ø Ø 
NICE105 2007 76 Ø Ø Ø 
Institute for Clinical 
Systems Improvement 
(ICSI)106 

2008 62 
Ø Ø Ø 

American Psychiatric 
Association108 

2005 57 
Ø Ø Ø 

American Psychiatric 
Association107 

2005 60 
Ø Ø Ø 

University of Michigan 
Health System100 

2005 56 
Ø Ø Ø 

Amrerican Academy of 
Child and Adolescent 
Psychiatry Work Group on 
Quality Issues/ Birmaher99 

2007 59 

Ø Ø Ø 

Singapore Ministry of 
Health109 

2004 57 
Ø Ø Ø 

Royal Australian and New 
Zealand college of 
psychiatrists110 

2004 54 
Ø Ø Ø 

Royal Australian and New 
Zealand college of 
psychiatrists111 

2004 59 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.13 Patients scheduled for Electroconvulsive therapy 

Electroconvulsive therapy is an effective treatment for some individuals with severe 
neuropsychiatric illness. EEG is considered for the clinical assessment before 
elctroconvulsive therapy. This report does not consider the use of ictal EEG during 
electroconvulsive therapy. 

Two guidelines and one systematic review were identified (Table 11). The systematic 
review included experimental and not clinical studies, and was excluded112. 

One guideline113 recommends the EEG in adolescents as an option, if dictated by clinical 
assessment on a case by case basis. Tardive seizures are a rare but potentially serious 
side effect. These are usually encountered in adolescents who have a normal EEG 
before treatment and are not receiving seizure lowering medications during treatment. 
In addition, the EEG is not mentioned in the other guideline. 

4.2.13.1 Conclusion  

One guideline recommends the EEG as an option if dictated by clinical assessment; the 
other does not mention the EEG.  

Key points 

• EEG is not recommended routinely in patients before electroconvulsive 
therapy, only if it is dictated by clinical assessment. 
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Table 11: guidelines on patients receiving electroconvulsive therapy 
Institution/Authors Year of 

publication 
Score 
AGREE 

Other: assessment before 
treatment 

American Academy of Child 
and Adolescent Psychiatry 
113 

2004 55 
√ (optional) 

NICE114 2003 68 Ø 
√: recommended; —: not recommended; Ø: not mentioned 

4.2.14 Patients suspected of or diagnosed with Epilepsy 

Epilepsy is a frequent neurologic disease. In industrialized countries, about one person 
on 100 to 150 is diagnosed with epilepsy. The Belgian League against Epilepsy estimates 
that 70,000 persons are affected in our country.  

The diagnosis of epilepsy has important physical, psychosocial and economic 
implications for the patient. It is therefore important that the diagnosis is correct115. 
EEG results are used for counseling patients with seizures about prognosis and deciding 
on medications116. 

For the management of patients suspected of epilepsy or diagnosed with epilepsy, 13 
guidelines and 7 systematic reviews were identified. One systematic review was in fact a 
narrative review and was excluded. All other systematic reviews were of good quality 
One guideline did not describe the methodology used for summarizing the evidence and 
was consequently excluded; the two CKS guidelines are summaries of the NICE 
guidelines presenting identical recommendations and thus not included to avoid 
duplication. (Table 12).  

4.2.14.1 Systematic reviews 

In the first systematic review, results show there is wide interreader variation in 
sensitivity and specificity of EEG interpretations. In 25 studies including 4.912 patients, 
specificity ranges from 13 to 99% and specificity from 20 to 99% for epileptiform EEG 
interpretations. Diagnostic accuracy of the EEG and the thresholds for classifying EEG as 
positive varied widely. In the multivariate model, differences in readers’ thresholds 
accounted for 37% of the variance in EEG diagnostic accuracy. This variation influences 
the ability of the EEG to discriminate between those who will and will not have seizure 
recurrence116.  

According to the results of the second systematic review, the gold standard to 
differentiate epileptic and non epileptic seizure is EEG linked to video recording of 
concurrent behaviour, to register the association of any epileptiform abnormalities with 
observed behaviour. No procedure (seizure induction, Minnesota multiphasic 
personality inventory, physiological methods –prolactin levels and SPECT, pre-ictal 
pseudo sleep and ictal and post ictal symptoms) attains reliability equivalent to EEG 
video-telemetry117. 

The third systematic review summarised all studies on the predictive value of specific 
EEG abnormalities in patients with a first unprovoked seizure. Seizure aetiology (known 
neurological injury, deficit or syndrome) and EEG combined were the strongest 
predictors: patients with a normal EEG and absence of known neurological aetiology 
had a recurrence risks of 24% (95% CI 19-29), whereas patients with abnormal EEG and 
known neurological aetiology had a risk of 65% (95% CI 55-76). In patients with a 
normal EEG but known neurological aetiology, the recurrence risk was 48% (95% CI 34-
62), as well as in patients with an abnormal EEG but no known neurological aetiology 
(95% CI 40-75)118. In children, epileptiform abnormalities significantly increased to risk 
of a seizure recurrence, compared to children with normal EEGs: pooled relative risk 
2.0 (95% CI 1.6-2.6). The relative risk for non-epileptiform abnormalities was not 
significant for a recurrence compared to a normal EEG, pooled relative risk 1.3 (95% CI 
0.9-1.8)118.  
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The fourth systematic review estimated the risk for relapse in patients with epilepsy 
who have been seizure free for some time while taking antiepileptic medication and who 
discontinue epileptic drugs. The overall risk of relapse at 1 year was 0.25 (95% CI 0.21-
0.30) and 0.29 (95% CI 0.24-0.34) at 2 years. An abnormal EEG (regardless of degree: 
mild, moderate or severe) was associated with a relative risk of seizure of 1.45 (95%CI 
1.18 to 1.79). Most studies found some increased risk in patients with abnormal 
compared with normal EEGs, although there was evidence of heterogeneity between 
the studies (p= 0.0002)119.  

The evidence on risk factors and outcomes for neonatal seizures was summarised by 
Nunes et al. in the fifth systematic review. The incidence of epilepsy after neonatal 
seizures varied from 9.4 to 56%; most of the newborns that developed postneonatal 
epilepsy had epileptic syndromes with unfavourable prognosis. Clinical predictors of 
outcomes were seizure type, onset, aetiology and duration besides abnormal neonatal 
examination. EEG predictors of outcome were analyzed in eleven studies; the results 
showed that abnormal background rhythm, the presence of electrographic seizures and 
the presence of brief rhythmic discharges were consistently related to unfavourable 
outcomes120. 

Finally, the last systematic review found that, based on a review of 47 articles, EEG/MRI 
concordance was a prognostic indicator of seizure remission (positive predictor) after 
epilepsy surgery (OR 0.52; 95%CI 0.32 – 0.83)121.  

4.2.14.2 Guidelines 

NICE122 states that the standard EEG has variable sensitivity and specificity in 
determining whether an individual has had an epileptic seizure. In the primary papers 
reviewed by the authors of NICE guideline, the sensitivity ranged from 26% to 56% and 
the specificity from 78% to 98%. The likelihood ratio for a positive test ranged from 2.5 
to 13 and for a negative test from 0.5 to 0.76 (level of evidence III for adults, IIb for 
children). The finding of interictal epileptiform activity on EEG can be used to help 
confirm the clinical diagnosis of an epileptic seizure. A negative EEG cannot be used to 
rule out the clinical diagnosis of an epileptic seizure (level of evidence III). Individuals 
with a clinical diagnosis of non-epileptic seizure disorder are unlikely to have, but may 
occasionally have, epileptiform abnormalities on EEG (level of evidence III). There is 
insufficient high quality evidence to determine whether performing an EEG within the 
first 24 hours after a seizure increases the likelihood of obtaining epileptiform activity 
(level of evidence III).  

Great caution is required in performing investigations such as EEG when the clinical 
history offers limited support for a diagnosis of epilepsy, as the risk of false positive 
result may lead to misdiagnosis. The misdiagnosed patient may experience social and 
financial deprivation as a result of having the wrong diagnostic label and from side 
effects of antiepileptic medication.  

4.2.14.3 Children 

First, non-febrile seizure 

In children experiencing a first, non febrile seizure, the EEG is recommended as part of 
the standard neuro-diagnostic evaluation by the American Academy of Neurology123. 
The majority of evidence of Class I and II studies confirms that an EEG helps in 
determination of a seizure type, epilepsy syndrome, and risk of recurrence, and 
therefore may affect further management decisions.  

NICE122 recommends an EEG should be performed only to support a diagnosis of 
epilepsy. If an EEG is considered necessary, it should be performed after the second 
epileptic seizure but it may, in certain circumstances as evaluated by the specialist, be 
considered after a first epileptic seizure (level of evidence C). 

SIGN124 states that in case of first unprovoked convulsive epileptic seizure, an EEG may 
offer information regarding recurrence risk (an abnormal EEG doubles recurrence risk), 
provoking factors (such as photosensitivity) or syndromic epilepsy.  
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On the other hand, the accuracy of the test is low and the impact of treatment on 
recurrence risk after the first seizure is small. An EEG should not be used to guide a 
decision on whether or not to commence antiepileptic drug medication (GCP). It 
recommends an EEG should only be requested after careful clinical evaluation by 
someone with expertise in childhood EEG and epilepsy, and particular care is required 
in interpretation of the paediatric EEG. The sensitivity of interictal EEG recordings is 
too low to be a reliable diagnostic test for epilepsy. Around 40% of children with 
seizures will have a normal record on a first standard EEG recording. Even with expert 
clinical evaluation and repeated recordings, the sensitivity of EEG is only 56% after a 
single event and 70% after multiple events, with a specificity of 78%. But, the EEG may 
show paroxysmal activity or background changes in up to 32% of normal children that 
could be misinterpreted as abnormal. Epileptiform abnormalities are seen in 5% of 
normal children. These rates are higher where there are pre-existing neurological 
abnormalities.  

Standard EEG with synchronic video is particularly useful in case of juvenile myoclonic 
epilepsy, infantile spasms and absence seizures124.  

For children with recurrent epileptic seizures and a normal standard EEG, a second EEG 
recording including sleep should be used to aid identification of a specific epilepsy 
syndrome, such as benign rolandic epilepsy with centro-temporal spikes, juvenile 
myoclonic epilepsy and infantile spasms (level of evidence D). Sleep recordings may be 
difficult to achieve in children; there is no clear evidence that one method of obtaining 
sleep is significantly more productive than another. The rates of EEG abnormality may 
be increased during the course of a sleep EEG recording and this may be a pitfall in 
children who do not have epilepsy. 124   

Recurrent epileptic seizures 

SIGN124 recommends all children with recurrent epileptic seizures should have an EEG. 
An early recording may avoid the need for repeated EEG investigations (level of 
evidence C). Where the clinical diagnosis of epilepsy is uncertain and if events are 
sufficiently frequent, an ictal EEG should be used to make a diagnosis of an epileptic or 
non epileptic seizure. 

Febrile seizures 

SIGN124 states an EEG is not indicated for children with recurrent or complex febrile 
seizures (GCP). The yield of abnormality of an early post-ictal EEG is low and similar to 
reported rate of abnormality in children with simple febrile seizures.  

Status epilepticus 

The American Academy of Neurology125 states an EEG may be considered in a child 
presenting with new onset status epilepticus as it may determine whether there are 
focal or generalized abnormalities that may influence diagnostic and treatment decisions 
(level C, class evidence III). Data from six class III studies revealed generalized or focal 
epileptiform activity in 43.1% of the EEGs done for status epilepticus. Abnormalities on 
EEG occur in 62% of children with status epilepticus compared with 41% of children 
with a first unprovoked seizure of less than 30 minutes duration. 

Although non-convulsive status epilepticus occurs in children who present with status 
epilepticus, there are insufficient data to support or refute recommendations regarding 
whether an EEG should be obtained to establish the diagnosis. (level U: unproven) 

An EEG may be considered in a child presenting with status epilepticus if the diagnosis 
of pseudo status epilepticus (non epileptic event that mimics status epilepticus) is 
suspected (level C, class III evidence). One small class III study reported that 21% of 
children initially thought to be in convulsive status epilepticus had pseudo status.  
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4.2.14.4 Adults  

First, unprovoked seizure 

Three guidelines recommend an EEG only to support a diagnosis of epilepsy in whom 
the clinical history suggests that the seizure is likely to be epileptic in origin: NICE122, 
SIGN115 and Singapore Ministry of Health126. SIGN states the EEG is not routinely 
indicated and should not be performed to exclude a diagnosis of epilepsy (Grade of 
recommendation C).  

On the other hand, the American Academy of Neurology127 states that the EEG should 
be considered as part of the routine neuro-diagnostic evaluation of adults presenting 
with an apparent unprovoked first seizure (level B), because routine EEGs revealed 
epileptiform abnormalities in approximately 23% of patients in adults presenting with a 
first seizure, and these were predictive of seizure recurrence.  

The standard EEG can help classify individuals with a clinical diagnosis of an epileptic 
seizure into different epilepsy seizure types and epilepsy syndromes122 (level of evidence 
III) (NICE). In individuals presenting with a first unprovoked seizure, unequivoqual 
epileptiform activity shown on EEG can be used to assess the risk of seizure recurrence 
(grade of recommendation B). The specificity of an epileptiform EEG in predicting 
further seizures ranges from 13% to 99%, and sensitivity from 20% to 91% (level of 
evidence II). EEG should also be performed in young people with generalized seizures to 
aid classification and to detect a photo-paroxysmal response (grade of recommendation 
C), which allows appropriate advice to be given.  

Over-interpretation of normal variants as epileptiform abnormalities is a recognized 
pitfall in adult recordings. Non-specific EEG abnormalities are relatively common, 
especially in the elderly, patients with migraine, psychotic illness and psychotropic 
medication. Therefore, non-specific abnormalities should not be interpreted as 
supporting a diagnosis of epilepsy. In addition, incidental epileptiform abnormalities are 
found in 0.5% of healthy young adults. On the other hand, a normal EEG does not 
exclude a diagnosis of epilepsy. A single routine EEG will show definite epileptiform 
abnormalities in only 29-38% adults who have epilepsy. With recordings, this rises to 
69-77%. The sensitivity is improved by performing an EEG soon after a seizure, and by 
recording with sleep or following sleep deprivation126. 

The diagnostic value of the EEG is influenced by the pre-test probability. In a patient in 
whom the clinical history suggests an epileptic seizure but is not conclusive, the 
prevalence of epilepsy will be high. The finding of epileptiform abnormalities is specific, 
and the diagnostic value of the test is good. In a patient in whom the history is typical of 
some other disorder, such as syncope, the prevalence of the epilepsy will be low, and 
any epileptiform abnormalities are more likely to be incidental. The EEG should not be 
used to exclude a diagnosis of epilepsy in an individual in whom the clinical presentation 
supports a diagnosis of a non-epileptic event (grade of recommendation C), because of 
the possibility of a false-positive result (grade of recommendation C)115, 122.  

Repeat EEGs and sleep EEG 

Repeating a standard EEG in a selected adult population has been shown to increase the 
likelihood of obtaining epileptiform activity (level of evidence III), according to NICE122 
and the Singapore Ministry of Health126. Repeated standard EEGs may be helpful when 
the diagnosis of the epilepsy or the syndrome is unclear. However, if the diagnosis has 
been established, repeat EEGs are not likely to be helpful (grade of recommendation C).  

Repeated standard EEGs should not be used in preference to sleep or sleep-deprived 
EEGs (grade of recommendation C). When a standard EEG has not contributed to 
diagnosis or classification, a sleep EEG should be performed (grade of recommendation 
C). Recording of the EEG whilst asleep or after sleep deprivation increases the 
likelihood of obtaining epileptiform activity (level of evidence III).  
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Video or ambulatory EEG 

Long-term video or ambulatory EEG may be used in the assessment of individuals who 
present diagnostic difficulties after clinical assessment and standard EEG (grade of 
recommendation C) (NICE122 and Singapore Ministry of Health126). Long-term video or 
ambulatory EEG can help differentiate between epileptic and non epileptic seizures in 
individuals who present diagnostic difficulties after clinical assessment and standard EEG 
(level of evidence III). Long-term video or ambulatory EEG can help classify seizure type 
and seizure syndrome in individuals who present diagnostic difficulties after clinical 
assessment and standard EEG (level of evidence III). SIGN recommends video EEG and 
other specialist investigations should be available for patients who present diagnostic 
difficulties (grade of recommendation C).  For recording, the attack should usually be 
occurring at least once a week.   

Induction protocols 

NICE122 has found conflicting evidence in adults as to the role of induction protocols; 
there is no evidence for children (level of evidence III). Provocation by suggestion may 
be used in the evaluation of non-epileptic attack disorder. However, it has a limited role 
and may lead to false positive results in some individuals (grade of recommendation C). 
Photic stimulation is necessary to determine if the individual is photo-sensitive but 
carries a small risk of inducing a seizure (level of evidence III). Hyperventilation is 
routinely employed to increase the sensitivity of an interictal EEG (level of evidence IV). 
Photic stimulation and hyperventilation should remain part of the standard EEG 
assessment. The individual and family and/or carer should be made aware that such 
activation procedures may induce a seizure and they have the right to refuse (GCP).  

The guideline by the Singapore Ministry of Health considers photic stimulation and 
hyperventilation a part of standard EEG assessment (grade D level 3). 

Alcohol-related seizures 

The EFNS128 states that the incidence of EEG abnormalities is lower amongst patients 
with alcohol withdrawal seizures than in those with seizures of other aetiology. EEG 
pathology suggests that the seizure may not have been caused exclusively by alcohol 
withdrawal. EEG should be recorded after a first seizure. Subsequent to repeat alcohol 
withdrawals seizures, EEG is considered necessary if an alternative aetiology is 
suspected (level C: possibly effective). 

Status epilepticus 

SIGN115 recommends EEG monitoring within 60 minutes to assess seizure control, if 
status epilepticus persists for more than 30 minutes (grade of recommendation D). EEG 
recording may be necessary to confirm the diagnosis and assess control when seizures 
are clinically subtle (e.g. in partial status or following treatment of tonic-clonic status 
epilepticus). 

The EFNS129 recommends an EEG for the diagnosis of non-convulsive status epilepticus 
(GPP). In addition, an EEG is performed in case of refractory general convulsive status 
epilepticus and subtle status epilepticus to monitor anaesthetic treatment. They 
recommend the titration of the anaesthetic against an EEG burst suppression pattern. 
This goal should be maintained for at least 24 hours (GPP).  

No clear recommendation for ordering emergency EEG may be made on the basis of 
available data for adult patients presenting to the emergency department with seizure, 
according to the American College of Emergency Physicians130. Consider an emergent 
EEG in patients suspected of being in non-convulsive status epilepticus or in subtle 
convulsive status epilepticus, patients who have received a long-acting paralytic, or in 
patients who are in a drug-induced coma (level C: inconclusive or conflicting evidence, 
consensus). The most compelling argument for emergent EEG is for the detection of 
generalized convulsive status epilepticus that may have evolved into subtle status 
epilepticus with continuing abnormal EEG discharges.  
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Table 12: guidelines on epilepsy 
Institution/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-up 

American Academy of 
Neurology/ Hirtz 
(children)123 

2000 (reaffirmed 
2006) 

63 
√ √ Ø 

NICE 122 2004 77 √ √ — 

SIGN (children)124 2005 77 √ √ — 

American College 
Emergency Physicians130 

2004 62 
√ √ Ø 

American Academy of 
Neurology/ Riviello, (child 
with status epilepticus)125 

2006 64 
√ √ — 

SIGN (adults)115 2003 77 √ √ — 

European Federation of 
Neurological Societies/ 
Brathen128 

2005 59 
√ √ — 

Belgian consensus document/ 
Van Rijckevorsel131 

2006 Low: 
excluded 

   

American Academy of 
Neurology/ Krumholz127 

2007 66 
√ √ — 

Singapore Ministry of 
Health126 

2007 63 
√ √ — 

European Federation of 
Neurological Societies/ 
Meierkord129 

2006 58 
√ √ Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.14.5 Conclusion 

Diagnostic value 

EEG is the gold standard to diagnose epilepsy. However, all guidelines agree on its 
limited accuracy. The finding of interictal epileptiform activity on EEG can be used to 
help confirm the clinical diagnosis of an epileptic seizure. But, a negative EEG cannot be 
used to rule out the clinical diagnosis of an epileptic seizure.  

False positive results are relatively common. Incidental epileptiform abnormalities are 
found in healthy young adults and non specific EEG abnormalities are found especially in 
the elderly, patients with migraine, psychotic illness and psychotropic medication. 
Particular care is required in interpretation of the paediatric EEG. Age specific patterns 
may be misinterpreted as epileptiform discharges.  

Moreover, there is wide interreader variation in sensitivity and specificity of EEG 
interpretations. Over-interpretation of normal variants as epileptiform abnormalities is a 
recognized pitfall in adult recordings. This variation influences the ability of EEG to 
discriminate between those who will and will not have seizure recurrence.  

Children  

An EEG should be performed only to support, and not to exclude a diagnosis of 
epilepsy. 

Guidelines do not agree on the value of EEG in children with a first non-febrile seizure.  
The American Academy of Neurology recommends it as part of the routine neuro-
diagnostic evaluation after all first non febrile seizures. SIGN recommends an EEG when 
a first seizure has been diagnosed as epileptic, for the purposes of assessing recurrence 
risk, making a syndromic diagnosis and identifying precipitating factors. It should not be 
used to guide a decision on whether or not to start antiepileptic drug medication.   
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NICE recommends an EEG after the second epileptic seizure if considered necessary, 
but it may be considered after a first epileptic seizure. In case of a first unprovoked 
convulsive epileptic seizure, the decision on whether or not to perform an EEG is 
balanced by the low accuracy of the test and the small impact of treatment on 
recurrence risk on one hand, and the information regarding recurrence risk, provoking 
factors or syndromic epilepsy on the other hand.  

If a first standard inter-ictal EEG is normal, there is evidence that a second recording 
increases the yield of diagnostically helpful abnormalities. There is no evidence for 
children to the role of induction protocols.  

All children with recurrent epileptic seizures should have an EEG. Where the clinical 
diagnosis of epilepsy is uncertain and if events are sufficiently frequent, an ictal EEG 
should be used to make a diagnosis of an epileptic or non epileptic seizure.  

1. When used appropriately, sleep recordings may contribute significantly to 
epilepsy classification and particularly in syndromes such as benign rolandic 
epilepsy with centro-temporal spikes, juvenile myoclonic epilepsy and infantile 
spasms.  

Standard EEG with synchronic video is particularly useful in case of juvenile myoclonic 
epilepsy, infantile spasm and absence seizures. 

An EEG is not indicated in case of febrile convulsions, even in case of recurrent or 
complex febrile seizures.  

An EEG may be considered in a child presenting with new onset status epilepticus as it 
may determine whether there are focal or generalized abnormalities that may influence 
diagnostic and treatment decisions. An EEG may be considered in a child presenting 
with status epilepticus if the diagnosis of pseudo status epilepticus is suspected.  

Adults 

The EEG can be used to support the diagnosis in patients in whom the clinical history 
indicates a significant probability of an epileptic seizure or epilepsy, and can help classify 
individuals into different epilepsy seizure types and epilepsy syndromes. In a patient in 
whom the clinical history suggests an epileptic seizure, the prevalence of epilepsy will be 
high. The finding of epileptiform abnormalities is specific, and the diagnostic value of the 
test is good. In a patient in whom the history is typical of some other disorder, such as 
syncope, the prevalence of the epilepsy will be low, and any epileptiform abnormalities 
are more likely incidental.  

Photic stimulation is necessary to determine if the individual is photo-sensitive but 
carries a small risk of inducing a seizure. Hyperventilation is routinely employed to 
increase the sensitivity of an interictal EEG.  

An EEG should be performed in young people with generalized seizures to aid 
classification and to detect a photo-paroxysmal response, which allows appropriate 
advice to be given.  

Repeating a standard EEG in a selected adult population has been shown to increase the 
likelihood of obtaining epileptiform activity when the diagnosis of the epilepsy or the 
syndrome in unclear. However, if the diagnosis has been established, repeat EEGs are 
not likely to be helpful. 

Repeated standard EEGs should not be used in preference to sleep or sleep-deprived 
EEGs. When a standard EEG has not contributed to diagnosis or classification, a sleep 
EEG should be performed.  

Long-term video or ambulatory EEG may be used in the assessment of individuals who 
present diagnostic difficulties after clinical assessment and standard EEG.  

In patients with alcohol withdrawal seizures, EEG pathology suggests that the seizure 
may not have been caused exclusively by alcohol withdrawal. Subsequent to repeat 
alcohol withdrawals seizures, EEG is considered necessary only if an alternative 
aetiology is suspected. This guideline, however, does not consider the risk of false 
positive result. 
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In adults with status epilepticus, EEG recording may be necessary to confirm the 
diagnosis and assess control when seizures are clinically subtle. If status epilepticus 
persists more than 30 minutes, EEG monitoring within 60 minutes to assess seizure 
control is recommended.  

Prognostic value 

Individuals presenting with a first unprovoked seizure who have unequivoqual 
epileptiform activity on their initial EEG have an increased risk of seizure recurrence.  

In patients with epilepsy who have been seizure free for some time while taking 
antiepileptic medication and who discontinue epileptic drugs, an abnormal EEG is 
associated with a higher relative risk of seizure. 

In neonates with seizures, an EEG showing an abnormal background rhythm, the 
presence of electrographic seizures and the presence of brief rhythmic discharges were 
consistently related to unfavourable outcomes.  

Based on a review of 47 articles, EEG/MRI concordance was a prognostic indicator of 
seizure remission (positive predictor) after epilepsy surgery.  

Key points 

• EEG is the gold standard to diagnose epilepsy. All guidelines agree however 
on the limits of EEG accuracy.  

• EEG is not indicated without clinical suspicion and should not be performed 
to exclude a diagnosis of epilepsy because of the possibility of a false positive 
result (level C). A negative EEG cannot be used to rule out the clinical 
diagnosis of an epileptic seizure (level C). 

• Standard EEG can be used to support the diagnosis in patients in whom the 
clinical history indicates a significant probability of an epileptic seizure or 
epilepsy (level C).  

• Repeated standard EEGs may be helpful when the diagnosis of the epilepsy 
or the syndrome in unclear. However, if the diagnosis has been established, 
repeat EEGs are not likely to be helpful (level C). Repeated standard EEGs 
should not be used in preference to sleep or sleep-deprived EEGs (level C). 

• The reliability of EEG video-telemetry to differentiate epileptic and non 
epileptic seizure is better than other procedures (level B).  

• In children, an EEG should be performed only to support (and not to 
exclude) a diagnosis of epilepsy in case of unprovoked non-febrile seizures 
(level C). 

4.2.15 Evaluation of the child with Global developmental delay 

Global development delay encompasses a clinical presentation that has a heterogeneous 
aetiologic profile and is associated with age-specific deficits in adaptation and learning 
skills132. Significant delay is defined as performance of two standard deviations or more 
below the mean of age appropriate standardized norm reference testing. The term 
global development delay is used in children less than 5 years of age whereas mental 
retardation is used in older children. 

One good-quality guideline132 was identified, by the American Academy of Neurology 
(Table 13). In this guideline, an EEG is recommended when a child with global 
developmental delay has a history or examination features suggesting the presence of 
epilepsy or a specific epileptic syndrome (Level C; class III and IV evidence)  

Data are insufficient to permit making a recommendation regarding the role of EEG in a 
child with global developmental delay in whom there is no clinical evidence of epilepsy 
(Level U; class III and IV evidence).  
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4.2.15.1 Conclusion   

An EEG can be obtained when a child with global developmental delay has a history or 
examination features suggesting the presence of epilepsy or a specific epileptic 
syndrome. (Level C: possibly useful; class III retrospective study). 

Key points 

• There is insufficient evidence to recommend the use of EEG in children with 
global developmental delay, except in case of suspicion of epilepsy. 

Table 13: guideline on children with global developmental delay 
Institution/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-
up 

Other: 
suspicion of 
epilepsy 

American Academy of 
Neurology 132 

2003 62 
Ø Ø Ø √ 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.16 Patients with head injury/ traumatic brain injury 

An injury to the brain is identified by confusion or disorientation, loss of consciousness, 
posttraumatic amnesia and other neurological abnormalities133.  

For traumatic brain injury, three guidelines and one systematic review were identified 
(Table 14).  

A European Federation of Neurological Societies guideline on mild traumatic brain 
injury was excluded because the publication date was 2002 without revision134. For 
information, EEG was not used for the diagnosis in this guideline. Asked by the external 
experts of the report, an additional specific search was done with the terms “commotio 
cerebri” and with “brain concussion” to search additional publications about mild 
traumatic injury in Sumsearch and Tripdatabase. The search in Medline was done with 
the terms: ("Brain Concussion"[Mesh] AND "Electroencephalography"[Mesh]) AND 
systematic[sb]. The search in Embase was done with the terms 'brain 
concussion'/exp/mj AND 'electroencephalogram'/exp. This search yielded two position 
statements of the Canadian Paediatric Society were found but excluded because of a 
lack of methodology description.  

The systematic review is of fair quality, with a literature search in Medline only and 
including studies with both prospective and retrospective design66. The review found 
that in adults with traumatic coma, SSEP and BAEP are more sensitive than EEG (45-
60% sensitive versus 35%). 

The NICE guideline135 and the New Zealand guideline133 do not mention the EEG, the 
third guideline by the American Academy of Neurology136 states insufficient data were 
found on the use of EEG before deciding whether to use antiepileptic drug prophylaxis 
in patients with severe traumatic brain injury.  

4.2.16.1 Conclusion  

All guidelines are in agreement that the EEG is not recommended for the diagnosis or 
the management of patients with severe traumatic brain injury. No data were found 
upon which to base a recommendation regarding the use of EEG for the use of 
antiepileptic prophylaxis. 

SEP and BAEP are found to be more sensitive than EEG (45-60% sensitive versus 35%) 
in predicting prognosis of patients with traumatic coma.  

No data were found to support the use of EEG in case of mild traumatic brain injury.  
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Key points 

• EEG is not recommended for the diagnosis or the management of patients 
with severe traumatic brain injury. No data were found to support the use of 
EEG in case of mild traumatic injury.  

Table 14: guidelines on head injury and traumatic coma 
Institution/Author
s 

Year of 
publicatio
n 

Score 
AGRE
E 

Diagnosi
s 

Prognosi
s 

Follow
-up 

Other: 
antiepilepti
c 
prophylaxis 

NICE135 2007 63 Ø Ø Ø Ø 
American Academy 
of Neurology/ 
Chang136 

2003 57 
Ø Ø Ø 

— 

New Zealand 
Guidelines Group133 

2006 76 
Ø Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.17 Full term infants with Hypoxic-ischaemic encephalopathy 

Hypoxic ischemic encephalopathy is diagnosed based on a combination of signs of 
intrauterine distress and abnormal postnatal findings137. Amplitude integrated EEG may 
be used to monitor infants with severe neurological diseases, as a prognostic tool.  

One guideline138 and one systematic review137 were identified. The guideline considered 
only neuroimaging and was subsequently excluded. The systematic review was of high 
quality. In this systematic review137, the evidence on amplitude-integrated EEG as a 
quantitative predictor of neurodevelopmental outcome was summarized. Poor 
outcomes are defined as cerbral palsy or a developmental quotient ≤85. Eight studies 
with 31 - 160 infants were included.  Both the sensitivities and specificities of severe 
amplitude-integrated EEG tracings ranged from 73 to 100% with no significant 
heterogeneity among the studies (p=0.19). Overall, severe amplitude-integrated EEG 
tracings appeared to be accurate in predicting a poor outcome, with a 91% (95%CI 87-
95) pooled sensitivity and a 0.09 (95% CI 0.06-0.15) pooled negative likelihood ratio.  

4.2.17.1 Conclusion  

In full term infants with hypoxic-ischemic encephalopathy, there was an overall 
sensitivity of 91% (95% CI 87-95) and a negative likelihood ratio of 0.09 (95% CI 0.06-
0.15) for amplitude integrated EEG tracings to accurately predict poor outcome. 

Key points 

• Amplitude integrated EEG tracings have high sensitivity to accurately 
predict poor outcomes in full terms infants with hypoxic-ischemic 
encephalopathy.  

4.2.18 Patients suspected of or diagnosed with Metabolic encephalopathy 

External experts for this report stated that the EEG may be used to diagnose metabolic 
encephalopathy, specifically hepatic or uraemic encephalopathy.  

A search for guidelines on metabolic encephalopathy was done in Sumsearch with the 
MESH terms “hepatic encephalopathy”, “Brain Diseases, Metabolic” AND “EEG” and 
with “kidney failure” AND “encephalopathy”. In Trip database the search for guidelines 
was done with the terms “metabolic encephalopathy”, “Brain Diseases, Metabolic” , 
“hepatic encephalopathy” and also “kidney failure encephalopathy”. Additional 
publications were  also provided by experts139, 140.  
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According to the CBO81, an EEG may be used in case metabolic, toxic or infectious 
encephalopathy, especially to differentiate delirium with inhibition (slow EEG) from 
depression (normal EEG). The EEG is sensitive but not specific in case of metabolic 
encephalopathy with delirium (level C or 3).  

In response to the question of the external experts on the use of EEG to grade the 
severity of metabolic encephalopathy, several guidelines were considered despite a poor 
methodological quality as they were the only available. One guideline of the American 
Association for the Study of Liver Diseases141 covers the evaluation of the patient 
before liver transplantation. The severity of liver disease is scored with the Child-
Turcotte-Pugh Scoring System. In this system, the grade of encephalopathy is based on 
clinical criteria; the EEG is not mentioned. There is no description of the methodology 
used for this guideline; quality of evidence is used to base recommendations. One other 
guideline of the same association 142, with the same remarks on methodology, covers 
the management of acute liver failure: the EEG is not cited. Grades of encephalopathy 
are based on clinical criteria. The International society of Hepatic Encephalopathy and 
Nitrogen Metabolism140 states that the grading of EEG alterations in hepatic 
encephalopathy can be obtained by visual pattern recognition, but this approach has 
limited reliability. Grading based on the simple semi-quantitative evaluation of the 
frequency of the basic EEG rhythm improves the reliability as well as grading based on 
quantitative analysis of the EEG (e.g;, spectral analysis) which is proved to provide 
prognostic information (without reference). Flat EEG is compatible with reversible brain 
dysfunction in severe hepatic encephalopathy. Drugs affect EEG and their influence 
should be considered. The recommendations are based on an expert consensus without 
methodology described. About uraemic encephalopathy, a narrative review about 
neurological complications in renal failure139 described that EEG becomes slower with 
progression of the uraemic state.  

4.2.18.1 Conclusion 

The use of EEG for patients suspected of metabolic encephalopathy is conflicting and 
based on poor levels of evidence.  

Key points 

• In patients suspected of metabolic encephalopathy, recommendations on 
the use of EEG are conflicting.  

4.2.19 Patients suspected of or diagnosed with Migraine or headache 

Headache and migraine are common diseases. The usefulness of EEG in their diagnosis 
is debated.  

The search identified 9 guidelines. For three guidelines, only summary and 
recommendations were available143, 144 (Table 15).  

Guidelines agree that the EEG is not useful in routine evaluation of patients with 
headache. This does not exclude the use of EEG to evaluate headache patients with 
associated symptoms suggesting a seizure disorder, such as atypical migraine aura or 
episodic loss of consciousness. Assuming head-imaging capabilities are readily available, 
EEG is not recommended to exclude a structural cause for headache. 

In patients with non acute headache, interictal EEG is not indicated in the diagnostic 
evaluation of headache patients except if the clinical history suggests a possible diagnosis 
of epilepsy. Ictal EEG is indicated during episodes suggesting complicated aura and 
during auras associated with decreased consciousness or confusion. Quantitative EEG 
methods are not routinely indicated in the diagnostic evaluation of headache patients145. 

An EEG is not recommended in the routine evaluation of a child with recurrent 
headaches, as it is unlikely to provide aetiology, improve diagnostic yield, or distinguish 
migraine from other types of headaches (Level C; class II and class III evidence).  
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Although the risk for future seizures is negligible in children with recurrent headache 
and paroxysmal EEG, future investigations for epilepsy should be determined by clinical 
follow up (Level C; class II and class III evidence)146 

4.2.19.1 Conclusion  

The EEG is not indicated in patients with headache, except in those cases where 
associated symptoms are suggestive of a seizure disorder such as atypical migraine aura 
or episodic loss of consciousness. 

Key points 

• EEG is not useful for routine evaluation in patients with migraine or 
headache, except in patients with associated symptoms suggesting a seizure 
disorder (level C). 

Table 15: guidelines on migraine or headache 
Institution/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-
up 

Other: 
suspicion of 
epilepsy 

National Headache 
Foundation/ 
Pearlman144 

2004 Full text 
not 
available 

    

National Headache 
Foundation/ Martin147 

2004 Full text 
not 
available 

    

European Federation 
of Neurological 
Societies/ Sandrini145 

2004 51 
— Ø Ø √ 

ICSI148 2007 63 Ø Ø Ø Ø 

American Academy of 
Neurology/ Lewis146 

2005 62 
— — — 

√ determined 
by clinical 
follow-up 

American Academy of 
Neurology 143 

1995 
reviewed 
2006 

Summary 
statement — — — √ 

British Association for 
the Study of the 
Headache149 

2007 54 
Ø Ø Ø Ø 

CKS150 2005 52 Ø Ø Ø Ø 

CKS151 2006 52 Ø Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.20 Patients suspected of or diagnosed with Schizophrenia 

Schizophrenia is a complex and misunderstood illness that affects about 1 in every 100 
people at some time in their life.  It usually emerges during the critical period of 
transition to adulthood and occurs in all known cultures.  

The search identified 5 guidelines. (Table 16) 

Four guidelines152; 153; 154; 155 do not use an EEG for the diagnosis or the management of 
schizophrenia. In one guideline 156, EEG is proposed in baseline assessment not 
routinely, but only if clinically indicated.  

Key points 

• EEG is not useful for the diagnosis and management of patients with 
schizophrenia (level C).  

• One guideline recommends an EEG at initial diagnosis if clinically indicated. 
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Table 16: guidelines on schizophrenia 
Institution/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-up 

Singapore Ministry of 
Health152 

2003 57 
Ø Ø Ø 

American Psychiatric 
Association156 

2004 60 
√ Ø Ø 

CKS 155 2007 59 Ø Ø Ø 

Canadian Psychiatric 
Association153 

2005 66 
Ø Ø Ø 

RANZCP154 2004 54 Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.2.21 Patients suspected or diagnosed with stroke 

Stroke affects between 174 and 216 people per 100,000 population in the UK each 
year, and accounts for 11% of all deaths in England and Wales157.  

The literature search identified six guidelines (Table 16 bis). 

No guideline considers the use of EEG in patients suspected or diagnosed with stroke. 
One guideline158related that electroencephalography may be helpful for evaluating 
patients with acute ischemic stroke in whom seizures are suspected as the cause of the 
neurological deficits or in whom seizures could have been a complication of the stroke 
(without level of evidence).  

4.2.21.1 Conclusion 

EEG is not useful for the diagnosis, the management or the follow up of patients 
suspected of or diagnosed with stroke. It may be helpful in patients with associated 
seizures. 

Key points 

• EEG is not useful for the diagnosis or the follow-up of patients suspected of 
or diagnosed with stroke. 

• It may be helpful in case of seizures. 

Table16 bis: guidelines on stroke 
Institute/Author Year of 

publication  
AGREE 
Score 

Diagnosis Prognosis Follow
-up 

Other 

American Heart Association-
American Stroke 
Association/Adams158 

2007 63 
Ø Ø Ø 

In case of 
seizures 

Singapore Ministry of Health159 2003 63 Ø Ø Ø Ø 

NICE / Royal College of 
Physicians157 

2008 81 
Ø Ø Ø 

Ø 

Australian National Health and 
Medical Research 
Council/National Stroke 
Foundation (1)160 

2007 84 

Ø Ø Ø 

Ø 

Australian National Health and 
Medical Research 
Council/National Stroke 
Foundation (2)161 

2005 83  

Ø Ø Ø 

Ø 

New Zealand Guidelines 
Group162 

2003 76 
Ø Ø Ø 

Ø 

√: recommended; —: not recommended; Ø: not mentionedPatients suspected of or diagnosed 
with Viral encephalitis 
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4.2.22 Patients suspected of or diagnosed with Viral encephalitis 

Viral encephalitis is a medical emergency. Correct immediate diagnosis allowing rapid 
introduction of symptomatic and specific therapy is important for survival and reduction 
of consequences in survivors. 

One guideline163 was identified (Table 17), in which the EEG is recommended in the 
diagnostic pathway of patients suspected of encephalitis. EEG is considered as a non 
specific investigation, although it may still sometimes be useful in certain situations as it 
may identify focal abnormalities. In acute viral encephalitis, the EEG is an early and 
sensitive indicator of cerebral involvement, prior to the initial evidence of parenchyma 
involvement on neuroimaging. During the acute phase, the severity of EEG 
abnormalities does not correlate with the extent of the disease. (level of 
recommendation C; class of evidence III).  

4.2.22.1 Conclusion  

EEG is an early and sensitive indicator of cerebral involvement in case of suspicion of 
encephalitis. It is a non specific investigation but it may identify focal abnormalities. EEG 
abnormalities do however not correlate with the extent of the disease.  

Key points 

• In case of suspicion of viral encephalitis, EEG is an early and sensitive but 
non-specific indicator.  

Table 17: guideline on viral encephalitis 
Institution/Auth
ors 

Year of 
publicati
on 

Score 
AGRE
E 

Diagnos
is 

Prognos
is 

Follo
w-up 

Other: 
severit
y 

European 
Federation of 
Neurological 
Societies163 

2005 55 
 

√ Ø Ø — 

√: recommended; —: not recommended; Ø: not mentioned 

4.3 EVOKED POTENTIALS AND EVENT RELATED 
POTENTIALS 

4.3.1 Search for systematic reviews, meta-analyses, and HTA reports 

The literature was searched in Medline, Embase, CRD DARE, INAHTA database and 
NICE.  All search terms used are listed in appendix 5, with the number of references 
that were retrieved.  

In total, 227 articles were identified, discarding duplicates. 

Primary selection was based on title and abstract, secondary selection of the remaining 
articles was done based on the full text. 

Inclusion criteria: 

• Design: Systematic reviews or meta-analyses, HTA reports and guidelines 

• Patients: Studies on patients within clinical care, further not specified 

• Diagnostic tests: Evoked potentials, including visual, somatosensory, 
auditory and motor evoked. Event related potentials, such as P300, MMN, 
CNV, … 

• Outcome: clinical patient oriented outcomes, for example awakening from 
coma, schizophrenia, .. Intermediate outcomes were not eligible. 
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Exclusion criteria: 

• Narrative reviews: no details on methods, no systematic and transparent 
search 

• Economic analyses: maybe interesting at a later stage, but not initially 

• Studies on animals or in vitro studies 

• Guidelines older than 5 years without revision 

• Duplicates  

The selection was done independently by two reviewers, discrepancies were resolved 
by discussion. 

4.3.2 Search for guidelines  

Guidelines were searched in two ways: by using the search term of the test, in this case 
evoked potentials and event related potentials, and by using terms relating to each 
disease or clinical problem for which systematic reviews or HTA reports were selected 
by the previous search. Sources included the National Guideline Clearinghouse, NICE, 
SIGN, Trip database, sites of the American Academy of Neurology, the American 
Psychiatric Association, the Royal Australian and New Zealand College of Psychiatrists, 
CBO. 

Guidelines older than 5 years without revision were excluded. 

All search terms and number of publications retrieved are listed in appendix 6. 

4.3.3 Quality appraisal 

All HTA reports were assessed for quality using the checklist of INAHTA. 

Systematic reviews and meta-analyses were assessed using the checklist of the Dutch 
Cochrane Centre. 

Guidelines were assessed with the AGREE checklist, www.agreetrust.org. High quality 
was attributed for a score >70, good quality for a score between 60-70, fair quality for a 
score 50-59 and low quality for a score <50.  

Publications of low quality were excluded from further review.  

4.3.4 Results 

After selection, 19 systematic reviews were included in the report. No HTA reports 
were identified. 

The search and selection process is illustrated in Figure 21. 

In addition, 69 guidelines were identified and assessed for quality. 
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Figure 21: flow chart of the search strategy for systematic reviews and HTA 
report on evoked and event related potentials 

Potentially relevant citations 
identified: 227 

Studies retrieved for more 
detailed information: 27 

Based on title and abstract 
evaluation, citations excluded 
200 
 

Relevant studies: 19 

Based on full text evaluation, 
citations excluded 8 
 

 

4.3.5 Patients suspected of suffering from Acoustic neuroma 

Acoustic neuromas are benign, slow-growing intracranial tumours, which arise from 
cells in the sheaths that surround the hearing and balance nerves. The neuromas usually 
manifest themselves as one-sided hearing impairment, which may go ignored by the 
patient or be dismissed by the doctor. Continued growth of these neuromas ultimately 
results in compression on the brainstem and raised intracranial pressure. 164 

Magnetic resonance imaging represents the method of choice for identifying the 
minority of these patients who have an underlying acoustic neuroma. Auditory 
brainstem responses have been proposed as alternative for MRI imaging.164 

The search strategy is described in appendix 7. Two guidelines were identified, one of 
which was of low quality (AGREE score 48) and was subsequently excluded.165 The 
other was published in 2002 and was consequently excluded as well. 164 

However, expert opinion states that the brain auditory evoked response can be used in 
those cases where MRI is contraindicated or not tolerated. This statement is 
corroborated in the 2002 guideline. 

Evidence on vertigo and unilateral deafness was synthesised in paragraph 5.3.20. 

Key points 

• Brain auditory evoked response can be used in those cases where MRI is 
contraindicated or not tolerated.  

4.3.6 Patients suspected of or diagnosed with Alcoholism 

Five guidelines and one meta-analysis were identified. The meta-analysis included case-
control studies only and was subsequently excluded166. In addition, two guidelines were 
excluded because of low quality(Table 18). 

None of the included guidelines mentions evoked or event related potentials for the 
clinical management of patients suspected of or diagnosed with alcoholism. 

4.3.6.1 Conclusion 

Evoked or event related potentials are not recommended for the clinical management 
of patients suspected of or diagnosed with alcoholism, not for diagnosis, prognosis nor 
follow-up. 
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Key points 

• Evoked or event related potentials are not recommended for the diagnosis, 
prognosis or follow-up of alcoholism. 

Table 18: guidelines and reviews on alcoholism 
Institute/Author Year of 

publication 
AGREE Score Diagnosis Prognosis Follow-up 

SIGN167 2003 80 Ø Ø Ø 
American Academy of 
Child and Adolescent 
Psychiatry168 

2004 51 
Ø Ø Ø 

American Psychiatric 
Association169 

2006 45: excluded 
   

American Academy of 
Pediatrics170 

2005 27: excluded 
   

US Preventive Services 
Task Force171 

2004 65 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.3.7 Patients with Anxiety or anxiety disorders 

Anxiety was suggested as a potentially interesting topic by the external experts for this 
report, as a symptom of disorders such as generalised anxiety disorder, phobia, panic 
disorder or posttraumatic stress disorder. 

Five guidelines and one meta-analysis were identified. The meta-analysis summarised 
case-control studies only, and was therefore excluded172. Two guidelines were excluded 
due to low quality. (Table 19) 

Not one of the three remaining guidelines mentions evoked or event related potentials 
for the clinical management of patients with anxiety or anxiety disorders, not for 
diagnosis, prognosis nor follow-up. 

4.3.7.1 Conclusion 

Evoked or event related potentials are not recommended for the clinical management 
of patients with anxiety or an anxiety disorder. 

Key points 

• Evoked or event related potentials are not recommended for the diagnosis, 
prognosis or follow-up of patients with anxiety or anxiety disorders. 

Table 19: guidelines on anxiety and anxiety disorders 
Institute/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-up 

American Academy of Child 
and Adolescent Psychiatry173 

2007 39: excluded 
   

NICE174 2004 76 Ø Ø Ø 
American Psychiatric 
Association175 

2004 42: excluded 
   

Veterans’ 
Affairs/Department of 
Defense176 

2004 63 
Ø Ø Ø 

Canadian Psychiatric 
Association177 

2006 50 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 
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4.3.8 Patients with Cervical spondylosis 

 “Cervical spondylosis” refers to the degenerative process of the cervical spine, a 
ubiquitous condition that is, for most part, asymptomatic. When symptoms do arise as a 
result of degenerative changes, they can be grouped into (axial) pain, radiculopathy, and 
myelopathy178. In patients with cervical spondylosis, SEPs elicited by stimulation of a 
nerve in the upper or lower extremities may be helpful in indicating which patients are 
liable to develop a significant cord deficit, so that surgical treatment can be considered 
at an early stage. The same is true for MEPs, elicited by TMS at the scalp and recorded 
at the site of the peripheral muscle. 

No guidelines specifically on cervical spondylosis were identified, using the search terms: 
‘cervical spondylosis’ OR Spinal Osteophytosis [MeSH]’. One systematic review was 
found, which was of low quality and was subsequently excluded179.  

At the request of the experts collaborating on this report, an additional search was 
performed for original studies assessing the value of evoked potentials in patients 
suspected of or diagnosed with cervical spondylosis. Databases searched were Medline, 
Embase, Medion and DARE. Search terms are listed in appendix 8. 

Discarding duplicates, 175 possibly relevant articles were identified. 

Studies were selected for further review if they fulfilled the following criteria: 

Inclusion criteria: 

• Diagnostic accuracy study assessing the diagnostic value of evoked 
potentials or event related potentials 

• Prognostic study assessing the prognostic value of evoked potentials or 
event related potentials 

• Randomised controlled trial assessing the impact of using evoked 
potentials or event related potentials on the patient’s outcome 

• Patients suspected of or diagnosed with cervical spondylosis 

Exclusion criteria: 

• Animal studies 

• Narrative reviews 

• Editorials, letters, commentaries 

• Therapeutic studies 

• Intra-operative application of the tests 

• Case-control studies 

• No valid reference standard, or outcome assessment tool 

• Sample size of less than 20 patients 

• Studies in a language other than English, French, Dutch or German 

Based on title and abstract, 34 articles were selected. Of these articles, the full content 
was first scanned. A further 18 articles could be excluded, using the same in- and 
exclusion criteria described above. Of the remaining 16 articles one more was excluded 
because of substantial overlap with another article from the same author. Fifteen 
publications were read in full, and quality was appraised as defined in the general 
methodology in chapter 5.1 (flow chart Figure 22) Details can be found in Appendix .  
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Figure 22: flow chart of selection of studies 

175 articles identified in 
Medline and Embase 

34 articles selected based on 
title and abstract 

15 included in quality 
assessment 

Excluded: 
Systematic review, n=1 
Case-control study, n=9 
Intra-operative, n=3 
No evoked potentials, n=1 
Design other than RCT, 
diagnostic accuracy study or 
prognostic study, n=4 
Duplicate, n=1 
 

 

4.3.8.1 Diagnostic accuracy studies evaluating the use of EP in cervical spondylotic 
myelopathy 

Seven studies evaluating the diagnostic accuracy were available. Of these, two were of 
very low quality (positive QUADAS scores 3180 and 2181 respectively). In addition, one 
study did not use a valid reference standard182. These three studies were subsequently 
excluded. 

In 1991, Maertens de Noordhout et al. were among the first to describe the use of 
upper limb motor MEP and SEP in patients diagnosed with cervical cord compression by 
myelography183. Myelography consists of X-ray of the spine, after the injection of 
contrast medium in the subdural space by lumbar puncture; it allows for evaluation of 
the spinal cord. The authors found a much higher percentage of abnormal MEP in 
patients with than in patients without cord compression (84% respectively 22%). MEP of 
the biceps showed to be less sensitive than MEP of the first dorsal interosseus (FDI); 
and the central motor conduction time (CMCT) determined by the waveforme latency 
was more sensitive than the waveforme amplitude or morphology. SEP of the median 
nerve proved to be abnormal in a much lower percentage (25% of all cases). Although 
its methodological evaluation highlighted some major methodological flaws, like the lack 
of blinding of the assessor to the patient’s myelography, the purpose of this publication 
was merely to propose a new evaluation tool that could possibly offer a less invasive 
alternative to myelography. In 1998, the same authors published a series including 55 
patients184 all with myelographic signs of cord compression and clinical signs/symptoms 
of cervical myelopathy (e.g. weakness, spasticity, hypaesthesia, sphincter disturbances 
etc.), in which they confirmed their previous findings, but methodologically this study 
also had some flaws. They additionally included MEP of lower limb muscles (anterior 
tibial muscle) and lower limb SEP (posterior tibial nerve) as well as SEP of the ulnar 
nerve.  

Simo M et al185 also studied lower limb MEP and SEP and evaluated these tests in 51 
patients against MRI abnormalities of cervical cord compression, with or without clinical 
signs/symptoms of myelopathy. They could confirm that abnormalities are more 
prevalent in MEP than in SEP; however, the methodological strength of this study was 
not high. Moreover, it is well known that lower limb MEP and SEP are more variable 
and prone to artefacts183, 184 and that a rigorous evaluation of their contribution to 
cervical myelopathic signs and symptoms (e.g. when deciding on cervical surgical 
decompression or not) might require exclusion of thoracolumbar spondylotic lesions, 
which none of the included studies did. 

Lo YL et al published in 2006 the results of a well-conducted large cross-sectional 
evaluation including 226 participants with cervical spondylosis, in whom they conducted 
MEP of upper and lower limbs186.  
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They subdivided the patients in 4 groups based on the cervical compressive signs on 
MRI: group 1 with spondylosis but no cord deformity (N=50), group 2 with mild cord 
deformity but anterior-posterior cord diameter 2/3 or more of normal (N=77), group 3 
with significant deformity, anterior-posterior cord diameter less than 2/3 of normal but 
no intramedullary hyperintensities (N=40), group 4 with the same characteristics of 
group 3 but with additional intramedullary hyperintensities (N=59). MEP of the upper 
limbs (FDI) and of the lower limbs (abductor hallucis) showed a very high sensitivity and 
specificity (both 98%) when all 4 muscles were taken together to detect any cord 
abnormality as found on MRI. None of the patients in group 1 had MEP abnormalities 
(defined as abnormal CMCT, abnormal difference between right and left CMCT or 
abnormal amplitude); and only 3 patients in group 2 had completely normal MEPs. 
Physical neurological examination in these patients to reveal cervical cord myelopathic 
symptoms, correlated with MRI as follows for group 1 to 4: 76%- 73%- 93%- 98%. EMG 
demonstrated abnormalities suggestive for root pathology in 18%- 77%- 95%- 98%. This 
study again emphasizes the diagnostic value of MEP (upper limb (FDI) and lower limb 
(abductor hallucis)) to detect MRI cord compression secondary to spondylotic 
degenerative phenomena. However, not all these MEP and MRI abnormalities point 
directly to clinical signs of cervical myelopathy, especially not in the more mildly affected 
groups. It can be concluded from this study that MEP might replace MRI as a relatively 
non-invasive test to screen for compression signs of the myelon in case of cervical 
spondylotic lesions. According to this study, the relationship between compression 
(detected by MRI or by MEP) on the one hand and clinical signs/symptoms of 
myelopathy on the other hand is not simple and needs further evaluation before it can 
be used to decide on therapeutic consequences. Ideally, these results are to be 
confirmed by another large and well-conducted study.  

Other authors, who mainly studied the prognostic role of EP, also described the 
correlation between MEP and/or SEP abnormality, and (degree of) clinical cervical 
myelopathic signs/symptoms187-190. In all these studies the JOA or mJOA (modified JOA) 
scale is applied to quantify the clinical signs/symptoms. This scale uses qualitative 
descriptions for these signs. However, none of these studies is of high quality (see 
Appendix) and further evaluation is necessary. 

In conclusion, in patients with clinical signs of cervical spondylosis (pain, paresthesia’s), 
with or without objective symptoms of cervical myelopathy, cervical cord compression 
can possibly be reliably detected by performing TMS for MEP of FDI and abductor 
hallucis bilaterally. The relationship to cervical myelopathic symptoms is more complex, 
especially in milder cases, and needs further elucidation before results can be coupled to 
therapeutic consequences. Studies thus far seem to indicate that MEP is more helpful 
than SEP to evaluate this kind of patients, but this needs further confirmation. Also 
some questions remain concerning the problem of upper versus lower limb evoked 
potentials. Likewise, the relative role of the different stimulation or elicitation sites 
(ulnar, median or radial nerve; abductor hallucis or anterior tibial muscle etc.) needs 
further evaluation.  

Key points 

• One study in patients with clinical signs of cervical spondylosis indicates that 
cervical cord compression can be reliably detected by performing TMS. 
(moderate quality of evidence) Further studies need to confirm this result. 

4.3.8.2 Prognostic studies on the use of EP in cervical spondylotic myelopathy 

Eight studies were available on the prognostic value of EP. Four studies were of low 
quality and were subsequently excluded 187-190. Consequently, the four remaining studies 
were included in the review, all of which were authored by Bednarik J et al. 

A first prospective cohort study of these authors dealt with asymptomatic spondylotic 
or discogenic compression of the cervical cord found on MRI191. The question was 
whether in patients complaining of pain and/or of radicular signs (paresthesias, signs of 
hypesthesia and weakness confined to maximal one dermatome/myotome), SEP (median 
or posterior tibial nerve) or MEP (abductor digiti minimi or abductor hallucis)  
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can predict progression to cervical myelopathic signs and symptoms (hypesthesia and 
weakness in at least 2 dermatomes/myotomes, spasticity, weakness in upper limb, gait 
or sphincter disturbances). This study has been updated twice178, 192, and the number of 
participants has been enlarged to N=199 (mean age 51 years, range 28-82). Other 
possible predictive factors have also been included like age, severity of compression on 
MRI, pre-existing clinical signs of radiculopathy and EMG signs of anterior horn 
compression. The average follow-up was 3.10 years (range 2-12 years), and 23% (N=45) 
of the patients developed new signs of symptomatic cervical myelopathy (SCM), 
accompanied by at least one point change on the mJOA scale. This scale uses qualitative 
descriptions for these signs. In the final model, the strongest predictor of SCM is the 
existence of clinical radiculopathy, followed by EMG signs of anterior horn compression, 
SEP abnormality (in upper or in lower limbs), MEP abnormality (in upper or in lower 
limbs) and intramedullar hyperintensity on MRI. When looked for early development of 
SCM, i.e. within 12 months of study entrance, clinical radiculopathy (Odds ratio 4.7 (1.6-
13.7), p=0.004), EMG (Odds ratio 2.8 (1.0-8.3), p=0.044), MEP (Odds ratio 2.9 (1.0-8.8), 
p=0.046) and SEP (Odds ratio 4.0 (1.4-11.6), p=0.011) are significantly informative 
(Moderate quality of evidence). A model based on these results could correctly classify 
81% of the patients. 

Bednarik J et al also published a study on the value of SEP and MEP in predicting and 
monitoring the effect of therapy (surgery or conservative treatment) in spondylotic 
cervical myelopathy193. The conclusion of the authors is that longitudinal EP follow-up is 
of little use in the practical assessment of therapy results or natural course in an 
individual patient. In fact, the subgroups in this study including 61 patients were too 
small to allow for firm conclusions.  

Conclusion: In patients with asymptomatic spondylotic (or discogenic) cervical cord 
compression on MRI, one study defines the existence of clinical radiculopathy signs as 
the most informative factor for the prediction of progression to clinical myelopathy 
signs and symptoms. However, SEP, MEP and EMG are also independent predictors of 
early (<12 months) appearance of myelopathy signs/symptoms (Moderate quality of 
evidence). 

The role of SEP and MEP in predicting therapeutic outcome for symptomatic patients 
needs further clarification. 

Key points 

• One study in patients with asymptomatic cervical cord compression 
indicates that progression to clinical myelopathy signs/symptoms can best be 
predicted by clinical radiculopathy signs/symptoms.  

• SEP, MEP and EMG are also independent predictors of early (<12 months) 
appearance of myelopathy signs/symptoms. (moderate quality of evidence)  

• Further studies need to confirm this result. 

4.3.9 Comatose patients 

Evoked potentials may be used to predict unfavourable outcome in comatose patients, 
i.e. death or vegetative state. 

Four guidelines and three systematic reviews were identified. One guideline64 and two 
systematic reviews were excluded due to low quality194, 195. (Table 20) 

The systematic review is of good quality, with an adequate search strategy and selection, 
and appropriate methods for meta-analysis. The results show that bilateral absence of 
the N20 component of a sensory evoked potential in the first week after an event 
causing anoxic-ischaemic coma, has a sensitivity between 28-73% and specificity of 100% 
for predicting death or vegetative state.  
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All guidelines agree on the value of somatosensory evoked potentials (SEP) 1-3 days 
after the arrest, to predict a poor outcome. A poor outcome can not be ruled out in 
case the SEP does not show bilateral absence, thus making the test suitable for ruling in 
poor outcome but not ruling out. (American Academy of Neurology: level of 
recommendation B) 

Figure 23: Coma decision algorithm 

 
Source: American Academy of Neurology, based on the practice parameter of Wijdicks et al. 

4.3.9.1 Conclusions:  

Bilateral absence of the N20 component of the SEP with median nerve stimulation 
predicts a poor outcome in patients with hypoxic –anoxic coma. 

Key points 

• Somatosensory evoked potentials can be used reliably to predict poor 
outcome in comatose patients, but not to rule out poor outcome. 

Table 20: guidelines on comatose patients 
Institute/Authors Year of 

publication 
Score 
AGREE  

Diagnosis Prognosis Follow-up 

American Academy of 
Neurology/Wijdicks67 

2006 64 
Ø √ Ø 

American Heart Association196 2005 60 Ø √ Ø 
Australian Government national 
Health and Medical Research 
Council68 

2003 73 
Ø √ Ø 

Royal College of Physicians64 2003 38: excluded    
√: recommended; —: not recommended; Ø: not mentioned 

4.3.10 Patients suspected of or diagnosed with Dementia 

Dementia can be described as a group of usually progressive neurodegenerative brain 
disorders characterised by intellectual deterioration and more or less gradual erosion of 
mental and later physical function, leading to disability and death.83 Studies have found 
that patients with Alzheimer’s dementia have longer P100 latencies of visual evoked 
potentials, by which visual evoked potentials might be used as a diagnostic tool for 
Alzheimer’s disease.197 

The literature search yielded 13 guidelines, one systematic review and one HTA report. 
One guideline was not available in full text77, one was on radiology only78 and one was 
of low quality79. An additional guideline was identified by an external reviewer and 
added to the list82 The systematic review was excluded because it summarised case-
control studies only197. This leaves 11 guidelines and one HTA report for inclusion in 
the report. (Table 21) 
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In the one, very recent HTA report (SBU HTA report 200875, which is of good quality 
with explicit search and selection criteria, clinical features that are thought to be 
associated with ischaemic vascular dementia but await further research include focal 
changes in EEG and evoked potentials. 

In all ten guidelines that were included in this report, evoked or event related potentials 
are not mentioned for the diagnosis, prognosis or follow-up of dementia patients. 

4.3.10.1 Conclusion  

Evoked or event related potentials are not recommended for the clinical management 
of dementia patients, not for diagnosis, prognosis nor follow-up. 

Key points 

• Evoked or event related potentials are not recommended for the diagnosis, 
prognosis or follow-up of patients suspected of or diagnosed with dementia 

• Further research is awaited for the value of evoked potentials on 
distinguishing ischaemic vascular dementia. 

Table 21: guidelines on dementia 
Institute/Authors Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-up 

SIGN74 2006 79 Ø Ø Ø 
Royal College of 
Psychiatrists80 

2005 59 
 

Ø Ø Ø 

NICE83 2006 76 
Ø Ø Ø 

Singapore Ministry of 
Health84 

2007 62 
Ø Ø Ø 

American College of 
Radiology/ Dormont78 

2007 Only on 
radiology: 
excluded 

   

US Preventive Services Task 
Force85 

2003 61 
Ø Ø Ø 

Alberta Clinical Practice 
Guideline Program79 

2007 48: excluded 
   

British Columbia medical 
association86 

2007 53 
Ø Ø Ø 

American Academy of 
Neurology/ Miyasaki 87 

2006 65 
Ø Ø Ø 

American Medical Directors 
Association77 

2005 Full text not 
available 

   

American Academy of 
Neurology/ Petersen: 88 

 2003 58 
Ø Ø Ø 

American Academy of 
Neurology/ Knopman73 

2004 56 
Ø Ø Ø 

CBO81 2005 64 Ø Ø Ø 
European Federation of 
Neurological 
Societies/Waldemar82 

2007  
   

√: recommended; —: not recommended; Ø: not mentioned 

4.3.11 Patients with Depression or bipolar disorder 

In the RIZIV/INAMI survey, depression was, combined with hallucinations, the most 
common reason for performing evoked potentials by the physicians included in the 
sample. 
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Twelve guidelines, but no systematic reviews or HTA reports on the value of evoked or 
event related potentials were identified. (Table 22) 

Evoked or event related potentials are not mentioned in any of the guidelines. ICSI 
mentions repetitive transcranial magnetic stimulation as a treatment modality, for which 
results are inconsistent and inconclusive, but nothing is mentioned for motor evoked 
potentials as a diagnostic tool. 

It was stated by the external experts of this report, that loudness dependent auditory 
evoked potentials are used for the prediction of response to antidepressant therapy. A 
specific search was conducted for this question (search terms listed in appendix 9). In 
Medline, three articles were identified of which one was potentially relevant for the 
research question; in Embase, 45 articles were identified of which ten were potentially 
relevant. Three articles were narrative reviews198-200, three included 20 patients or less34, 

201, 202, these six studies were excluded by which the remaining five studies were 
included in the review.  

4.3.11.1 Conclusions 

Evoked or event related potentials are not mentioned for the clinical management of 
patients with depression or bipolar disorder, not for diagnosis, prognosis nor follow-up. 

Key points 

• Evoked or event related potentials are not recommended for the clinical 
management of patients suspected of or diagnosed with depression or 
bipolar disorder. 

Table 22: guidelines on depression and bipolar disorder 
Institute/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up 

NICE104 2005 73 Ø Ø Ø 
SIGN101 2005 75 Ø Ø Ø 
NICE203 2006 76 Ø Ø Ø 
NICE105 2007 76 Ø Ø Ø 
ICSI106 2007 62 Ø Ø Ø 
American Psychiatric Association108 2005 57 Ø Ø Ø 
American Psychiatric Association107 2005 60 Ø Ø Ø 
University of Michigan Health System100 2005 56 Ø Ø Ø 
American Academy of Child and 
Adolescent Psychiatry99   

2007 59 
Ø Ø Ø 

Singapore Ministry of Health109 2004 57 Ø Ø Ø 
Royal Australian and New Zealand 
College of Psychiatrists110 

2004 54 
Ø Ø Ø 

Royal Australian and New Zealand 
College of Psychiatrists111 

2004 59 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.3.12 Traumatic brain injury/low responsive patients 

Although the incidence of head injury is high, the incidence of death from head injury is 
low. As few as 0.2% of all patients attending emergency departments with a head injury 
will die as a result of this injury.204, 205 In patients with traumatic brain injury, tests such 
as the Glasgow coma scale, papillary responses or evoked potentials are used to predict 
either favourable or unfavourable outcome. For unfavourable outcome, high specificity 
is needed to minimise false positive results that would induce the risk of stopping 
treatment wrongfully. For the prediction of a favourable outcome, high sensitivity is 
needed to minimise false negative results that would induce the risk of wrongfully not 
referring patients for rehabilitation. 
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Three guidelines and two systematic reviews were identified in the literature search. 
One systematic review was excluded due to low quality206.  

The other systematic review by Carter et al.207 found that in patients with acute, severe 
brain injury, SEPs are superior to pupillary responses and Glasgow Coma Scale in 
predicting either unfavourable or favourable outcome. A favourable outcome is defined 
as Glasgow Outcome Scale normal or moderate; an unfavourable outcome as severe 
disability, vegetative state or death. Although specificity for predicting unfavourable 
outcome with SEPs approaches 100%, sensitivity and the specificity for favourable 
outcome prediction is not as good. Summary estimates are not provided. 

Two guidelines state that SEPs may be useful for the prediction of outcome (no grades 
of recommendation provided), whereas the third guideline does not mention evoked or 
event related potentials (Table 23). The New Zealand guideline also states that event 
related potentials are able to predict a wider range of outcomes. Consulting the original 
article by Lew et al.208, outcome is also defined by the Glasgow Outcome Scale-
Extended scores, 6 months after the incident. The study is, however, a small study of 22 
patients with unclear sampling procedure. The results for bilaterally absent SEP are 
based on only five patients and those for absent speech-evoked ERP on only ten 
patients. Confidence intervals, which are supposedly very large, are not provided in the 
article, and no formal testing on superiority of one test over the other was not done. 
Specificity of speech-evoked ERP is 100.0% and positive predictive value is 100.0% for 
both the worst and unfavourable outcome. For favourable outcome, abnormal or 
absent ERP have 100.0% sensitivity and 100.0% negative predictive value. Consequently, 
this study offers very low level of evidence on the value of any discernible waveform on 
ERP for the prediction of good or moderate recovery. Larger studies are necessary to 
estimate any prognostic value more precisely. 

4.3.12.1 Conclusion 

Somatosensory evoked potentials may be useful in patients with traumatic brain injury 
to predict an unfavourable outcome. Speech-evoked event related potentials may be 
able to predict favourable outcome, but higher level evidence is needed before making 
formal recommendations. 

Key points 

• Somatosensory evoked potentials can be used to predict unfavourable 
outcome in traumatic brain injury patients 

Table 23: guidelines on head injury 
Institute/Author Year of 

publication 
Score 
AGREE 

Diagnosis Prognosis Follow-up 

New Zealand 
Guidelines Group133 

2006 74 
Ø √ Ø 

NICE135 2007 80 Ø √ Ø 
Royal College of 
Physicians209 

2003 66 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.3.13 Patients with Migraine or headache 

Visual evoked potentials have been proposed as a possible diagnostic tool for migraine. 

Nine guidelines were available, systematic reviews or HTA reports were not identified. 
One guideline was on EEG specifically, and two guidelines were not available in full text, 
by which six guidelines were included in the report. (Table 24) 

The only guideline mentioning evoked potentials is that of the European Federation of 
Neurological Societies. In this guideline, it is stated that the literature data, e.g. by 
Schoenen et al., are often conflicting and fail to demonstrate the usefulness of evoked 
potentials as a diagnostic tool in migraine.  
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Findings should therefore be replicated before visually evoked potentials (VEPs) can be 
recommended in the diagnosis of migraine (not enough data are available for other 
types of headache). In conclusion, the Task Force does not recommend the use of 
evoked potentials in the diagnosis of headache disorders. (Level of evidence II based on 
conflicting data of insufficiently understood clinical significance. Grade of 
recommendation B.) 

All other guidelines do not mention evoked or event related potentials for the clinical 
management of headache or migraine patients. 

4.3.13.1 Conclusion 

Evoked or event related potentials are currently not recommended for the clinical 
management of patients presenting with headache or migraine, not for diagnosis, 
prognosis nor follow-up. 

Key points 

• Evoked or event related potentials are not recommended for the clinical 
management of patients presenting with headache or migraine. 

Table 24: guidelines on headache and migraine 
Institution/Authors Year AGREE 

Score 
Diagnosis Prognosis Follow-

up 
National headache 
Foundation/ Pearlman 

2004 Full text 
not 
available 

   

National Headache 
Foundation/ Martin 

2004 Full text 
not 
available 

   

European Federation of 
Neurological Societies/ 
Sandrini 145 

2004 51 
— Ø Ø 

ICSI148 2007 63 Ø Ø Ø 

American Academy of 
Neurology/ Lewis 146 

2005 62 
Ø Ø Ø 

American Academy of 
Neurology 

2006 Summary 
statement 

   

British Association for 
the Study of the 
Headache149 

2007 54 
Ø Ø Ø 

CKS150 2005 52 Ø Ø Ø 

CKS151 2006 52 Ø Ø Ø 
√: recommended; —: not recommended; Ø: not mentioned 

4.3.14 Patients suspected or diagnosed with Multiple sclerosis 

Multiple sclerosis (MS) is a progressive degenerative disease of the CNS with a pattern 
of symptoms that depends on the type of disease and the site of lesions. Epidemiological 
studies in England and Wales have given a range of prevalence estimates but the average 
is estimated at about 110 patients per 100,000 population. There is good international 
evidence of geographical variation in prevalence, best described by increasing prevalence 
with latitude (both north and south of the equator).210 

The literature search identified one guideline and two systematic reviews. One 
systematic review was excluded because of low quality211.  

The remaining systematic review, by the AHRQ212 is of high quality, with an adequate 
search strategy and selection, quality assessment, and detailed description of included 
studies. Visual evoked potentials are part of the McDonald criteria.  
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These criteria include insidious neurological progression suggestive of MS; plus positive 
CSF, and dissemination in space, demonstrated by 9 or more T2 lesions in brain, or 2 or 
more lesions in spinal cord, or 4-8 brain lesions plus 1 spinal cord lesion, or abnormal 
VEP associated with 4-8 brain lesions, or abnormal VEP with fewer than 4 brain lesions 
plus 1 spinal cord lesion; and dissemination in time, demonstrated by MRI, or continued 
progression for 1 year. In patients presenting with clinically isolated syndrome, the 
McDonald criteria have a sensitivity of 73-94% and a specificity of 83-87% for the 
diagnosis of clinically definite MS over 1 to 4 years of follow up. Kappa of interrater 
reliability for MS (all categories) is 0.57213, 214. 

The guideline, developed by NICE, is based on a systematic review of the evidence215 
(Table 25), and finds of all evoked potentials, VEPs appeared to be the most accurate in 
diagnosing MS and may be used to demonstrate dissemination in space (grade of 
recommendation D). ERPs do not provide strong diagnostic evidence for the diagnosis 
of MS. Algorithms to guide decisions are provided.(Figure 24) In addition, VEP latency 
has been used in trials as a surrogate outcome for treatment efficacy. However, some 
trials have shown effect of treatment on VEP latency without effect on relapse rate. 

Figure 24: diagnostic criteria for suspected MS (progressive from onset) 

 
Copied from NICE guideline 

4.3.14.1 Conclusions: 

When doubt about the diagnosis remains, further investigation should exclude an 
alternative diagnosis, or find evidence that supports the potential diagnosis of MS. 
Dissemination in space should usually be confirmed, if necessary, using an MRI scan, 
using agreed criteria such as those described by McDonald and colleagues. 
Dissemination in space may also be confirmed using evoked potential studies. Visual 
evoked potential studies should be the first choice. Dissemination in time should be 
confirmed clinically, or by using the MRI criteria described. 

Key points 

• Visual evoked potentials are recommended in case there is diagnostic 
uncertainty, by which they can be used to demonstrate dissemination in 
space. 
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Table 25: guidelines and systematic reviews on multiple sclerosis 
Institute/Authors Year of 

publication 
Score 
AGREE  

Diagnosis Prognosis Follow-up Other: prediction 
of treatment 
efficacy on relapse 

NICE215 2004 79 √ Ø Ø — 
√: recommended; —: not recommended; Ø: not mentioned 

4.3.15 Patients suspected of suffering from Neuropathy 

At the request of the member of the external experts, neuropathy was added as a 
potential indication for evoked potentials. 

Searching for guidelines on mononeuropathies or polyneuropathies in which evoked 
potentials or event related potentials were cited, were not identified. In general, 
electromyography is the preferred diagnostic instrument and evoked potentials are not 
necessary for the diagnosis of neuropathy. Nevertheless, the American Association of 
Electrodiagnostic Medicine216 states that somatosensory evoked potentials may be useful 
in cases where peripheral sensory responses are unobtainable. In such cases, they may 
be the only means of obtaining information about the conduction velocity of peripheral 
afferent fibres. The value of SEPs for diagnostic purposes in peripheral nerve disease, 
particularly acute inflammatory demyelinating polyradiculoneuropathy is not yet 
established. It should be noted, however, that this guideline does not describe its 
methodology and yielded an AGREE score of 28.  

4.3.15.1 Conclusion 

No evidence based guidelines were identified. Expert opinion states that somatosensory 
evoked potentials may be useful in cases where peripheral sensory responses are 
unobtainable. 

Key points 

• Somatosensory evoked potentials may be useful in cases where peripheral 
sensory responses are unobtainable. This recommendation is not supported 
by evidence, but is based on expert opinion. 

4.3.16 Patients suspected of Radiculopathy 

Estimates on low back pain incidence are as high as 42% over a 6 month period. 
Radiculopathy is a disease involving a spinal nerve root which may result from 
compression related to intervertebral disk displacement, spinal cord injuries, spinal 
diseases or other conditions. Clinical manifestations include radicular pain, weakness, 
and sensory loss referable to structures innervated by the involved nerve root.  

Three guidelines were identified with the search term ‘radiculopathy’. (Table 26) No 
systematic review or HTA report was available.  

All three guidelines recommend imaging as the preferential test for diagnosis and 
selection for surgery, and do not recommend evoked or event related potentials. In the 
North-American Spine Society guideline, it is stated that, in isolated lumbar stenosis, 
electrodiagnostic studies do little to enhance the diagnosis or treatment of lumbar 
stenosis compared with history, physical examination and imaging studies. 
Electrodiagnostic studies are best utilized when there is concern about additional 
neurological compromise, such as peripheral polyneuropathy. This last statement refers 
to the paraspinal mapping technique, which is based on electromyographic testing and 
does not include evoked or event related potentials217, 218. Somatosensory evoked 
potentials are not considered helpful in the diagnosis of lumbar stenosis. This statement 
is based on a retrospective study of 92 patients.219 

4.3.16.1 Conclusion 

Somatosensory evoked potentials are not considered helpful in the diagnosis of lumbar 
stenosis. 
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Key points 

• Evoked potentials are not recommended in the clinical management of 
patients suspected of radiculopathy. 

Table 26: guidelines on radiculopathy 
Institute/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up Other: suspicion of 
additional neurological 
compromise 

American College 
of Physicians220 

2007 69 
— Ø Ø Ø 

ICSI221 2006 68 Ø Ø Ø Ø 

North American 
Spine Society222 

2007 67 
— — Ø √ 

√: recommended; —: not recommended; Ø: not mentioned 

4.3.17 Patients suspected of or diagnosed with Schizophrenia 

Schizophrenia is a term used to describe a major psychiatric disorder (or cluster of 
disorders) that alters an individual’s perception, thoughts, affect and behaviour. The 
symptoms of schizophrenia are usually divided into positive symptoms, including 
hallucinations and delusions, and negative symptoms, such as emotional apathy, lack of 
drive, poverty of speech, social withdrawal and self-neglect. Studies have reported 
changes in the amplitude and latency of event related potentials in patients diagnosed 
with schizophrenia.223 Therefore, event related potentials have been proposed as a 
diagnostic tool for patients suspected of schizophrenia. 

The literature search yielded five guidelines and five systematic reviews. All systematic 
reviews included case-control studies only, by which they were all excluded from the 
report224-228. 

In the five guidelines, evoked potentials or event related potentials are not mentioned 
for the clinical management of patients, not for diagnosis, prognosis nor follow-up. 

4.3.17.1 Conclusions 

At present, the clinical utility of evoked potentials for the management of patients 
suspected or diagnosed with schizophrenia is not established. Experts indicate that 
several studies are currently being undertaken in this field, by which the evidence base 
may evolve rapidly. 

Key points 

• Evoked or event related potentials are currently not recommended for the 
clinical management of schizophrenia, not for diagnosis, prognosis nor 
follow-up. 

Table 27: guidelines and systematic reviews on schizophrenia 
Institute/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up 

American Psychiatric 
Association156 

2004 57 
Ø Ø Ø 

NICE229 2003 76 Ø Ø Ø 
Singapore Ministry of 
Health152 

2003 57 
Ø Ø Ø 

Canadian Psychiatric 
Association153 

2005 66 
Ø Ø Ø 

Royal Australian New 
Zealand College of 
Psychiatrists154 

2003 54 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 
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4.3.18 Patients with Spinal cord injury/paraplegia 

Three guidelines and no systematic reviews or HTA reports were identified. Two 
guidelines were excluded: one due to low quality and one because the acute 
management was not considered. (Table 28) 

The only included guideline, by the Consortium for Spinal Cord Medicine, states that 
MRI findings or electrodiagnostic studies may be useful for determining prognosis if the 
clinical exam is unreliable. (Scientific evidence–I/III/IV; Grade of recommendation–A; 
Strength of panel opinion–5) Findings on early somatosensory evoked potentials predict 
ambulation recovery, but they are no more accurate than the clinical examination of a 
cooperative and communicative patient. Compared with clinical neurological 
assessment, motor evoked potentials provide no prognostic information on the 
likelihood of recovering strength in initially paralyzed muscles. 

In patients in whom the diagnosis of hysterical paralysis is considered, more intensive 
tests, such as MRI or motor evoked potential testing may be performed if the patient 
fails to start improving in 2 to 3 days. (Scientific evidence–III/IV/V; Grade of 
recommendation–C; Strength of panel opinion–4) 

4.3.18.1 Conclusion 

Somatosensory evoked potentials may be useful in selected cases: SEP for the prediction 
of ambulation recovery and MEP if hysterical paralysis is suspected. 

Key points 

• SEP may be indicated for the prediction of ambulation recovery 

• MEP may be indicated in case of suspicion of hysterical paralysis 

Table 28: guidelines on spinal cord injury 
Institute/Authors Year of 

publication 
AGREE 
Score 

Diagnosis Prognosis Follow-up 

Consortium for 
Spinal Cord 
Medicine230 

2008 68 
√ 

√ when clinical 
exam 
unreliable 

Ø 

Royal College of 
Physicians231 

2008 Patients with 
chronic injury 
– excluded 

   

British Orthopaedic 
Association232 

2006 32: excluded 
   

√: recommended; —: not recommended; Ø: not mentioned 

4.3.19 Patients diagnosed with Stroke 

Motor recovery in stroke patients seems to occur predominantly in the first few 
months after stroke, although some patients may show considerable recovery in later 
phases. The initial grade of paresis is generally regarded as the most important predictor 
for motor recovery; however, it is not yet possible to predict accurately the occurrence 
and extent of motor recovery in individual patients during the (sub)acute phase of their 
stroke.233 Motor-evoked potentials (MEPs) obtained at various times after stroke have 
also been studied as valid predictors of motor recovery. 

The literature search identified six guidelines and two systematic reviews. The two 
reviews overlapped substantially233, 234, the review with the most information on evoked 
potentials was included. (Table 29) 

The systematic review by Hendricks et al.234 is of good quality with an adequate search 
strategy and selection, quality assessment and description of studies. This review 
summarises studies on patients with acute stroke, confirmed by CT or MRI. The 
prognostic value of motor evoked potentials (by transcranial magnetic stimulation) for 
motor recovery or functional recovery was evaluated.  
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Motor recovery was defined as the occurrence of some degree of motor recovery, 
functional recovery was defined using the Barthel index score (≥12). Heterogeneity 
prevented meta-analysis: sensitivity ranges from 62-94%; specificity ranges from 2-99%. 
Specificity was highest in patients with initial paralysis or very severe paresis. 

On the other hand, not one of the guidelines mentions the use of evoked potentials for 
the clinical management of these patients, neither for diagnosis, prognosis or follow-up. 

4.3.19.1 Conclusion 

Motor evoked potentials have been evaluated for the prediction of motor recovery in 
stroke patients. Results are very heterogeneous, thus creating large uncertainty on the 
value in clinical practice. Clinical practice guidelines do not mention MEPs. 

Key points 

• Evidence on MEPs in stroke patients is conflicting. 

• Currently, clinical practice guidelines do not recommend their use. 

Table 29: guidelines and systematic reviews on stroke 
Institute/Author Year of 

publication  
AGREE 
Score 

Diagnosis Prognosis Follow-up 

American Heart Association-
American Stroke 
Association/Adams158 

2007 63 
Ø Ø Ø 

Singapore Ministry of 
Health159 

2003 63 
Ø Ø Ø 

NICE / Royal College of 
Physicians157 

2008 81 
Ø Ø Ø 

Australian National Health 
and Medical Research 
Council/National Stroke 
Foundation (1)160 

2007 84 

Ø Ø Ø 

Australian National Health 
and Medical Research 
Council/National Stroke 
Foundation (2)161 

2005 83  

Ø Ø Ø 

New Zealand Guidelines 
Group162 

2003 76 
Ø Ø Ø 

√: recommended; —: not recommended; Ø: not mentioned 

4.3.20 Symptom-based guidance 

Three symptoms were proposed by the external experts on this report as potentially 
relevant for the use of evoked or event related potentials in clinical practice. 

4.3.20.1 Unilateral deafness 

The scope of the report excludes purely audiological applications. 

No guidelines were identified in the search (search terms are listed in appendix 10) 
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4.3.20.2 Vertigo 

No guidelines were identified in the search (search terms are listed in appendix 13). A 
separate search in Medline revealed one potentially relevant systematic review on the 
management of vertigo including diagnosis235. The methodology of this review is fair, 
with a systematic and transparent search strategy, but unclear selection criteria and no 
quality assessment.  

Evoked and event related potentials are not mentioned in the review, not for diagnosis, 
prognosis or follow-up. 

4.3.20.3 Paraesthaesia 

Two articles were potentially relevant, identified in the search described in appendix 13. 
However, one included less than 20 patients236 and the other used a case-control 
design237 by which both studies were excluded from the review. 

Key points 

• No evidence on evoked or event related potentials for three symptom-
oriented problems was identified. 
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5 DISCUSSION 
In this report, technical standards, current use and evidence-based recommendations 
were reviewed. 

Technical standards are available for EEG and evoked potentials, the situation is less 
clear for event related potentials. Nonetheless, the accuracy and reproducibility of tests 
is highly dependent on their standardisation. 

At present, the EEG is performed approximately 400,000 times per year. This number 
has remained stable over the last decade. The reimbursement of evoked potentials is 
divided in five categories, one test, two tests and three tests (two or three tests of a 
different modality respectively, e.g. VEP+SEP, or VEP + SEP + BAEP), MEP for physical 
therapy and MEP for neurology/psychiatry. In total, approximately 165,000 evoked 
potential tests were performed in 2006, of which 85,000 were single EP, 41,000 were 
two EP, 23,000 were three EP, 8,000 MEP tests in physical therapy and 8,000 MEP tests 
in neurology/psychiatry. The number of event related potentials is unknown, as these 
are coded as evoked potentials or EEG (in case of CNV). 

Based on a systematic review of clinical guidelines, systematic reviews, meta-analyses, 
HTA reports and original studies where necessary, an evidence report has been 
constructed for the value of EEG, evoked potentials and event related potentials in 
routine clinical practice. Below, the conclusions of this review are summarised. 

From this table, it shows that the EEG is mainly recommended in case of suspicion of 
seizure disorders. In addition, it can be used in the diagnosis of Creutzfeldt-Jacob 
disease, the diagnosis of encephalitis, the prognosis of anoxic-ischaemic encephalopathy 
in infants, and to predict outcome in comatose patients. In the latter case, however, SEP 
have better predictive value by which they are the preferred test. In addition, evoked 
potentials are recommended to predict outcome in traumatic head injury (SEP), the 
diagnosis of multiple sclerosis in case of diagnostic uncertainty to demonstrate 
dissemination in space (VEP), the diagnosis of neuropathy when peripheral sensory 
testing is not possible (SEP), in patients with paraplegia when hysterical paralysis is 
suspected (MEP) and to predict ambulation recovery (SEP). At present, event related 
potentials are not recommended for diagnosis, prognosis or follow-up of patients in 
routine clinical practice. 
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Table 30: summary of recommendations 
 Diagnosis Prognosis Follow-

up 
Other 

Acoustic neuroma 
 

BAER when MRI is 
contraindicated or 
not tolerated 

⁄ ⁄ ⁄ 

ADHD ⁄ ⁄ ⁄ EEG in case of 
suspicion of 
another problem 

Alcoholism 
 

⁄ ⁄ ⁄ ⁄ 

Anxiety 
 

⁄ ⁄ ⁄ ⁄ 

Autism ⁄ ⁄ ⁄ EEG in case of 
suspicion of 
seizure disorder 

Brain metastases ⁄ ⁄ ⁄ EEG in case of 
seizures that can 
not be identified as 
epileptic 

Cerebral death EEG can be used to 
confirm diagnosis 

⁄ ⁄ ⁄ 

Cerebral palsy 
 

⁄ ⁄ ⁄ EEG in case of 
suspicion of 
epilepsy 

Cervical spondylosis ⁄ SEP or MEP to 
predict 
signs/symptoms 
of myelopathy 

⁄ MEP to diagnose 
cervical cord 
compression 

Coma or vegetative 
state 

⁄ SEP (or EEG) to 
predict poor 
outcome 

 ⁄ 

Dementia EEG in case of 
doubt about 
Alzheimer disease 

⁄ ⁄ EEG in case of 
suspicion of 
Creutzfeldt-Jacob 
disease 
Or in case of 
suspicion of 
transient epileptic 
amnesia 

Depression or 
bipolar disorder 

⁄ ⁄ ⁄ ⁄ 

Electroconvulsive 
therapy 

NA NA NA EEG before 
therapy if dicated 
by clinical 
assessment 

Encephalitis EEG to assess 
cerebral 
involvement 

⁄ ⁄ ⁄ 

Epilepsy EEG is gold 
standard in patients 
clinically suspected 
of epilepsy  

⁄ ⁄ ⁄ 

Global 
developmental 
delay 

⁄ ⁄ ⁄ EEG in case of 
suspicion of 
epilepsy 

Head injury/ 
traumatic brain 

⁄ SEP to predict 
poor outcome 

⁄ ⁄ 
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 Diagnosis Prognosis Follow-
up 

Other 

injury 
Headache or 
migraine 

⁄ � ⁄ EEG in case of 
suspicion of 
seizure disorder 

Infants with 
hypoxic-ischaemic 
encephalopathy 

⁄ Amplitude 
integrated EEG 
to predict poor 
outcome 

⁄ ⁄ 

Metabolic 
encephalopathy 
 

⁄ ⁄ ⁄ ⁄ 

Multiple sclerosis VEP in cases of 
diagnostic 
uncertainty, to 
demonstrate 
dissemination in 
space 

⁄ ⁄ ⁄ 

Neuropathy SEP may be useful 
in cases where 
peripheral sensory 
responses are 
unobtainable 

⁄ ⁄ ⁄ 

Paresthesia ⁄ ⁄ ⁄ ⁄ 

Radiculopathy 
 

⁄ ⁄ ⁄ ⁄ 

Schizophrenia ⁄ ⁄ ⁄ EEG may be useful 
if clinically 
indicated 

Spinal cord injury or 
paraplegia 

MEP in case of 
suspicion of 
hysterical paralysis 

SEP to predict 
ambulation 
recovery 

⁄  

Stroke 
 

⁄ ⁄ ⁄ EEG may be 
helpful in case of 
seizure 

Unilateral deafness ⁄ ⁄ ⁄ ⁄ 

Vertigo ⁄ ⁄ ⁄ ⁄ 
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APPENDIXES 

APPENDIX 1 

 Search terms used 
CRD “electroencephalography” OR "evoked potentials" OR "event related 

potentials" 
SumSearch “electroencephalography” OR "evoked potentials" OR "event related 

potentials" 
Medline via 
Pubmed 

(“electroencephalography” and “guidelines”) OR (“electroencephalography” 
and “standards”) OR ("evoked potentials" and "guidelines") OR ("evoked 
potentials" and "standards") OR ("event related potentials" and "guidelines") 
OR ("event related potentials" and "standards") 

Google and 
Yahoo 

(“electroencephalography” and “guidelines”) OR (“electroencephalography” 
and “standards”) OR ("evoked potentials" and "guidelines") OR ("evoked 
potentials" and "standards") OR ("event related potentials" and "guidelines") 
OR ("event related potentials" and "standards") OR ("neurophysiology" and 
"society") OR ("neurophysiology" and "guidelines") OR ("neurophysiology" and 
"standards")  
 

Professional 
organisations 

"neurofysiologie" and "vereniging": www.nvknf.nl 
"neurophysiologie" and "société": http://www.snclf.net/0-0.php 
"neurophysiologie" and "Gesellschaft" :  http://www.dgkn.de/ 
plus the links available on the websites of professional organisations identified 

APPENDIX 2 

Medline References 
pubmed "Electroencephalography"[Mesh] 96 609  
clinical queries ("Electroencephalography"[Mesh]) AND systematic[sb]: 295   
Embase   
'electroencephalogram'/exp  39,903 
'electroencephalogram'/exp AND 'systematic review'/exp AND [embase]/lim  68 
'electroencephalogram'/exp OR 'electroencephalography'/exp 110,376  
'electroencephalogram'/exp OR 'electroencephalography'/exp AND 
'systematic review'/exp AND [embase]/lim 

98 

CRD-DARE  
MeSH Electroencephalography EXPLODE 1 2 10 
CRD-HTA  
MeSH Electroencephalography EXPLODE 1 2 6 
NICE  
Electroencephalography 
Electroencephalogram 

0 
0 

INAHTA  
Electroencephalography 10 
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APPENDIX 3 

BY TEST: ELECTROENCEPHALOGRAPHY 
Search terms: Electroencephalography.  

Search date: February 2008 
Sumsearch (National guideline clearinghouse) 37  
Tripdatabase  46 
Websites of scientific societies* 24  
Websites AHRQ, SIGN, NICE 8  
guidelines found by the previous search of systematic reviews (Pubmed and Embase) 15  

*Websites of the American Academy of Neurology, the American Epilepsy Society, the South-
East European Society for Neurology and psychiatry, the European Heache Federation, the 
European Federation of Neurological Societies, and the websites of all the scientific societies 
which are members of the Belgian Brain Council. 

36 guidelines were selected. 

BY DISEASE  
Search date: April 2008 

ADHD Attention deficit hyperactivity disorder 

Search term: "Attention Deficit Disorder with Hyperactivity"[Mesh].  
Sumsearch (National guideline clearinghouse) 8  
Tripdatabase 43  

1. SIGN 2001 (reviewed 2005)  

EEG is used only if an underlying medical problem is suspected, and not to diagnose 
ADHD. (Based on “unproven in the diagnosis of ADHD” Tannock R 1998) For the 
investigation of an underlying medical problem, blood analysis, electrophysiological 
studies (EEG) or MRI may be used.  

EEG before methylphenidate chlorhydrate prescription or during follow-up is not 
mentioned. 

2. Pliszka 2007 AACAP (American Academy of Child and Adolescent 
Psychiatry) 

Unless there is strong evidence of such factors in the medical history, neurological 
studies (EEG, MRI,…) are not indicated for the evaluation of ADHD. …. (Based on 
“NE= not endorsed: practices that are known to be ineffective or contraindicated) 

EEG before methylphenidate chlorhydrate prescription or during follow-up is not 
mentioned. 

3. University of Michigan 2005  

No specific diagnostic test (e.g., blood or neurologic) is necessary or sufficient to 
establish the diagnosis of ADHD. Blood lead levels, thyroid function tests, brain imaging 
or electroencephalogram have no discriminative ability in establishing the diagnosis of 
ADHD. (No references; no level of evidence) 

EEG before methylphenidate chlorhydrate prescription or for the follow-up of patients 
with ADHD is not mentioned. 

4. ICSI 2007  

EEG is not mentioned as a diagnostic tool in this guideline. 

EEG before methylphenidate chlorhydrate prescription or for the follow-up of patients 
with ADHD is not mentioned. 

5. Cincinnati Children's Hospital 2004  
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For the evaluation of ADHD, imaging or EEG studies should not be routinely 
conducted, based on one prospective trial (Castellanos 2002) and one retrospective 
analysis (Lyoo 1996). 

EEG before methylphenidate chlorhydrate prescription or for the follow-up of patients 
with ADHD is not mentioned. 

6. NICE 2008 

EEG is not mentioned as a diagnostic tool in this guideline 

EEG before methylphenidate chlorhydrate prescription or for the follow-up of patients 
with ADHD is not mentioned. 

Methylphenidate and seizures: “The possibility of methylphenidate lowering the seizure 
threshold for those with epilepsy has been investigated in recent studies in those 
patients whose seizures were under control. These studies did not find an increase in 
seizures (Feldman 1989, Gross-Tsur 1997). It is noted in the literature that patients 
with seizures are generally excluded from the majority of studies regarding treatment 
for ADHD (Hemmer 2001).” 

Autism 

Search term: "Autistic Disorder"[Mesh].  
Sumsearch (National guideline clearinghouse) 5  
Tripdatabase 42  

1. Kagan-Kushnir. 2005 

Currently insufficient evidence to recommend for or against the use of screening EEGs 
in autistic patients. Given the frequency of seizure disorders in this patient population, a 
high index of clinical suspicion should be maintained for subtle symptoms of seizures. 

2. SIGN 2007 

Whilst epilepsy is common in children with autism spectrum disorders, there is no 
indication for an electroencephalogram (EEG) in the absence of other clinical criteria. 
(Based on systematic review of Kagan-Kushnir 2005) 

3. Filipek 2000 (reviewed 2006) 

There is inadequate evidence at present to recommend an EEG study in all individuals 
with autism.  

Indications for an adequate sleep-deprived EEG with appropriate sampling of slow wave 
sleep include clinical seizures or suspicion of subclinical seizures, and a history of 
regression (clinically significant loss of social and communicative function) at any age, but 
especially in toddlers and preschoolers.  

Brain metastasis 

Search term: Bain meatastasis is not a Meshterm. In Sumsearch: the terms ‘BRAIN AND 
METASTASI*  (Focus: DIAGNOSIS, ages: all, subjects: HUMAN)’ were used. In 
Tripdatabase: brain metastases.   

Sumsearch (National guideline clearinghouse) 33  
Tripdatabase 114  

Child with cerebral palsy 

Search term: "Cerebral Palsy"[Mesh].  
Sumsearch (National guideline clearinghouse) 18  
Tripdatabase 240  
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Coma 

Search term: "Coma"[Mesh].  
Sumsearch (National guideline clearinghouse) 110  
Tripdatabase 139 
Note: Traumatic coma is classified with head inj. 

1. Wijdicks 2006 (guideline based on systematic review) 

In comatose survivors after cardiopulmonary resuscitation, generalized suppression to 
≤20 µV, burst-suppression pattern with generalized epileptiform activity, or generalized 
periodic complexes on a flat background are strongly but not invariably associated with 
poor outcome. Burst suppression or generalized epileptiform discharges on EEG predict 
poor outcome but with insufficient prognostic accuracy (recommendation level C). 

2. Australian Government 2003 (guideline based on systematic review) 

In patients with vegetative state, there is a lack of correlation between EEG recordings 
and clinical status. In approximately 10% of patients in a vegetative state, the EEG is 
nearly normal late in the course of illness. Reactivity, if present, suggests a better 
prognosis, but its absence does not reliably predict post-coma unresponsiveness or 
death. The absence of reactivity does not rule out the possibility of emergence from 
post coma unresponsiveness. (Levels of evidence not provided)  

Dementia 

Search term: "Dementia"[Mesh].  
Sumsearch (National guideline clearinghouse) 148  
Tripdatabase 208  

1. SIGN 2006 (based on systematic search) 

EEG is not recommended as a routine investigation for dementia. There is evidence to 
support the limited use of EEG in the diagnosis of dementia, for example in the 
diagnosis of sporadic Creutzfeldt-Jacob disease, with reported sensitivity of 65% and 
specificity of 85%. (level 2+) 

2. NICE 2006 (based on systematic review) 

EEG should not be used as a routine investigation in people with dementia. 

3. Royal College of psychiatrists 2006 (based on systematic review) 

EEG may be useful in differential diagnosis, for Creutzfeld–Jacob disease and frontal lobe 
dementia. 

4. Singapore Ministry of Health 2007 (evidence based review) 

EEG is not mentioned for diagnosis in this guideline 

5. US preventive services task force 2003 (evidence based review) 

EEG is not mentioned for diagnosis in this guideline 

6. British Columbia medical association 2007 (not based on systematic search) 

EEG is not mentioned for diagnosis in this guideline 

7. Miyasaki 2006 (based on systematic review) 

Based on Class III study (case control study with 10 dementia cases and 10 controls), 
there is insufficient evidence to support the use of EEG as a screening tool of dementia 
in Parkinson disease. 

8. Petersen 2001 (reviewed 2003) (based on systematic review) 

EEG is not mentioned for diagnosis in this guideline 

9. Knopman 2001 (reviewed 2004) (based on systematic review) 

EEG is not mentioned for diagnosis in this guideline 

10. CBO 2005 (based on systematic review) 
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It is probable that EEG has low sensitivity (± 45%) and reasonable specificity (± 90%) for 
the differential diagnosis between patients with Alzheimer disease and healthy patients. 
In case of doubt about Alzheimer disease, an abnormal EEG background pattern 
increases the likelihood of Alzheimer disease, while a normal EEG is not very significant 
(level 2). It is probable that EEG abnormalities, especially slowing down of dominant 
frequency and decreasing of alpha and beta activity, have an unfavourable prognostic 
significance for Alzheimer disease (level 2). There are no convincing indications that 
EEG can discriminate between Alzheimer disease and Lewy bodies’ disease, or between 
healthy subjects and light cognitive disorder. EEG can not predict with reliability which 
patients with light cognitive disorder will receive a treatment for Alzheimer disease or 
not (level 2). 

Depression 

Search term: "Depression"[Mesh].  
Sumsearch (National guideline clearinghouse) 427  
Tripdatabase 900 

Development delay 

Search term: Development delay OR "Malformations of Cortical Development"[Mesh] 
Sumsearch (National guideline clearinghouse) 0 
Tripdatabase 0 

Electroconvulsive therapy 

Search term: "Electroconvulsive Therapy"[Mesh].  
Sumsearch (National guideline clearinghouse) 26 
Tripdatabase 63 

Encephalitis 

Search term: "Encephalitis"[Mesh].  
Sumsearch (National guideline clearinghouse) 45  
Tripdatabase 96 

Encephalopathy (child) 

Search term: Encephalopathy (non MESH).  
Sumsearch (National guideline clearinghouse) 85  
Tripdatabase 107 

Epilepsy 

Search term: "Epilepsy"[Mesh].  
Sumsearch (National guideline clearinghouse) 90  
Tripdatabase 192 

Systematic reviews 

There is wide interreader variation in sensitivity and specificity of EEG interpretations. 
In 25 studies including 4.912 patients, specificity ranges from 13 to 99% and specificity 
from 20 to 99% for epileptiform EEG interpretations. Diagnostic accuracy of the EEG 
and the thresholds for classifying EEG as positive varied widely. In the multivariate 
model, differences in readers’ thresholds accounted for 37% of the variance in EEG 
diagnostic accuracy. This variations influence the ability of the EEG to discriminate 
between those who will and will not have seizure recurrence{Gilbert, 2003 #382}.  

For the prediction of recurrence, seizure aetiology (known neurological injury, deficit or 
syndrome) and EEG combined were the strongest predictors: patients with normal EEG 
and absence of known neurological aetiology had a recurrence risks of 24% (95% CI 19-
29) in, whereas patients with abnormal EEG and known neurological aetiology had a risk 
of 65% (95% CI 55-76) in.  
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In patients with a normal EEG and known neurological aetiology, the recurrence risk 
was 48% (95% CI 34-62), such as in patients with abnormal EEG and absence of known 
neurological aetiology also 48% (95% CI 40-55){Berg, 1991 #486}.  

The predictive value of specific EEG abnormalities is not clear. Relative to children with 
normal EEGs, children with epileptiform abnormalities were more likely to have a 
seizure recurrence: pooled relative risk 2.0 (95% CI 1.6-2.6). Children with non 
epileptiform abnormalities only were somewhat more likely to have a recurrence than 
children with normal EEGs, pooled relative risk 1.3 (95% CI 0.9-1.8). The pooled risk of 
recurrence at 2 years was 27% (95% CI 21 to 33) with a normal EEG, 58% (95%CI 49 to 
66) with epileptiform abnormalities, and 37% (95% CI 27 to 48) with non epileptiform 
abnormalities{Berg, 1991 #486}.  

In patients with epilepsy who have been seizure free for some time while taking 
antiepileptic medication and who discontinue epileptic drugs, overall, the risk of relapse 
at 1 year was 0.25 (95% CI 0.21-0.30) and 0.29 (95% CI 0.24-0.34) at 2 years. An 
abnormal EEG (regardless of degree: mild, moderate or severe) was associated with a 
relative risk of seizure of 1.45 (95%CI 1.18 to 1.79). Most studies found some increased 
risk in patients with abnormal compared with normal EEGs, although there was 
evidence of substantial heterogeneity between the studies (p= 0.0002){Berg, 1994 
#468}.  

The gold standard to differentiate epileptic and non epileptic seizure is EEG linked to 
video recording of concurrent behaviour, to register the association of any epileptiform 
abnormalities with observed behaviour. No procedure (seizure induction, Minnesota 
multiphasic personality inventory, physiological methods –prolactin levels and SPECT, 
pre-ictal pseudo sleep and ictal and post ictal symptoms) attains reliability equivalent to 
EEG video-telemetry{Cuthill, 2005 #344}.  

Neonatal seizures are generally an acute manifestation of disturbance of the developing 
brain and are very common in the first weeks of life. The incidence of epilepsy after 
neonatal seizures varied from 9.4 to 56%, most of the newborns that developed 
postneonatal epilepsy had epileptic syndromes with unfavourable prognosis. Clinical 
predictors of outcomes were seizure type, onset, aetiology and duration besides 
abnormal neonatal examination. EEG predictors of outcome were analyzed in eleven 
studies; the results showed that abnormal background rhythm, the presence of 
electrographic seizures and the presence of brief rhythmic discharges were consistently 
related to unfavourable outcomes{Nunes, 2005 #347}.  

Based on a review of 47 articles, EEG/MRI concordance was a prognostic indicator of 
seizure remission (positive predictor) after epilepsy surgery (OR 0.52; 95%CI 0.32 – 
0.83){Tonini, 2004 #356}.  

Guidelines 

1. Hirtz: American Academy of Neurology 2000 (reaffirmed 2006) 

In children experiencing a first, non febrile seizure, the EEG is recommended as part of 
the neuro-diagnostic evaluation (standard). The majority of evidence of Class I and II 
studies confirms that an EEG helps in determination of a seizure type, epilepsy 
syndrome, and risk of recurrence, and therefore may affect further management 
decisions. Experts commonly recommend that an EEG be performed after all first non 
febrile seizures.  

2. NICE 2004: The diagnosis and management of the epilepsies in adults and 
children in primary and secondary care 

The standard EEG has variable sensitivity and specificity in determining whether an 
individual has had an epileptic seizure. In the primary papers reviewed by the authors of 
NICE guideline, the sensitivity ranged from 26% to 56% and the specificity from 78% to 
98%. The likelihood ratio for a positive test ranged from 2.5 to 13 and for a negative 
test from 0.5 to 0.76 (level of evidence III for adults, IIb for children). The finding of 
interictal epileptiform activity on EEG can be used to help confirm the clinical diagnosis 
of an epileptic seizure. A negative EEG cannot be used to rule out the clinical diagnosis 
of an epileptic seizure (III).  
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Individuals with a clinical diagnosis of non epileptic seizure disorder are unlikely to have, 
but may occasionally have, epileptiform abnormalities on EEG (III). There is insufficient 
high quality evidence to determine whether performing an EEG within the first 24 hours 
after a seizure increases the likelihood of obtaining epileptiform activity (III).  

Great caution is required in performing investigations such as EEG when the clinical 
history offers limited support for a diagnosis of epilepsy, as the risk of false positive 
result may lead to misdiagnosis. The misdiagnosed patient may experience social and 
financial deprivation as a result of having the wrong diagnostic label and from side 
effects of antiepileptic medication.  

In adults, an EEG should be performed only to support a diagnosis of epilepsy in whom 
the clinical history suggests that the seizure is likely to be epileptic in origin (C). An EEG 
may be used to help determine seizure type and epilepsy syndrome in individuals in 
whom epilepsy is suspected. This enables individuals to be given the correct prognosis 
(C). The standard EEG can help classify individuals with a clinical diagnosis of an epileptic 
seizure into different epilepsy seizure types and epilepsy syndromes (III).  

Repeating a standard EEG in a selected adult population has been shown to increase the 
likelihood of obtaining epileptiform activity (III). Repeated standard EEGs may be helpful 
when the diagnosis of the epilepsy or the syndrome in unclear. However, if the 
diagnosis has been established, repeat EEGs are not likely to be helpful (C).  

Repeated standard EEGs should not be used in preference to sleep or sleep-deprived 
EEGs (C). When a standard EEG has not contributed to diagnosis or classification, a 
sleep EEG should be performed (C). Recording of the EEG whilst asleep or after sleep 
deprivation increases the likelihood of obtaining epileptiform activity (III).  

Long-term video or ambulatory EEG may be used in the assessment of individuals who 
present diagnostic difficulties after clinical assessment and standard EEG (C). Long-term 
video or ambulatory EEG can help differentiate between epileptic and non epileptic 
seizures in individuals who present diagnostic difficulties after clinical assessment and 
standard EEG (III). Long-term video or ambulatory EEG can help classify seizure type 
and seizure syndrome in individuals who present diagnostic difficulties after clinical 
assessment and standard EEG (III). 

There is conflicting evidence in adults as to the role of induction protocols; there is no 
evidence for children (III). Provocation by suggestion may be used in the evaluation of 
non-epileptic attack disorder. However, it has a limited role and may lead to false 
positive results in some individuals (C). Photic stimulation is necessary to determine if 
the individual is photo-sensitive but carries a small risk of inducing a seizure (III). 
Hyperventilation is routinely employed to increase the sensitivity of an interictal EEG 
(IV). Photic stimulation and hyperventilation should remain part of the standard EEG 
assessment. The individual and family and/or carer should be made aware that such 
activation procedures may induce a seizure and they have the right to refuse (GCP).  

In individuals presenting with a first unprovoked seizure, unequivoqual epileptiform 
activity shown on EEG can be used to assess the risk of seizure recurrence (B). 
Individuals presenting with a first unprovoked seizure who have epileptiform activity on 
their initial EEG have an increased risk of seizure recurrence (IIb children, III adults). 
The specificity of an epileptiform EEG in predicting further seizures ranges from 0.13 to 
0.99, and sensitivity from 0.20 to 0.91 (II). 

In children, an EEG should be performed only to support a diagnosis of epilepsy. If an 
EEG is considered necessary, it should be performed after the second epileptic seizure 
but it may, in certain circumstances as evaluated by the specialist, be considered after a 
first epileptic seizure (C). 

In unselected individuals with syncope, EEG monitoring is of little use. In the absence of 
a history of seizure activity, an EEG should not be performed in case of probable 
syncope because of the possibility of a false-positive result (C). 

The EEG should not be used to exclude a diagnosis of epilepsy in an individual in whom 
the clinical presentation supports a diagnosis of a non-epileptic event (C). 
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3. SIGN 2005: Diagnosis and management of epilepsies in children and young 
people 

Children: An EEG should only be requested after careful clinical evaluation by someone 
with expertise in childhood EEG and epilepsy (D). Particular care is required in 
interpretation of the paediatric EEG. Age specific patterns may be misinterpreted as 
epileptiform discharges. The sensitivity of interictal EEG recordings is too low to be a 
reliable diagnostic test for epilepsy. Around 40% of children with seizures will have a 
normal record on a first standard EEG recording. Even with expert clinical evaluation 
and repeated recordings, the sensitivity of EEG is only 56% after a single event and 70% 
after multiple events, with a specificity of 78%.  

The EEG may show paroxysmal activity or background changes in up to 32% of normal 
children that could be misinterpreted as abnormal. Epileptiform abnormalities are seen 
in 5% of normal children. These rates are higher where there are pre-existing 
neurological abnormalities. The rates of EEG abnormality may be further increased 
during the course of a sleep EEG recording and this may be a pitfall in children who do 
not have epilepsy. 

All children with recurrent epileptic seizures should have an EEG. An early recording 
may avoid the need for repeated EEG investigations (C). 

In case of first unprovoked convulsive epileptic seizure, the use of EEG is discussed. To 
support it: the information regarding recurrence risk (an abnormal EEG doubles 
recurrence risk), provoking factors (such as photosensitivity) or syndromic epilepsy. 
Against performing an EEG: the accuracy of the test and the small impact of treatment 
about recurrence risk after the first seizure. When a first seizure has been diagnosed as 
epileptic, an EEG may be considered for the purposes of assessing recurrence risk, 
making a syndromic diagnosis and identifying precipitating factors. It should not be used 
to guide a decision on whether or not to commence antiepileptic drug medication 
(GCP).  

Febrile seizures: An EEG is not indicated for children with recurrent or complex febrile 
seizures (GCP). The yield of abnormality of an early post-ictal EEG is low and similar to 
reported rate of abnormality in children with simple febrile seizures. 

Standard EEG with synchronic video: It is particularly useful in case of juvenile 
myoclonic epilepsy, infantile spas and absence seizures. 

Repeat EEG recording: If a first standard inter-ictal EEG is normal, there is evidence that 
a second recording increases the yield of diagnostically helpful abnormalities. 

Sleep EEG: When used appropriately, sleep recordings may contribute significantly to 
epilepsy classification and particularly in syndromes such as benign rolandic epilepsy with 
centro-temporal spikes, juvenile myoclonic epilepsy and infantile spasms. Sleep 
recordings may be particularly difficult to achieve in children; there is no clear evidence 
that one method of obtaining sleep is significantly more productive than another. For 
children with recurrent epileptic seizures and a normal standard EEG, a second EEG 
recording including sleep should be used to aid identification of a specific epilepsy 
syndrome (D). 

Ictal EEG recording: Where the clinical diagnosis of epilepsy is uncertain and if events 
are sufficiently frequent, an ictal EEG should be used to make a diagnosis of an epileptic 
or non epileptic seizure.  

Adults: Over-interpretation of normal variants as epileptiform abnormalities is a 
recognized pitfall in adult recordings.  

4. American college emergency physicians 2004: Adult patients presenting to 
emergency department with seizure 

No clear recommendation for ordering emergency EEG may be made on the basis of 
available data. Consider an emergent EEG in patients suspected of being in non 
convulsive status epilepticus or in subtle convulsive status epilepticus, patients who have 
received a long-acting paralytic, or in patients who are in a drug-induced coma (level C: 
inconclusive or conflicting evidence, consensus).  
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The most compelling argument for emergent EEG is for the detection of generalized 
convulsive status epilepticus that may have evolved into subtle status epilepticus with 
continuing abnormal EEG discharges.  

5. Riviello American Academy of Neurology 2006: Diagnostic assessment of the 
child with status epilepticus 

An EEG may be considered in a child presenting with new onset status epilepticus as it 
may determine whether there are focal or generalized abnormalities that may influence 
diagnostic and treatment decisions (level C, class evidence III). Data from six class III 
studies revealed generalized or focal epileptiform activity in 43.1% of the EEGs done for 
SE. Abnormalities on EEG occur in 62% of children with SE compared with 41% of 
children with a first unprovoked seizure less than 30 minutes duration. 

Although non convulsive status epilepticus occurs in children who present with status 
epilepticus, there are insufficient data to support or refute recommendations regarding 
whether an EEG should be obtained to establish the diagnosis (level U: unproven) 

An EEG may be considered in a child presenting with SE if the diagnosis of pseudo 
status epilepticus (non epileptic event that mimics SE) is suspected (level C, class III 
evidence). One small class III study reported that 21% of children initially though to be 
in convulsive SE had pseudo status.  

6. SIGN 2003: Diagnosis and management of epilepsy in adults 

EEG can be used to support the diagnosis in patients in whom the clinical history 
indicates a significant probability of an epileptic seizure or epilepsy (C). EEG is not 
routinely indicated and should not be performed to exclude a diagnosis of epilepsy (C). 

Non specific EEG abnormalities are relatively common, especially in the elderly, patients 
with migraine, psychotic illness and psychotropic medication. Non specific abnormalities 
should not be interpreted as supporting a diagnosis of epilepsy. A normal EEG does not 
exclude a diagnosis of epilepsy. A single routine EEG will show definite epileptiform 
abnormalities in 29-38% adults who have epilepsy. With recordings, this rises to 69-
77%. The sensitivity is improved by performing an EEG soon after a seizure, and by 
recording with sleep or following sleep deprivation. Incidental epileptiform 
abnormalities are found in 0.5% of healthy young adults.  

In a patient in whom the clinical history suggests an epileptic seizure but is not 
conclusive, the prevalence of epilepsy will be high. The finding of epileptiform 
abnormalities is specific, and the diagnostic value of the test is good. In a patient in 
whom the history is typical of some other disorder, such as syncope, the prevalence of 
the epilepsy will be low, and any epileptiform abnormalities are more likely to be 
incidental. The test should not be performed in this circumstance. 

EEG should be used to support the classification of epileptic seizures and epilepsy 
syndromes when there is clinical doubt (C). EEG should be performed in young people 
with generalized seizures to aid classification and to detect a photo-paroxysmal 
response (C), which allows appropriate advice to be given.  

Video EEG and other specialist investigations should be available for patients who 
present diagnostic difficulties (C).  For recording, the attack should usually be occurring 
at least once a week.   

If status epilepticus persist more than 30 minutes, monitor using EEG within 60 minutes 
to assess seizure control (level D). EEG recording may be necessary to confirm the 
diagnosis and assess control when seizures are clinically subtle (eg in partial status, or 
following treatment of tonic-clonic status epilepticus).  

7. Garcia-Monco  EFNS 2005: Diagnosis and management of alcohol-related 
seizures 

The incidence of EEG abnormalities is lower amongst patients with alcohol withdrawal 
seizures than in those with seizures of other aetiology. EEG pathology suggests that the 
seizure may not have been caused exclusively by alcohol withdrawal.  
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EEG should be recorded after a first seizure. Subsequent to repeat alcohol withdrawals 
seizures, EEG is considered necessary only if an alternative aetiology is suspected (level 
C: possibly effective). 

8. Krumholz American Academy of Neurology 2007: Evaluating an apparent 
unprovoked first seizure in adult 

For adults presenting with a first seizure, a routine EEG revealed epileptiform 
abnormalities in approximately 23% of patients, and these were predictive of seizure 
recurrence. EEG should be considered as part of routine neuro-diagnostic evaluation of 
adults presenting with an apparent unprovoked first seizure (level B).  

9. Singapore 2007: Epilepsy in adults 

EEG should be performed to support a diagnosis of epilepsy in adults in whom the 
clinical history suggests that the seizure is likely to be epileptic origin (grade D level 3). 
Individuals requiring an EEG should have the test performed soon after the attack. The 
earlier the test is performed, the more likely a helpful result will emerge from the EEG 
(grade D level 3). 

An EEG should not be performed in the case of probable syncope because of the 
possibility of a false positive result (grade D level 3).  

EEG should not be used in isolation to make a diagnosis of epilepsy because it can be 
falsely positive (grade D level 3). 

Repeated EEG may be helpful when the diagnosis of epilepsy is unclear. When a 
standard EEG has not contributed to diagnsosis or classification, a sleep EEG should be 
performed (grade D level 3).  

Long-term video or ambulatory EEG may be used in the assessment of individuals who 
present diagnostic difficulties after clinical assessment and standard EEG (Grade C, level 
2+). 

Photic stimulation and hyperventilation should be a part of standard EEG assessment 
(grade D level 3). 

10. Meierkord EFNS 2006: management of status epilepticus 

EEG is considered for the diagnosis of non convulsive status epilepticus (GPP).  

EEG is performed in case of refractory general convulsive status epilepticus and subtle 
status epilepticus to monitoring anaesthetic treatment. They recommend the titration 
of the anesthetic against an EEG burst suppression pattern. This goal should be 
maintained for at least 24 hours (GPP).  

11. CKS 2005: Febrile convulsion 

EEG is not considered for diagnosis and management of febrile convulsions 

12. CKS 2006: Epilepsy 

In adults, an EEG should be performed only to support a diagnosis of epilepsy in people 
whose clinical history suggests that the seizure is likely to be epileptic in origin. 

In children, an EEG should be performed only to support a diagnosis of epilepsy. If an 
EEG is considered necessary, it should be performed after the second seizure but may, 
in certain circumstances as evaluated by the specialist, be considered after a first 
epileptic seizure. 

An EEG should not be used: 

in the case of probable syncope because the possibility of a false positive result 

to exclude a diagnosis of epilepsy in an individual in whose clinical presentation supports 
a diagnosis of a non epileptic event 

in isolation to make a diagnosis of epilepsy. 
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Head injury / traumatic coma 

Search term: "Craniocerebral Trauma"[Mesh] OR "Coma, Post-Head Injury"[Mesh].  
Sumsearch (National guideline clearinghouse) 44  
Tripdatabase 3  

1. Attia 1998 

In adults with traumatic coma, SSEP and BAEP are more sensitive than EEG (45-60% 
sensitive versus 35%) 

2. NICE 2007 

EEG is not mentioned for diagnosis or follow-up. 

3. Chang 2003 

No data were found to base a recommendation on the use of EEG before deciding 
whether to use antiepileptic drug prophylaxis in patients with severe traumatic brain 
injury. Only one of the studies (Servit 1981) reported that EEGs were obtained 
routinely in the early posttraumatic period, but the findings were not reported in detail.  

4. NZGG 2006 

EEG is not mentioned for diagnosis or follow-up. 

Migraine/headache 

Search term: "Migraine Disorders"[Mesh] OR "Headache"[Mesh].  
Sumsearch (National guideline clearinghouse) 16 + 250 
Tripdatabase 66 

1. Sandrini 2004 (EFNS): Non acute headache 

Interictal EEG is not indicated in the diagnostic evaluation of headache patients (except 
if the clinical history suggests a possible diagnosis of epilepsy).  

Ictal EEG is indicated during episodes suggesting complicated aura and during auras 
associated with decreased consciousness or confusion. 

Quantitative EEG methods are not routinely indicated in the diagnostic evaluation of 
headache patients. 

2. ICSI 2007: Migraine and headache 

EEG is not mentioned for diagnosis or follow-up in this guideline 

3. Lewis American Academy of Neurology 2002 (reviewed 2005): Children and 
adolescents with recurrent headaches 

The guideline is based on a systematic search of the literature.  

Data from four studies of children with all headaches and four studies of children with 
migraine demonstrate that the EEG is either normal or demonstrates non-specific 
abnormalities in most patients. Furthermore, in those patients in whom the EEG was 
abnormal, there was no indication the findings provided any diagnostic information 
concerning the aetiology of the headache, or specifically that the headache was due to a 
seizure for the majority of recurrent headache types in children.  

Furthermore, the data do not suggest that there are differences in the EEG between 
children with migraine compared with other recurrent headache types that would be 
diagnostically useful in the individual patient to determine aetiology or to make a 
diagnosis of migraine. 

Data from one class III study suggest that children may have seizure-related headaches 
and that in these children the EEG is likely to be paroxysmal. The limited available 
literature suggests that this condition is infrequently diagnosed and its existence as a 
clinical entity is questioned.  

Data from 8 studies did not report any patients who subsequently went on to develop 
new-onset seizures after clinical evaluation for headaches even when the EEG showed 
paroxysmal abnormalities.  
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Consequently, the American Academy of Neurology does not recommend the EEG in 
the routine evaluation of a child with recurrent headaches, as it is unlikely to provide an 
aetiology, improve diagnostic yield, or distinguish migraine from other types of 
headaches (Level C; class II and class III evidence). Although the risk for future seizures 
is negligible in children with recurrent headache and paroxysmal EEG, future 
investigations for epilepsy should be determined by clinical follow up (Level C; class II 
and class III evidence). (Lewis AAN 2002).  

4. American Academy of Neurology 1995 (reaffirmed October 2006).(based on 
summary statement) 

The American Academy of Neurology states that no study has consistently 
demonstrated that the EEG improves diagnostic accuracy for the headache sufferer. The 
EEG has not been convincingly shown to identify headache subtypes, nor has it been 
shown to be an effective screening tool for structural causes of headache. Therefore, 
the EEG is not useful in routine evaluation of patients with headache. This does not 
exclude the use of EEG to evaluate headache patients with associated symptoms 
suggesting a seizure disorder, such as atypical migraine aura or episodic loss of 
consciousness. EEG is not recommended to exclude a structural cause for headache. 

5. BASH British association for the study of the headache 2007 

Migraine and headache 

EEG is not mentioned for diagnosis or follow-up. 

6. CKS 2005 Headache 

EEG is not mentioned for diagnosis or follow-up. 

7. CKS 2006 Migraine 

EEG is not mentioned for diagnosis or follow-up. 

Schizophrenia 

Search term: "Schizophrenia"[Mesh].  

Sumsearch (National guideline clearinghouse) 38 

Tripdatabase 110  

1. Singapore 2003 

EEG is not mentioned for diagnosis or follow-up. 

2. American Psychiatric Association 2004 

EEG can be performed if clinically indicated for initial assessment. 

3. CKS 2007 

EEG is not mentioned for diagnosis or follow-up in this guideline 

4. Canadian Psychiatric Association 2005 

EEG is not mentioned for diagnosis or follow-up in this guideline 

5. Royal Australian and New Zealand College of Psychatrists  2003 

EEG is not mentioned for diagnosis or follow-up. 
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APPENDIX 4 

BRAIN DEATH 
Search terms used in Sumsearch and Tridatabase: “brain death”.  

Search terms used in Medline: ("Brain Death"[Mesh] AND 
"Electroencephalography"[Mesh]) AND systematic[sb].  

Search terms used in Embase: 'brain death'/exp/mj AND 'electroencephalogram'/exp 
AND ([meta analysis]/lim OR [systematic review]/lim). 

CREUTZFELDT-JACOB DISEASE 
Search terms used in Medline: ("Creutzfeldt-Jakob Syndrome"[Mesh] AND 
"Electroencephalography"[Mesh]) AND (specificity [Title/Abstract] 

Search terms used in Embase: 'creutzfeldt jakob disease'/mj AND 
'electroencephalography'/mj and also 'creutzfeldt jakob disease'/exp/mj AND 
'electroencephalogram'/mj 

DEMENTIA WITH LEWY BODIES 
Search terms used in Medline: ("Lewy Body Disease"[Mesh] AND 
"Electroencephalography"[Mesh]) AND (specificity [Title/Abstract]) 

Search terms used in Embase: ‘diffuse lewy body disease'/mj AND 
'electroencephalogram'/mj and also 'diffuse lewy body disease'/mj AND 
'electroencephalography'/mj 
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APPENDIX 5 

Medline Number of hits 
"Evoked Potentials"[Mesh] 77 127 
("Evoked Potentials"[Mesh]) AND systematic[sb] 175 
 

Embase  
'evoked response'/exp 46 983 
'evoked response'/exp AND [systematic review]/lim 34 
'event related potential'/exp 7 709 
'evoked response'/exp OR 'event related potential'/exp 53 274 
'evoked response'/exp OR 'event related potential'/exp AND [systematic review]/lim 46 
 

DARE  
MeSH Evoked Potentials EXPLODE 1 2 3 
 

CRD-HTA  
MeSH Evoked Potentials EXPLODE 1 2 6 
 

NICE  
Evoked potentials 20 
 

INAHTA  
Evoked potentials 0 
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APPENDIX 6 

BY DIAGNOSTIC TECHNOLOGY 
Search terms: ‘evoked potentials OR event related potentials OR P300 OR MMN OR 
P50 OR LDAEP’ 

Search date: February 2008 
National guideline clearinghouse 20   
Tripdatabase  10 
Websites of scientific societies* 11  
Websites AHRQ, SIGN, NICE, National Library of Health 65  
Guidelines found by the previous search of systematic reviews (Pubmed and 
Embase) 

34 

*Websites of the American Academy of Neurology, the American Epilepsy Society, the 
European Headache Federation, the European Federation of Neurological Societies, 
American Clinical Neurophysiology Society, International Federation of Clinical 
Neurophysiology, American Association of Neuromuscular and Electrodiagnostic 
Medicine, and the websites of all the scientific societies which are members of the 
Belgian Brain Council were searched for guidelines. 

BY DISEASE 
An additional search was done for guidelines for each disease or clinical problem for 
which studies or guidelines were selected by the previous search. 

The following sites were searched using the corresponding MeSH term: National 
Guideline Clearinghouse and Tripdatabase. Other sites were hand searched for each 
topic: NICE, SIGN, AHRQ, American Academy of Neurology, American Psychiatry 
Association, American Heart Association, Singapore Ministry of Health, Veteran’s 
Affairs/Department of Defence, Australian National Stroke Foundation, New Zealand 
Guidelines Group, Royal College of Physicians, Canadian Psychiatric Assocation, Royal 
Australian and New Zealand College of Psychiatrists 

BRAIN INJURY – LOW RESPONSIVE PATIENTS 
1. New Zealand Guidelines Group 200652 

In severe traumatic brain injury, somatosensory evoked potentials (SEPs) may be useful 
in predicting severe negative outcomes, and event related potentials (ERPs) are able to 
predict a wider range of negative outcomes. Both SEPs and ERPs may predict positive 
outcomes. (based on 2 studies) 

2. NICE 200753 

This guideline on mild traumatic brain injury lists somatosensory evoked potentials 
(SEPs) as one of many variables for which studies were found without specifying its 
value (reference to guideline on rehabilitation by the RCP) 

3. Royal College of Physicians 200354 

Evoked potentials or event related potentials not mentioned in guideline. 

COMATOSE PATIENTS 
1. American Academy of Neurology 200648 

In comatose survivors of cardiopulmonary resuscitation, bilateral absence of the N20 
component of median nerve stimulation 1-3 days after the event has a pooled sensitivity 
of 46% and false positive rate of 0.7% (95% CI 0.1-3.7) for predicting a poor outcome 
(based on 8 studies). Poor outcome is defined as death or persisting unconsciousness 
after 1 months, or death, persisting unconsciousness or severe disability requiring full 
nursing case after 6 months.  (level B evidence) 
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2. American Heart Assocation 200549 

Based on the systematic review of Zandbergen et al. the AAN recommends median 
nerve sensory evoked potentials to predict fatal outcome in comatose patients after 
cardiac arrest. Bilateral absence of the N20 at least 72 hours after the arrest has 100% 
specificity based on 18 prospective studies. 

3. Australian Medical Research Council 2003 

SEPs have been used as a prognostic aid in determining the likelihood that patients in an 
acute stage of coma after trauma or hypoxia will ultimately enter an unresponsive state. 

MULTIPLE SCLEROSIS 
1. NICE 2004 (based on systematic review)65 

EPs and ERPs were assessed in 8 studies, including 40 test evaluations: visual evoked 
potentials (VEP) (n = 18), auditory event-related potentials (AERP) (n = 1), brainstem 
auditory evoked potentials (BAEP) (n = 4), long latency auditory evoked potentials 
(LLAEP) (n = 2), middle latency auditory evoked potentials (MLAEP) (n = 2), motor-
evoked potentials (MEP) (n = 2), somatosensory evoked potentials (SEP) (n = 6), 
sympathetic skin response (SSR) (n = 1), and various combinations of these (n = 4). 
DORs range from 0.6 to 90. The majority of the evaluations (28) reported DORs less 
than 25, suggesting poor diagnostic performance. Of the 28 evaluations which reported 
DORs less than 25, 15 (53%) included an appropriate range of patients. This compares 
to one (8%) of the 12 evaluations which reported DORs greater than 25. 

There is disagreement regarding which EP is the most accurate for the diagnosis of MS. 
Overall, VEPs appeared to be the most accurate in diagnosing MS. ERPs do not provide 
strong diagnostic evidence for the diagnosis of MS. 

In addition, VEP latency has been used in trials as a surrogate outcome for treatment 
efficacy. However, some trials have shown effect of treatment on VEP latency without 
effect on relapse rate. 

2. AHRQ (systematic review)66 

Visual evoked potentials are part of the McDonald criteria. These criteria include 
insidious neurological progression suggestive of MS; plus positive CSF, and dissemination 
in space, demonstrated by: 

• 9 or more T2 lesions in brain, or 

• 2 or more lesions in spinal cord, or 

• 4-8 brain lesions plus 1 spinal cord lesion, or 

• abnormal VEP associated with 4-8 brain lesions, or 

• abnormal VEP with fewer than 4 brain lesions plus 1 spinal cord lesion; 
and 

dissemination in time, demonstrated by: 

• MRI, or 

• Continued progression for 1 year.  

In patients presenting with clinically isolated syndrome, McDonald criteria have a 
sensitivity of 73-94% and a specificity of 83-87% for the diagnosis of clinically definite MS 
over 1 to 4 years of follow up. Kappa of interrater reliability for MS (all categories) is 
0.57. (Dalton Ann Neurol 2002; Tintoré Neurology 2003). 

RADICULOPATHY 
1. American College of Physicians 2007 

Evaluations recommended in patients suspected of radiculopathy include MRI 
(preferred) or CT, only if they are potential candidates for surgery or epidural steroid 
injection (for suspected radiculopathy). (strong recommendation, moderate-quality 



KCE Reports 109 Evoced Potentials - Supplement 113 

evidence) Recommendations for additional work-up (EMG and nerve conduction 
studies) are beyond the scope of the guideline, but may be considered after imaging. 
These decisions should be based on the clinical correlation between symptoms and 
radiographic findings, severity of symptoms, patient preferences, surgical risks (including 
the patient’s comorbid conditions), and costs, and will generally require specialist input.  

2. ICSI 2006 

Similarly as in the ACP guideline, MRI or CT are recommended. Other special 
diagnostic tests such as myelogram, EMG (electrorayography), RNS (radio nucleoid 
studies), and bone scan should be ordered as each medical group dictates and consider 
the preference of the specialist when referral is planned. Level of evidence C, R 
(C=non-randomised trial, diagnostic accuracy study; R=consensus). 

3. North American Spine Society 2007 

The most appropriate, non-invasive test for imaging is MRI. CT myelography is a useful 
study in patients who have a contraindication to MRI, for whom MRI findings are 
inconclusive or in patients for whom there is a poor correlation between symptoms and 
MRI findings. CT is a useful noninvasive study in patients in whom CT myelogram is 
deemed inappropriate. (Grades of recommendation B) 

Little evidence is dedicated to evaluating the utility of standard electrodiagnostic studies 
in lumbar spinal stenosis. In 2006, Haig et al performed a prospective, masked, double-
controlled trial of 150 patients to determine if electrodiagnostic studies relate to the 
clinical or radiographic diagnosis of lumbar spinal stenosis. This study utilized a 
paraspinal mapping technique described by Haig in 1997 and showed that 
electrodiagnostic findings were not significantly predictive of the clinical diagnosis. In 
addition, Molitor et al determined that somatosensory evoked potentials were not 
helpful in the diagnosis of lumbar stenosis. It is the consensus of this work group that, in 
isolated lumbar stenosis, electrodiagnostic studies do little to enhance the diagnosis or 
treatment of lumbar stenosis compared with history, physical examination and imaging 
studies. Electrodiagnostic studies are best utilized when there is concern about 
additional neurologic compromise, such as peripheral polyneuropathy 

STROKE 
1. American Heart Association 200758 

Evoked potentials or event related potentials are not mentioned in the guideline. 

2. Singapore Ministry of Health 200359 

Evoked potentials or event related potentials are not mentioned in the guideline. 

3. NICE / Royal College of Physicians 200860 

Evoked potentials or event related potentials are not mentioned in the guideline. 

4. Australian National Health and Medical Research Council (1) 200761 

Evoked potentials or event related potentials are not mentioned in the guideline. 

5. Australian National Health and Medical Research Council (2) 200562 

Evoked potentials or event related potentials are not mentioned in the guideline. 

6. New Zealand Guidelines Group 200363 

Evoked potentials or event related potentials are not mentioned in the guideline. 
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APPENDIX 7 

Acoustic neuroma 

Sumsearch: Clinical Effectiveness Guidelines: Acoustic Neuroma (Vestibular 
Schwannoma). Published in 2002: excluded.  

National Guideline Clearinghouse: acoustic neuroma OR vestibular schwannoma: 8 hits, 
of which none was relevant to the research question 

Tripdatabase: acoustic neuroma: 3 hits of which one was potentially relevant to the 
research question: International RadioSurgery Association (IRSA). 

APPENDIX 8 

Search terms used in Medline and DARE: (cervical spondylosis OR Spinal Osteophytosis 
[MeSH]) AND (evoked potentials [MeSH] OR evoked response tests OR event related 
potentials OR P300 OR MMN OR P50 OR LDAEP). 

Search terms used in Embase: 'cervical spondylosis'/exp AND ('evoked response'/exp 
OR evoked AND potentials OR event AND related AND potentials OR p300 OR mmn 
OR p50 OR ldaep). 

Medline, search date 19/08/2008: 135 hits 

Embase, search date 19/08/2008: 73 hits 

Medion, search date 21/08/2008: 11 hits 

DARE, search date 21/08/2008: 0 hits 

APPENDIX 9 

Medline, search date 16/01/2009, search terms: “("Depression"[Mesh] AND 
("Antidepressive Agents/therapeutic use"[Mesh] OR "Antidepressive 
Agents/therapy"[Mesh])) AND "Evoked Potentials, Auditory"[Mesh]”, hits: 3 

Embase, search date 16/01/2009, search terms: “'depression'/exp AND 'antidepressant 
agent'/exp AND 'evoked auditory response'/exp AND [embase]/lim”, hits: 45 

DARE, search date 16/01/2009, search terms: “("Depression"[Mesh] AND 
("Antidepressive Agents/therapeutic use"[Mesh] OR "Antidepressive 
Agents/therapy"[Mesh])) AND "Evoked Potentials, Auditory"[Mesh]”, hits: 0 

Medion, search date 16/01/2009, search terms: ‘Neurological OR psychological’ AND 
‘Electrodiagnostic tests’, hits: 14 
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APPENDIX 10 

Unilateral hearing loss 

National Guideline Clearinghouse: Unilateral hearing loss (search date 07/11/2008): 13 
hits of which none was relevant for the research question 

Medline: "Hearing Loss, Unilateral"[Mesh] (search date 07/11/2008): 109 hits, of which 
none treated the value of evoked or event related potentials. 

Tripdatabase: unilateral hearing loss (07/11/2008): 28 guidelines of which none was 
relevant for the research question 

Sumsearch: unilateral hearing loss (07/11/2008): 72 possible guidelines, of which none 
was relevant to the research question 

Vertigo 

National Guideline Clearinghouse: vertigo, search date 07/11/2008, hits:  

One potentially relevant guideline, but treated radiology recommendations only. 

Medline: "Vertigo"[Mesh], search date 07/11/2008, hits:  

Trip database: vertigo AND evoked potentials, search date 07/11/2008, hits: 1 which 
was not relevant to the research question 

Sumsearch: vertigo AND evoked potentials, search date 07/11/2008, hits: 6 of which 
none was potentially relevant 

Paraesthesia 

National Guideline Clearinghouse: ‘paresthesia’, search date 16/01/2009, hits: 24, of 
which none was relevant to the research question 

SumSearch: Paresthesia AND evoked potentials, search date 20/01/2009, hits: 4, of 
which none was relevant to the research question 

Trip database: paresthesia AND evoked potentials, search date 20/01/2009, hits: 0 

Medline: ("Paresthesia"[Mesh] AND "Evoked Potentials"[Mesh]) AND 
(specificity[Title/Abstract]), search date 16/01/2009, hits: 3 

Embase: 'paresthesia'/exp AND 'evoked response'/exp AND 'sensitivity and 
specificity'/exp AND [embase]/lim, search date 16/01/2009, hits: 4 



116 Evoced Potentials – Supplement KCE Reports 109  

APPENDIX 11 

AMERICAN ACADEMY OF NEUROLOGY 
Levels of evidence 
Class I Evidence provided by a prospective study of a broad spectrum of persons who may 

be at risk for developing the outcome (e.g. target disease, work status). The study 
measures the predictive ability using an independent gold standard for case definition. 
The predictor is measured in an evaluation that is masked to clinical presentation, and 
the outcome is measured in an evaluation that is masked to the presence of the 
predictor. 
All patients have the predictor and outcome variables measured. 

Class II Evidence provided by a prospective study of a narrow spectrum of persons at risk for 
having the condition, or by a retrospective study of a broad spectrum of persons with 
the condition compared to a broad spectrum of controls. The study measures the 
prognostic accuracy of the risk factor using an acceptable independent gold standard 
for case definition. The risk factor is measured in an evaluation that is masked to the 
outcome. 

Class III Evidence provided by a retrospective study where either the 
persons with the condition or the controls are of a narrow spectrum. The study 
measures the predictive ability using an acceptable independent gold standard for case 
definition. The outcome, if not objective, is determined by someone other than the 
person who measured the predictor. 

Class IV Any design where the predictor is not applied in an independent evaluation OR 
evidence provided by expert opinion or case series without controls. 

Grades of recommendations 
 
A Established as effective, ineffective, or harmful for the given condition in the specified 

population. (Level A rating requires at least two consistent Class I studies.) 
B Probably effective, ineffective, or harmful for the given condition in the specified 

population. (Level B rating requires at least one Class I study or at least two 
consistent Class II studies.) 

C Possibly effective, ineffective, or harmful for the given condition in the specified 
population. (Level C rating requires at least one Class II study or two consistent 
Class III studies.) 

U Data inadequate or conflicting; given current knowledge, predictor is unproven. 

AMERICAN PSYCHIATRIC ASSOCIATION 
[I] Recommended with substantial clinical confidence 

[II] Recommended with moderate clinical confidence  

[III] May be recommended on the basis of individual circumstances 
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CBO 
Grades of recommendation 
Intervention studies 
A1 systematic reviews with at least a few studies of level A2, of which the results are 

consistent  
A2 Randomised controlled trials of good quality (randomised, double blind) of sufficient 

size and consistancy.  
B Randomised trials of moderate quality or insufficient size or other controlled studies 

(non-randomised cohort studies)  
C Non-controlled studies  
D Expert opinion  
Diagnostic studies 
A1 Studies of diagnostic testing on patient outcome in a prospective, well defined patient 

group with a priori defined decisions after test results, or decision making research of 
the effects of diagnostic tests on clinical outcome,, of which the results of studies of 
level A2 are used as basis en with sufficient adjustment for the non-independence of 
diagnostic tests.  

A2 Studies comparing with a reference standard, in which criteria were predefined for 
both index test and reference standard, with a good description of the test and the 
population, sufficient sample size, predefined cut-offs and independent reading of 
index test and reference standard. Analyses of multiple tests should adjust for non-
independence 

B Studies comparing with a reference standard, description of test and population, but 
without the criteria of level A 

C Non-controlled studies 
D Expert opinion 
Levels of evidence 
1 1 systematic review (A1) or at least 2 independent studies of level A1 or A2 
2 At least 2 independent studies of level B 
3 1 study of level A2 or B or C 
4 Expert opinion 



118 Evoced Potentials – Supplement KCE Reports 109  

CONSORTIUM FOR SPINAL CORD MEDICINE 
Levels of evidence 
I. Evidence based on randomized controlled clinical trials (or meta-analysis of 

such trials) of adequate size to ensure a low risk of incorporating false-positive 
or false-negative results. 

II. Evidence based on randomized controlled trials that are too small to provide 
level I evidence. These may show either positive trends that are not statistically 
significant or no trends and are associated with a high risk of false-negative 
results. 

III. Evidence based on nonrandomized, controlled, or cohort studies; case series; 
case-controlled studies; or cross-sectional studies. 

IV. Evidence based on the opinion of respected authorities or of expert 
committees as indicated in published consensus conferences or guidelines. 

V. Evidence that expresses the opinion of those individuals who have written and 
reviewed this guideline, based on experience, knowledge 
of the relevant literature, and discussions with peers. 

Grades of recommendation 
A The guideline recommendation is supported by one or more level I studies. 
B The guideline recommendation is supported by one or more level II studies. 
C  The guideline recommendation is supported only by one or more level III, IV, 

or V studies. 
Panel agreement on recommendations 
Low 1.0 to less than 2.33 
Moderate 2.33 to less than 3.67 
Strong 3.67 to 5.0 



KCE Reports 109 Evoced Potentials - Supplement 119 

EUROPEAN FEDERATION OF NEUROLOGICAL SOCIETIES 
Therapeutic interventions 
Class I:  An adequately powered prospective, randomized, controlled clinical trial with 

masked outcome assessment in a representative population or an adequately 
powered systematic review of prospective randomized controlled clinical trials with 
masked outcome assessment in representative populations. The following are 
required:  
randomization concealment; primary outcome(s) is/are clearly defined; 
exclusion/inclusion criteria are clearly defined; adequate accounting for dropouts 
and crossovers with numbers sufficiently low to have minimal potential for bias; 
relevant baseline characteristics are presented and substantially equivalent among 
treatment groups or there is appropriate statistical adjustment for differences 

Class II:  Prospective matched-group cohort study in a representative population with 
masked outcome assessment that meets a–e above or a randomized, controlled 
trial in a representative population that lacks one criteria a–e 

Class III:  All other controlled trials (including well-defined natural history controls or 
patients serving as own controls) in a representative population, where outcome 
assessment is independent of patient treatment 

Class IV:  Evidence from uncontrolled studies, case series, case reports, or expert opinion 
Rating of recommendations 
Level A   Effective, ineffective, or harmful: at least one convincing class I study or at least two 

consistent, convincing class II studies 
Level B   Probably effective, ineffective, or harmful: at least one convincing class II study or 

overwhelming class III evidence 
Level C  Possibly effective, ineffective, or harmful: at least two convincing class III studies 
Diagnostic measures 
Class I A prospective study in a broad spectrum of persons with the suspected condition, 

using a _gold standard_ for case definition, where the test is applied in a blinded 
evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy 

Class II A prospective study of a narrow spectrum of persons with the suspected condition, 
or a well-designed retrospective study of a broad spectrum of persons with an 
established condition (by _gold standard_) compared to a broad spectrum of 
controls, where test is applied in a blinded evaluation, and enabling the assessment 
of appropriate tests of diagnostic accuracy 

Class III Evidence provided by a retrospective study where either persons with the 
established condition or controls are of a narrow spectrum, and where test is 
applied in a blinded evaluation 

Class IV Any design where test is not applied in blinded evaluation OR evidence provided by 
expert opinion alone or in descriptive case series (without controls) 

Rating of recommendations 
Level A  Useful/predictive or not useful/predictive: at least one convincing class I study or at 

least two consistent, convincing class II studies 
Level B  Probably useful/predictive or not useful/predictive) requires at least one convincing 

class II study or overwhelming class III evidence 
Level C Possibly useful/predictive or not useful/predictive: at least two convincing class III 

studies 
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NEW ZEALAND GUIDELINES GROUP 
Levels of evidence 
+ strong study where all or most of the validity criteria are met 
~ fair study where not all the validity criteria are met, but the results of the study 

are not likely to be influenced by bias 
x weak study where very few of the validity criteria are met and there is a high 

risk of bias. 
Grades of recommendation 
A The recommendation is supported by good evidence (where there are a 

number of studies that are valid, consistent, applicable and clinically relevant). 
B The recommendation is supported by fair evidence (based on studies that are 

valid, but there are some concerns about the volume, consistency, applicability 
and clinical relevance of the evidence that may cause some uncertainty but are 
not likely to be overturned by other evidence). 

C International expert opinion 
Best practice 
recommendation 

Experience of guideline development team or feedback from consultation 
within New Zealand 

NICE 
Levels of evidence 
I: Evidence from: 

• meta-analysis of randomised controlled trials, or 
• at least one randomised controlled trial 
 

II: Evidence from: 
• at least one controlled study without randomisation, or 
• at least one other type of quasi-experimental study 

III: Evidence from non-experimental descriptive studies, such as 
comparative studies, correlation studies and case–control 
studies 

IV:   Evidence from expert committee reports or opinions and/or 
clinical experience of respected authorities 
 

C Directly based on: 
• category III evidence, or 
• extrapolated recommendation from category I or II 
evidence 

D Directly based on: 
• category IV evidence, or 
• extrapolated recommendation from category I, II, or 
III evidence 

A (NICE) Recommendation taken from NICE Guideline or 
Technology Appraisal 

GPP Good practice point based on the clinical experience of 
the GDG 
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SIGN 

Attention deficit/hyperactivity disorder guideline 

Levels of evidence 
Ia Evidence obtained from meta-analysis of randomised controlled trials. 
Ib Evidence obtained from at least one randomised controlled trial. 
IIa Evidence obtained from at least one well-designed controlled study without 

randomisation. 
IIb Evidence obtained from at least one other type of well-designed quasi-experimental 

study. 
III Evidence obtained from well-designed non-experimental descriptive studies, such as 

comparative studies, correlation studies and case studies. 
IV Evidence obtained from expert committee reports or opinions and/or clinical 

experiences of respected authorities. 
Grades of Recommendations  
 
A Requires at least one randomised controlled trial as part of a body of literature of 

overall good quality and consistency addressing the specific recommendation. 
(Evidence levels Ia, Ib) 

B Requires the availability of well conducted clinical studies but no randomised clinical 
trials on the topic of recommendation. (Evidence levels IIa, IIb, III) 

C Requires evidence obtained from expert committee reports or opinions and/or 
clinical experiences of respected authorities. Indicates an absence of directly 
applicable clinical studies of good quality. (Evidence level IV) 

Good 
practice point 

Recommended best practice based on the clinical experience of the guideline 
development group 
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Other guidelines 

Levels of evidence 
Levels of evidence 
1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk 

of bias 
1+ Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias 
1- Meta-analyses, systematic reviews, or RCTs with a high risk of bias 
2++ High quality systematic reviews of case control or cohort or studies 

High quality case control or cohort studies with a very low risk of confounding or 
bias and a high probability that the relationship is causal 

2+ Well-conducted case control or cohort studies with a low risk of confounding or bias 
and a moderate probability that the relationship is causal 

2- Case control or cohort studies with a high risk of confounding or bias and a 
significant risk that the relationship is not causal 

3 Non-analytic studies, e.g. case reports, case series 
4 Expert opinion 
Grades of recommendations 
A At least one meta-analysis, systematic review, or RCT rated as 1++, and directly 

applicable to the target population; or 
A body of evidence consisting principally of studies rated as 1+, directly applicable to 
the target population, and demonstrating overall consistency of results 

B A body of evidence including studies rated as 2++, directly applicable to the target 
population, and demonstrating overall consistency of results; or 
Extrapolated evidence from studies rated as 1++ or 1+ 

C A body of evidence including studies rated as 2+, directly applicable to the target 
population and demonstrating overall consistency of results; or 
Extrapolated evidence from studies rated as 2++ 

D Evidence level 3 or 4; or 
Extrapolated evidence from studies rated as 2+ 

Good 
practice point 

Recommended best practice based on the clinical experience of the guideline 
development group 
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