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Basal EEG - Duration 
 

The duration of standard EEG recordings varies widely among 

laboratories. European guidelines recommend at least 30 min of EEG 

recording.1 Results from studies conducted on epileptic patients suggest 

that in epilepsy-related indications the shortest duration of standard EEG 

should be 20 min.2 Also ACNS 3 has recently established that standard 

EEG recordings under baseline conditions should consist at least of 20 

minutes of reliable and without artifacts recording, to which activation 

procedures (Intermittent Photic Stimulation and Hyperventilation) must 

follow.  

1. Flink R, Pedersen B, Guekht AB, et al. Guidelines for the use of EEG methodology in the diagnosis of epilepsy.International 

League Against Epilepsy: Commission Report Commission on European Affairs: Subcommission on European Guidelines.  

Acta Neurol Scand 2002; 106: 1-7. 

2. Craciun L, Gardella E, Alving J et al. How long shall we record electroencephalography? Acta Neurol Scand. 2014;  129: 9-11. 

3. .Acharya JN, Hani AJ, Thirumala PD, Tsuchida TN. American Clinical Neurophysiology Society Guideline 3: A Proposal for  

Standard Montages to be used in Clinical EEG. J Clin Neurophysiol. 2016; 33: 312-316. 
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1. Hyperventilation (HV) 
 

Hyperventilation (HV) - or overbreathing (synonym) - is the EEG activation 

procedure described firstly and always used in clinical EEG laboratories; it is 

recommended as part of the standard EEG recording by the most prestigious 

international guidelines. The procedure is easy to perform, very safe 4 and in most 

cases it is able to induce the appearance of interictal or ictal epileptiform 

discharges. 

This method consists of deep and regular breathing, performed for a minimum of 3 

minutes at a rate of about 18-20 breaths per minute, with prolonged recording for at 

least 1-2 minute after cessation of overbreathing. In special cases it is necessary to 

continue the recording even for longer periods after stopping the HV. A recent large-

scale study 5 showed that HV prolonged for 5 min increased the diagnostic yield of 

HV (16% of seizures and 30% of interictal EEG abnormalities triggered by HV 

occurred after 3 min of HV) and that 99% of patients who are able to hyperventilate 

for 3 min can complete a 5 min HV, without additional adverse events. 

4. Kane N, Grocott L, Kandler R, Lawrence S, Pang C. Hyperventilation during electroencephalography: safety and 

efficacy. Seizure 2014; 23: 129-134  

5. Tatum WO, Rubboli G, Kaplan PW et al. Clinical utility of  EEG in diagnosing and monitoring epilepsy in adults. Clin 

Neurophysiol 2018; 129: 1056-1082  
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Pathophysiological changes induced by HV  
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Intermittent Photic Stimulation (IPS) must be carried out before 

Hyperventilation or at least 3 minutes after its conclusion. In fact, 

biochemical variations and eventual EEG modifications induced by 

hyperventilation can be prolonged for a few minutes after its 

interruption; because of this, performing this test before IPS can be 

confusing. 

2. Intermittent Photic Stimulation 6,7,8  

6. Rubboli G, Parra J, Seri S, Takahashi T, Thomas P. EEG diagnostic procedures and special investigations in 
the assessment of photosensitivity. Epilepsia 2004; 45: 35-39. 
7. Kasteleijn-Nolst Trenité DG, Rubboli G, Hirsch E, et al. Methodology of photic stimulation revisited: 
updated European algorithm for visual stimulation in the EEG laboratory. 
Epilepsia 2012; 53: 16-24. 
 8. Waltz S, Christen H-J, Doose H. The different patterns of the photoparoxysmal response – a genetic study. 
Electroenceph Clin Neurophysiol. 1992; 82: 138-145. 
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Occipital photic driving response (PDR) in a 19 yrs old subject, at  8 Hz (upper) and 18 Hz (bottom). 9 
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Frontally photomyogenic response in a 35 yrs old subject. 10 
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a b c 

Photoparoxysmal response (PPR) of type 1 (a), type 2 (b) and type 3 (c), according to Waltz criteria  
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Two examples of photoparoxysmal response (PPR) type 4, in a) self-limited  

and in b) self-sustaining 
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Eyes closed - IPS 10 Hz without lens Eyes closed - IPS 10 Hz with lens 

 Photoparoxistic response with photostimulation at 10 Hz, suppressed by Zeiss-Claret 1.5 KF 133 lens  
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Other methods of  visual stimulation: Pattern stimulation  
  

A remarkable number of photosensitive patients are sensitive not only to IPS, but 

also to geometric patterns. The incidence of paroxysmal discharges induced by 

patterns varies widely across studies (from 5% to 72%) depending on the spatial 

and temporal characteristics of visual pattern and the stimulation protocol. However, 

there have been reported also patients responding to pattern, but not to IPS. The 

most activating geometric pattern consists of parallel lines or stripes with sharp 

edges, black-and-white and high-contrasted.  
 

The stimulation can be performed with eyes open, in ambient lighting with a monitor 

connected to an electronic grating generator, positioned 1 meter from the patient’s 

eyes.  Each pattern is presented for 10 s, in oscillatory (optimal oscillation 

frequency: 15-20 Hz) or stationary modality, at spatial frequencies between 0.5 and 

6 cycles/degree. Pattern sensitivity occurs in various epileptic syndromes, but  it is a 

readily distinguishable subtype of the visually provoked reflex epilepsies. 9 

9. Radhakrishnan K, St.Louis EK, Johnson JA, McClelland RL, Westmoreland BF, Klass DW. Pattern-sensitive epilepsy: 
electroclinical characteristics, natural hystory, and delineation of the epileptic syndrome. Epilepsia. 2005; 46: 48-58. 
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Fixation-off  sensitivity 
  

Fixation-off sensitivity (FOS) is a rare phenomenon induced by elimination of central 

vision/fixation.  

FOS is characterized by continuous posterior or diffuse epileptiform discharges that 

appear 1-3 sec after eye closure, persist throughout the recording at eye-closed and 

disappear immediately with eye opening.10 
 A definite diagnosis of FOS requires a demonstration that the epileptiform 

abnormalities also occur by impending central vision and fixation using Frenzel 

lenses or by placing a sheet of white paper 20 cm in front of the subject (at eyes 

open, but without fixation).  

 

The epileptiform abnormalities (spike, spike and wave, sharp wave) can be 

registered in patients without clinical epileptic seizures, but most commonly FOS is 

associated with occipital idiopathic childhood epilepsies or with focal or generalised 

symptomatic epilepsies.  

Based on the knowledge acquired so far, FOS seems to be the expression of the 

occipital hyperexcitability, but the exact mechanisms underlying this phenomenon 

remains somewhat obscure. 

 

 10. Brigo F, Rossini F, Stefani A, et al. Fixation-off sensitivity. Clin Neurophysiol. 2013; 124: 221-227. 
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1 sec 
100 μV 

Eyes open 

Fixation-off sensitivity (FOS) phenomenon in a 26 yrs old patient with focal epilepsy. With eyes closed, 

subcontinuos epileptiform abnormalities in the posterior regions of both hemispheres, without clinical 

correlates. The epileptiform activity immediately disappears with eyes opening. 
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3. Sleep and Sleep Deprivation 11,12,13 

Sleep EEG recording should be performed whenever possible, even if not 

alternatively with the waking record. The sleep recording should include wakefulness, 

drowsiness and at least 40 minutes of sleep. 

• Some types of epileptic seizures can be related to the sleep-wake rhythm and that it 

is common to observe, in sleep EEG, the appearance of epileptic abnormalities not 

present in the awake recording.  

• In patients with epileptiform abnormalities in the waking EEG, the increase or 

spatial change of the abnormal features (focal vs multifocal or diffuse pattern) can 

be observed in the sleep EEG.  

• Sleep, like hyperventilation and photostimulation, can be considered a method of 

EEG activation, easy to perform and completely harmless. 

• Sleep may activate interictal epileptiform discharges (IEDs) in about 30% of 

persons with epilepsy, mostly in those with epilepsies sleep-related or with seizures 

at awakening. 

• Prolonged night-time recordings in patients with epilepsy have shown that not all 

sleep stages are equally activating EEG abnormalities, but that the most important 

information is obtained from the early stages (N1-N2) and from awakening, while 

the stages N3 and of R are less activating.  

• For this reason, it is generally sufficient to record in the EEG laboratory only a brief 

(40-60 minutes) period of daytime sleep, which allows the recording of N1 and N2 

sleep stages and awakening (afternoon nap).  
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Sleep deprivation (SD)  
• Loss of nocturnal sleep is one of the major trigger for epileptic seizures, both in the 

normal and epileptic people. In the 18-24% of epileptic adults, seizures are elicited 

by sleep deprivation and about 30-70% of persons with epilepsy which have non-

significant standard EEG patterns show a pathological EEG activation after a long 

and forced waking period.  

• The diagnostic yield of SD is still under discussion, also because the numerous 

studies carried out on this topic have been conducted with different methods, in 

patients with different types of epilepsy and sometimes also treated with 

antiepileptic drugs.  

• The SD method varies significantly from one Centre to another, with length of sleep 

deprivation ranging from 3 to 36 hours, and the duration of EEG recording ranging 

from 30 minutes to 24 hours. 

• Most of the literature studies used 24-h of SD, but some studies confirmed also the 

activating effect of partial SD.  

• It is still disputed whether the EEG activation induced by SD is merely due to the 

drowsiness and sleep (consequent of SD) or whether sleep deprivation per se has 

an activating effect  

11.Ellingson RJ, Wilken K, Bennett DR. Efficacy of sleep deprivation as an activation procedure in epilepsy patients.  J Clin 

Neurophysiol 1984; 1:83-101. 

12. Degen R, Degen HE. Sleep and sleep deprivation in epileptology.  Epilepsy Res 1991; Suppl 2:235-60. 

13. Giorgi FS, Maestri M, Guida M, et al. Cyclic alternating pattern and interictal epileptiform discharges during morning 

sleep after sleep deprivation in temporal lobe epilepsy. Epil & Behav. 2017; 131-136. 
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1 sec 70 μV 

25 yrs old patient with temporal lobe epilepsy. Basal EEG without remarkable abnormalities. 

During hyperventilation, after 24h sleep deprivation, clear focal epileptiform abnormalities in left 
temporal region are evident. 
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