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Dichiaro che negli ultimi due anni ho avuto i seguenti rapporti anche di finanziamento
(compensi per relazioni/moderazioni a Congressi, FAD, Expert Meeting, etc) con
soggetti portatori di interessi commerciali in campo sanitario:

• Arvelle/Angelini
• BIAL
• EISAI
• GW
• Lusofarmaco
• Sanofi
• UCB

O. Mecarelli (22.11.2021)

Dichiarazione sul Conflitto di Interessi
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Pattern Noise:
variability between experts in 
judgements about wich probabilities
to assign to candidate IEDs

Level Noise:
variability over where to set
the threshold above which a 
candidate IED is considered
epileptiform
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Perché lʼEEG  è  utile per il monitoraggio della funzionalità  cerebrale in 
Rianimazione ?

1) lʼEEG è una  risultante  multifattoriale, cui concorrono sistemi intracellulari,  
interneuronali e neurono-gliali:  
pur non essendo specifico è quindi un indicatore altamente sensibile di disfunzione
cerebrale

2) lʼEEG è generato principalmente dai neuroni piramidali e quindi mostra subito i segni di       
ipossia o ischemia cerebrale

3)   lʼEEG correla con la topografia cerebrale

4)   lʼEEG permette di evidenziare la disfunzione cerebrale anche a livelli reversibili
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Se la SENSIBILITA’ dell’EEG nelle Encefalopatie è accettata e fuori discussione, molto meno 
dimostrata è invece la SPECIFICITA’.
Le modificazioni EEG da cause “anossiche e/o metaboliche” sono state descritte a partire dagli anni ‘60 ma un netto 
incremento degli studi si  è osservato solo negli ultimi 20 anni.
Molte differenti eziologie possono produrre le stesse modificazioni EEG.
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Etiology leading to ICU admission
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EEG BACKGROUND
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• CONTINUOUS
• NEARLY CONTINUOUS
• DISCONTINUOUS
• BURST ATTENUATION/ 

BURST SUPPRESSION

EEG BACKGROUND
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EEG BACKGROUND:                Caratteristiche delle bursts: 1. DURATA  (> 0.5 s)
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Caratteristiche delle bursts: 2. NUMERO di FASI (> 4)
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Caratteristiche delle bursts: 3. LOCALIZZAZIONE

GENERALIZED (asynchronous)

LATERALIZED (bilateral asynchronous)
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Caratteristiche delle bursts: 4. MORFOLOGIA

HIGHLY EPILEPTIFORM BURSTS
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IDENTICAL vs Non-IDENTICAL BURSTs

Identical Bursts:
observed > following CA

POOR OUTCOME
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Attenuation - Suppression - Electrocerebral inactivity

Attenuation: period of lower voltage > 10 µV but < 50% of the higher voltage background
Suppression:  period of lower voltage are < 10 µV

Burst attenuation/Burst suppression: A pattern of attenuation/ suppression alternating 
with higher voltage activity, with 50% to 99% of the record consisting of attenuation or 
suppression (Note: the term “suppression-burst” is synonymous with “burst-suppression”)

Electrocerebral inactivity is defined as the absence of nonartifactual electrical activity over 2 
μV (peak to peak), at a sensitivity of 2 μV/mm (Kane et al, Clin Neurophysiol Pract, 2017) 

Electro Cerebral Inactivity (ECI), which is defined as “the absence over all regions of the 
head of identifiable electrical activity of cerebral origin, whether spontaneous or induced 
by physiological stimuli (synonyms are electrocerebral silence, flat or isoelectric EEG, but 
the use of these terms is discouraged)
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Alpha-Theta Coma incomplete or complete

The incomplete ATC is characterised by: occipital or diffuse, non-monotonous, hypo-
reactive alpha-theta activity; SEP usually normal; and coma, with usually normal brain 
stem reflexes. 

Conversely, the complete ATC is characterised by: diffuse, frontally predominant, 
monotonous, areactive alpha-theta activity; SEP usually altered or absent; and deep 
coma, with usually absent brainstem reflexes.

(the combination of EEG, SEP, and clinical findings improves the prognostic evaluation of 
postanoxic ATC)
- full recovery is possible in patients with incomplete ATC 
- complete ATC is invariably associated with a poor outcome
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SPINDLE  COMA

Attività fusiforme (“spindles”) a 13-15 Hz spesso associata a onde aguzze al vertice e 
complessi K, inscritti su rallentamenti diffusi.

N.B.: è in genere un quadro precoce

Ipotesi fisiopatogenetiche: interruzione proiezioni ascendenti reticolo-talamo-corticali

Descritto per la prima volta nel 1953 (Van Buren) in un paz. con neoplasia mesencefalica, è 
stato successivamente segnalato in paz. con trauma cranico , emorragie corticali e troncali, 
encefalopatie tossico-dismetaboliche, etc.

Valore prognostico?

Dipende dall’etiologia e dalla presenza o meno di reattività
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EEG BACKGROUND:   REACTIVITY

• REACTIVE
• UNREACTIVE

• SIRPIDs-only

• UNCLEAR
• UNKNOWN

Type of stimulation:
- Acoustic
- Nociceptive (> bil synch nipple pinching)

NECESSITA’ di STANDARDIZZAZIONE 
dei Protocolli di STIMOLAZIONE
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EEG  Reactions to Exogenous Stimuli
(Rossetti et al, 2009, 2010; Hirsch et al 2013)
Reproducible EEG changes secondary to a stimulus (changes in the background activity)
Morphology and pathophysiology might resemble spontaneous fluctuations in EEG patterns

Reactive background   - better prognosis

Tukel & Jasper 1952:     1) blocking type 2) alerting type

Type of EEG reactions:
• Appearance of delta waves
• Attenuation of Voltage – Low voltage fast activity
• Change from alpha-theta coma to GPDs
• Blocking alpha-theta coma with eyelid artifact
• Blocking osf GPDs whit triphasic morphology
• Change in the repetition rate of GPDs
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VARIAZIONI dell’Attività di 
Fondo in relazione a 
cambiamenti del livello
di Allerta o alle Stimolazioni
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CAPE:
Cyclic Alternating
Pattern of Encephalopathy

Ogni pattern del CAPE deve 
durare più di 60 s per 
identificare un cambiamento 
di stato
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EPILEPTIFORM DISCHARGES (EDs):
Non-Rhythmic and Non-Periodic
Epileptiform Abnormalities

ABUNDANT:    > 1 per 10 s
FREQUENT:     > 1/min < 1/10s
OCCASIONAL: > 1/h < 1/min
RARE:               < 1/h
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RHYTHMIC and PERIODIC PATTERNS

GENERALIZED (GPDs)
LATERALIZED (LPDs)

UNILATERAL PDs BILATERAL (asymmetric) PDs

LOCALIZATION of PATTERN
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UNILATERAL INDEPENDENT PDs (UIPDs) MULTIFOCAL  PDs (MfPDs)
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MORPHOLOGY of PATTERN

Discharges of DELTA Waves or SHARP Waves
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Un pattern per qualificarsi come ritmico o periodico deve ripetersi minimo per 6 volte 
( se a 1 Hz per 6 s, se a 3 Hz per 2 s)



RHYTHMIC DELTA ACTIVITY
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PERIODIC DISCHARGES of EDs
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EVOLUTION of FREQUENCY
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EVOLUTION of MORPHOLOGY
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EVOLUTION of LOCATION
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FLUCTUATION  of FREQUENCY

FLUCTUATION  of MORPHOLOGY
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FLUCTUATION  of LOCATION
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MODIFIERS Plus (fast activity)

LPDs + F
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RDA + F
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EXTREME DELTA BRUSH (EDB)
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EXTREME DELTA BRUSH (EDB)
DEFINITE EDB: RDA + F or PDs + F. : 
Abundant or Continuos Fast Activity with STEREOTYPED relationship with RDA or PDs
POSSIBLE EDB: Occasional or Frequent Fast Activity without Stereotyped Relationship
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Axis-3 EEG correlates

Generalizzata
Lateralizzata
Bilaterale indipendente
Multifocale 

Localizzazione

Morfologia
Aguzzi
Numero di fasi
Ampiezza assoluta e relativa
Polarità

Tipo di Pattern

Scariche periodiche
Attività delta ritmica o P-O/SW plus

Evoluzione 
temporale
Prevalenza
Frequenza
Durata
Esordio 
(improvviso/graduale)
Dinamica 

Modulazione

Spontaneo
Stimolo-indotto

Effetto della terapia sull’EEG

Trinka et al, Epilepsia 2015
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Criteri Primari

Criteri Secondari

EDs

RTDA

EEG +
Clin +

EEG +
Clin -
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Evoluzione Spazio-Temporale
• Almeno due inequivocabili modificazioni sequenziali in 

FREQUENZA, MORFOLOGIA o LOCALIZZAZIONE
(incremento iniziale e decremento finale)

L’ Evoluzione in FREQUENZA è definita come almeno 2 cambiamenti consecutivi in frequenza, 
di almeno 0.5 Hz, nella stessa direzione (es: 2 Hz    2.5 Hz   3 Hz; oppure 3 Hz   2.5 Hz  2 Hz)
Ciascuna frequenza deve rimanere presente per almeno 3 cicli e non deve restare 
invariata per > 5 min.

L’Evoluzione in MORFOLOGIA è definita come almeno 2 cambiamenti consecutivi ad una 
nuova morfologia

L’Evoluzione in LOCALIZZAZIONE è definita come coinvolgimento sequenziale di almeno 
Elettrodi del SI 10-20, per almeno 3 cicli e senza restare invariata per > 5 min

L’Evoluzione Spazio-temporale deve essere distinta dalla FLUTTUAZIONE.
Per FLUTTUAZIONE si intende > 3 modificazioni, a non più di 1 minuto l’uno dall’altro in:
- frequenza: di almeno 0.5 Hz ma non nella stessa direzione ( es: 2 Hz  1.5 Hz  2 Hz)
- Morfologia: tra 2 morfologie ripetutamente
- Localizzazione: diffusione verso o lontano un singolo elettrodo ripetutamente
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EEG

Neuromonitoraggio in ICU



Potenziali Evocati Somatosensoriali (PES) AA Superiori:

Mecarelli_EEG_nel_Coma_2021 104



Mecarelli_EEG_nel_Coma_2021 105



Mecarelli_EEG_nel_Coma_2021 106



Mecarelli_EEG_nel_Coma_2021 107

Pattern EEG di COMA esemplificativi



LPDs “sharply contoured” (unilateral)
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LPDs “sharply contoured” (bilateral asymmetric)
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Spiky LPDs
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LPDs + F =  spiky LPDs with superimposed FAST activity
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LPDs + R =  LPDs with superimposed quasi-rhythmic Delta Activity
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“FLUCTUATING” LPDs
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BIPDs + F = Bilateral Independent PDs with Fast Activity
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GPDs = Generalized Periodic Discharges
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GPDs with Triphasic Morphology and A-P lag
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GPDs + F

Mecarelli_EEG_nel_Coma_2021 117



GPDs with frontal predominance

Mecarelli_EEG_nel_Coma_2021 118



GRDA = Generalized Rhythmic DELTA Activity, frontally predominant
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SI-GRDA = Stimulus-Induced GRA
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EVOLVING LRDA  (in morphology and frequency)
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EVOLVING LRDA  (from 4 Hz to 2.5 Hz)
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LRDA + S = RDA with superimposed repetitive Sharp Waves
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LRDA + S = RDA with superimposed repetitive Sharp Waves
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GSW = Generalized Spike-and-Wave 1.5 Hz
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GSW = Generalized Polyspike-and-Wave, frontally predominant
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BURST-SUPPRESSION PATTERN: Bursts of generalized activity (> 500 ms and > 3 phases)
on a suppressed background (< 10 uV)
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BURST-ATTENUATION PATTERN: Bursts of generalized activity (> 500 ms and > 3 phases)
on a low amplitude background activity (< 50% of the background/bursts, but > 10 uV)
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