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Tentativo di definizione 
Pattern EEG intercritici

1. Def. temporale? tra le crisi?
2. Sono piccole crisi? 
3. Generano alterazioni della

funzionalità corticale?
4. Che rapporto hanno con le 

crisi? Favorente?



Definizione 
Pattern EEG intercritici: tra le crisi

CRISI CRISIINTER-CRITICO?



Attività epilettiforme: ictale? Interictale?



TEST LATENZE DI RISPOSTA

UNA TERAPIA DIFFICILE DA TOGLIERE “la sincope e la sega”



LATENZA AUMENTATA

612 msec 98msec121 msec

UNA TERAPIA DIFFICILE DA TOGLIERE “la sincope e la sega”



LATENZA AUMENTATA SLI
UNA TERAPIA DIFFICILE DA TOGLIERE “la sincope e la sega”



*



Guo et al., Lancet Neurology, 2016; 15(13) 1336–1345.



Binnie, THE LANCET Neurology 2003

Test sulle punte focali
compito di memoria spaziale a 

breve termine



D. Alan Shewmon and Roland J. Erwin 1987



Punte interictali: periodismo e inibizione corticale



Punte interictali: relazione con le crisi
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Tamilia et al., 2017



Tentativo di definizione 
Pattern EEG intercritici

CONCLUSIONI
1. Def. temporale? tra le crisi?

1. Sì

2. Sono crisi? 
1. No

3. Generano alterazioni della
funzionalità corticale?
1. Sì

4. Che rapporto hanno con le 
crisi? Favorente?
1. Non esattemente



2. Pattern intercritici epilettiformi



• Epileptiform pattern: 
Describes transients distinguishable from background activity with a 
characteristic morphology typically, but neither exclusively nor
invariably, found in interictal EEGs of people with epilepsy. Epileptiform
patterns have to fulfill at least 4 of the following 6 criteria:
1. Di-or tri-phasic waves with sharp or spiky morphology (i.e.pointed

peak).
2. Different wave-duration than the ongoing background activity, 

either shorter or longer.
3. Asymmetry of the waveform: a sharply rising ascending phase and 

a more slowly decaying descending phase, or vice versa.
4. The transient is followed by an associated slow after-wave.
5. The background activity surrounding epileptiform discharges is

disrupted by the presence of the epileptiform discharges.
6. Voltage map with distribution of the negative and positive 

potentials suggesting a source in the brain corresponding to a 
radial, oblique, or tangential orientation of the source Kural et al., Neurology 2020



Hirsh et al., 2021



Hirsh et al., 2021



Discharge vs Burst (scarica vs raffica?)

*Phase: an area under the curve on one side of the baseline



Sporadic Epileptiform discharges 

Hirsh et al., 2021







RHYTHMIC AND PERIODIC PATTERNS (RPPs)
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Lateralized periodic discharge (LPD)
• They consist of lateralized complexes, usually 1-2 Hz, often as sharp waves or spikes which may be followed by a slow wave

• LPDs are indicative of an acute non-specific brain dysfunction or unilateral brain lesion, usually destructive, and they are most 

often present in cases of cerebral infarction. 

• LPDs are usually recorded on the area adjacent to infarction, which is partially affected by the disease process and is able to 

generate electrical activity (Chong et al., 2005; Brenner 2004). 

• Some authors emphasized the importance of associated metabolic disturbances.

• LPDs have frequently been associated with acute cerebral injury secondary to:

• vascular events (Chatrian et al., 1964a; Markand and Daly, 1971; Schwartz et al., 1973; De La Paz and Brenner, 1981; 

• viral infections (Schwartz et al. 1973), 

• cerebral tumors (Schwartz et al., 1973; Erkulvrawatr, 1977; Walsh and Brenner, 1987)



• LPDs tend to be transient and resolve spontaneously within 2 to 3 weeks, the discharges tend to decrease in amplitude, the 
repetition rate decreases and then the discharges cease.
• Usually seen in the acute state (usually < 24 hrs after onset of illness) 
• 50% of LPD disappear after several days 
• 90% of LPD disappear within 4 weeks 

• Chronic LPDs  have been reported in chronic epilepsy or old static lesions, especially related to recent seizures, alcohol 
withdrawal or chronic toxic-metabolic disturbances. 

• The major controversy about LPD is whether they are ictal, interictal or a postictal (?). 

• Increased focal glucose metabolism has been demonstrated associated with LPDs, reinforcing their probable epileptogenic 
nature27. Although they indicate an ictal pattern in some cases, LPDs are usually considered an interictal change or an 
unstable ictal-interictal continuum2,3.

• LPDs are usually associated with obtundation in 95% of patients, focal seizures and focal neurological signs may occur in 80%, 
and epilepsia partialis continua in 30% of the patients14,23. 

• Clinical seizures or status epilepticus were seen during the course of illness in 126 (90%) patients in a study performed by 
Snodgrass et al.

• The prevalence of LPDs in routine EEG laboratories ranges from 0.1% to 1%13-15,30.

LPD: ictal or interictal



LPD: ictal or interictal
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Bilateral independent periodic discharges (BIPDs)

Definition
Rarer than their related cousins LPDs, may carry a poorer prognosis. 
BIPDs are asynchronous, repetitive, independent left and right 
hemispheric discharges, often with a sharp or spike morphology, 
typically ranging from 100–300 uV (Schomer and Lopes da Silva, 2011), 
which recur at regular intervals up to 3 per second, with a clear period
between adjacent discharges (Hirsch et al., 2013)



Bilateral independent periodic discharges (BIPDs)
Prevalence

• BIPDs are far less common than LPDs; only 0.2% of unselected patients undergoing EEG have BIPDs (Fitzpatrick and 
Lowry,2007). 

• Etiology matters: BIPDs are seen in 9.5% of patients with CNS infection (Carrera et al., 2008), but in only 1% of 
patients with intracerebral hemorrhage (Treiman et al., 1990). 

Etiologies

• BIPDs are usually found in settings of acute and subacute injury, rather than chronic conditions (San juan Orta et al., 
2009). 

• The most common causes reported are infections, anoxic injury (de la Paz and Brenner, 1981), stroke, tumors (San 
juan Orta et al., 2009), and metabolic disorders (Pedersen et al., 2013); more rare causes include Hashimoto’s 
encephalitis (Fitzpatrick and Lowry, 2007) and lupus (Aye et al., 2013).

Association with seizures

• BIPDs also have a high association with seizures, which are reported in 43–78% of patients with BIPDs (de la Paz 
and Brenner, 1981; Fitzpatrick and Lowry, 2007; San juan Orta et al., 2009); 

• Patients with BIPDs often have a poor neurologic exam, and 48% are comatose (compared to 17% of patients with 
LPDs). 



Bilateral independent periodic discharges (BIPDs)



Bilateral independent periodic discharges (BIPDs)
Imaging
• In one study, focal findings on imaging were less common in patients with BIPDs 

(25%) compared to LPDs (74%) (Pedersen et al., 2013)
Outcome:
• BIPDs have been thought of as a marker of more severe disease and as an 

indicator of worse prognosis than LPDs. 
• The reported mortality ranges from 39–100% (Pedersen et al., 2013; San juan Orta et al., 2009). 

• The largest comparisons of BIPDs to LPDs have shown higher mortality in BIPDs. 
De la Paz et al. found a 61% mortality in 18 patients with BIPDs, more than twice 
the 29% found in the 45 patients with LPDs(de la Paz and Brenner, 1981). 



Bilateral independent periodic discharges (BIPDs)



GPD (Generalized periodic discharges)



GPD (Generalized periodic discharges)
Definition
• GPDs at first appear closely related to LPDs and BiPDs; 
• however, metabolic illnesses more commonly give rise to GPDs. 
• GPDs are bilaterally synchronous, repetitive discharges (often with a sharp or 

spike morphology), typically with amplitudes >100 uV, repeating at regular 
intervals at up to 3 per second, with a clear period between adjacent discharges 
(Hirsch et al., 2013)

Prevalence
• A large review of 3064 patients undergoing cEEG found GPDs in 138 (4.5%) 

(Foreman et al., 2012); other studies have found a much lower prevalence, from 
0.8–1.8% (Lee et al., 2016; Swisher et al., 2015). GPDs often coexist with LPDs.



GPD (Generalized periodic discharges)
Etiologies

• The majority of patients with GPDs have a toxic-metabolic illness or sepsis, and many have coexisting brain 
injury as well (Foreman et al., 2012; Husain et al., 1999; San juan Orta et al., 2009; Yemisci et al., 2003). 

• Patients with GPDs are usually comatose or stuporous, comatose 70% of the time in one study (Foreman et al., 
2012; San juan Orta et al., 2009).

Association with seizures
• The rates of seizures with GPDs are significant though not quite as high as the seizure rates of BIPDs and 

LPDs. 

• In a case-control study of 200 patients on cEEG with GPDs and 200 without, seizures were much more 
prevalent in the GPD group (46%) compared to the controls (34%) (Foreman et al., 2012). 

• Higher rates of concomitant seizures are seen with higher frequencies of GPDs; while GPDs <1.5 Hz were 
not significantly associated with seizures in one large multicenter study, GPDs occurring at 1.5–2 Hz had an 
odds ratio of 2.3 for association with seizures and of 3.3 at high frequencies (2 Hz) (Rodriguez Ruiz et al., 
2016).

Imaging :

• Similar to the other periodic findings described, a combination of subcortical and cortical injuries are 
common in GPDs (Yemisci et al., 2003), though isolated subcortical lesions are present in 30% (San juan
Orta et al., 2009) PET is less commonly reported



Triphasic GPD (Generalized Periodic Discharge):
there are three principal phases: the main deflection being downward, representing a surface positive change. This dominant phase is usually
preceded by a low-amplitude (often rounded or even absent) negative deflection and followed by a long, slow, broad slow-rising deflection, 
giving the entire complex a triphasic contour. 



GPDs: Triphasic waves





Lateralized rhythmic delta activity (LRDA)
Definition
• LRDA is a unilateral repetitive waveform, with nearly uniform duration and morphology, 

recurring at up to 3 Hz without a measurable inter-waveform interval(Hirsch et al., 2013). 
LRDA tends to occur in shorter runs (often lasting less than one minute) than do LPDs(Gaspard 
et al., 2013). 

Prevalence
• One series found LRDA in 27/558 (4.7%) of acutely ill patients on continuous EEG monitoring 

(Gaspard et al., 2013); 44% associated with LPDs.
Etiologies
• The most common conditions are intracerebral and subarachnoid hemorrhages; 
• stroke, tumor, traumatic brain injury, and infection (Gaspard  et al., 2013). 
• A high proportion (70%) of patients with LRDA have a focal abnormality on neurologic 

examination, concordant with the side of LRDA (Gaspard et al., 2013).
Association with seizures
• HIGH: Gaspard et al. (2013) foung seizures in the 63% of patients with LRDA , most of which 

were nonconvulsive, even higher ithan with LPDs (57%)
• Similarly to LPDs and GPDs, faster rates of LRDA have a higher risk of associated seizures. 





Lateralized rhythmic delta activity (LRDA)
Imaging:  nearly all patients with  LRDA have a cortical and subcortical focal injury on the 
side of the rhythmic activity (Gaspard et al., 2013).



Lateralized rhythmic delta activity (LRDA): acute stroke



Lateralized rhythmic delta activity (LRDA):
brain metastases





Generalized rhythmic delta activity (GRDA)
Definition
• Perhaps the most benign inhabitant of the ictal-interictal zone, GRDA is a bilateral, bisynchronous and 

symmetric repetitive waveform, often >100 uV in amplitude, with nearly uniform duration and 
morphology recurring at up to 3 Hz (Hirsch et al., 2013)

• Prior to the ACNS guidelines 2012, the term (FIRDA) was frequently used
Prevalence
• GRDA was reported in 16.1% of patients undergoing cEEG monitoring in 4772 patients (Rodriguez Ruiz et al., 

2016); 

Etiologies
• In one series, the majority (55%) of patients had a structural lesion, while an infectious condition, renal 

disease, or sedative medication were commonly associated (Accolla et al., 2011).
Association with seizures
• In 1513 critically ill patients with periodic or rhythmic activity found that GRDA was NOT associated with 

an increased risk of seizures (Rodriguez Ruiz et al., 2015). 
Imaging
• the underlying brain lesion (when present) is more frequently lateralized in 77% patients (Accolla et al., 

2011)



Generalized rhythmic delta activity (GRDA): TIA



Generalized rhythmic delta activity (GRDA): chronic stroke



Generalized rhythmic delta activity (GRDA): glioma









Stimulus-induced rhythmic, periodic, or ictal discharges 
(SIRPIDs)

Definition

• A special subtype of patterns in the ictal-interictal continuum, SIRPIDs are rhythmic, periodic, or ictal-

appearing patterns consistently elicited by stimulation of the patient (i.e. suctioning, noise, or physical 

examination of the patient) (Hirsch et al., 2004).

• The stimulus-induced nature may be indicated by adding‘‘SI” to a following term such as SI-GPDs or SI-

LRDA under the ACNS standardized terminology guidelines (Hirsch et al., 2013).



Stimulus-induced rhythmic, periodic, or ictal discharges: (SIRPIDs)
Prevalence
SIRPIDs are a relatively common phenomenon in the critically ill, found in 10–34% of patients undergoing 
EEG monitoring (Braksick et al., 2016; Hirsch et al., 2004; Ong et al., 2012).
Etiologies
SIRPIDs also stem from many etiologies, the most common being intracerebral hemorrhage, anoxic brain 
injury, metabolic disturbances, traumatic brain injury, and drug toxicity (Braksick et al., 2016; Hirsch et al., 2004; Van 
Straten et al., 2014).

Association with seizures
Most studies report a strong association of SIRPIDs with seizures, with 27–51% of patients found to have 
coexisting spontaneous seizures (Braksick et al., 2016; Hirsch et al., 2004)
However, the largest series of patients on cEEG monitoring found no increased association of seizures in 
patients with stimulus-induced compared to spontaneous patterns (Rodriguez Ruiz et al., 2016). 
Imaging 
In the three reports of patients with SIRPIDs who received SPECT, there was no increase in cerebral blood 
flow during SIRPIDs (Smith et al., 2014; Zeiler et al., 2011). 
Outcomes
Focal SIRPIDs have been associated with a poor outcome when present in patients with intracerebral 
hemorrhage (Claassen et al.,2007) and cardiac arrest. 





Rodriguez Ruiz jama 2016
Associazione con le crisi







Population of the ictal-interictal zone: The significance of 
periodic and rhythmic activity
Emily L. Johnson, Peter W. Kaplan, 2017 Clinph practice



Emily L. Johnson, Peter W. Kaplan, 2017 Clinph practice



Non trattiamo l’EEG ma le crisi dei pazienti. 
Il bello del gioco è cercare il correlato clinico, ma spesso non è affatto semplice.


