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Abstract

Periodic electroencephalographic (EEG) patterns are frequently recorded during
ICU EEG monitoring in patients with altered mental status; these EEG features rep-
resent electrical discharges, ictal in appearance, occuring at regular intervals. They
are known as lateralized periodic discharges (LPDs), bilateral independent periodic
discharges (BIPDS), generalized periodic discharges (GPDs), continuous 2/s
GPDs with triphasic morphology or triphasic waves (TWs) and Stimulus Induced
Evolving Lateralized Rhytmic delta activity or Si-Evolving LRDA (previously
SIRPIDS); other periodic, rhythmic patterns are Occasional frontally predominant
brief 2/s GRDA (FIRDA previously), Lateralized rhythmic delta activity (LRDA)
and Brief potentially ictal rhythmic discharges or B (I)RDs. The role of most (not
all) of these EEG patterns is controversial; there is no consensus on which patterns
are associated with ongoing seizure injury, which patterns need to be treated, and
how aggressively they should be treated. Many authors consider these patterns as an
unstable state on an ictal-interictal EEG continuum; the aim of the present chapter
is to gain knowledge of these EEG features, show their association with known
neurologic pathologies/syndromes and finally how to manage them.
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1. Introduction

Periodic electroencephalographic (EEG) patterns are frequently recorded during
ICU EEG monitoring in patients with Altered Mental Status (AMS) [1]; these contro-
versial EEG patterns consist of discharges usually epileptiform in appearance, which
occur at regular intervals, in critically ill patients. They are commonly classified as
periodic lateralized discharges (PLDs), bilateral independent PLDs or BIPLDs, gener-
alized periodic discharges (GPDs) and triphasic waves. Stimulus-induced rhythmic,

1 IntechOpen



Electroencephalography - From Basic Research to Clinical Applications

periodic or ictal discharges (SIRPIDs) are peculiar EEG patterns, which may be pres-
ent as periodic discharges. Other periodic, rhythmic patterns are Occasional frontally
predominant brief 2/s GRDA (FIRDA previously), Lateralized rhythmic delta activity
(LRDA) and Brief potentially ictal rhythmic discharges or B (I)RDs.

There is still no consensus on which specific EEG features are associated with
ongoing neuronal injury, which ones should be treated and how aggressively they
should be treated [2]. In critically ill patients, a high index of suspicion of ongoing
status epilepticus (SE), particularly non-convulsive epileptic status (NCSE) should
alert the intensive care team and the neurologist, in the presence of these EEG
periodic discharges, especially in patients with impaired consciousness, prompting
the use of antiseizure medications [3, 4]. In addition, the occurrence of such EEG
features may be in favor of cerebral impairment, acute or subacute [4, 5].

The aim of this study is to make a review of these periodic EEG features,
emphasizing the importance of their recognition and clinical significance. Their
clinical significance is uncertain, it is related to a variety of etiologies, and many
authors suggest that these patterns are unequivocally epileptogenic in some
cases. Their recognition and classification are important to establish a correlation
between clinical, neurological, neuroimaging data with the EEG results.

2. Historical note

There is still a scientific debate regarding these EEG features. Until recently,
there was no uniformly accepted nomenclature for those frequently encountered
ICU EEG abnormalities such as periodic epileptiform discharges, fluctuating
rhythmic patterns and combinations.

Based on these questions, the American Clinical Neurophysiology Society (ACNS)
recently proposed new terminology for these controversial EEG patterns [6, 7]
(Table1); terms such as “triphasic waves,” which implies for many clinicians a
metabolic encephalopathy was eliminated; in addition, the use of “ictal,” “interictal”

New Terms for Older Terms

OLD Term NEW Term

Triphasic waves, most of record = continuous 2/s GPDs (with triphasic morphology)

PLEDs =LPDs

BIPLEDs =BIPDs

GPEDs/PEDs =GPDs

FIRDA = Occasional frontally predominant brief 2/s GRDA (if 1-10% of
record)

PLEDS+ =LPDs+

SIRPIDs* w/ focal evolving RDA =SI-Evolving LRDA

Lateralized seizure, delta frequency = Evolving LRDA

Semirhythmic delta = Quasi-RDA

SIRPIDs: stimulus-induced rhythmic, periodic orictal discharges

PLEDS: Periodic Lateralized Epileptiform Discharges; LPDs: Lateralized Periodic Discharges; BIPLEDs: Bilateral
Independant Periodic Lateralized Epileptiform Discharges; BIPDs: Bilateral Independant Periodic Discharges;
GPEDs/PEDs: Generalized Periodic Epileptiform Discharges/Periodic Epileptiform Discharges; FIRDA: Frontal
Intermitent Rhytmic Delta Activity; LRDA: Lateralized rhythmic Delta Activity; SIRPIDS: Stimulus-induced
rhythmic, periodic or ictal discharges

Table 1.
ICU periodic EEG patterns: Old vs. new terminology [6].
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and “epileptiform” for the equivocal patterns was ovoided; these EEG features are
now termed Periodic Lateralized Discharges (PLDs), (formerly Periodic lateral-

ized Epileptiform Discharges or PLEDs), Bilateral independent Periodic Discharges
or BIPLDs, (formerly Bilateral independent Periodic Lateralized Epileptiform
Discharges or BIPLEDs), Generalized Periodic Discharges (GPDs), formerly
Generalized Periodic Epileptiform Discharges (GPEDs) and continuous GPD 2/ s
with triphasic morphology) (formerly Triphasic Waves or TWs). SI-Evolving LRDA,
Stimulus-induced Lateralized Rhythmic Delta Activity (formerly stimulus-induced
rhythmic, periodic or ictal discharges or SIRPIDs) are also peculiar, recently discov-
ered EEG patterns, and may manifest as periodic discharges [8]. The other periodic
and rhythmic patterns are the occasional brief 2 / s GRDA predominantly frontal (for-
merly Frontal Intermitent Rhythmic Delta Activity or FIRDA), Evolving Lateralized
Rhythmic Delta Activity or Evolving LRDA, (formerly Lateralized Rhythmic Delta
Activity (LRDA) or Lateralized seizure delta activity, and Short ictal potential rhyth-
mic discharges or B(I)RDs, will also be briefly discussed in this chapter.

3. Lateralized periodic discharges (LPDs)
3.1 EEG characteristics

LPDs are stereotyped, repetitive EEG discharges and recurr periodically at regular
intervals at 0.5 to 3 Hz; they are broadly lateralized over one hemisphere, particularly
over the parasagittal and temporal areas; LPDs are usually epileptiform in appear-
ance; they appear like sharp waves/sharp waves complexes ranging from 50 to 300
uV in amplitude or as blunt delta waves that recur in stereotyped periodic fashion
(Figure 1). They are maximal in any focal brain lesion, sometimes asymmetrical
(Figure 2). They are also associated with additional EEG evidence of ipsilateral
cerebral dysfunction such as focal slowing, loss of posterior dominant rhythm.

3.2 Frequency

LPDs frequency on continuous EEG Monitoring (cEEG) varies from 6.2% to
8.6% [9]. In the intensive care unit, LPDs are found in 47% of patients [9]. LPDs are
most commonly seen in patients with focal neurological deficit and are associated
with varying degree of altered consciousness.

3.3 Etiology

LPDs are frequently associated with acute, structural brain lesion; very often
with Ischemic stroke, viral encephalitis, including autoimmine encephalitis [10],
tumors, intracerebral hemorrage (ICH) [11], Anoxic encephalopathy, Creutzfeld-
jacob disease CJD [12], Subarachnoid Hemorrage (SAH) [13], Multiple Sclerosis
(MS), Posterior Reversible Encephalopathy Syndrome (PRES) (Figure 3); they
have been also reported in Migraine headache, Mitochondrial Encephalopathy with
lactic acidosis and stroke like episodes, (MELAS).

LPDs are most commonly associated with cortical gray matter or subcortical
gray and white matter lesion [14]; however no structural abnormality is found on
neuroimaging in 25-33% of patients with LPDs.

3.4 Significance

Are LPDs a transient EEG phenomenon following acute neurologic insult
resolving usually within days to weeks? or a chronic phenomenon associated with
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Figure 1.
LPDs in a 70ys old male patient with HTN. Brain MRI compatible with PRES syndrome. Quasi-periodic
LPDs lateralized over the left hemisphere. PRES: Posterior Reversible Encephalopathy Syndrome.
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Figure 2.
Unilateral, LPDs in a 61 ys old patient with vight temporal hemorrhage.

epilepsy? Studies have reported that LPDs are found in 5-30% of patients with his-
tory of epilepsy [15], in 26% of patients with remote brain injury and epilepsy [16]
and also in patients with structural brain lesions and symptomatic epilepsy [17];
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Figure 3.
“LPDs Plus” with complex morphology and prolonged after discharges; “Ictal appearing” LPDs in a 50 ys old
patient with left sided stroke and right sided clonic seizures.

some authors consider LPDs as an unstable, potentially epileptogenic state, a pattern
on the “ictal-interictal continuum [18].

3.5 LPDs and seizures: LPDs ictal pattern??

The presence of LPDs in patients with altered mental status (AMS) is associated
with increased risk of seizures. Clinical seizures are indeed very frequent in patients
with LPDs; focal motor seizures are the most common (Figure 3) [19]; such sei-
zures can occur prior or at the same time as LPDs [20]; the risk of developing subse-
quent seizures following LPDs is 10-56% [21]; LPDs may represent an ictal pattern
when associated with clinical correlate such as focal clonic seizures (Stroke) and
Epilepsia Partialis continua (EPC); LPDs may be ictal when associated with subtle
clinical manifestations such as eye deviation, aphasia, hemianopsia in patients with
AMS; in this setting both LPDs and clinical symptoms improve with antiseizure
drugs (ASD); Claassen et al. have reported that LPDs are highly associated with Non
Convulsive Seizures (NCSs), as high as 40% [22]. The frequency of LPDs is cor-
related with seizure risk [23]: LPDs of less than 1 Hz: 40% risk of seizures, LPDs of
2 Hz or greater: 66% risk of seizures. “Lateralized Periodic Discharges Plus (“LPDs
plus”) are LPDs with a Complex morphology, a prolonged after discharges and an
“Ictal appearing” (Figures 3-5); in addition, intervening fast activities (LPD + F)
(Figures 3 and 5), superimposed rhythmic activity (LPD + R) or both (LPD + FR)
can complicate this picture. “LPDs plus” have a rapid repetitive rate (>2HZ) and are
highly associated with clinical seizures [24].

3.6 Management of patients with LPDs
There are no clear data regarding the management of the LPDs in patients

with AMS. However neuroimaging should be performed in all patients with
LPDs; metabolic/reversible conditions should be treated; as mentioned above,
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Figure 4.

LPDs at a frequency of 0.5 to 1/s with a spiky appearence running at nearly vegular intevval.
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Figure 5.
64 year old left MCA infarction with jerky movements of the right upper limb. MCA: Middle Cerebral Artery.

prolonged EEG monitoring (>24 h) is recommended in the presence of LPDs
because of their association with seizures, particularly NCSs and NCSE. When
LPDs are found in a confused patient, a benzodiazepine trial, such as lorazepam
IV should be considered and the patient monitored (Figures 6 and 7). The
clinical significance and management of LPDs in comatose patients is contro-
versial [25] and there no available data regarding the continuation of ASDs after
hospitalization.
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Figure 6.
LPDs in a 58 ys old male admitted to ICU with AMS, confused; no abnormal movements; given lovazepam
4 mg IV. AMS: Altered mental status; ICU: Intensive care unit.
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Figure 7.
Same patient in Figure 6, 14mn following lorazepam IV. Note the dramatic EEG improvement; the patient
also showed an improvement in the level of consciousness.
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4. Generalized periodic discharges (GPDs)
4.1 EEG characteristics, frequency

GPDs are symmetric, bilateral, repetitive discharges with regular morphology
and a frontal or occipital predominance; they show the same morphology and
in general the same interdischarge interval (quasi-periodic in more than 50%);
slowing of the delta or theta range, frequently a background suppression of corti-
cal activity accompagny GPDs (Figure 8). Their occurrence with LPDs and BIPDs
in the same patient is not rare [26]. GPDs are frequently encountered in comatose
patients (>55%) and very early during cEEG Monitoring and are observed in 5-10%
during cEEG [26].

4.2 Etiology

GDPs have been described in hypoxic anoxic encephalopathy, acute ischemic
stroke, herpes encephalitis, Sepsis, Systemic lupus Erythematous (SLE), traumatic
brain injury (TBI), hepatic encephalopathy, Hashimoto’s encephalitis, hypo/
hypernatremia, uremia, renal failure, hypoglycemia, hypothyroidism, Epileptic
Encephalopathy, Status Epilepticus (SE), Creurzfeld Jacob disease, Steroid respon-
sive encephalopathy Subacute, Sclerosing Panencephalitis (SSPE), Alzheimer
Disease, Benzodiazepines, Barbiturates, propofol withdrawal; with baclofen,
lithium, Phencycline or ketamine, Tiagabine and Cyclosporine, Cefepime, and
other cephalosporines [27-31].

4.3 GPDs and seizures

GPDs are associated with seizures [32]; one study found NCSs in 27% vs. 8% of
patients with/without GPDs and NCSE in 22% vs. 7% only [26]. GPDs with “plus

Figure 8.
GPDs. One per second GDPs with clear frontal predominance and a sharp morphology.
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Figure 10.

GPDs with Triphasic morphology (GDPs TM) in a 59 ys old patient following cardiac arvest. GDPs show
frequency change and qualify probably for “evolving GPDs”. Patient given 10 mg diazepam IV.
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Figure 11.

Same patient in Figure 10 following 10 mg of diazepam. Note the EEG improvement 6 mn following
diazepam IV; however, theve was no clinical improvement (patient remained comatose): “Possible NCSE in
coma” (“comatose NCSE™?).

features”, sharper morphology, and high frequency increase the possibility of sei-
zures on EEG [23]. Sutter R et al. have shown that GDPs are strongly associated with
NCSs, NCSE [33] (Figure 9). GDPs may reflect an ictal rhythm; they may manifest
with a triphasic morphology [31]; in addition there is a clear GDPs response
(triphasic morphology) to Benzodiazepines (BDZs) (Figures 10 and 11).

4.4 GPDs with triphasic morphology (GDPs TM)
4.4.1 EEG characteristics

GPDs TM (Figure 10) [7] are known as moderate to high voltage EEG discharges
(100-300uv), with a frequency varying from 1 to 2 Hz; they are usually character-
ized by the presence of 3 phases: Negative—positive —negative in polarity with a
predominant positive phase; often, there is a frontal predominance, and sometimes
an anterior —posterior or posterior —anterior phase lag.

4.4.2 Etiology

GPDs with triphasic morphology are reported in metabolic disturbances,
hypertensive encephalopathy, subcortical white-matter disease, infections, strokes,
hypoglycemia hypernatremia/hyponatremia, postictal states, lithium and baclofen
toxicity.

4.4.3 GPDs with triphasic morphlogy and seizures

GDPs TM association with seizures has been discussed by several authors
especially concerning nonconvulsive status epilepticus (NCSE) where the

10
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improvement of both EEG and patient level of consciousness with BDZs is consis-
tent with NCSE; Jirsh et al. define a possible NCSE in a patient, a state where BDZs
abolish GPDs TM without clinical improvement [34] (Figures 10 and 11); patients
with GDPs and TM are likely to develop seizures as those without (25% vs. 26%)
[35]; furthermore anterior to posterior “phase lag” does not occur with GDPs TWs
related NCSE.

4.4.4 Significance, prognosis of GDPs

In one study the mortality of patients with GPDs is estimated at 53% [36].
Predictor of poor outcome in patients with GDPs include Dementia, altered to
poor mental status, focal neuroimaging abnormalities and cardiac arrest [36]. Few
Patients with GPDs and anoxic brain damage regain consciousness [37].

5. Bilateral independent periodic discharges BIPDs

BIPDs occur as LPDs involving both hemispheres, in an independent and
asynchronous manner (Figure 12); The true prevalence and incidence of BIPDs
is unknown; however, they are less common than LPDs; studies mention that
seizures are also less common in association with BIPDs than with LPDs, succes-
sively 29% vs. 44% [23] and 43% vs. 70% [17]. BIPDs are associated with acute
brain lesions (anoxic brain damage, stroke, CNS infection, tumor); in general the
clinical status and prognosis of patients showing BIPDs is worse than those with
LPDs; mortality rate for BIPDs compared to LPDs is much higher 47, 8% vs. 14%
respectively [38].
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Figure 12.
Bilateral independent periodic discharges BIPDs. Black arrows show discharge arising from the left
hemisphere, red arrows discharges arising from the vight hemisphere.
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6. Stimulus induced evolving lateralized rhytmic delta activity
(Si-evolving LRDA)

These EEG features were recently described by Hirsch et al. in ICU patients
[8]. They occur whenever ICU patients with AMS are stimulated using auditory,
sternal rub, suctioning, or other stimulating procedures (Figure 13); these curi-
ous EEG patterns appear ictal, they are sometimes associated with an evolving
lateralized rhythmic delta activity, stimulus induced also; Si-Evolving LRDA looks
like an epileptiform activity recurring at regular intervals; there are in general
purely EEG changes; however, few patients showing these features present focal
motor seizures.

No data are available regarding the pathophysiology and prognostic significance
of these stimuli-induced EEG features.

RS

Figure 13.

Stimulus induced evolving lateralized Rhytmic delta activity (Si-evolving LRDA) in a patient with SAH.
Sternal Rub (ved arrow) inducing right sided periodic spikes at 2 Hz. Also note the presence of rhythmic delta
activity over the left side. SAH: subarachnoid hemorrhage.

7. Occasional frontally predominant brief 2/s generalized rythmic delta
activity (GRDA)

These EEG waves are bilateral, bisynchronous, symmetric activity of 4 Hz or
less, intermittent, predominant anterior activities (Figure 14). It is the most EEG
feature frequently seen in the ICU [39].

It is reported in various diseases and syndromes such as structural brain lesion,
metabolic encephalopathy, epilepsy, neurodegenerative disorders.

Study has shown that this pattern is not associated with an increasing risk of
seizures [23]. In general, this EEG feature represents a benign pattern and is associ-
ated with a good outcome.
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Figure 14.
Generalized Rythmic Delta activity (GRDA). Average montage. Note the brief (lasting 2 s), 2 cps, bilateral,
predominantly anterior delta activity.

8. Evolving lateralized rhythmic delta activity (LRDA)

These interesting EEG features are unilateral rhythmic activity of 4 Hz or less,
are found in various central nervous system lesions such as cortical and deep gray
matter lesions, acute brain injury, and in chronic seizure disorder (Figure 15); there
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Figure 15.
LRDA in a 50 years old patient with NCSE. Note the right sided continuous lateralized focal predominantly
fronto-temporal 3, 5 to 4 cps delta activity.
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are also seen in acute seizures in 63% of patients [40] and are frequently associated
with LPDs; LRDA carries similar implications as LPDs [40].

9. Brief potentially ictal rhythmic discharges [B(I)RDs]

B(I)RDs are very brief EEG discharges, of moderate to low amplitude, lasting
between 10s and 4 s, firing at around 4 Hz or more, rhythmic focal theta activity
(Figure 16); they are most often seen in neonates and occur in 2% in ICU population
during cEEG monitoring.

Patient with B(I)RDs suffer from various neurological disorders especially
chronic seizure disorder, and acute cerebral injury; a large majority of patients with
B(I)RDs experience seizures.
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Figure 16.

B(I)RDs in a 80 ys old patient. Patient suffered from generalized tonic—clonic seizure and was unconscious.
EEG shows a very brief run of sharply contoured, intermittent rhythmic theta activity over the right antevior
region (boxed areas).

10. Conclusion

The electrographic patterns discussed above, such as LPDs, GPDs, LRDA, and
B(I)RDs are strongly associated with seizures; this association is well established in
ICU patients suffering from AMS. There are however many unanswered questions
regarding these abnormal EEG features: do they reflect the severity of the brain
injury? Do they actively contribute to its damage and how should we treat them are
still largely unknown. Equally not established is their association with long term
seizures and the risk of epilepsy.
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