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Disclosures and COl

« Textbooks on EEG and clinical neurophysiology



http://www.go2pdf.com

£ J N 75

Wi

' P L il I Pl

L
B ....‘. J...‘.....u"..

N L 7 A e W L T 15

T

L . 1
.mnhﬂ“..w‘#mxu.
al: £ 4 F .3 7
£ £ [ 1 1%
) 7
i 1 h‘\__mm.m.
£ 5 ] f J 5 £
E
I I ¢ F
L A
FF &L i
T % 1
! {
! 3
L -
..L.:. ._".. |M. x
1 . |
m r i ;

-


http://www.go2pdf.com

Learning Objectives

Learn EEG patterns in encephalopathies and confusional
states

Know conditions associated with certain EEG patterns
Know evolution of EEG with severity of encephalopathy

Understand use of EEG in prognosis after CRA/anoxia
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The predefined EEG patterns
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The EEG In Acute Encephalopathies

Many EEG patterns are non-specific for etiology and prognosis
EEG can suggest a toxic/metabolic cause for encephalopathy

Certain patterns provide prognosis in anoxic encephalopathy

Mild: slowing of the posterior dominant alpha rhythm
Moderate: Alpha replaced by diffuse theta. EEG is reactive

Moderately Severe: high voltage delta activity with loss of fast
frequencies. EEG less variable. Decreased reactivity.

Severe: low voltage delta activity; minimal variability and
reactivity. EEG becomes isoelectric and unreactive.
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Regular network Small-world netwaork Ramdom netwark

Figure 2.

Three basic networltopologies: regular, small-world, and randaem. A regular netwarle {left figure) has a characteristic high average clus-
tering coefficiant {on average, there is a high connection probability of nearest neighboring nodes) and a longaverage path length {on aver-
age, many ocxnnections must be traversed ta travel from one node to another) resulting in a good lacal connectedness. The apposite s
true fora random networle (right figure) {low average dustering coefficient and short average path length). Ina small=aarld networle con-
figuration {middle figure], the advantages of a regular and randam networlcare combined inta an effident netwarl tapalogy.

Epilepsic € | LAE
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Theta pattern

Theta/delta or delta pattern
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matter matter
Thalamus | |Renal failure Thalamus
Ascending reticular Aleoholftoxic Ascending reficular
activating system (ARAS) activating system (ARAS)
Triphasic waves aComa Spindle coma
[Hepatic fa
alcohol
Cortex Cortex
‘[Subcortical [
White Hepatic fai White
matter alcohol matter
Hepatic failure, I =
Thalamus | |alcohol Thalamus :‘SW n:'ll?i
NTrecoon A
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Beta patterns

Consists of beta frequency patterns

Unlike beta drowsy patterns, it is:

More diffusely distributed
Anteriorly predominant; up to 35-40 Hz; some spindling

May be invariable and unreactive; patient unarousable (beta coma
> 30 uV)

Most common causes:

Sedative withdrawal states
Minimal brain dysfunction, dyslexia

Brainstem infarction (Otomo E. Beta activity in the electroencephalogram in cases of coma due
to acute brainstem lesion. J Neurol Neurosurg Psychiatry 1966;29:383-390)

Drug intoxication usually with benzodiazepines, chloral hydrate or barbiturates
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Alpha Coma

First described by Loeb and Poggio (1953) in a patient with brainstem
hemorrhage.

Consists of alpha frequency activity
Unlike waking alpha rhythm, it is:

« Diffusely distributed
« Anteriorly dominant
« May be invariable and unreactive

Most common causes:
Anoxia (Alving et al 1979 and Austin et al 1988)

Brainstem infarction (Grindal et al 1977)
Traumatic brain injury (Chatrian et al, 1963)

Drug intoxication (Carroll and Mastaglia 1979) usually with benzodiazepines or
tricyclic antidepressants
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Alpha Coma: Outcome?

e Overall mortality for the group was 256/335
(76%)
e Etiology predicted outcome
(% mortality)
« Anoxia: 88%
« Brainstem infarct 90%
« Drug intoxication 8%

Kaplan et al. Clin Neurophys 1999
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Theta encephalopathy

Mild diffuse cortical dysfunction, elderly patients with multifactorial causes:
toxic, metabolic, infectious and cerebral atrophy

Confusion; intact brainstem

Static encephalopathies,

Reversible metabolic causes — good prognosis; atrophy - static

Gloor P et al., Brain. 1968; Silverman D. EEG Clin Neuro. 1963;
Sutter, Stevens, Kaplan J Neurol 2013)
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60-year-old, confused man after profound hypoglycemia from acute insulin excess

Stapped pollection
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Polymorphic Delta Activity

Polymorphic delta activity (PDA): suggests dysfunction of
the subcortical white matter

Lesions which partially deafferent the subcortical white
matter cause PDA

PDA is generated by pyramidal neurons in layers I, Il and V

Caused by deep midline dysfunction near corpus callosum,
brainstem, raised ICP, trauma, PRES, ICH, malarial
encephalitis, severe metabolic failures

Guarded prognosis as many causes are poorly reversible.
PRES, narcosis — better prognosis

Sutter, Stevens, Kaplan  J Neurol 2013
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Structural correlates of encephalopathic patterns in EEG

Delta and PRES
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correlates of encephalopathic patterns in EEG

Adjusted”

Abnormalities / EEG OR 95% CI p-value || OR 95% CI p-value

pattern
PRES
Delta . 1.18 - 46.8 0.033 4.9 065-371 0124
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Continuous Rhythmic Delta Activity (RDA)

Deep-seated epileptic focl

_Imbic encephalitis

_Imbic status epilepticus

Types of toxic-metabolic encephalopathies



http://www.go2pdf.com



http://www.go2pdf.com

Bio-logic Systems Corp.

CLINIC

Bio-logic Systems Corp.

FACILITY

i

N

N

TN

T T

Pt

2RV A

WA

S

NN NANA T

B2 I VA N0 a2 e V2

N T NA DT T T

waN \f\JA

ARV RN AN YV

M TV M NN TY VN

A T TN TN T TN WY T T

W N =AY

&\ﬂ
™
-
>
b
J

NV

N T ™~ AN\ TinY A ARYE
f’\\

/

AN T AA T N A AT A

fox/”“v/\“\//&\/ AT N TN T TN T A T T

|~

-

NN TN M AT R TS T T TN T

N I TN T

me\v/‘k mNﬁ“hM"\wf\\v/%\/M\F\Jﬁ”\\’/“\f”\“vﬂ R [ e P co N NP L, e NS SN

/\\-\
VAT eVavaY e Zanva

AN AT

F&

RARYiRVEaNAN e Nan Y VE S e N

F1(F3

S TNeA N AN T ML

P2|F4

315

0y

A e T L

Sensitivity: 7 LowFilter: 1.0 High Filter: 150  Motch:  Out



http://www.go2pdf.com

I |
L~

K3

o &

FACTLITY = Joln Hopkins

|
a-"‘“T«'\-\L

r

e Ty

cy

l

|
~Lt

CLINIC =

b .I"\'.I,'

7

™

e

-

|
I JI IT|SHOU .lll% R



http://www.go2pdf.com

Spindle Coma

First described by Jasper and Van Buren (1953) in a
patient neoplasia of the midbrain near the 3rd ventricle

Consists of sleep-like activity with 9-14 Hz spindles

Activity may occur on routine or prolonged EEG |
recordings, may be reactive to noxious stimuli, but not with
awakening

Traumatic brain injury Anoxia (Chatrian et al, 1963)
Cerebral and brain stem strokes (sritt, 1980)
Drug intoxication (Rumpl; Britt; Melo)

Hypoxia (Rumpl; Britt; Melo)

Meta-analysis (Kaplan et al. 2000)
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Spindle Coma: What Features Predict Outcome?

« Overall mortality for the group was 56/242 (23%)
e Etiology predicted outcome
(% mortality)
« Structural/brainstem path  73%
« Hypoxia 33%
« Trauma 15% Good outcome
« Drugs/seizures/enceph 0% Good outcome

Kaplan et al, Clin Neurophys 2000
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Low Voltage Severely Slow Unreactive
and Electrocerebral Inactivity (ECI)

Low voltage : (<20uV) delta activity

ECI: no cerebral activity at instrumental
sensitivities of 2uV/mm > 30 minutes

No variablility or reactivity
Causes: anoxia, severe metabolic and ischemia

After anoxia: prognosis - 0% return to
CONSCIOUSNESS (Zandbergen et al. Lancet)
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Burst Suppression

« Consists of generalized bilaterally synchronous high-
voltage theta/delta waves often with spikes and sharp
waves

In sedative (barbiturate or benzodiazepine intoxication)
without anoxia, it has excellent prognosis

After cardiac arrest and without hypothermia, prognosis is
0% for return to consciousness
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Burst Suppression

« EEG attenuations between bursts occur usual
Instrumental sensitivities for >1 second at least
every 20 seconds (Synek 1988; Young 1997)

n anoxic coma, it usually has an abysmal
Orognosis

n sedative (barbiturate or benzodiazepine
Intoxication) without anoxia, it has excellent
Prognosis
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Periodic EEG Activity

* Periodic lateralized epileptiform discharges (PLEDS).

Structural (stroke, ICH, abscess). Moderate prognosis
(Chatrian et al. EEG Clin Neurophys 1964)

Bilateral independent periodic lateralized epileptiform
discharges (BIPLEDs). Encephalitis, anoxia,

metastases. Guarded prognosis (de la Paz, Brenner Arch
Neurol 1981)

Bilaterally synchronous periodic epileptiform

discharges (GPEDs). Anoxia. Abysmal prognosis
(Husain et al. JCNP 1999)
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Hepatic Encephalopathy: Triphasic Waves

First described as “blunt spike-wave activity” by Foley et
al (1950)

Bickford and Butt (1955) used the term “triphasic waves”

Three phases, largest phase having surface positivity.
Preceded and followed by smaller amplitude negative
waves. Repeat at 2-3Hz

Usually anteriorly predominant, but diffuse.

Reversible causes better prognosis. 30% mortality.
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Triphasic Waves: Specificity

 Typical vs. Atypical triphasic wvaes

 These waves are non-specific and are also

commonly seen in renal failure (Fisch and Klass 1988;
Sundaram and Blume 1987).

 They have also been described in CJD, anoxia and
less commonly hyponatremia and L-dopa induced
encephalopathy
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Clinical predispositions for triphasic waves (TWSs)

« Without subcortical disease/ atrophy Hepatic encephalopathy,
hyperammonemia

Uremia, other marked
electrolyte abnormalities

Anoxia
Toxins/drugs (e.g. lithium, baclofen)

o With white matter disease or diffuse Mild infections (e.g. UTI, atrophy URTI)

Lesser degrees of electrolyte imbalance
Toxins
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EEG Patterns in encephalopathy (Sutter, Stevens,
Kaplan JNeurol 2013)

5580 EEG recordings from 2007 to 2012

181 EEGs performed due to altered mental status

Exclusion criteria:
- 22 without brain imaging

- 5 with insufficient clinical data

v

n=154

Indications for EEG:
-Altered mental status (154; 100%)
In addition:
- Suspected seizures (38; 25%)
- Delirium (21; 14%)
- Suspected status epilepticus (4; 3%)

A A A
Theta Theta-delta Delta TWs FIRDA
(22%) (21%) (18%) (22%) (17%)
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Structural abnormalities, encephalopathy and EEG patterns

Brain atrophy
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Discarge destination
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Theta
Thetal/delta
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Triphasic waves
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Death
Theta
Theta/delta
Delta
Triphasic waves
FIRDA
GOS {continuous)
Theta
Thetaldelta
Delta
Triphasic waves
FIRDA
GOS {catagaorical)
GOS =13
Theta
Theta/delta
Delta
Triphasic waves
FIRDA
GOS51-3
Theta
Theta/delta
Delta
Triphasic waves
FIRDA

-

41
22
21
35
69

B
22
0
29
0
SD
+1.1
+1.4
0.9
+1.4
+0.8
%

47
31
54
41
81

50
69
43
59
19

02

2.7

4.5

B-coefficient

0.2

-0.5
-0.02

0.5

1.0
OR

1.2

95% ClI

0.73 - 3.88
0.17 - 1.09
0.07 - 0.65

0.48 - 2.54
1.72 -11.40

0.05 - 1.17
0.90 - 7.92

1.67 -12.70

95% CI

0.52 - 2.69
0.17 - 0.83
0.35 - 2.14
0.34 - 1.74
1.63-13.90

-1.93
-5.98
- 2.89
-2.92
- 0.61

Categorical and continuous short-term outcomes

p-value* -

0.226
0.075

0.817

0.077
0.078

p-value**
0.382

0.955
0.018

p-value*

0.694

0.748
0.530

0.694

0.748
0.530

*Multivariate logistic regression model adjusted for age
**Multivariate linear regression model adjusted for age



http://www.go2pdf.com



http://www.go2pdf.com

Classification System for Coma

Grade I: regular alpha, some theta
Grade Il: predominant theta

Grade llI: widespread delta (reactive or non-reactive), or spindle
coma

Grade IV: burst-suppression pattern; alpha coma pattern, theta
coma pattern or delta (<20uV).

Grade V: ECI (<2uV)

EEG patterns predictive of poor outcome in anoxia:
Grades 4to 5

Low-voltage unreactive & invariable EEG

Burst Suppression

Unreactive alpha coma

ECI Synek 1988
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EEG Grading for Anoxic Coma after CRA

Good Outcome

Grade 1 48/61 (79%)
Grade 2 45/88 (51%)
Grade 3 11/43 (26%)

Bassettl, Scollo-Lavizarri Euro Neurol 1987
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Summary

Most EEG patterns are non-specific
Certain EEG patterns may suggest an etiology.

EEG helps in determining degree of cerebral
compromise

EEG can monitor effects of treatment

EEG can uncover occult epileptiform activity as a
cause of encephalopathy
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Which of the following EEG patterns suggest the best prognosis
after cardiac arrest, not treated by hypothermia:
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Which of the following is a well-recognized
cause of triphasic waves?

Hypocalcemia
Hypernatremia
Baclofen toxicity
Alprazolam toxicity
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Which of the following is most likely to
represent a seizure pattern?
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During hypothermia after cardiac arrest:

A suppressed EEG heralds a poor prognosis
Alpha patterns suggest recovery
A reactive background heralds good prognosis

No prognostication can be under from EEG at
this time.
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Hub node Modules

Figure 3.

Twi schematic illustrations of netwarles. In the left figure, an example of hub node is highlighted in preen: it has a central position in the
netwarl, has many connections with other nades, and connects different modules. Several networle measures exist to quantify this hub
nade. The simplest form is "degres,” which simply counts the number of connections of a node. "Strength” alsa tales inte account the
weipht of the connections (in this figure, all connactions have the same weaight]. Mareadvanced calculations include betwesnness cantral-
ityand eigenvector centrality. Betweanness centrality talees into account the fraction of all shortest path length that needs to pass through
a specific noda. Eigenvectar cantrality determines the importance of a node on the basis of the number and weight of connections to
ather nodes and how those other nodes are connected. In the right figure, three proups of nodes {(red, yellow, and blue) represent so-
called mradules. Maodules are proups of nodes that are more strangly conneced with sach ather than with moedes fram different madulas.

Epilepsic € LAE
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Resting state EEG recording Correlation matrix

Figure 1.

[lustration of a networle based on EEG data {average networle based on children with idiopathic epilepsy [n = 25]; unpublished data).
After selecting resting state EEG epochs, we computed a correlation matrix based an the linear and nonlinear interdependencies between
two channels {in this case we used the synchronization lileelihgod [5L]). In the matrix, light-colored boxes indicate a high correlation. The
diaganal was sat an 0. After coanstructing a carrelation matrix, various saftware programs allow the construction of visual graphs (figure
an the right). For illustration purposes, we applied a threshald {le = 4) to obtain a binary networle. Two elementary building blocls of the
networl are highlighted: clustering coefficient (in red) and shortest path length {in blue). Recording specifications: broadband frequency
(0.5 45 Hz). Electrodes Fpl, Fp2, Al,and A2 were |aft gut of the netwarl due to myogenicand {eye) moavament artifacts.

Epilepsie € ILAE
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distinct and repetitive electrographic elements consisting of three phases, each longer than the preceding one: a

surface positive high-amplitude (greater than 70 pV) wave (wave 2) is preceded and followed by negative waves

with smaller amplitude (waves 1 and 3)
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Clinical predispositions for triphasic waves (TWSs)

« Without white matter disease/subcortical atrophy Hepatic encephalopathy;,
hyperammonemia

Uremia, other marked
electrolyte abnormalities

Anoxia

Toxins/medications (e.g.
lithium, baclofen)

o With white matter disease/subcortical or diffuse  Mild infections (e.g. UTI, atrophy
URTI)

Lesser electrolyte imbalance;
Toxins
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Our hypothesis

Specific EEG characteristics in encephalopathic patients with TWs
are predictive of short-term outcome.

Sutter R, Stevens RD, Kaplan PW. 2013; submitted
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Critical interventions / critical care

Critical care
Neurocritical care units (NCCU)
Medical intensive care units (MICU)
Cardiac care units (CCU)
Surgical intensive care units (SICU)

I.V. anesthetics/benzodiazepins 24 prior or during EEG
Renal replacement

Mechanically ventilated

CPR

a No significant differences between the five groups

Sutter R, Stevens RD, Kaplan PW. J Neurol. 2013.

%
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Multivariable analyzes for death In patients with
TWs

No other EEG characteristics of TWSs were assoclated with deat

Sutter R, Stevens RD, Kaplan PW. 2013; submitted
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Univariable analysis of EEG characteristics with outcome In patients
with TWS

Sutter R, Stevens RD, Kaplan PW. 2013; submitted
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Non-structural correlates of
encephalopathic patterns in EEG

Mean urea on day of EEG

Theta/delta Delta Triphasic wi

Mean NH3 on day of EEG
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Sutter R, Stevens RD, Kaplan PW. J Neurol. 2012; epub ahead of print.
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