Murray et al;

Arch Dis Child, FFN Electrographic
2007 Seizures
n=9 children
526 seizures
I 1
Staff detected
. . n:48/$26 Staff overdiagnosed
Clinical signs of all seizures
- Suspected but not
present on Video (9%) N
- . EEG confirmed
n=179 seizures = 129/177
(34%) and 48/179 B
o ! (73%)
of all clinical seizures
(27%)

No access to continuous (a)EEG
recording

Uncertain about the meaning of certain
clinical movements (smacking/pedaling) or
autonomic changes (saturation/
bloodpressure)

Not aware of the presence of subclinical
seizures

Impression that administration of the first
anti-epileptic drug is effective

. You are giving suboptimal care ?!

aEEG and seizures

« Confirmation of clinical seizures

« Effect of anti-epileptic drugs

» Additional value of 2-channel aEgEG
 Detection of subclinical seizures

» Recognition of subclinical status
epilepticus (SE)

Single seizure Repetitive seizures (RS)

EIETLAZTET]
Repetitive seizures (RS)

Status Epilepticus (SE)

Subclinical status epilepticus in

a term infant with IVH
(courtesy Lena Helstrom-Westas)
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Effect of anti-epileptic drugs can be assessed
with aEEG

DwI
DWI

DWI

BRM3-seizure detection algorithm

ADC

Improved seizure detection with
2-channel recording ?

Linda G.M. van Rooij et al; Arch Dis Child Fetal
Neon Ed, in press

34 full-term infants admitted with NE and
neonatal seizures, monitored with BRM2

» 13 were diagnosed (US and MRI) to have
a (predominantly) unilateral lesion

e F3-P3, F4-P4 and cross-over (P3-P4)
channels were analyzed separately and in
random order

Comparison of 1-channel and 2-channel
aEEG with respect to seizure-activity and
background pattern
Linda G.M. van Rooij et al; Arch Dis Child Fetal
Neon Ed, in press
)

Full-term (n=34)
2-channel recording
with seizures

—

haemorrhage

n=1
n=>5

Focal Infarction Parenchymal I
Meningitis

n=7

| Fullterm; large MCA-Rt |

Prolonged ictal discharges on the right (F4-P4) are also

seen on the cross cerebral recording (P3-P4) but not as clearly

Cross cerebral




Full-term; Unexpected and unassisted home delivery

Few apneas+ Subclinical seizures

18 hrs
34 hrs
16hrs
48 hrs DWI
Unilateral lesion can be
suspected early on the basis
of an asymmetrical BGP
68 hrs

Severe NE

Placental abruption
20 min. Fetal bradycardia
Apgar 2/5/5

Seizures at 24 hrs (¥)

|

Conclusions 2-channel aEEG

 Additional information (unilateral
seizures/ asymmetry in BGP)
suggestive of unilateral pathology often
before imaging is available (11/13)

 Cross-over single channel did however
also identify the seizures in all 13
infants with a unilateral lesion




Subclinical seizures

» About 60% of all seizures in newborn infants
are subclinical

*“Uncoupling” is especially common following
initiation of treatment of clinical seizures
(Boylan, Arch Dis Child 2002; Scher, Pediatr
Neurol 2004)

» No data available so far whether treatment of
subclinical seizures is beneficial

Full-term, IVH+flaring
Very resistant to AED

clinical midazolam subclinical

SE from 1.00-9.00

Phenob

Poor electrographic response to phenobarbitone;
(Boylan GB et al; Arch Dis Child 2002; 86: F165-70)

Uncoupling of EEG-clinical neonatal seizures
after AED;(Scher MS; Pediatr Neurol; 2003;28:277)

59 infants with

Neonatal seizures

n=9
Electrographic only

Clinical and

n=50
electrographic

n=26

n=24
No seizures Seizures continued
after AED 15/26 uncoupling




Status epilepticus (SE)

SE
aEEG-diagnosis
n=56/311 NS (18%)

Good outcome
n=14 (25%)
11 normal
3 mildly abnormal

Poor outcome
n=42 (75%)
35 died
7 survived +CP

PNE: 4 PNE: 1

Associated background pattern best predictor of outcome

duration of SE (minutes)

Neurodevelopmental outcome in term infants with
status epilepticus detected with aEEG.
Van Rooij L et al; Pediatrics 2007; 120(2):e354-63

14007
13004 poor outcome gOOd outcome
12004
11004
10004
9004 M
8004
7001
6001
5004
400
30
2
1

S
333

nnnﬂﬂﬂﬂﬂ”ﬂ”ﬂ”ﬂ”ﬂ”””

[ o o o o o e A B e
13 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11

patients

Neurodevelopmental outcome in term infants with
status epilepticus detected with aEEG.
Van Rooij L et al; Pediatrics 2007; 120(2):e354-63

Conclusions SE

The incidence of neonatal SE among full term
infants presenting with neonatal seizures was
18%.

Pre-existing BGP but not duration was highly
predictive of neuro-developmental outcome.
Controlling SE can be difficult, especially in
infants with SE due to haemorrhage.

In a substantial part of the infants with
moderate/severe HIE the BGP deteriorated
to BS or CLV/FT after SE.

Is aEEG good enough?

« Ictal Discharges expected to remain undetected
- short duration
- focal (frontal/occipital)
- low amplitude

* -Toet MC et al; Pediatrics 2002; 109:772-779
- Rennie, J M et al. Arch. Dis. Child. Fetal
Neon Ed. 2004;89:37
- Shellhaas RA et al; Pediatrics 2007; 120:770-77




Sensitivity of Amplitude-Integrated
Electroencephalography for Neonatal Seizure Detection
Shellhaas RA et al; Pediatrics 2007; 120:770-77
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identify all seizures
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Sensitivity of Amplitude-Integrated
Electroencephalography for Neonatal Seizure Detection
Shellhaas RA et al; Pediatrics 2007; 120:770-77

Single Channel EEG
Conventional EEG (Cs— Cy)

Characteristics p?
Seizures detected, N (%) 851 Ce64(78) NA
Mean seizure duration, 132 (10-2314) 100 (10-2313) .001
n (range), s
Mean No. of seizures 7.0 (0.5-21.0) 5.2 (0.0-18.0) .003
per hour, n (range)

Mean ictal peak-to-peak 145 (13-1166) 111 (5-739) .001
amplitude, n (range), pVv

Mean ratio of ictal to 2.19 (0.50-27.1) 2.27 (0.40-33.8) A7
interictal peak-to-peak

amplitudes, n (range)

The accuracy of bedside EEG monitoring as
compared with simultaneous
continuous conventional EEG for seizure
detection in term infants.

Shah D et al; Pediatrics 2008; 121:1146-54

¢ 21 term newborn infants

¢ Analysis of the aEEG
- 2-channel aEEG with EEG combined
- single aEEG
- 2-channel aEEG

¢ 7/21 infants had seizures and 6 were identified

« Using 2-channel aEEG with raw EEG, 76% of the
seizures were correctly identified, compared to only
27-56%, when using only 1 or 2-channel aEEG

Shah D et al, table 3: the sensitivity, specificity
and predictive values of bedside monitoring
with respect to ccEEG

Post Neonatal Epilepsy (PNE) following

aEEG detected neonatal seizures
Toet MC et al; Pediatr Neurol 2005; 32:241-247

n = 206 Full-term
Seizures on aEEG
at least 2 AED
in 169 infants

n = 80 (39%) n=126
died survived

n=41(32 %)
abnormal outcome

PNE
)

12 (9.5%

Conclusions

« PNE was especially common in children with
basal ganglia injury

« A strikingly lower cumulative incidence of
PNE was found in our study (9.5%), and in a
study of Hellstrom-Westas (8.3%), both
treating clinical and subclinical seizures

e Compared with an incidence of 20-50% in
studies treating only clinical seizures
(Clancy and Legido 1991; Brunquell 2002)




Younkin et al; Pediatr Res 1985

Should we treat Clinical
and
Subclinical Seizures?

Seizure-associated brain injury in term
newborns with perinatal asphyxia.

Brunquell PJ et al; . o,

J Ped 2002 140:707 Miller SP Neurology 2002;58:542-8.

77 infants studied; » N=33/90 infants (37%) with clinical seizures.

30% died; « Seizure severity was associated with increased

21% developed lactate/choline in both the intervascular )

epilepsy; subtle seizures boundary zone (p < 0.001) and the basal nuclei

sign. more often (p = 0.011) when controlling for potential

abnormal outcome confounders of MRI abnormalities and amount

43% developed cerebral of resuscitation at birth.

palsy  The severity of seizures in human newborns with
perinatal asphyxia is independently associated

with brain injury and is not limited to structural
damage detectable by MRI.

Seizure-associated brain injury in term Seizure-associated brain injury in term
newborns with perinatal asphyxia. newborns with perinatal asphyxia.
Miller SP Neurology 2002;58:542-8. Miller SP Neurology 2002;58:542-8.

Figure 2. (A) Line graph of the average basal nuclei lactate/ choline ratio, adjusted
for the resuscitation score and the basal nuclei MRI score by the value of the
seizure score. (B) Line graph of the average intervascular boundary zone
lactate/choline ratio, adjusted for the resuscitation score and the intervascular
boundary zone MRI score by the value of the seizure score.




Clinical Neonatal Seizures are Independently
Associated with Outcome in Infants at Risk for
Hypoxic-Ischemic Brain Injury;

Glass HC et al; J Ped 09; 155(3):318-23

Clinical Neonatal Seizures are Independently
Associated with Outcome in Infants at Risk for
Hypoxic-lschemic Brain Injury;

Glass HC et al; J Ped 09; 155(3):318-23

FSIQ score, Severe Mild/moderate | No seizures P value
mean(95%Cl) seizures seizures (n=52)

(n=11) (n=14)
unadjusted 64.7 83.1 100.2 < 0.0001

(52.6 10 76.9) | (72.41093.9) | (94.6 to 105.8)

adjusted 67.2 82.7 96.9 001
(54.61079.8) | (72.71092.7) |(90.7 to 103.1)

Table Ill: WPPSI-R FSIQ score at 4 years by seizure severity in
77 children at risk for perinatal Hypoxic-ischemic brain injury

A Pilot Study of Continuous Limited-
Channel aEEG in Term Infants with
Encephalopathy
Lawrence R et al; J Pediatr in press,

« Patients: 40 full-term infants Infants were
randomly assigned to aEEG monitoring that
was blinded or visible to the clinical team

¢ Results: In more than 68 hours per infant of
2-channel aEEG monitoring, 1116 seizures
occurred (>90% clinically silent), with 615

detected by the seizure event detector (55%).

» The visible group had a 52% reduction in
seizure burden (P .114) compared with the
blinded group.

A Pilot Study of Continuous Limited-Channel
aEEG in Term Infants with Encephalopathy

Lawrence R et al; J Pediatr in press,

Multicentre randomised study
(8 Dutch and 3 Belgian Centres)
SuSeQ (Subclinical Seizure Question)

| CFM+1st subclinical seizure |

registration 48 hrs registration 48 hrs
CFM blinded CFM and
impedance visible impedance visible

treatment of

clinical and

subclinical
seizures (>2/hr)

treatment of
clinical seizures
+ EEG 1/day




Aim and hypothesis

Aim and hypothesis

» How many seizure discharges will be
missed in full-term neonates with HIE,
when there is no continuous aEEG
monitoring

» Does immediate treatment of
electrographic seizures lead to a reduction
of the total duration of seizure discharges

» Treatment of electrographic seizures leads
to:
—reduced risk of development of
postneonatal epilepsy

—improved neurodevelopmental outcome
at 24 months

Methods
SuSeQue-study:

Randomized controlled multicentre trial

11 NICU's in the Netherlands and Belgium

Inclusion between November 2003 and
March 2008

Methods

e Entry criteria:
— 837 weeks of gestational age

— Admitted to the NICU within 24 hours with
HIE and/or seizures

— Criteria HIE:

« Signs of intra-uterine asphyxia (late
deceleration, meconium stained liqour)

« Arterial cord blood pH < 7.10
» Apgar score <5 at 5 minutes

« Delayed onset of spontaneous
respiration

» Multi organ failure

Methods

» aEEG monitoring using Olympic 6000
(Natus, US)

+ Randomisation: first subclinical seizure
confirmed on the aEEG

—Group A : treatment of clinical and
subclinical seizures

—Group B : only treatment of clinical
seizures (registration was blinded)

Methods

Treatment protocol

Step 1 | phenobarbitone : 20 mg/kg, eventually another 10 mg/kg

Step 2 | midazolam : loading dose of 0,05 mg/kg followed by continuous
infusion of 0,15 mg/kg/hr, maximum of 0,2 mg/kg/hr. (When
seizures were stopped for 24 hours tailed off to 0,1 mg/kg/hr
and stop after 48 hours)

Step 3 |lidocaine : Loading dose of 2 mg/kg followed by continuous
infusion of 6 mg/kg/hr for 6 hours then 4 mg/kg/hr for 12 hours,
then 2 mg/kg/hr for 12 hours. (always stop after 36 hours)

Step 4 | clonazepam: loading dose of 2 mg/kg followed by continuous
infusion of 0,1-0,5 mg/kg/day

Step 5 | experimental: pyridoxine 50 mg/kg

Step 6 | Further treatment on clinician’s decisions




Methods

« MRI: 4-14 days
« T1, T2 and DWI

» Scoring system for basal ganglia,
watershed areas and posterior limb of the
internal capsule (PLIC) (score 0-11)
(adapted from Barkovich et al)

Methods

Basal ganglia (BG)
0 Normal
1 Abnormal signal in thalamus
2 Abnormal signal in thalamus and lentiform nucleus
3

Abnormal signal in thalamus, lentiform nucleus, and perirolandic
cortex

4 More extensive involvement
Watershed (WS)
0 Normal
1 Single focal infarction
2 Abnormal signal in anterior or posterior watershed white matter
3

Abnormal signal in anterior or posterior watershed cortex and
white matter

4 Abnormal signal in both anterior and posterior watershed zones
5 More extensive cortical involvement

0 Myelination present
1 Myelination present but impaired
2 Absent

Results
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Conclusions

» Without continuous monitoring of at-risk
infants, numerous electrographic seizures
will be missed

» There is a trend for reduction in seizure
duration, when treating clinical as well as
subclinical seizures

» Experience in recognition of seizures and
immediate treatment are required to
further reduce seizure discharges

Conclusions

» Treatment of both clinical and subclinical
seizures does not lead to a significantly
increased use of anti-epileptic drugs

« A significant correlation was found
between seizure duration and severity of
brain injury in the blinded group.

« Still in progress:
—Outcome data of survivors at 24 months

Conclusions in general

» Continuous video-EEG monitoring with 24
hours/day on line assessment by a
specialised neurophysiologist would be the
ideal world, but is not available in many
NICUs

» Access to aEEG background immediately
after admission is already of great value

» 2-channel aEEG with access to original EEG
has improved seizure recognition

* New seizure detection algorithms further
improve diagnosis and management




