Seizure 2002; 11: 99-103
doi:10.1053/seiz.2002.0621, available online at http://www.idealibrary.colllit)t.‘ql®

Assessment of the utility of paediatric
electroencephalography

MOHAMMED M. S. JAN

Department of Neurosciences, Division of Paediatric Neurology, King Faisal Specialist Hospital &
Research Centre, Jeddah, Kingdom of Saudi Arabia

Correspondence to: Dr Mohammed M. S. Jan, Department of Neurosciences, Division of Paediatric Neurology, King
Faisal Specialist Hospital & Research Centre, MBC J-76, P.O. Box 40047, Jeddah 21499, Kingdom of Saudi Arabia

Electroencephalography (EEG) is an important tool in investigating children with neurological disorders, particularly epilepsy.
The objectives were to examine the relationship between clinical indications and EEG results, and assess the predictability of
a normal result. 438 consecutive paediatric EEGs were included prospectively. One certified electroencephalographer (EEGer)
reviewed EEG requisitions and recorded his prediction of a normal result. EEGs were reviewed separately and the relationship
between the clinical indications and EEG abnormalities was recorded. The children’s mean age was 5 years (SD 4.2). Paediatric
neurologists ordered 32% of EEGs. The first EEG was studied in 65% of cases. Overall, 55% of the EEGs were abnormal.
Repeat EEGs were twice as likely to be abnormal (95% CI 1.8-3= 0.001). Established epilepsy, using antiepileptic
drugs, and sleep record, highly correlated with an abnormal reBuk:(0.0001). The EEGer predicted 26% of the EEGs
to be normal. A normal EEG was correctly predicted in 97% of non-epileptic paroxysmal events, however, normalization
of EEG was correctly predicted in only 54% of children with seizures. EEGs of 15 (3.4%) children with epilepsy revealed
unexpected findings that completely changed their management. To conclude, a normal EEG is highly predictable in non-
epileptic paroxysmal events. EEGs of children with epilepsy are not predictable and may yield unexpected results.
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INTRODUCTION of seizure recurrende Ordering an EEG is also not

clinically useful in the assessment of the majority of

Electroencephalography (EEG) is a very important
tool in investigating children with various neurological
disorders, particularly epilepsy. The EEG is also a
sensitive marker of diffuse cortical dysfunction as seen
in toxic, metabolic, or hypoxic encephalopathies
Although the diagnosis of seizures and epileptic syn-

children with migraine or tension headachem our
experience, we frequently encounter unnecessary EEG
requisitions including those for headaches, attention
deficit hyperactivity disorder, and other non-epileptic
paroxysmal events (e.g. breath holding spells). The
EEG in these conditions could be easily predicted

dromes is primarily clinical, EEG often provides sup- as normal, however, the assessment of the utility of
portive evidence and helps in seizure classification EEG using the predictability of the test result has
Many episodic events may simulate epilepsy including received limited study. In one study, up to 40% of
breath holding spells, syncope, tics, migraine related EEG requests were considered to be unnece$$ary
phenomena (e.g. benign paroxysmal vertigo), and The objective of this study was to evaluate the
psychogenic seizurésThe neurological examination EEG findings in children with various acute and
and interictal EEG are usually normal, however, a chronic CNS disorders. We aimed to examine the
complete event description accurately identifies the relationship between the clinical indication and EEG
nature of these events in most casés abnormalities and assess the predictability of a normal

The interictal EEG is not useful in assessing EEG result. We also planned to study how common are
children with simple febrile seizures and does not unexpected EEG findings that could strongly influence
add significant information regarding the likelihood the management of individual patients.
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METHODS EEG data, epileptic syndromes were identified and
recorded.
Consecutive paediatric EEGs performed at the neu- Statistical analyses were performed using Epi Info,
rophysiolgy laboratory of King Abdulaziz University  version 6112, Tabular data were examined by
Hospital (KAUH) were included prospectively. All  chi-square statistics. The magnitude of significant
EEGs were recorded between February 16, 1999 associations is presented #&svalues, odds ratios
and March 1, 2000. KAUH is a multispecialty adult (OR), and the 95% confidence interval for the OR.
and paediatric hospital providing primary care to the A P-value less than 0.05 was considered statistically
Jeddah area, as well as secondary and tertiary caresignificant.
for a regional population of western Saudi Arabia.
KAUH is the main teaching centre of western Saudi
Arabia and is linked to King Abdulaziz University =~RESULTS
Medical School. The paediatric neurology group
is a major referral center for the western region, 438 consecutive paediatric EEGs were included.
particularly the Jeddah area. All paediatric EEGs at All EEGs were performed using the International
KAUH are reported by one certified electroencephalo- 10-20 System of electrode placement and recorded
grapher (EEGer). on paper using an 8-16 channel EEG machines.
All EEG requisitions were reviewed without concur- Most EEGs (59%) were ordered from the outpatient
rent EEG review by one EEGer to identify the referral paediatric clinics, 35% from the inpatient unit,
source, EEG number, child’s age, EEG indication, and 6% were ordered from the intensive care units.
history of epilepsy, and current antiepileptic drugs. The children’s ages ranged between 3 days and
Based on the description of the child’s events and 17 years (mean 5 years, SD 4.2). The first EEG
the underlying clinical scenario, the clinical indication was studied in 65% of cases and the number of
responsible for requesting the EEG was coded as oneEEGs in 35% of cases ranged between two and 15.
of five categories: (1) established epilepsy; (2) proba- A paediatric neurologist ordered the EEG in 32%,
ble seizure or seizures of new onset; (3) non-epileptic general paediatrician in 44%, paediatric subspecialist
paroxysmal events (e.g. migraine, syncope, breathin 19%, and a general practitioner (GP) in 5% of the
holding spells); (4) acute CNS disorders (e.g. toxic, cases. Seizures were the commonest indication (78%)
metabolic, infectious, or hypoxic encephalopathy); and 50% were on antiepileptic drugs ranging between
and (5) non-epileptic chronic CNS disorders (e.g. one and four (mean 1.4) drugs. Based on the
mental retardation, autism, attention disorder). The clinical and EEG features, an epileptic syndrome was
EEGer then recorded his prediction of a normal EEG identified in 138 (31%) cases as shown in Table
result. The EEGer was to predict a normal EEG in all
cases of non-epileptic paroxysmal events and children Table 1: Identified epileptic syndromes based on the clinical
with more than 1-year seizure free. Predictions were and EEG data (n = 138).
not made for chronic CNS disorders because of the

. . Epileptic syndrome Number (%
heterogeneity of this group. A normal EEG was not to prieptic sy )
be predicted in acute CNS disorders, Eeb”t'el Iseézureél 1278&220;/3/))

: rontal lobe epilepsy 5%
The same EEGer subsequently reviewed all EEG Neonatal seizures 15 (11%)
recordings in a random order. The EEGer was |ennox—Gastaut syndrome 14 (10%)
therefore blind to all clinical data. He evaluated Temporal lobe epilepsy 10 (7%)
the EEGs to identify epileptiform or background Infantile spasms 10 (7%)
bnormalities, photic driving response, activation Absence epilepsy 9 (6.5%)
a _ » phot g ponse, Benign Rolandic epilepsy 8 (6%)
by photic stimulation or hyperventilation (HV), Atypical absence epilepsy 7 (5%)
and sleep staging. The EEG abnormalities were Occipital lobe epilepsy 5 (3.5%)
coded as follows: (1) focal epileptiform discharges; E@rly myoclonic encephalopathy 5(3.5%)
. . . . . Parietal lobe epilepsy 4 (3%)
_(2) mult_lfoce_ll eplleptn‘orm discharges; (3) general- | jnqau—Kleffner syndrome 4(3%)
ized epileptiform discharges; (4) focal background Juvenile myoclonic epilepsy 1 (1%)
disturbance; (5) diffuse background disturbance; Benign myoclonic epilepsy of infancy 1(1%)

(6) burst suppression pattern; and (7) alpha or spindle

coma. At the end of each assignment, the EEG

requisitions were reviewed for clinical correlation. Of all EEGs, 55% were abnormal. The relationship
At this stage the relationship between the clinical between the clinical indications and EEG results
indication and EEG result was recorded. Unexpected is shown in Table2. Most children (98%) with
EEG findings that may influence the management non-epileptic paroxysmal events had a normal EEG
were also recorded. Based on the clinical and (Table2). All patients with febrile seizures (including
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Table 2: Relationship between the clinical indications and EEG results (n = 438).

EEG result (%)

Focal or Generalized Focal Diffude
Clinical multifocal epileptiform background background Total
indication Normal spikes discharges disturbances disturbances (%)
Established epilepsy 44 (24%) 52 (28%) 51 (27%) 8 (4%) 32 (17%) 187 (43%)
Probable seizure or
seizures of new onset 95 (62%) 18 (12%) 12 (8%) 5 (3%) 24 (15%) 154 (35%)
Non-epileptic
paroxysmal event 39 (98%) 1 (2%) 0 0 0 40 (9%)
Acute CNS disorder 5 (17%) 1 (3%) 0 0 23 (80%) 29 (7%)
Chronic CNS disorder 16 (57%) 2 (7%) 0 1 (4%) 9 (32%) 28 (6%)
Total (%) 199 (46%) 74 (17%) 63 (14%) 14 (3%) 88 (20%) 438

2 Included categories 6 and 7 of EEG abnormalities (method section).

Table 3: Factors significantly increasing the likelihood of an abnormal EEG result (n = 239).

Significant factors Number/total Odds ratio P value
(%) (95% ClI)

Ordered by a specialfst 237/421 (56%) 2.7 (1.1-8) 0.04
Neonatal seizures 192 (86%) 5.6 (1.6-30) 0.004
Repeated EEG 94952 (65%) 2(1.3-3) 0.001
In-hospital admission 10453 (68%) 3(1.9-4.6) <0.0001
Intensive care admission 228 (96%) 37 (5.3-748) <0.0001
Established epilepsy 14887 (76%) 6 (3.8-10) <0.0001
Acute CNS disorder 2129 (83%) 9 (3-31) <0.0001
Sleep recorded EEG 15254 (61%) 2.5(1.6-3.8) <0.0001
On antiepileptic drugs 16218 (75%) 5.6 (3.6-9) <0.0001

3paediatrician, neurologist, or other paediatric subspecialist.

atypical) had a normal EEG result. The highest The EEGer predicted 26% of the EEGs to be
EEG abnormality rate (86%) was found in neonatal normal. A normal EEG was correctly predicted
seizures. Several factors significantly increased the in 97% of non-epileptic paroxysmal events, however,
likelihood of abnormal EEG results as shown in normalization of EEG was correctly predicted in
Table 3. Photic driving was identified in 99 (24%) only 54% of children with seizures. The EEGs
EEGs and was more common in children older of 15 (3.4%) children with epilepsy revealed com-
than 13 years when compared to infants (46% vs. pletely unexpected findings that strongly influenced
12%, P = 0.01). None of the EEGs of patients each child’s management. These findings are summa-
with acute CNS disorder contained photic driving. rized in Tabled.
Activation of epileptiform discharges occurred in 3.5
and 6.4% of EEGs on photic stimulation and HV
respectively. When we only included the EEGs with DISCUSSION
focal or generalized epileptiform discharges, 19% had
spike activation on photic or HV. This study highlights certain important issues in
Children with established epilepsy were twice as the utility of EEG in children. The EEG was very
likely to show these activating effects (95% CI 1.1- helpful in diagnosing epileptic syndrome and in
5.6, P = 0.04). Furthermore, children with absence seizure classification. The EEGs of some patients with
epilepsy were 6.8 times more likely to have spike epilepsy also revealed completely unexpected findings
activation with HV (95% CI 2.1-19P = 0.0006). that strongly influenced their management. This
Sleep was recorded in 61% of EEGs and was more highlights the very important role of EEG in patients
likely in patients admitted to hospitaP( < 0.0001). with epilepsy. We also identified a number of factors
A sleep EEG was least likely ordered by a GP £ that are significantly associated with an abnormal EEG
0.001). Sleep recording correlated with abnormal EEG result including neonatal seizures, acute CNS disorder
result as shown in Tabf& or ICU admission, and sleep recording. Sleep is one of
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Table 4: Summary of the unexpected EEG findings (n = 15).
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No of patients EEG indication/treatment

Unexpected EEG findings

3 Complex partial seizures/carbamazepine Generalized slow spike wave discharges
(atypical absence)
2 Coma (encephalitis), but no seizures Subclinical focal electrographic seizure
2 Partial seizures/carbamazepine Generalized 3 HZ spike wave discharges
(typical absence)
1 Simple partial seizures/no treatment Findings consistent with eyelid
myoclonia with absence
1 Post-encephalitic developmental delay, hyperactivity, Very active focal (frontal) epileptiform discharges
no seizures
1 Complex partial seizures/no treatment Frequent generalized 3 HZ spike wave discharges
(typical absence)
1 Congenital heart disease and failure (on digoxin), Very active focal (bi-temporal) epileptiform discharges
with attacks of syncope
1 Complex partial seizures/phenobarbitone Generalized slow spike wave discharges
(atypical absence)
1 Infantile clonic seizures/carbamazepine Hypsarrhythmia
1 Leukodystrophy with remote epilepsy Subclinical focal electrographic seizure
1 Developmental delay and chorea Very active focal (occipital) epileptiform discharges

the well-known procedures of activating epileptiform
discharges on EE& 14, Our findings support the
recommendation of obtaining sleep EEG when the
clinical suspicion of epilepsy is high and the awake
EEG is normal®. Patients with established epilepsy
were more likely to have an abnormal EEG, however,
children with a new onset of seizures were less
likely to have an abnormal EEG. In both groups the
result was poorly predicted from the EEG requisition.
The value of EEG in the diagnostic evaluation of
a first childhood seizure was recently reviewed by
Gilbert and Bunché®. Quantification of sensitivity,
specificity, and probability of recurrence indicated that
routine EEG provides too little information to affect

investigators who concluded that EEG is not useful
in assessing children with simple febrile seizures and
does not add significant information regarding the
likelihood of seizure recurrenée

Some investigators found that HV and photic
stimulation contributed little to the final EEG repéft
We disagree with this conclusion, as both procedures
seemed very helpful in our patients. None of the
patients with acute CNS disorders had photic driving
suggesting that it could be used as a sensitive marker
in acute cerebral insults. Many of our children with
focal or generalized epileptiform discharges had spike
activation on photic or HV (19%). HV was particularly
helpful in children with absence epilepsy, which is

recommendations for treatment. They concluded that consistent with the findings of other investigattfs

EEG should be ordered selectively, not routinely,
after a first unprovoked seizure in childfén Other
investigators found epileptiform discharges in 28.6%
of definite epilepsy, and only in 6.1% of patients with
possible seizurés.

Most children (98%) with non-epileptic paroxysmal

To conclude, a normal EEG is highly predictable in
children with non-epileptic paroxysmal events. EEGs
of children with epilepsy are not predictable and may
yield unexpected results. Although epilepsy remains
a clinical diagnosis, valuable diagnostic information
with important management implications can be

events (e.g. migraine, syncope, and breath holding obtained from EEG. However, EEG should not be
spells) had a normal EEG. Other investigators found used routinely or as a screening test but rather used
normal EEGs in up to 87.5% of adults with non- selectively.

epileptic paroxysmal events (headache, syncope, and

vertigo)!6. In fact, a normal EEG was highly
predictable (97%) in our sample. The EEG is therefore
not helpful in these children and a complete event
description will accurately identify the nature of
these events in most cases All our patients with
febrile seizures (including atypical) had a normal EEG
result. This is consistent with the findings of other
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