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ABSTRACT

Background: Technical difficulties in placement of whole 10-20 electrode system is not uncommon
in neonates and infants. Apart from the full channel many centers uses the modified and amplitude
integrated EEG montages to identify seizures.
Objective: Efficacy of standard, modified and amplitude integrated EEG electrode placement in
infants to detect epileptiform abnormalities.
Methods: All routine EEGs from June 2015 to April 2018 were taken. Age ≤ 2years at the time of
recoding was the inclusion criteria. Digital EEG was performed according to standard 10-20 electrode
placement system in all patients. Abnormal EEGs were reanalyzed in different montages like A) 21
electrodes- full channel, B) 10 electrodes- modified long distance and C)4 electrodes- (centro/parietal)
respectively. Inter ictal epileptiform discharges (IEDs), seizures, periodic complexes and non-specific
dysfunctions were tabulated in all patients. Full channel montages are considered bench mark for the
analysis
Results: A total 129 EEGs analyzed. A) Full channel standard 21 electrodes montages could identify
IEDs in 35, non-specific electrophysiological dysfunction in 9 and burst-suppression pattern in 2
EEGs. B) Modified electrode placement consists of 10 electrodes could identify IEDs only in 26
EEGs and non-specific electro physiological dysfunction in 6 EEGs. A total of 28 nonconvulsive
seizures (NCS) recorded in 6 patients; 20 numbers of NCS (71.4%) seen in modified electrode
placement (B) and only 16 (57.1%) seen in centro/parietal electrode placement (C)..
Conclusion: Standard EEG electrode placement has higher yield in detecting epileptiform
abnormalities.
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Introduction
EEG reading and identifying epileptiform abnormalities are
very crucial in neuro-critical care managements. Limited
resources, reduced EEG channels and inter observer
variability are some of the factors that affects in peadiatric
EEG recording.1 EEG monitoring helps to modify clinical
management in majority of the patients.2 Continuous EEG
or amplitude integrated EEG monitoring in high risk
newborn babies certainly helps to reduce neurological
morbidity and mortality by optimizing neuro care.3,4

Usually EEG electrodes are placed according to
internationally accepted 10-20 electrode measurement
system in adult and pediatric age groups. Technical
difficulties in placement of whole 10-20 electrodes are not
uncommon in neonates and infants; especially is intensive
care units due to lot of external interferences. But treatment
of electrographic seizures with the help of EEG monitoring
results significant reduction in seizure morbidity.5 Placing
all standard EEG electrodes in infants is very tedious task

because of small head circumference and frequent
movements. These practical considerations have led to
make use of a two-electrode (single channel biparietal, P3–
P4) or a four-electrode (two channel centro/fronto-parietal)
derivations.6 Such approach has been questioned by clinical
neurophysiologists because of their custom of recording
newborns with eight to ten electrodes or even mote.7,8

However, a limited amount of evidence for, or against, the
idea that decreasing the number of electrodes from a full
montage would compromise performance in the clinical
settings.9,10 The detection of seizures is the most generally
used application of neonatal EEG monitoring.11 Apart form
the full channel many centers use the modified and
amplitude integrated EEG montages. We through our
present analysis are trying to study the reliability of limited
channel montages.

The objective of this research is to assess the efficacy of
standard, modified and amplitude integrated EEG electrode
placement in infants to detect epileptiform abnormalities.
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Methods
The EEG signals were collected using  digital EEG
amplifier (sampling frequency of 400Hz, Natus, Canada)
with 21 electrodes positioned as per the international 10–20
standard (further details of the neonatal EEG recording
method, see Vanhatalo et al.12Apart from the 10-20
electrode placement; additional ECG, EMG and non-
cephalic reference electrodes were placed. All routine
EEGs from June 2015 to April 2018 were included.  Age <
2years at the time recording was the inclusion criteria.  We
retrospectively analyzed the whole data using different
montages by computer reconstruction. Our team members
jointly read the EEG using different montages and marked
the epileptiform abnormalities.  We compared the results of
the already recorded 10-20 electrode system from all the
patients with the   10-electrode long distance EEG montage
and a 4- electrode EEG montage s; latter were reconstructed
from each recordings.13

We categorized the recordings as A) Full channel
recording,  B) Modified-10 electrodes and C)  Limited-4
electrode montages.  In (B); montages were created using
Fp1/2, C3/4, O1/2 and Fz and Pz. In (C), montages were
created using C3/4 and P3/4. Seizures were identified using
the well-established definition; ie a distinct, abnormal
electrographic event with a clear beginning and end
comprising sustained, repetitively evolving spike/sharp
waves or rhythmic waveforms.14Duration and spatial
evolution of all seizures were analyzed.  We used the
settings of paper speed of 30 mm/s, a sensitivity of 7
μV/mm with frequency cutoffs of 0.5 Hz (low) and 70 Hz
(high). Apart from non-convulsive seizure (NCS); all non-
specific abnormalities and inter ictal epileptiform
discharges (IEDs) were also tabulated.

We analyzed the  epileptiform abnormalities in the
internationally accepted 10-20 electrode placement system
(A) with the modified (B) and limited (C).  IEDs and NCS
were tabulated in each group. Categorical data summarized
using proportions and observed differences among
proportions in the epileptiform abnormalities where tested
using Chi square. P<0.05 was considered significant.

Results
A total 129 EEGs analyzed. Epileptiform and non-
epileptiform abnormalities were analyzed and tabulated in
each groups (Table 1).  Full channel (A) showed  IEDs in
35 and NCS in 28 EEGs . Many of the short lasting NCS
with less spatial evolution better expressed and identified
only in Full electrode system A (figure 1).  Modified
electrode placement (B) could identify IEDs in 26 and NCS
in 20. Some of the seizures can easily seen in both A and B
(figure 2).  The  limited group (C) could identify IEDs only
in 10 and NCS in 16 EEGs.  Some of the ictal pattern;
especially diffuse electrical onset could be  seen in all
montages (figure 3).  This shows that epileptiform
abnormalities were better seen and identified in full channel
A group  compare to  other B and C ( Fisher exact test;
significant at p< .05)

Similarly  non-specific abnormalities  also tabulated . Many
of the focal slow waves were missed in the other two
montages; B and C. Burst suppression pattern were easily

identified in all three groups (figure 4).   We also done
quantitative EEG analysis using amplitude integrated EEG.

Table 1. Epileptiform and non-epileptiform abnormalities

Modified (B) Limited (C)

IEDs 26(74.3%) 10(28.6%)

NCS 20(71.4%) 16(57%)

Non-specific dysfunctions 9 (100%) 2(22.2%)

Burst suppression 2 (100%) 2(100%)

(IEDs: inter ictal epileptiform discharges, NCS: non-convulsive
seizures)

Discussion
Few studies showed that limited channel recording with
central or parietal electrodes identifies the majority of
seizures.15 The neonatal EEG is spatially rich with distinct
electrical activity recorded at electrodes placed only few
centimeters apart.16Different types of EEG analysis are
available like amplitude integrated EEG, combined
spectrum analysis and nonlinear methods. Neonatal seizure
monitoring using nonlinear EEG analysis showed a
specificity of 89.8% and sensitivity of 65.9% for the
detection of seizure activity.17Diveyan et al stated that
limited channel bed side EEG combining amplitude
integrated EEG could detect majority of electrical series in
newborn infants.18 The reduction in seizure burden with the
number of recording electrodes was, however relatively
small, and was no different between 4 and 10 electrode
montages. This suggests that while some seizures may be
focal, the majority of seizures spread wider on the cortical
surface.19 The best available benchmark is visual EEG
interpretation by the human expert.20,21We analyzed the
whole data systematically in different montages.
EEG pattern and symmetry are totally different in infants
when compared to the adult recording. Only few
comparison studies are available regarding the electrode
placement system. So the question is very relevant that;
whether we required to apply whole 10-20 electrode
placement system in infant group. Identifying epileptiform
abnormalities and treating non-convulsive seizures play
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Figure 1.Seizures are seen in A, not in B and C
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Figure 2. Seizure are seen in A and B; not in C
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Figure 3. Seizures are seen in A, B and C
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Figure 4. Burst-suppression pattern

duration seizures could be missed. But burst-suppression
pattern, continuous and discontinuous patterns could easily
identify in all three electrode placement systems.

We have done only routine 40 minutes EEG recording and
we did not include continuous EEG monitoring data.
Limited EEG monitoring may be helpful in the continuous
EEG monitoring setting; where there are reduced technical

resources in the form of man power but further studies may
be done to ratify this end.

Conclusion
Standard EEG electrode placement has higher yield in
detecting epileptiform abnormalities in routine EEG
recording in pediatric population. Many of the epileptiform
abnormalities could be missed in modified version of
electrode placement.
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