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Abstract

Objective: To quantify the additional detection yield of the 25-channel electrode
array recommended by the International Federation of Clinical Neurophysiology
(IFCN), which includes six inferior-temporal electrodes beyond the conventional
10-20 International System (IS) in identifying interictal epileptiform discharges
(IEDs) and focal slow activity (SA).

Methods: We analyzed 258 consecutive adult EEGs (routine or sleep-deprived;
mean age, 57 + 19 years; 55% female; 61% on anti-seizure medication). Indications
were suspected epilepsy (33%) and seizure follow-up (28%). Two blinded
neurophysiologists harmonized IED/SA terminology and applied the validated
three-item subset of the IFCN's operational IED criteria. Each EEG was reviewed
twice: first with the standard 19-electrode 10-20 system and, after a >4-week
washout, with the 25-channel IFCN array. Reading lists were randomized
between reviewers so that the sequence of cases differed, thereby reducing recall
bias. Abnormalities were classified by type and lobe. Agreement was measured
using Cohen's k; yield gain was the detection-rate difference.

Results: Agreement ranged from substantial to almost perfect (k=.65-.88;
95% CI: .48-1.00), with disagreement rates of 1.2-7.8%. Temporal IEDs were
detected more frequently with IFCN (72/71 patients) than with 10-20 (63 each),
corresponding to gains of 12.5% and 11.3%, respectively. Temporal SA was also
higher (98 vs. 86; +12.2% for both). Gains in extratemporal SA were smaller (10.7%
and 9.5%) and differences in extratemporal IEDs were minimal (<3.6%). Pooled
across all abnormalities, IFCN detected 183 and 182 patients versus 172 and 170
with 10-20, respectively, an overall gain of 11.5%. The largest relative increase
was seen in temporal IEDs, with an additional 11-12% of patients identified using
the IFCN array compared with 10-20.

Significance: The addition of six inferior-temporal electrodes increased the
relative detection yield of EEG abnormalities by 11.5%, with the largest gains for
temporal IEDs, and required only minimal extra setup time. Although the true
diagnostic accuracy of these additional detections cannot be determined without
an external gold standard, the findings support the routine use of the IFCN
25-electrode array to address a major blind spot of the 10-20 system in adult EEG
practice.
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1 | INTRODUCTION

More than a century after Berger's first recording,’ electro-
encephalography (EEG) is the most effective and widely
used tool for assessing the electrophysiological function
of the brain.? Indeed, EEG remains the first choice for
suspected epilepsy,>* a status recently endorsed by the
joint International League Against Epilepsy (ILAE) and
the International Federation of Clinical Neurophysiology
(IFCN) guideline on minimum standards for routine and
sleep EEG” and for frequency and topographic analysis of
EEG rhythms.® Its clinical value depends largely on the
detection of interictal epileptiform discharges (IEDs) and
focal slow activity (SA), yet diagnostic yield remains lim-
ited. These patterns are still predominantly recognized by
visual inspection by experts, despite increasing advances
in automated analysis.” The recorded scalp potentials
are a blurred, distance-weighted projection of the corti-
cal postsynaptic currents. Mathematically, recovering the
exact intracranial generators from the scalp data is an ill-
posed inverse problem.'"** Although these potentials fol-
low physical laws, the intricate relationship between brain
electrical activity and scalp potentials remains complex
and nonlinear and is further complicated by consider-
able individual variability."> Modern modeling and high-
density arrays reduce but do not eliminate this ambiguity,
and misinterpretation of low-amplitude or spatially fil-
tered spikes remains a major source of diagnostic error."**>
Thus, dense coverage is essential: the finer the electrode
grid, the less likely it is that a focal source will protrude
outside the sampled field. The strategic placement and
number of electrodes on the scalp therefore play a critical
role in overcoming this challenge and are influenced by
evolving guidelines,'®!” that affect the spatial resolution of
EEG.'"®" While the standard 10-20 International System
(IS) has provided the backbone of routine EEG,” recent
decades have highlighted its limitations, particularly in ad-
equately sampling the inferior-basal and anterior regions
of the temporal lobe.>*** The deep and folded geometry
of mesial temporal structures, particularly the hippocam-
pus, contributes to under-detection and explains why the
temporal lobe is the system's largest blind spot.**"** These
limitations are particularly important when assessing pa-
tients with temporal lobe epilepsy, the most common form
of epilepsy in adults,* in which patients often have hip-
pocampal sclerosis, with over 90% of IEDs localized to the
anterior temporal region.”*"*® Earlier attempts to improve

Key points

« Adding six inferior-temporal electrodes im-
proved abnormality detection in routine adult
EEGs, increasing detection yield by ~12% at the
patient level.

« More than one-third of patients with temporal
interictal discharges identified with the IFCN
25-electrode array were classified as normal
with the conventional 10-20 montage, confirm-
ing its large blind spot.

« The IFCN electrode montage enhanced identifi-
cation of interictal discharges and slow activity
in both temporal and extratemporal regions.

« Despite wider spatial coverage, the IFCN
25-electrode array required only minimal addi-
tional setup time in routine EEG practice.

« Broader clinical adoption could reduce false-
negatives in epilepsy diagnosis; multicenter
outcome and cost-effectiveness studies are
needed.

temporal lobe coverage included both semi-invasive and
noninvasive strategies. Among the former, foramen ovale
(oval fossa) electrodes were used in the presurgical evalu-
ation of mesial temporal lobe epilepsy, providing reliable
lateralization of seizure onset when surface EEG was in-
conclusive.”* On the methodological level, Scherg and
Berg provided groundbreaking evidence for the impor-
tance of low-row electrode positions in capturing anterior
temporal activity,” thus laying the foundation for subse-
quent extensions of surface montages. On the noninvasive
side, Silverman and colleagues introduced anterior tem-
poral electrodes (T1/T2), placed over the temporal pole to
capture abnormalities not visible with the standard 10-20
montage; in a series of 624 EEG, these leads yielded ad-
ditional diagnostic information in nearly 19% of cases.*
To address this limitation, the IFCN inferior-temporal
chain adds six electrodes (F9/F10, T9/T10, P9/P10), ex-
tending coverage to anterior and basal temporal regions in
a standardized, practical, and minimally time-consuming
way.'® In a multicenter prospective study, an extended
40-electrode array that included the IFCN inferior-
temporal chain revealed clinically relevant temporal IEDs
in up to 40% of patients whose 10-20 recordings appeared
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normal.*® Supplementary evidence from a systematic
review of high-density EEG (=128 channels) likewise
suggests that denser spatial sampling may improve locali-
zation of sources in the temporal lobe and refine surgical
eligibility.** While such approaches are beyond the scope
of the present study, they highlight the importance of op-
timized electrode sampling for future applications such as
source imaging. Although the present work is intention-
ally technical and focused on routine EEG, the inclusion
of inferior-temporal electrodes may also enhance the accu-
racy of EEG source imaging in future studies by improving
sampling of anterior and basal temporal generators. All
efforts to minimize false-negative findings are crucial to
avoid delays in diagnosis and potential clinical complica-
tions, as the misdiagnosis rate in epilepsy is estimated to
be 20-30%.7>*° Given the long-standing reliance on visual
EEG interpretation, any practical step that improves spa-
tial resolution and reduces false-negatives is immediately
useful. With this in mind, we undertook a prospective,
blinded evaluation of the IFCN 25-electrode array com-
pared with the conventional 19-electrode 10-20 system for
the detection of IEDs and SA in routine and sleep-deprived
adults' EEGs. Its aim is to quantify the relative detection
yield for IEDs and SA in consecutive adult EEGs, thereby
establishing the technical foundation for broader clinical
application. While improvements in diagnosis and therapy
could ultimately follow, confirmation of these downstream
benefits requires longitudinal studies that are beyond the
scope of this paper.

2 | MATERIALS AND METHODS

2.1 | Study design and ethics

A prospective single-center cross-sectional diagnostic-
accuracy study was conducted in the Neurophysiology
Department of the Unidade Local de Saude de Matosinhos,
Porto, Portugal. Consecutive subjects (>18years) referred
for routine EEG (rEEG) or sleep-deprived EEG (sdEEG)
were enrolled prior to EEG interpretation, regardless of
whether the tracing was later found to be normal or abnor-
mal. This allowed for minimal selection bias, blinding, and
preservation of temporal sequence, as well as replicability
and generalizability across the clinical spectrum. The study
was approved by the Unidade Local de Saude de Matosinhos
Ethics Committee and followed the Declaration of Helsinki.

2.2 | EEG recording

All recordings were made in accordance with the latest
IFCN/ILAE technical standards.” Signals were recorded
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using a Micromed® SD LTM-32 Plus headbox and SD Plus
Flexi amplifier. Ten millimeter Grass® gold disc electrodes
(lead length 152 cm) were attached with conductive paste.
Twenty-five scalp electrodes were positioned throughout
the sample: the 19 classic 10-20 IS sites plus the six
inferior-temporal positions recommended by the IFCN
(F9/F10, T9/T10, P9/P10),'® as shown in Figure 1. FCz
served as ground (G1) and CPz as common reference (G2).
An electrocardiogram (ECG) with lead I was recorded
for monitoring and artifact detection. Impedance <5 kQ
at start (rechecked at the end of each study); sampling
rate 512Hz; analog bandwidth .3-70Hz; 50Hz notch
filter switched off during acquisition and only activated
when mains noise was present. As previously mentioned,
the rEEG included >30min and the sdEEG >60min of
continuous recording and in this last case after partial
sleep deprivation (half of the usual total sleep time was
the indication) the night before. Hyperventilation and
intermittent photic stimulation were performed unless
contraindicated.

2.3 | Data processing and blinding
protocol

The raw EEGs were exported as files in European Data
Format “plus” (EDF+). Personal fields (patient name,
demographic data, hospital ID, start date/time) were
cleaned using EDFbrowser v2.04 (available at https://
www.teuniz.net/edfbrowser). Each cleaned file was re-
named with an 8-digit study code (e.g., SP21-4973), and
the single crosswalk (code < hospital record) was stored
in an encrypted, password-protected spreadsheet held
only by the first author (CB). The entire cohort com-
prised 258 EEGs. Study codes were shuffled using the
random.org list randomizer (available at https://www.
random.org), and the time-stamped output archived as
a .pdf file. Two independent reading lists were gener-
ated: Reviewer 1 read the sequence from top to bottom,
Reviewer 2 from bottom to top, so that both experts ana-
lyzed each recording, but in a different order. Two view
files were created for each EEG: (A) 10-20 IS electrode
placement—19 electrodes; (B) IFCN recommended ar-
rangement—25 electrodes. As each file was labeled
with a study code only, the reviewers were unaware of
the montage until the exam file was opened. Each ex-
pert read each EEG twice, always in the same montage
order: first the standard view with 19 electrodes (10-20),
then, after a>4-week washout, the extended view with
25 channels (IFCN). To mitigate recall bias despite this
fixed montage order, the case sequence (reading list) was
randomized independently for each reviewer, to ensure
that the order of cases was completely different in the
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FIGURE 1 Inferior-temporal electrode chain recommended by the IFCN.'® (A) Clinical placement of the three inferior-temporal electrodes

(F9, T9, P9) and their spatial relation to the 10-20 sites. Photograph published with written participant consent. (B) Three-dimensional scalp

rendering with adjacent 10-20 electrodes. (C) Cortical surface view showing anatomical correspondence. (D) Diagram of the IFCN 25-electrode

array shown from multiple perspectives. Panels B and D were rendered with BESA*’; panel C with Brainstorm.*

second run than in the first. Prior to the review, the ex-
perts harmonized their terminology for IEDs and focal
SA,* and agreed to use the validated three-item subset
of the IFCN's six operational criteria for IEDs,*** an
approach that has been shown to increase k-agreement
between reviewers in real-world settings.** No external
gold standard was adopted. Each reading resulted in an
independent judgment (IED present/absent, SA present/
absent, lobe, laterality). After all reads were completed,
the raw agreement (Po) and Cohen's x were calculated
for each montage; discrepancies were not forced to con-
sensus but were retained for agreement analysis.

2.4 | Clinical covariates and EEG
outcomes

For each subject, age, biological sex, anti-seizure medi-
cation (ASM) status at the time of the study (yes/no plus

medication class if “yes”), the result of the last MRI of
the brain performed within the last 12 months (classi-
fied as “normal” or “structural lesion”), and the clinical
indication leading to referral- initial seizure treatment,
refractory epilepsy, or follow-up/other- were recorded.
EEG endpoints included the presence or absence of
IEDs and focal SA. If either was present, the reviewing
experts also recorded lobe topography (frontal, tempo-
ral, parietal, occipital, multilobar) and laterality (left,
right, bilateral). Temporal abnormalities were defined
as those with maximal negativity at electrodes F7, F8,
T3, T4, T5, T6 or in the inferior-temporal chain (F9/F10,
T9/T10, P9/P10); all other localizations were considered
extratemporal. Discharges that peaked at F9/F10 were
further classified as frontal and those at P9/P10 as oc-
cipital, consistent with the cortical regions sampled by
these electrodes. This approach explains why the IFCN
array was able to yield additional extratemporal detec-
tions by extending spatial sampling beyond the anterior
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TABLE 1 Clinical-demographic
characteristics of the sample (N=258).
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N=258

Clinical-demographic characteristics of the sample

Age, years, mean + (range)

Female, n (%)
ASM, n (%)

Brain MRI with abnormalities, n (%)
Indication for the EEG

Suspected epilepsy, n (%)

Control or characterization of epilepsy, n (%)
Presyncope/syncope, LOC, n (%)

Others (encephalopathy, TGA, etc.), n (%)

57+18.8 (19-100)
143 (55.4%)
159 (61.2%)
149 (57.8%)

85 (32.9%)
71 (27.5%)
36 (14.0%)
66 (25.6%)

Note: Values are presented as mean + standard deviation (range) or number (percentage).

Abbreviations: ASM, anti-seizure medication; EEG, electroencephalography; LOC, loss of consciousness;

MRI, magnetic resonance imaging.

and basal temporal areas into adjacent frontal and oc-
cipital regions. All variables for the EEG endpoints were
assessed independently and blindly by both experts.

2.5 | Statistical analysis

All statistical analyses were performed in Python (version
3.10.12) using the pandas, numpy, and scipy libraries for
data management and statistical testing, and matplotlib
for graphical representation.

2,51 | Agreement metrics

Inter-rater agreement between the IFCN 25-channel
montage and the standard 10-20 system was quantified
using Cohen's k coefficient with confidence intervals
(CI). Kappa values were interpreted using the Landis
and Koch qualitative benchmarks (x=.61-.80, “sub-
stantial”; k=.81-1.00, “almost perfect”).43 While these
thresholds have been criticized for their arbitrary cut-
offs** and for potentially oversimplifying agreement
interpretation,* they remain widely used in clinical
neurophysiology, from EEG reliability studies in epi-
lepsy surgery work-ups,*® to recent applications of op-
erational IED definitions aimed at improving diagnostic
accuracy and inter-rater agreement®® and even analyses
of EEG epoch-wise concordance in sleep medicine.?’
Alternative x interpretation schemes (e.g., Cicchetti's
“poor-excellent” or Altman's “very good—poor” scales)
were not adopted because their category boundaries dif-
fer and are less common in the EEG literature, limiting
cross-study comparability.

2.52 | Disagreement and paired tests
Percentage disagreement was defined as the proportion
of cases in which the two montages yielded discordant
findings for a given reviewer. Systematic differences in
paired proportions of abnormality detection were eval-
uated using McNemar's test (two-sided), with p<.05
indicating statistical significance. In view of the ex-
ploratory scope and the numerous endpoints analyzed,
the p-values are given without formal correction for
multiple comparisons and should be interpreted with
caution.

2.5.3 | Detection difference

The net detection difference was calculated as the number
of patients with abnormalities detected by the 25-electrode
IFCN montage minus those detected by the 19-electrode
10-20 montage. In addition, the absolute detection differ-
ence was expressed as the percentage of additional patients
with abnormalities detected using IFCN array compared
with the 10-20 montage, with the corresponding 95% CI.
All analyses were conducted at the patient level: each EEG
was classified as showing or not showing IEDs or SA within
a given region, independent of the number of discharges ob-
served. This ensured that patients with frequent events did
not disproportionately influence the results.

2.5.4 | Reviewer-specific analysis

All x values, disagreement rates, net differences, and
McNemar test results were computed separately for
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TABLE 2 Agreement and detection differences between the IFCN 25-electrode and 10-20 montages for interictal epileptiform

discharges (IEDs) and slow activity (SA).

Reviewer 1/Reviewer 2

Topography|type of Cohen's kappa Disagreement
abnormality [95% CI] [%]
Temporal IED .65].48,.82]/.67[.48, .84] 5.8/5.4

SA  .80[.72,.89]/.80[.72,.89]  7.8/7.8
Extratemporal IED .84[.65,1.00]/.84[.65,1.00] 1.2/1.2

SA  .86.76,.96]/.88 [.79, .97] 3.1/2.7

Overall 88[.82,.94]/.87[.81,.93]  5.8/6.2

Net Absolute detection difference
McNemar p difference [%, 95% CI]

0389/.0614  —9/—8 +3.49 [.55, 6.43]/+3.10 [.26, 5.94]
0139/.0139  —12/-12 +4.65 [1.77;7.54]

2482/.2482  —3/-3 +1.16 [—.61; 2.93]

0133/.2330  —8/—7 +3.10 [.70, 5.51]/ +2.71 [.70, 4.72]
.0098/.0060  —11/—12 +4.26 [1.32, 7.21]/+4.65 [1.61, 7.69]

Note: Metrics are reported separately for each reviewer: Cohen's k (95% CI), disagreement rate (%), McNemar's test (p), net detection difference (10-20 IS
minus IFCN), and absolute detection difference (% with 95% CI). A p <.05 was considered statistically significant. Negative values in the net difference column
indicate fewer detections with the 10-20 montage, whereas positive values in the absolute detection difference column indicate higher detection with the IFCN

array.

Abbreviations: CI, confidence intervals; IED, interictal epileptiform discharge; SA, slow activity.

Reviewer 1 and Reviewer 2. No averaging or pooling
of k¥ values was performed because « is a nonlinear sta-
tistic and pooling can yield biased or uninterpretable
values.*® Reporting reviewer-specific metrics preserves
transparency, prevents loss of information, and allows
assessment of inter-reader variability in diagnostic
performance.

3 | RESULTS

3.1 | Sample characteristics

The study included 258 adult patients with a mean age of
57years (SD 18.8; range 19-100); 143 (55.4%) were female.
The characteristics of the population are summarized in
Table 1. A total of 159 patients (61.2%) were taking anti-
seizure medication, and 149 (57.8%) had abnormalities on
brain MRI. The most common indications for EEG were
suspected epilepsy in 85 patients (32.9%), control or char-
acterization of epilepsy in 71 (27.5%), presyncope/syn-
cope, loss of consciousness in 36 (14.0%), and other causes
such as encephalopathy or transient global amnesia in 66
(25.6%).

3.2 | Agreement between IFCN and 10-20
IS electrode systems

Agreement analysis between the 25-channel array rec-
ommended by the IFCN and the standard 10-20 mon-
tage is shown in Table 2. For both reviewers, agreement
ranged from substantial to almost perfect (x=.65-.88;
95% CI: .48-1.00), with disagreement rates between 1.2%

and 7.8% depending on the type and localization of the
abnormality.

3.2.1 | Temporal IEDs

For temporal IEDs, reviewer 1 identified 72 patients
with the IFCN array and 63 patients with the 10-20 sys-
tem (k=.65; disagreement=>5.8%; McNemar p=.0389;
net difference=—9), while reviewer 2 identified 71 and
63 patients, respectively (k=.67; disagreement=>5.4%;
McNemar p=.0614; net difference=—8), consistent with
the illustrative example in Figure 2.

3.2.2 | Temporal SA

For focal temporal SA, both reviewers recorded 98 patients
with IFCN and 86 patients with 10-20 (k=.80; disagree-
ment="7.8%; McNemar p=.0139; net difference=—12), as
illustrated in Figure 3, where the extended montage more
clearly depicts the abnormality than the standard 10-20
configuration.

3.2.3 | Extratemporal abnormalities
(IEDs + SA)

In the extratemporal regions, reviewer 1 found 84 patients
with interictal discharges with IFCN and 81 patients with
10-20 (k=.84; disagreement=1.2%; McNemar p=.2482; net
difference =—3), while reviewer 2 obtained identical counts
and metrics. For focal extratemporal SA, reviewer 1 detected
75 patients with the IFCN array and 67 patients with 10-20
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FIGURE 2 Example of IEDs with the 10-20 montage (upper panels, A, B) versus the IFCN 25-electrode montage (lower panels, C,
D). Both referential averages (left) and bipolar longitudinal (right) montages are shown. The IFCN array reveals a clear left anterior-

temporal spike (F9/T9) not visible in the 10-20 montage. IEDs, interictal epileptiform discharges; IFCN, International Federation of Clinical

Neurophysiology.
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FIGURE 3 Example of focal SA with the 10-20 montage (upper panels, A, B) versus the IFCN 25-electrode montage (lower panels, C,
D). The focal abnormality is poorly defined at F7-T3 with the 10-20 montage but clearly localized at F9/T9 with the IFCN electrodes. IFCN,

International Federation of Clinical Neurophysiology; SA, slow activity.
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montage (k=.86; disagreement=23.1%; McNemar p=.0133;
net difference=—8), and reviewer 2 detected 74 and 67 pa-
tients, respectively (k=.88; disagreement=2.7%; McNemar
p=.233; net difference=—7). When all abnormalities were
considered together, reviewer 1 identified 183 patients with
IFCN array and 172 patients with 10-20 (k=.88; disagree-
ment=>5.8%; McNemar p=.0098; net difference=-11),
and reviewer 2 identified 182 and 170 patients, respec-
tively (k=.87; disagreement=6.2%; McNemar p=.006; net
difference=—12).

3.2.4 | Overall detection yield

The proportion of patients with abnormalities detected
exclusively with IFCN array and missed by 10-20 mon-
tage is shown in Figure 4. In reviewer 1, the greatest
additional yield was observed for temporal interictal dis-
charges (12.5%) and temporal SA (12.2%), followed by
extratemporal SA (10.7%). Reviewer 2 showed a similar
pattern, with additional evidence for temporal interic-
tal discharges (11.3%) and temporal SA (12.2%) and a
smaller gain for extratemporal SA (9.5%). Differences in
extratemporal interictal discharges were minimal, at or
below 3.6%. These gains were corroborated by consist-
ently positive absolute detection differences overall and
for temporal endpoints; whereas extratemporal differ-
ences were smaller and in some cases not statistically
significant.

4 | DISCUSSION

4.1 | Principal findings

In this prospective, blinded, within-subject comparison be-
tween the IFCN 25-electrode array and the conventional
10-20 IS, the addition of six inferior-temporal electrodes in-
creased the overall detection of EEG abnormalities by 11.5%,
as confirmed by consistently positive absolute detection
differences with 95% CI, with the largest relative gains for
temporal IEDs and temporal SA, each exceeding 12%. More
than a third of patients with temporal IEDs detected using
the IFCN montage were classified as normal with the 10-20
system. The agreement between montages was substantial to
near perfect (k=.65-.88), with low disagreement rates (1.2-
7.8%). These results confirm that the temporal lobe, especially
its anterior and basal regions, remains the largest diagnostic
blind spot of the standard 19-electrode configuration.

4.2 | Comparison with previous studies

Albeit the evidence base remains limited, some studies
have shown that adding inferior-temporal electrodes im-
proves detection of EEG abnormalities compared with the
10-20 montage. In a Danish reference series of 500 EEGs,
28.3% of abnormalities had peak negativity at inferior-
temporal sites and 2.8% were visible only there; in cases
with temporal abnormalities, nearly 60% peaked in the

Detection of abnormalities by type and topography using the IFCN 25-channel and 10-20 montages
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FIGURE 4 Detection of abnormalities by type and topography using the IFCN 25-channel and 10-20 montages for each reviewer. IFCN
consistently identified more temporal IEDs and SA than the 10-20 system. IEDs, interictal epileptiform discharges; IFCN, International
Federation of Clinical Neurophysiology; IS, international system; SA, slow activity.
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inferior chain.?! A retrospective 24-h EEG analysis in geri-
atric patients found that 84% of epileptiform discharges
reached maximum negativity below the standard 10-20
electrodes and 64% were more clearly detected via the
inferior-temporal chain, with a number-needed-to-test of
just five.* Benefits are not limited to interictal recordings.
When inferior-temporal electrodes were incorporated into
long-term video-EEG, seizure-onset localization in tempo-
ral lobe epilepsy improved, particularly for anterior foci.™
More recently, a prospective multicenter evaluation of
an extended IFCN array confirmed that these electrodes
contribute significantly to interictal discharge detection
in both standard and high-density EEG configurations.*®
However, most prior evidence was retrospective, had only
one reader, or lacked formal blinding. The present study
adds prospective, blinded data from a consecutive adult
cohort using harmonized terminology and validated op-
erational IED criteria. This design reduces bias and allows
direct quantification of incremental benefit in real-world
conditions, strengthening the technical case for the inclu-
sion of IFCN montage in routine EEG practice.

4.3 | Clinical implications

These results suggest that expanding from the standard 19
to the IFCN-recommended 25 electrodes reveals a mean-
ingful proportion of temporal abnormalities that would
otherwise go undetected. In our cohort, more than one in
10 patient EEGs judged normal with the 10-20 montage
contained clear abnormalities when the inferior-temporal
chain was used, and more than a third of temporal TEDs
were identified with the extended montage alone. At the pa-
tient level, the absolute detection difference (absolute risk
difference, ARD) between IFCN and 10-20 was 4.26% (95%
CI: 1.32-7.21) for Reviewer 1 and 4.65% (95% CI 1.61-7.69)
for Reviewer 2. This corresponds to a number-needed-to-test
(NNT) of 24 (95% CI: 14-76) and 22 (95% CI: 13-62), respec-
tively, calculated as the reciprocal of the absolute detection
difference (1/ARD), with confidence intervals obtained by
inverting the ARD 95% CI. We report NNT only as an illus-
trative metric, with the absolute risk differences and paired
proportions in Table 2 constituting the primary evidence.
These are correctable blind spots in routine clinical interpre-
tation and have direct implications for diagnostic accuracy
and confidence in adults undergoing EEG evaluation.

4.4 | Strengths and limitations

This study's strengths include the prospective, blinded,
within-subject design, which allows direct comparison on
the same patients, the >4-week break between readings,
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and the independent randomization of the case order
for each reviewer, which minimizes, although does not
completely rule out, the possibility of a learning or recall
effect. Consecutive recruitment of cases minimizes selec-
tion bias and ensures representativeness across a typical
range of adult referrals. Independent evaluation by two
experts allows assessment of inter-reader variability,
while the use of harmonized, operationally defined IFCN
criteria for IED identification improves reproducibility.
Separate reporting of reader-specific statistics avoids bias
from pooled k-values, and systematic assessment of both
temporal and extratemporal regions provides a compre-
hensive assessment of montage performance.
Limitations include the single-center setting, which
may limit the extent to which the findings can be general-
ized, and the absence of an external gold standard such as
intracranial EEG, expert consensus, or clinical follow-up.
Therefore, our results quantify relative detection rates
rather than true diagnostic sensitivity or positive predictive
value, and some of the additional detections may represent
false positives. However, the combination of harmonized
criteria, blinded double-blind review, and substantial k-
agreement reduces the likelihood that most IFCN detec-
tions were artifactual. Nonetheless, the cross-sectional
design precludes assessment of downstream clinical effects.
Other limitations include the restriction to an adult cohort,
which limits applicability to pediatric populations, and the
focus on IEDs and SA without application to ictal or en-
cephalopathic patterns. Variability in electrode placement
may also have been limited despite impedance control, and
we did not perform a cost-benefit analysis to quantify the
resource impact of routine IFCN montage use.

5 | CONCLUSIONS

Our findings provide robust technical evidence that in-
tegrating six inferior-temporal electrodes into routine
adult EEG increases the relative detection yield of ab-
normalities by ~12%, with the largest gains for temporal
discharges. With negligible additional setup time, this
low-cost, high-yield modification addresses a recognized
limitation of 10-20 montage and has clear potential to
reduce false-negatives in daily practice. Although we
did not formally compare the true-positive proportion
of these additional detections against an external gold
standard, the reproducibility by two blinded experts
and the considerable agreement between the montages
speaks in favor of their technical validity. The results
suggest that the IFCN 25-electrode array should be se-
riously considered as the standard for EEG in adults.
Confirmatory multicenter, outcome-based studies are
now required to determine whether these yield increases
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translate into earlier diagnosis, more accurate clinical
decision-making, and improved long-term outcomes, as
well as to formally evaluate the cost-effectiveness of rou-
tine use of the IFCN-recommended electrode array.
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Test yourself

1. In this study, what was the overall increase in abnormality detection when using the IFCN 25 electrode array
compared with the standard 10-20 system?

4%

8.5%

C. 11.5%

D. 15%

E. 20%

A.

@ >

2. Which abnormality was most frequently detected with the IFCN montage compared with the 10-20 system?
Extratemporal IEDs
B. Temporal IEDs
C. Extratemporal SA
D. Generalized epileptiform discharges
E. Diffuse background slowing
3. What is the main reason that the inferior-temporal electrodes of the IFCN improve the detection of temporal
abnormalities?
A. They allow a higher sampling rate
B. They reduce the electrical impedance
C. They capture anterior and basal temporal regions that are poorly covered by the 10-20 montage
D. They eliminate the need for photic stimulation
E. They increase the number of bipolar montages available

Answers may be found in the Supporting Information
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