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The competency-based model has been guiding medical education on an international

level over the last decades [1]. This model is learner-centered and has mastery of specific
knowledge and skills as its unit of progression [2]. In the realm of electroencephalography
(EEG), there have been continued efforts to ensure that residents have the competence

to accurately and reliably interpret EEGs by the time they complete residency training.
Achieving this goal is imperative, especially in countries where EEGs are typically read by
neurologists without clinical neurophysiology or epilepsy fellowship training [3, 4], due to
the deleterious consequences of EEG misinterpretation and epilepsy misdiagnosis [3]. In an
attempt to define minimum EEG competency milestones, we herein propose a prioritized
list of routine EEG findings that all adult and child neurology residents should be able to
identify and interpret on completion of training.

Resident EEG education is guided by well-formulated milestones proposed by organizations
such as the Accreditation Council for Graduate Medical Education (ACGME) [5] and
International League Against Epilepsy (ILAE) [6]. These milestones, however, are not
meant to be used to determine whether a trainee is competent to graduate; additionally, the
milestones do not specify particular EEG findings that should be mastered by trainees. For
example, the ACGME EEG Level 3 milestone encapsulates recognition of “common EEG
abnormalities”; these “abnormalities”, nonetheless, are not specified. We surveyed a group
of EEG/epilepsy experts to delineate a list of routine EEG findings rated by their clinical
yield for adult and child neurology resident education.
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The authors (FN, JJ, MBW, SB) designed an online survey (see supplementary material)
in which a comprehensive set of adult and pediatric routine EEG findings were listed
under four major sections: normal findings, artifacts, normal variants, and abnormal
findings. Neonatal EEG findings were not included. EEG/epilepsy experts were asked to
rate each EEG finding on a 5-point Likert rating scale (1 = “not at all important”, 5 =
“extremely important™) based on the importance for adult and child neurology residents to
learn this finding during residency training. We applied different weights to each answer
corresponding to its respective point per the 5-point Likert rating scale (e.g., a weight of 5
for 5 points on the Likert scale = “extremely important™), and generated a single weighted
mean for each finding. Further, we asked experts for their rationale in rating each EEG
finding. Data collection was performed from April to May 2022. All data is available
upon request. Twenty-six EEG/epilepsy experts completed the survey from the following
countries: the USA (/7=19), Denmark (/7=2), Canada (/=1), Germany (/=1), Brazil (r=1),
China (n=1), and India (77=1). All experts practice either in an academic setting (/7=24/26;
92%) or combined academic-private setting (/7=2/26; 8%). The mean number of years
reading EEGs (including during clinical neurophysiology or epilepsy fellowship training)
among experts was 20 years (range: 2-47 years). EEG findings and their respective weighted
mean scores are shown in table 1.

Experts rated EEG findings based on whether their misinterpretation would lead to
unnecessary treatments (/7=24/26; 92%), additional unnecessary tests (7=23/26; 88%), or
epilepsy misdiagnoses (/7=22/26; 85%). Free text responses were evaluated and included
rating the relative importance of EEG findings depending on the prevalence of the

findings in clinical practice (/7=1/26), their presence in previous examinations assessing
EEG competency after residency graduation (/7=1/26), and the expert’s previous learning
experience while a resident (/7=1/26). One expert stated that “if a neurologist has to interpret
EEG after graduation, additional training is essential” whereas another expert noted that “all
topics need to be known by an EEG specialist [reader] including a neurology resident”.

Despite neurology residents’ high motivation to learn EEG [7, 8], both their level of
confidence in interpreting EEG independently [7-10] and their objective knowledge of EEG
[8] are far from optimal. In a survey of USA adult neurology residencies, program directors
reported that this educational gap is a result of insufficient EEG exposure and ineffective
didactics [11]. We believe that a key factor contributing to these education barriers arises
from a lack of objective, well-defined EEG competencies expected of graduating residents
including the absence of a recognized list of “must-know” EEG findings. Our study provides
such a list which includes an inventory of routine EEG findings generated based upon
opinions of a large group of multinational EEG/epilepsy experts who practice academic
epileptology.

We believe that this resource addresses several challenges associated with trainee EEG
education. First, our list of “must-know” routine EEG findings may be used in combination
with broader milestones (such as those proposed by the ACGME [5] and ILAE [6]) to help
residency programs create consistent, specific, attainable EEG learning milestones. These
benchmarks may be used to develop milestone-based curricula and, ultimately, a roadmap
for resident EEG training. Moreover, these milestones may be used as assessment standards;
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in other words, to evaluate residents’ EEG competence longitudinally throughout residency
training.

Second, this resource may be helpful in prioritizing EEG findings that must be learned
during residency training. Similarly, by using the above-mentioned milestone-based
assessment standards, programs may adjust quality and quantity of resident EEG exposure
to achieve the level of proficiency in EEG required by completion of residency training.
This aspect may be especially beneficial given the pervasive problem of insufficient EEG
exposure, a well-known barrier to resident EEG education [11]. Survey data from USA adult
neurology program directors showed that residents are required to undergo an average of 1.7
one-month EEG rotations to graduate (range: 0—4), and these trainees typically read zero to
30 EEGs per rotation [11]. Given this relatively small amount of dedicated EEG learning
time, we believe that residents should focus on those EEG findings that have the greatest
clinical yield — those findings that, if misread, might result in unnecessary treatments, tests,
or epilepsy misdiagnoses. Residency programs could create educational libraries containing
anonymized examples of high-yield EEG findings to ensure that residents are exposed to

all of these essential EEG findings during their training. Lastly, using a comparable list of
EEG findings to teach residents and assess their competency might serve research purposes,
allowing a more valid comparison of trainee data from different institutions and different
countries.

We hope that this list of routine EEG findings has the potential to make the adult and child
neurology resident EEG learning process more objective and standardized, which - as a
result - may be educationally beneficial to both teachers and trainees.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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