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Abstract
Background and Objectives
To assess the scope of surgical epilepsy exposure and training among fellows in Epilepsy and
Clinical Neurophysiology (CNP) fellowship programs in the United States. Characteristics
associated with increased fellow involvement in epilepsy surgery were evaluated.

Methods
A 10-question multiple-choice survey was designed to characterize individual fellowship pro-
grams, epilepsy surgery programs, trainee involvement, and assessment of trainee performance.
The survey was distributed to program directors of adult Epilepsy and CNP-EEG track fel-
lowships between November 2021 and April 2022. Epilepsy surgery procedures included
resective approaches, neurostimulation modalities, and palliative interventions approved for
drug-resistant epilepsy. Associations between categorical variables were evaluated using the
Fisher exact test.

Results
There were 37 responses from a total of 72 survey recipients (51% response rate). The majority
(68%) of surgical programs performed >30 surgical procedures per year. The range of procedures
was overall similar across programs. At most programs, fellows were personally involved in
1–10 (49%) or 11–30 (46%) surgical procedures per year. Institutions with >50 surgical
cases/year were more likely to expose fellows to >10 cases/y compared with institutions with
volumes ≤50 per year (77% vs 33%, p = 0.017). Fellows had the greatest involvement in
presurgical planning with more variable involvement in perioperative and postoperative activities.
Competency in surgical management was primarily investigated through faculty assessments
(97%), whereas oral (46%) and written (30%) assessments were less frequently used.

Discussion
High-volume epilepsy surgery centers provide trainees with increased exposure despite also having
more fellowship positions. There is variability in surgical epilepsy exposure, trainee involvement,
and performance evaluation metrics between institutions. We identify specific areas that programs
may focus on to improve fellow competency in the surgical management of epilepsy.
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Seizures are refractory to medications in about 30% of the pa-
tients with epilepsy, which represents over a million people
living in the United States with drug-resistant epilepsy
(DRE).1,2 Epilepsy surgery is an effective option for many
people with DRE3,4; however, it remains significantly underu-
tilized. Despite an increase in the number of specialized epilepsy
centers between 2003 and 2012, the number of resective sur-
geries has decreased.5 Recognition of patients with epilepsy
syndromes amenable to surgical intervention and early referral
to specialized epilepsy centers is necessary to improve outcomes
in DRE.6,7 Furthermore, recent advances in epilepsy surgery,
including laser ablation therapies or implantation of neuro-
stimulation devices, have now become potential options for
patients who are not candidates for or wish to avoid resective
surgery. Because specialty-trained neurologists serve an integral
role in facilitating the identification and presurgical workup of
epilepsy surgery candidates, it is necessary to critically evaluate
the exposure and assessment methodology in surgical epilepsy
management received by trainees during their fellowship.

The Accreditation Council for Graduate Medical Education
(ACGME) Epilepsy milestones indicate that an epilepsy fel-
low must (1) plan and manage phase 1 (scalp video-EEG
monitoring) and phase 2 (invasive EEG monitoring) surgical
evaluation, (2) synthesize presurgical data to establish a sur-
gical management plan, (3) manage neurologic issues in the
postoperative patient, and (4) identify candidates for use of
medical devices approved for the treatment of DRE.8 A
trainee is required to be the primary reviewer of at least 5
intracranial studies including the use of subdural electrodes,
depth electrodes, and intraoperative electrocorticography.9

Similarly, the ACGME clinical neurophysiology (CNP)
milestones indicate that a CNP fellow must demonstrate
detailed knowledge of advanced treatment options for med-
ically refractory epilepsy.10 Prior studies have shown defi-
ciencies and lack of consistency in the education of neurology
residents to achieve the required milestones for EEG in-
terpretation.11,12 Notably, there is scarce literature assessing
the quality of surgical education in epilepsy and CNP trainees.

The current study investigated the scope of surgical epilepsy
exposure and training among fellows in Epilepsy and CNP
fellowship programs in the United States. We hypothesized
that there is a lack of standardized surgical epilepsy training
and assessment among the different ACGME-accredited fel-
lowship programs. By examining these trends, we aim to
motivate educational initiatives to better prepare trainees to
identify and treat surgically remediable epilepsy syndromes
and by extension improve access to surgical treatment for
people with DRE.

Methods
Study Design and Population
This study involved a national survey of institutions with epi-
lepsy and/or CNP fellowship programs. A search of CNP-EEG
track and Epilepsy ACGME-accredited programs was con-
ducted by state. Pediatric epilepsy programs and CNP pro-
grams with a preference for an EMG track, autonomic track, or
neurophysiologic intraoperative monitoring were excluded.
The American Academy of Neurology member directory was
queried to obtain the email of the program director. Between
November 2021 and April 2022, a request to complete the
survey was sent by email to eligible program directors with
instructions and a link to the survey. A 1-time reminder was
sent after 4 weeks if no response was received. Each program
director was quantified as a single respondent. Two institutions
had responses included from 2 program directors who sepa-
rately evaluated the Epilepsy and CNP programs.

Survey Design
A multiple-choice question survey was designed to broadly
evaluate the characteristics of each fellowship program in-
stitution, its epilepsy surgery program, trainee exposure, and
performance assessments. A pilot survey was initially sent to one
epilepsy program director, one CNP program director, and one
neurosurgeon to review validity of questions and responses; their
feedback was used for final survey development. The in-
stitutional characteristics included the geographic region, the
National Association of Epilepsy Centers (NAEC) classification
level, and the number of ACGME-accredited fellows per year of
training. The surgical program characteristics included the type
and volume of surgical procedures performed, including com-
mon resective approaches, neuromodulation, and palliative in-
terventions for DRE13 (eData, links.lww.com/NE9/A4).
Trainee exposure was investigated by the level of involvement in
surgical workflow and volume of cases exposed to. Trainee ed-
ucation and assessment were investigated by the types of didactic
resources and methods of measuring fellows’ competency in
epilepsy surgicalmanagement. The survey contained a total of 10
questions (eData, links.lww.com/NE9/A4), designed to take
less than 5 minutes to complete to maximize participation. A
publicly available survey platformwas used to design, record, and
aggregate responses (Google Forms: docs.google.com/forms/).

Statistical Analysis
Data preprocessing and descriptive statistics were performed
using R 4.0.3 (R Foundation for Statistical Computing,
Vienna, Austria, R-project.org/). Associations between cate-
gorical variables were evaluated using the Fisher exact test. All
statistical tests were 2 tailed with a significance level of 0.05.

Glossary
ABPN = American Board of Psychiatry and Neurology; ACGME = Accreditation Council for Graduate Medical Education;
CNP = clinical neurophysiology; DRE = drug-resistant epilepsy; NAEC = National Association of Epilepsy Centers.
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Standard Protocol Approvals, Registrations,
and Patient Consents
This study was exempt from Institutional Review Board re-
view and did not meet the criteria for human subject research.

Data Availability
The principal author has full access to all the data; the author
has the right to publish all the data separate and apart from
any sponsor.

Results
Institutional Characteristics
Program directors from 37/72 (51%) institutions with adult
epilepsy and/or CNP-EEG fellowship programs responded to
the survey. Fellowship program demographics are shown in
Table. There was a fair representation of the programs across the
United States, ranging from 5 (14%) programs in the Western
region to 15 (41%) in the Northeast region, with a geographic
response rate ranging from 32% in theMidwest region to 75% in
the Southern region (Table, Figure 1, A–D). The majority
(92%) of responses were received from NAEC level 4 centers.5

Surgical Program Characteristics
The majority (68%) of surgical programs performed >30 sur-
gical procedures per year (Figure 2A). High-volume centers
were surveyed across each geographic region, with >50 pro-
cedures per year reported by 3/8 (38%) Midwest, 3/15 (20%)
Northeast, 5/9 (56%) South, and 2/5 (40%) West region
programs. Institutions performing >50 procedures per year had
more ACGME-accredited fellows than institutions performing
≤50/y (69% vs 17% with ≥5 fellows, respectively, p = 0.003).

The range of surgical procedures was overall similar across
programs (Figure 2B). Radiofrequency ablation was least fre-
quently performed (32%). Geographically, there was a trend
toward fewer subdural electrode implantation procedures of-
fered in the Midwest compared with the rest of the country
(63% Midwest institutions vs 93% other regions, p = 0.056).

Trainee Exposure to Epilepsy
Surgery Procedures
At most programs, each fellow was involved in 1–10 (49%) or
11 to 30 (46%) surgical procedures per year (Figure 3A).
Institutions with >50 surgical cases per year were more likely
to expose fellows to >10 cases per year compared with insti-
tutions with volumes ≤50 per year (77% vs 33%, p = 0.017).
Exposure to >10 cases per year was similar between programs
with <5 and ≥5 fellows (42% vs 62%, p = 0.313). Compared
with programs with combined CNP and epilepsy accredita-
tions, there was a trend toward greater volume of exposure per
fellow in programs with only epilepsy accreditation (>10
cases/y in 75% vs 36%, p = 0.071). Rates of exposure were
similar across regions, with >10 cases per year reported by 5/8
(63%) Midwest, 5/15 (33%) Northeast, 4/9 (44%) South,
and 4/5 (80%) West region programs.

The rates of trainee involvement in preoperative, perioper-
ative, and postoperative activities are shown in Figure 3B.
Fellow involvement in preoperative activities ranged from
97% participation in case presentations to 81% participation
in intracranial EEG planning. There were high rates of peri-
operative involvement in OR attendance (89%), intracranial
EEG interpretation (95%), and stimulation/mapping proce-
dures (92%), however, with a low rate of participation in
multimodal electrode localization (24%). Postoperatively,
fellows frequently participated in neurostimulator pro-
gramming (95%) and less often in surgical outcome evalua-
tion (76%) and postoperative care (68%).

Didactic Resources and Evaluation
Didactic resources used for surgical epilepsy education pre-
dominately included faculty lectures, textbooks, and journal
articles (Figure 3C). Online resources were used by a mi-
nority (38%) of the programs. Competency in surgical man-
agement was most often determined through faculty
assessments (97%), whereas oral (46%) and written (30%)
assessments were less frequently used (Figure 3D). A mi-
nority (14%) of the programs reported no formal assessment
method.

Table Demographic Characteristics of Surveyed
Programs (N = 37)

Characteristic N (%)

Fellowship type

Epilepsy 12 (32)

CNP 3 (8)

Both 22 (60)

NAEC classification

Level 3 1 (3)

Level 4 34 (92)

I do not work in a level 3 or level 4 2 (5)

US region

Northeast 15 (40)

West 5 (14)

Midwest 8 (22)

South 9 (24)

No. of ACGME fellows trained per year

1–2 11 (30)

3–4 13 (35)

5–6 6 (16)

7–8 4 (11)

9 or more 3 (8)

Abbreviations: ACGME = Accreditation Council for Graduate Medical Education;
CNP= clinical neurophysiology;NAEC=National Associationof EpilepsyCenters.
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Discussion
This study sought to assess the scope of surgical epilepsy
exposure and training provided by epilepsy and CNP-EEG
programs in the United States by querying fellowship pro-
gram directors. The results reveal variability in surgical ex-
posure, fellow involvement, and performance assessments
among programs. These data indicate that high-volume epi-
lepsy surgery centers performing >50 cases per year provide
trainees with an increased case volume of exposure, despite
also having more ACGME-accredited fellowship positions.

The survey responses were heavily biased toward NAEC level
4 epilepsy centers, those that provide the highest level of
diagnostic and surgical treatment options for people with
DRE.14 Therefore, as expected, the range of procedures of-
fered at these institutions was similar without significant
geographic variation. However, despite similar exposure to
different types of surgical procedures, this study identified

specific areas with variability in fellow involvement, which
programs may target to improve the knowledge base and
competency of trainees. These included participation in post-
implant multimodal electrode localization, postoperative
management, and evaluation of surgical outcomes. Given the
increasing use of stereotactic depth electrodes and high level of
involvement of trainees in intracranial EEG interpretation and
stimulation mapping procedures, an accurate understanding of
electrode localization is critical. Similarly, the ACGMEEpilepsy
milestone focused on managing postoperative neurologic is-
sues requires detailed knowledge of the structure and function
of implanted and resected brain regions.

The training and education goals of fellowship should be
achievable within the duration of the program, typically 1–2
years. With regard to the surgical management of epilepsy, fel-
lows require a sufficient breadth of exposure to presurgical
workup, perioperative management, and postsurgical follow-up.
It is often challenging, however, for fellows to follow cases from

Figure 1 Demographics and Characteristics of Epilepsy Centers Surveyed

(A) Total number of programs surveyed per US region. (B) Response rate of programs surveyed per region. (C) Number of surgical procedures performed per
year per region; the Y axis corresponds to the percent of the responding programs. (D) Number of fellows per program by region; the Y axis corresponds to
the percent of the responding programs.
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presurgical evaluation through to the determination of long-term
outcomes. Alternative strategies may be useful to address this
issue, such as standardized postoperative review of cases to
evaluate surgical complications and seizure outcomes. Similarly,
online teachingmodules were infrequently used, yet have proven
to be effective resources for residency trainees to improve EEG
interpretation abilities.15 There is a need for high-quality and
versatile standardized training methods (e.g., online modules)
for intracranial EEG, which could serve as an educational re-
source at sites with a lower volume of surgical cases or at times
when elective surgeries decrease.16

Overall, there was a lack of consistency in the didactic re-
sources and assessment methods to determine competency in
surgical epilepsy management. A similar issue has been ob-
served with regard to neurophysiology competency during
neurology residency training; despite similar education
methods across programs, about a third of senior residents
lack confidence in EEG/EMG interpretation, and up to a
quarter are felt by program directors not meet ACGME
milestones.11 A lack of standardized training in EEG may
contribute to misinterpretation of normal variants and mis-
diagnosis of epilepsy.17 This is a critical issue because up to
30% of patients who receive a diagnosis of epilepsy and do not
respond to initial antiseizure medications may not have epi-
lepsy.18 Similarly, the lack of standardized approaches to

surgical epilepsy education raises concern for similar defi-
ciencies in the diagnosis and management of epilepsy surgical
care.

Almost all programs rely on faculty assessments to determine
the competency of trainees, although, at times, these are
supplemented with written and/or oral assessments. Faculty
assessments have a myriad of biases and may have poor val-
idity due to rating only select factors.19 In addition to in-
creasing objective performance metrics, there is a need to
diversify the methods used to evaluate fellows’ skills in surgical
epilepsy. The American Epilepsy Society offers online mod-
ules and self-assessments that may be used by program di-
rectors to enhance the competency of trainees in surgical
epilepsy.20,21 Currently, the program directors of ACGME-
accredited programs in the United States may also use the
American Board of Psychiatry and Neurology (ABPN) Cer-
tification in epilepsy medicine, a standardized test that may
identify areas of improvement.22 However, the surgical epi-
lepsy content of the questions is focused on a limited number
of treatments. An alternative assessment, the Epilepsy Fel-
lowship In-service Training Examination, is a standardized
examination used to target areas of improvement among ep-
ilepsy program directors; similarly, the examination content is
based on the ABPN content examination.23 There is a need
for national societies to create additional standardized

Figure 2 Characteristics of Surgical Procedures Performed at Responding Centers

(A) Total number of surgical procedures performed per year per institution. (B) Types of procedures performed. DBS = deep brain stimulation; LITT = laser
interstitial thermal therapy; RNS = responsive neurostimulation; SDE = subdural electrode implantation = RFA, radiofrequency ablation; SEEG = stereo-
electroencephalography; VNS = vagus nerve stimulation.
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examinations that may be used at a national level and include
novel treatments such as neuromodulation or assess the in-
terpretation of intracranial EEG. A revision to the ACGME-
accredited epilepsy milestones was recently completed to im-
prove the assessment of fellows.24 In this framework, surgical
competency was divided into 3 areas, one focused on surgical
planning, a second focusing on neuromodulation, and a third
on communication to relatives and patients. The updated goals
should serve as a guide for program directors when assessing
the competency of the Epilepsy and CNP fellows. Similarly,
there is a need to update the current CNP guidelines10 and
specify the competencies a fellowmust achieve in regards to the
surgical management of patients with epilepsy.

This study has limitations. The survey response rate of 51%
was adequate to achieve representation of training programs
nationally; however, it remained biased toward NAEC level 4
epilepsy centers in the Northeast region and possibly toward
larger-volume surgical centers. Nevertheless, this response
rate is comparable to prior surveys of epilepsy surgery pro-
grams.25,26 The study did not assess pediatric programs or
those programs that were not ACGME accredited. The cross-
sectional nature of the study and the timing of the survey
during a pandemic could have influenced the responses and
number of surgical procedures performed at each program,

although participants were instructed to answer based on their
practices in a typical year. The survey tool was designed to
maximize participation, and therefore, only categorical
multiple-choice questions were included, which limited the
granularity of the results and necessarily introduced some-
what arbitrary boundaries between categories. Despite this
limitation and lack of previously validated query items in this
research area, the answer choices allowed for adequate sepa-
ration of training programs to identify meaningful trends and
associations. For example, the groupings used in this survey to
capture surgical volume and the separation in responses align
with institutional volumes reported previously.27 Only stan-
dardized objective responses from program directors were
elicited, and therefore, unique aspects of each training pro-
gram (for instance, 1- vs 2-year programs) and trainee per-
ceptions were not considered in this analysis. Additional
future studies considering institution-specific curricula, tem-
poral trends in surgery/trainee volume, trainee’s outcomes
(perception of surgical exposure, board certification, and level
of surgical involvement posttraining), and validation of ob-
jective performance metrics with a control group are needed.

In conclusion, this national survey of Epilepsy and CNP fel-
lowship programs revealed substantial variability in surgical
epilepsy exposure, trainee involvement, and performance

Figure 3 Trainee Exposure and Assessments in Epilepsy Surgery

(A) Number of procedures per year in which trainees are personally involved. (B) Types of preoperative, perioperative, and postoperative activities that
trainees are involved in. (C) Types of didactic resources used by surveyed programs. (D) Types of assessments used to assess competency in epilepsy surgery
management. Imaging coregistration = performing multimodal imaging coregistration for intracranial EEG. iEEG = intracranial EEG recording; stimulation
mapping = performing electrical stimulationmapping; iEEGplacement = determination of electrode/lead placement; Faculty A = faculty assessments; Oral A =
oral assessments; Written A = Written Assessments.
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assessment metrics between institutions. This study identified
specific areas that programs may focus on to improve fellow
competency in the surgical management of epilepsy.
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