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Abstract
Objective
Telemedicine is rapidly becoming a major vehicle of delivering neurologic care to patients who
have limited access to subspecialists and exaggerated travel hardship. However, neurology
residents receive little to no training in telemedicine in outpatient clinics.

Methods
We piloted, to our knowledge, the first formalized, experiential outpatient teleneurology cur-
riculum. Neurology residents in their third and fourth postgraduate years (PGY3 and PGY4) at
the University of California San Francisco completed an interactive lecture and 4 weeks of
teleneurology clinics at the San Francisco Veterans Affairs Medical Center. Change in residents’
telemedicine knowledge and perspectives on the utility, challenges, benefits, and future practice
implementation of teleneurology were evaluated in 11 residents using precurriculum and
postcurriculum quizzes and surveys after 2 of 4 weeks on the rotation.

Results
Residents’ performance on quizzes improved from 53% to 88% (p = 0.002). Residents’ im-
pression of video visits compared to in-person visits changed, with more individuals indicating
video visits to be the same if not somewhat superior with regards to obtaining a focused history,
formulating a focused assessment and plan, communicating recommendations, and the overall
care provided (p ≤ 0.04). All residents felt more competent using telemedicine for patient care
in their eventual career.

Conclusion
Our formal didactic and clinic-based teleneurology curriculum for neurology residents, which
shared core themes suggested by the 2017 American Academy of Neurology Telemedicine
Work Group’s published recommendations, showed a statistically significant improvement in
knowledge and perspectives about the promise and limitations of teleneurology practice, as well
as increased comfort levels in future implementation.
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In recent years, telemedicine technology has evolved rapidly,
becoming more user-friendly and inexpensive, to the point
that it is becoming standard of care in many health care set-
tings. Since telemedicine increases access to care and patient
convenience, satisfaction for patients, caregivers, and pro-
viders is understandably high.1–3 Given the aging population,
anticipated shortage of neurologists, treatable emergencies
like stroke, chronic but treatable neurologic conditions like
Parkinson disease, and increased travel burden due to cog-
nitive impairment and immobility, outpatient neurologic care
is poised to greatly benefit from expanded use of telemedicine.
Therefore, 21st-century neurologists must be able to effec-
tively use telemedicine in their clinical careers. However, to
date, resident experience in teleneurology in outpatient clinics
is scant. Recognizing this gap, the American Academy of
Neurology (AAN) Telemedicine Work Group published the
first model framework for a teleneurology curriculum for
neurology residents in 2017.4,5

In the year prior to this publication, the authors had launched
a novel, formalized experiential outpatient teleneurology
curriculum for University of California San Francisco (UCSF)
neurology residents, implemented at the San Francisco Vet-
erans Affairs Medical Center (SFVAMC). The current study
evaluates this curriculum’s effect on resident knowledge about
telemedicine, their perspectives on the challenges and benefits
of teleneurology practice, and their self-assessed competence
in teleneurology practice.

Methods
Study population
The study involved 12 neurology residents at UCSF who
completed their teleneurology rotation across their PGY3 and
PGY4 years and consented to anonymously participate in
precurriculum and postcurriculum assessments. Of these 12,
11 residents completed both assessments, but one resident
did not complete a postcurriculum assessment and thus was
excluded from the analysis. The study was approved by the
UCSF institutional review board and participants were con-
sented in writing with a brief script describing the study, an-
onymity, and means to withdraw participation at the start of
each assessment.

Intervention
In July 2016, we launched the teleneurology rotation, in which
all current PGY3 and PGY4 neurology residents rotated
through 2 nonconsecutive 2-week blocks built into their
yearly schedule (figure). Given that the Department of Vet-
erans’ Affairs has been a leader in implementing telemedicine

as part of standard care, the foundation for a hands-on,
clinic-based teleneurology rotation at the SFVAMC was
already in place. Residents participated in SFVAMC out-
patient clinics in general neurology, movement disorders,
neuromuscular, and epilepsy, seeing new or follow-up
patients through live video-conferencing clinic-to-clinic
or clinic-to-home visits using Cisco Jabber software. Res-
idents also performed e-consultations with attending
physician oversight, that is, asynchronous provider-to-
provider consultative communications within a shared
electronic medical record that do not necessitate a clinical
visit.

The first few video visits were led by attending physicians
experienced in telemedicine. Residents thereby gained fa-
miliarity with the technology, aspects of a history and neu-
rologic examination unique to telemedicine, and interacting
with family members and third-party staff over video. Sub-
sequently, residents conducted their own video visits and
discussed their preliminary evaluation privately with the at-
tending. Both the resident and attending physician would
then rejoin the patient to provide a final assessment, re-
demonstrate the relevant components of the teleneurologic
examination, and convey the plan.

Following a year of experience with the clinical rotation, we
collected qualitative feedback from residents about the
clinical experience and knowledge gaps in order to improve
the educational content. Based on this feedback, we for-
malized the rotation objectives and created a 60-minute in-
teractive lecture on the following overarching topics: the
evolution of telemedicine, common telemedicine delivery
modalities, technological aspects, licensure, reimbursement,
the teleneurologic examination (table e-1, doi.org/10.5061/
dryad.4j9n25d), “webside manners” (table e-2, doi.org/10.
5061/dryad.4j9n25d), telemedicine challenges, and future
applications.

In July 2017, we launched the updated, more formalized
curriculum along with the current quantitative study in the
PGY3 and PGY4 residents starting their rotation. Pre-
curriculum assessments were given prior to the start of the
rotation, which began with the one-on-one interactive lecture
delivered to each resident by the authors. Postcurriculum
assessments were given following the completion of their first
2-week block to standardize assessment timepoints for all
residents. All assessments were voluntary, anonymous, de-
identified, and administered electronically and stored through
a RedCAP database. Only pooled data were reviewed and
analyzed at the completion of the study period to preserve

Glossary
AAN = American Academy of Neurology; SFVAMC = San Francisco Veterans Affairs Medical Center; UCSF = University of
California San Francisco.
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anonymity. Both assessments consisted of the same (1)
multiple-choice quiz, testing telemedicine knowledge drawn
from the lecture (table e-3, doi.org/10.5061/dryad.4j9n25d),
and (2) survey of perspectives on the utility, challenges,
benefits, and future practice implementation of teleneurology
(table).

In the surveys, residents were asked to compare video visits to
in-person visits on a 5-item Likert scale ranging from “far
inferior” to “far superior” in 6 domains. Residents’ per-
spectives on teleneurology were surveyed across 14 potential
obstacles and 8 potential benefits on 4-item Likert scales
ranging from “not a challenge/benefit” to “major challenge/
benefit,” respectively (table). In the postcurriculum survey,
residents self-assessed their competence using telemedicine
for patient care in their eventual careers on a 3-item scale of “a
lot more,” “somewhat,” and “not at all.” They were asked if
they agreed or disagreed, on a 5-item Likert scale, with the
statements: “I feel comfortable conducting a telemedicine
patient video visit” and “Overall, I feel that formal training in
telemedicine applications and practice is a useful and/or
needed aspect of neurology residency training.”

Outcomes
Our primary outcomes were to assess the change in resi-
dents’ (1) telemedicine knowledge base, (2) perspectives on
teleneurology video visits compared to in-person visits, and
(3) perspectives on the challenges and benefits of tele-
neurology, as assessed by comparing precurriculum and
postcurriculum quizzes and survey responses, respectively.
Our secondary outcomes pertained to residents’ self-
assessed competence in teleneurology skills, as well as per-
ceived value of teleneurology training.

Statistical analysis
A paired t test was used to compare quiz scores before and
after the rotation. Data collected on residents’ perspectives
towards teleneurology demonstrated a nonparametric distri-
bution, thus a Wilcoxon signed rank test was used to compare
matched data points precurriculum and postcurriculum. A
significance level of 0.05 was used for all tests. All statistical
tests were performed using Microsoft Excel, version 16.17
(Redmond, WA).

Data availability
The full set of de-identified data is available upon request.

Figure Outpatient teleneurology curriculum design and assessments
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Results
Primary outcomes

Telemedicine knowledge
All residents improved in their quiz performance, and on
average, scores improved from 53.3% on the precurriculum
quiz to 88% on the postcurriculum quiz with a median score
increase of 8 points on the 26-point quiz (p = 0.002) (table
e-3, doi.org/10.5061/dryad.4j9n25d for quiz).

Perspectives on video visits vs in-person visits
Following 2 weeks of the teleneurology rotation, residents’
impression of video visits compared to in-person visits
changed, with more residents indicating video visits to be
the “same” if not “somewhat superior” to in-person visits
with regards to 4 of 6 factors surveyed obtaining a focused
history, formulating a focused assessment and plan, com-
municating recommendations, and the overall care pro-
vided (p ≤ 0.04) (figure e-1, doi.org/10.5061/dryad.
4j9n25d). No statistically significant difference was seen for
identifying patients’ chief concerns (all residents identified
this as “same” at both timepoints; p > 0.99) and estab-
lishing a personal connection (all residents identified video
visits to be the “same” or “somewhat inferior” to in-person
visits; p = 0.20).

Perspectives on the challenges and benefits of
telemedicine
A statistically significant difference was seen in residents’
perspectives on the challenges of telemedicine practice fol-
lowing 2 weeks of the rotation in 3 of 14 obstacles surveyed.
Residents perceived less challenge in performing a neurologic
examination (p = 0.02), making an adequate patient assess-
ment (p = 0.02), and navigating technological barriers (p =
0.04) (figure e-2, doi.org/10.5061/dryad.4j9n25d). Many
residents recognized that reducing travel time, overall burden
of the clinic visit, and costs for the patient were clear benefits
even prior to the rotation. However, after 2 weeks of the
rotation, residents’ perspectives on the benefit of reducing
caregiver burden specifically changed; 90.9% of participants
identified this as a “major benefit” after, compared to only
54.6% before the rotation (p = 0.04).

Secondary outcomes
All residents indicated feeling more competent using tele-
medicine for patient care in their eventual career after com-
pleting 2 weeks of the rotation. Of note, residents saw, on
average, between 11 and 20 patients on their rotation, with an
upper range of 21–30 patients. All residents either agreed or
strongly agreed with the statement, “I feel comfortable con-
ducting a telemedicine patient video visit.” A total of 90.9% of

Table Components of teleneurology survey questions

Comparing video visits to in-person visits Challenges of teleneurology Benefits of teleneurology

How do video visits compare to in-person visits with
respect to the following aspects of a typical patient
visit?

How much of a challenge do you believe the
following factors are for the practice of
teleneurology?

How much of a benefit do you believe the
practice of teleneurology provides for the
following factors?

1. Identifying patients’ chief concerns 1. Patient’s lack of interest 1. Reducing travel time for patient

2. Obtaining a focused history 2. Provider’s lack of interest 2. Reducing overall burden of clinic visit for
patient

3. Formulating a focused assessment and plan 3. Provider’s lack of training 3. Reducing caregiver burden

4. Communicating recommendations 4. Provider’s ability to make a personal
connection

4. Reducing costs for patient

5. Establishing a personal connection 5. Provider’s ability to perform a neurologic
examination

5. Reducing costs for providers/health systems

6. Overall quality of care provided 6. Provider’s ability to make an adequate
assessment

6. Improving access to care for rural/remote
patients

7. Reimbursement 7. Improving access to care for infirmed or
immobile patients

8. Licensing 8. Improving access to specialized care

9. Administrative barriers

10. Malpractice risk

11. Technology barriers

12. Equipment cost

13. Technical support

14. Documentation
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residents either agreed or strongly agreed with the statement
“Overall, I feel that formal training in telemedicine applica-
tions and practice is a useful and/or needed aspect of neu-
rology residency training.”

Discussion
As telemedicine becomes amajor component of neurologic care,
future outpatient neurologists will need to be proficient in de-
livering specialized care through a virtual platform.6 This study
provides evidence for the benefits of formally implementing
a basic teleneurology curriculum for neurology residents in
outpatient clinics. Our study found that neurology residents
found the formalized training in the growing field of tele-
neurology valuable. Following an interactive lecture and just 2
weeks of exclusively teleneurology hands-on clinical experience,
residents’ knowledge of core telemedicine topics grew signifi-
cantly, and there was a positive shift in residents’ perspectives on
aspects of telemedicine that often receive criticism (e.g., the
ability to perform an accurate neurologic examination and as-
sessment).Many benefits of telemedicinewere already perceived
as such prior to curriculum, but with hands-on experience, res-
idents noted the importance of caregiver support when it comes
to many neurologic patients, and recognize the opportunity
video visits present for this patient population.

Residents indicated that video visits are inferior to in-person
visits in “establishing a personal connection” with patients. This
is consistent with the often-identified concern about de-
personalization of the provider–patient relationship and the
AAN Telemedicine Work Group’s recommendation that tele-
neurology curriculums should cultivate “webside manners” and
emphasize that telemedicine is a means to enrich in-person care,
not replace it4,7,8 (table e-2, doi.org/10.5061/dryad.4j9n25d).

We recognize the small sample size and lack of control group
are major limitations in this study. Furthermore, while the
neurology faculty evaluations of the residents on this rotation
were uniformly positive, competence in teleneurology skills
was only self-assessed at the end of the first 2-week block. Our
clinical rotation provided a strong clinical experience in di-
verse outpatient general and subspecialty neurology clinics,
but lacked any exposure to inpatient or emergency con-
sultations, such as telestroke. Similarly, while residents per-
ceived the teleneurologic examination as overall less
challenging following the curriculum, we did not analyze how
this differed between subspecialties (e.g., a thorough neuro-
muscular examination may be more limited than a movement
disorders examination). This is where further discussion of
specific clinical vignettes and troubleshooting techniques with
a seasoned subspecialist, as the AAN Telemedicine Work
Group has outlined, could have added benefit even in an
experiential curriculum.4

This curriculum was developed at a single academic center,
tailored to needs, funding, and feasibility within the UCSF

neurology residency program, and implemented at the
SFVAMC with its already robust telemedicine infrastructure
and expertise. Each institution should tailor their tele-
neurology education to their capabilities. For instance, though
our curriculum shares several of the themes and core com-
petencies outlined by the AAN, it focuses more on developing
comfort in outpatient teleneurology through experiential
training over didactics. Having said this, the modules and
vignettes the AAN has outlined are appropriate alternatives to
fill the gaps where local expertise or feasibility of telemedicine
encounters is not available at any given institution.4 In our
next iteration of this curriculum, we hope to enhance this
curriculum with case-based discussions and a journal club.

This curriculum may serve as a basic pilot experiential-based
outpatient teleneurology curriculum that together with the
AAN Telemedicine Work Group’s curriculum recom-
mendations could lay the groundwork for the development of
teleneurology curricula in residency programs across the
country. Future efforts should include the development of best
education practices and assessment of patient and caregiver
satisfaction with resident video visits in this ever-evolving field.

Study funding
No targeted funding reported.
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Go to Neurology.org/N for full disclosures.
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