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Abstract
Background and Objectives
There is a need for earlier outpatient exposure in neurology training. In 2017, 56% of residents
on the American Academy of Neurology (AAN) Graduating Resident Survey reported that
they felt that the fellowship process started too early, and 46% felt that they did not have
adequate outpatient exposure before making a fellowship decision. In addition, the traditional
front-loaded resident schedule may contribute to high rates of burnout due to greater work
hours and heavier inpatient load, as was suggested in the findings of a 2016 AAN survey
comparing burnout among residents and fellows.

Methods
We created an X + Ymodel within the UCLANeurology Residency Program in the 2020–2021
academic year with the goal of increasing outpatient exposure earlier in training. We used a
preintervention/postintervention design assessing measures of resident satisfaction, outpatient
clinic exposure, number of inpatient handoffs, resident work hours, and scores on the resident
in-training examination (RITE). We hypothesized that outpatient clinic exposure would in-
crease, handoffs would diminish, work hours would be reduced, measures of resident satis-
faction with inpatient care, outpatient care, and well-being would improve, and that RITE
scores would improve. Work hours, handoffs, and number of clinic days were compared across
each year via analysis of the resident schedule. Resident perceptions were obtained via an online
survey at the end of their PGY-2 year. RITE scores were compared across a variety of
subspecialties.

Results
In the postintervention year, handoffs were reduced by 6.13 (95% CI 4.73–7.54) per week.
Average clinic half-days increased by 4.51 (95% CI 7.76–0.53). Resident responses regarding
their outpatient experience improved from 42% to 93% satisfied and from 60% to 94% satisfied
for their inpatient experience. There was no difference in average work hours per week before
and after the intervention. Regarding resident well-being, responses improved from 42% sat-
isfied in the traditional model to 96% in the X + Y model. Among the RITE subjects covering
primarily outpatient subspecialties, scores improved in each category.

Discussion
After implementation of an X + Y model, we observed an improvement in outpatient exposure,
learning and career satisfaction, and resident education on subspecialty topics.
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Neurology as a field is a rapidly evolving environment. Neu-
rology graduate medical education has continued to adapt to
match that dynamic.

Neurology residencies have long struggled with providing
adequate outpatient training.1 A 1994 survey of American
neurology residency program directors reported a consensus
that “current approaches to teaching in the outpatient setting
fall short of an educationally ideal system.” It was reported
that residents were spending 23% of their time in outpatient
clinics, an amount thought to be inadequate. As the burden of
neurologic disease has increased, so has the need for greater
subspecialty neurology training.2 Training continues to be
heavily inpatient focused and front loaded, making it difficult
for trainees to develop strong outpatient general neurology
skills and choose a subspecialty focus.3

In 2017, 90% of residents on the American Academy of
Neurology (AAN) Graduating Resident Survey reported that
they would be pursuing a fellowship. However, 54% felt that
the fellowship application process started too early, and 46%
did not feel that they had adequate outpatient exposure before
making a decision.4 Eight of the top 10 most commonly
pursued fellowships were outpatient specialties. Currently,
the majority of US neurology residencies place an emphasis
on inpatient training during Post-Graduate Year 2 (PGY-2,
first year of neurology training).5 This is notable given the
ongoing accelerated timeline for fellowship applications. In
the 2017 AAN Program Directors survey,6 78% of the 106
program directors indicated that the residency fellowship
application process starts too early, and many favored delay-
ing the application process to late in the PGY-3 year to allow
for greater subspecialty exposure and exploration of career
options before committing.

Previous AAN research has identified a high rate of burnout
among neurology trainees, with many of the associated factors
tied to work schedule.7 Seventy-three percent of 212 neurology
residents surveyed in 2016 described at least 1 symptom of
burnout (high emotional exhaustion, high depersonalization, or
low personal accomplishment), which was higher than the
burnout rate of fellows also surveyed (55%). Among the key
differences between residents and fellows, residents spent 10
times as much time per year on inpatient coverage, spent more
weekends in the hospital per year (23:4), and cared for fewer
outpatients per week (6:10). On pooled analysis of all residents
surveyed, the characteristics most closely associated with a
lower burnout risk were work-life balance and meaningful
work. In addition, trainees who reported their work meaningful
were more likely to be satisfied with their career choice.

Transitioning to a more outpatient-weighted schedule could
help address several of these underlying stressors.

Given this landscape of neurology training, a new X + Y
schedule was created at the University of California, Los
Angeles (UCLA) Neurology Residency Program in lieu of the
traditional neurology residency schedule during the PGY-2
year. We compared the number of inpatient handoffs, resident
work hours, total number of continuity clinics, resident sat-
isfaction of inpatient and outpatient care, markers of well-
being, fellowship decision-making, and resident in-training
examination (RITE) scores before and after introduction of
the X + Y scheduling. Our hypothesis was that the transition
to this new schedule would lead to a reduced number of
handoffs, a reduction in resident work hours, an increased
number of continuity clinics, increased satisfaction with out-
patient care, improved resident well-being, enhanced fellow-
ship decision-making, and improvement in RITE scores,
particularly on questions related to outpatient subspecialties.

Methods
Planning the Intervention
We used a preintervention/postintervention design in assessing
outcomes. In the 2020–2021 academic year, the UCLA Neu-
rology Residency Program adopted a 4 + 2 schedule for the
PGY-2 class (11 residents in total, 9 adult neurology residents
and 2 pediatric neurology fellows completing their adult neu-
rology training year), with 2 weeks of outpatient rotations for
every 4 weeks on inpatient rotations. This specific variation of X
+ Y was used to create appropriately sized resident cohorts for
the PGY-2 class size and different sites requiring coverage. We
created schedule templates using variably spaced 2-week in-
patient neurology blocks at 3 different hospital sites interspersed
with 2-week outpatient clinic blocks. The resident continuity
clinics in both models were split between the main academic
hospital and the Veterans Affairs (VA) outpatient center. In the
traditional model, PGY-2 residents primarily covered inpatient
teams at the VA, County, or the main university hospital with
limited dedicated outpatient time, and rotations were 4 weeks
long. When designing the master template, we used a modified
version of the process outlined by Internal Medicine residency
programs8 (Figure 1). Necessary modifications were made to
accommodate the Accreditation Council for Graduate Medical
Education (ACGME) requirements for pediatric neurology
residents completing their adult neurology training year,9 in
which residents are required to have 6 months of inpatient
rotations and 3 months of both outpatient adult neurology and
elective.

Glossary
AAN = American Academy of Neurology; ACGME = Accreditation Council for Graduate Medical Education; IM = Internal
Medicine; PGY-2 = Post-Graduate Year 2; RITE = resident in-training examination; VA = Veterans Affairs.
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Intervention
In both the traditional model and the 4 + 2 schedule, conti-
nuity clinics were scheduled during the morning and after-
noon sessions, with an average of 3.5 patients seen per clinic.
In the traditional model, residents rotated through 4-week
rotations and had a weekly half-day continuity clinic, re-
gardless of whether they were on an inpatient or outpatient
rotation (Figure 1A). However, in the 4 + 2 schedule, all
continuity clinics were removed from inpatient rotations for
the PGY-2 class and scheduled within the +2 clinic weeks
(Figure 1B). In both years, residents each had their own co-
hort of clinic patients. The PGY-2 residents all continued to
meet the ACGME requirements of 40 continuity clinics/y,
not separated by greater than 5 weeks (with the allowed ex-
ception of vacation). Finally, the clinic blocks had additional
subspecialty clinics built into the mornings and afternoons
during which residents were not in their continuity clinics.
These subspecialty clinics included Ataxia, EMG/NCS,
Headache, Movement Disorders, Multiple Sclerosis, Neuro-
behavior, Neurogenetics, Neuromuscular, Neuro-oncology,
Neuro-otology, Sleep, and Stroke (Figure 2).

Variables
We had two primary outcomes. The first was the validated
Learners’ Perception Survey, given to both pre-intervention
and post-intervention classes, to assess attitudes towards in-
patient care, outpatient care, and overall well-being. The
second was outpatient exposure as counted by the number of
resident continuity clinics and total weeks on an outpatient
rotation. Additional secondary outcomes in both classes were
RITE scores, number of inpatient handoffs, and work hours.

Data Sources/Measurement
We surveyed the 2019–2020 PGY-2 resident physicians
(preintervention class) in April of the year before imple-
mentation of the 4 + 2 schedule and the 2020–2021 PGY-2
resident physicians (postintervention class) who participated
in the new schedule the following April. We used a retro-
spective pre-post survey design and sent a series of questions
from the validated Learners’ Perception Survey via an anon-
ymous Qualtrics software link.10 Survey completion was op-
tional, and residents did not receive any compensation for
completion. Most questions were in a 5-point Likert scale
format querying satisfaction with statements on outpatient
and inpatient experience. The survey was divided into 3 sec-
tions: outpatient experience, inpatient experience, and readi-
ness for fellowship. Specific questions were marked for a
subgroup analysis assessing trainee well-being based on fac-
tors significantly associated with burnout and career satisfac-
tion in the 2016 AAN survey (meaningful work and work-life
balance). We added questions on the residents’ satisfaction in
making a fellowship decision. Because of the small sample of a
neurology residency class, we analyzed these survey results in
a descriptive manner. “Neither satisfied nor dissatisfied” was
reported as a neutral response. “Extremely satisfied” and
“Somewhat satisfied” were reported as satisfied responses.
“Somewhat dissatisfied” and “Extremely dissatisfied” were

reported as unsatisfied responses. No programmatic changes
beyond the X + Y schedule were made to the residency that
were expected to alter responses.

The number of resident clinics and the total outpatient time
before and after implementation of the X + Y schedule were
tabulated via analysis of the online schedule. To assess the
effect of the schedule on resident work hours, we sampled
the weekly timesheets submitted by the neurology residents
both preintervention and postintervention for each aca-
demic year.

We examined inpatient handoffs (number of instances in
which a group of patients was handed off from one resident
to another) across all classes before and after implementa-
tion of the X + Y schedule via analysis of the online schedule.
At the main academic hospital, there were 3 handoffs that
occurred each day: morning, long call, and overnight. At the
VA and County sites, there were 2 handoffs that occurred on
weekdays: morning and overnight. On weekends, there was
one handoff. Any outpatient clinic scheduled for residents
while rotating on an inpatient service and any time a resi-
dent rotated off service was counted as an additional
handoff.

The 2020 and 2021 RITEs were administered in February
of each year to the corresponding PGY-2 classes. The 2020
examination consisted of 396 scored questions, and the 2021
examination consisted of 400 scored questions, each covering 8
different sections: “Neurocognitive Disorders and Movement
Disorders,” “Vascular Neurology and Neurocritical Care,”
“Neuromuscular,” “Epilepsy and Sleep Disorders,” “Adult Neu-
roimmunologic and Neuroinfectious Disease,” “Headache,
Neuro-oncology, Neuro-ophthalmology, and Neuro-otology,”
“Psychiatric Disorders,” and “Pediatric Neurology.”We used the
yearly program result reports to compare performance in each
year by subspecialty based on the additional rotations introduced
through the X + Y model. Notably, within the design of the
UCLA Neurology Residency Program, Pediatric Neurology and
Psychiatry rotations occur in the PGY-3 and PGY-4 years, re-
spectively. Thus, we combined the weighted scores for these
sections to serve as a comparison for the other sections above as
neither class had exposure to these rotations at the time of taking
the RITE. We did so by adding together the correct and total
number of questions in each section (190 in 2020 and 143 in
2021 for Psychiatry; 720 in 2020 and 924 in 2021 for Pediatric
Neurology) and calculating a combined score for each class.
Exposure to inpatient VascularNeurology and inpatient Epilepsy
was unchanged across each class outside the overall reduction in
inpatient rotations. The majority of EEG education occurs
during the PGY-3 year, and PGY-2s are expected to contact
fellows or attendings for EEG interpretation.

Statistical Methods
The variables of number of continuity clinics, handoffs, and
work hours were analyzed by the unpaired t test. We defined
statistical significance as p < 0.05.
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RITE results were tested for significance via the 2-tailed Z-test
for comparison of proportions with the assumption of a
normal distribution nationally for the RITE examination.

After correction for multiple comparisons across 7 sub-
specialty areas via Bonferroni correction, statistical signifi-
cance was defined as p < 0.007. All statistics were computed

Figure 1 Preintervention and Postintervention Block Schedules

(A) Sample traditional model block schedule. Each block represents a 4-week rotation, and this figure demonstrates the entire year’s schedule. Fully
ambulatory blocks are highlighted in dark green, and inpatient blocks are highlighted in gray. In some instances, residents were in 2-week rotations to
accommodate vacation, or a 2-week night float rotation, and these blocks are highlighted in light green. For the Pediatric Neurology residents, there were
additional VA outpatient rotations to meet ACGME requirements for outpatient exposure. (B) Sample X + Y block schedule. Each block represents a 2-week
rotation, and this sample represents only half of the year for readability. Ambulatory blocks are highlighted in green, and inpatient blocks are highlighted in
gray. Vacations were substituted in place of ambulatory blocks, and Pediatric Neurology rotations were scheduled in accordance with their specific ACGME
requirements. Starting in block 8, the PGY-2 residents start covering night float, and so with that one fewer PGY-2 was present on the VA inpatient team. The
design of the schedule was such that at least for every 4 weeks on an inpatient service, residents would either have an ambulatory block or vacation for 2
weeks. In some cases, residents may have had an ambulatory block after 2 weeks on an inpatient service for the sake of balancing the schedule. Each
ambulatory block was associated with different subspecialty clinics. PGY-2 = Post-Graduate Year 2; VA = Veterans Affairs.
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using Microsoft Excel (Redmond, WA). The study was
reviewed and granted exempt status by the UCLA In-
stitutional Review Board, and deidentified data were provided
to the authors for analysis.

Data Availability
The data sets generated during and/or analyzed during the
current study are not publicly available to ensure the confiden-
tiality of the participating residents, but anonymized data are
available from the corresponding author on reasonable request.

Results
Participants
There were 10 residents in the preintervention class (8 adult
neurology and 2 pediatric neurology) and 11 residents (9 adult
neurology and 2 pediatric neurology) in the postintervention
class. In the preintervention class, 8 residents were female and 2
were male, and the average age was 32.6 (±2.37) years. In the
postintervention class, 7 residents weremale and 4were female,
and the average age was 30.4 (±2.18) years.

Inpatient vs Outpatient Time
In the traditional model class, the average number of weeks on
inpatient rotations was 44.1 (±0.94) and 3.9 (±0.94) weeks on
outpatient rotations. In the X + Y class, the residents averaged
32.7 (±3.84) weeks on inpatient service and 15.3 (±3.84)
weeks on outpatient rotations.

Continuity Clinics
Residents in the preintervention year averaged 39.3 clinic half-
days per year and 43.5 clinic half-days per year in the post-
intervention year, with a mean difference of 4.51 (95% CI 7.76,
0.53, p = 0.026). Across all residents, this totaled an additional
154 patient appointment slots added to the postintervention year.
There was no difference in the no-show rate between classes.

Handoffs
In examining the effect of the 4 + 2 schedule on inpatient handoffs,
we found that there was an overall reduction. Before the X + Y
implementation, there were 1,874 inpatient handoffs for the pre-
intervention year, an average of 36.7 per week across all 3 inpatient

sites. After X + Y implementation, there were 1,561 inpatient
handoffs in the postintervention year, an average of 30.6 per week
across all 3 sites. Between the 2 years, there was a reduction of 6.13
handoffs per week (95% CI 4.73–7.54, p < 0.0001). However,
therewas an increase in end-of-rotation handoffs, from143 to 188,
due to 2-week rotations, instead of 4 weeks.

Learners’ Perceptions
In all, 17 of 19 residents completed the survey (89% response
rate). Seven of 17 respondents completed their PGY-2 year in
the 2019–2020 academic year, and 10 of 17 respondents com-
pleted their PGY-2 year in the 2020–2021 academic year. Across
all 13 outpatient questions, there was a greater percentage of
satisfied responses in the postintervention class for each ques-
tion compared with the preintervention class (Figure 3). Of 120
resident responses regarding outpatient experience in the post-
intervention class, 112/120 (93%)were satisfied, comparedwith
35/84 (42%) satisfied responses from the preintervention class.
Of the 120 resident responses regarding inpatient experience,
113/120 (94%) were satisfied, compared with 50/84 (60%)
satisfied responses from the preintervention class (Figure 4).

Notable improvements in resident satisfaction included
preparation for outpatient practice (10% satisfied to 90%
satisfied), level of job stress during my continuity clinic (42%
satisfied responses to 100% satisfied responses), level of job
stress during inpatient service (14% satisfied responses to 90%
satisfied responses), level of fatigue during inpatient service
(14% satisfied responses to 90% satisfied responses), personal
reward from work during inpatient service (29% satisfied re-
sponses to 100% satisfied responses), and ability to focus on
my outpatient responsibilities during continuity clinic (0%
satisfied responses to 100% satisfied responses).

Eight questions focused on assessing resident burnout and well-
being. Of 80 resident responses regarding well-being in the
2020–2021 class, 77/80 (96%) responses were satisfied, com-
pared with 23/56 (41%) in the 2019–2020 class (Figure 5).

Six of 10 respondents in the 2020–2021 class reported satis-
faction regarding “Being able to confidently make a fellowship
decision,” compared with 0/10 respondents in the 2019–2020

Figure 2 Sample Ambulatory Block

Sample clinic schedules during their +2 out-
patient block illustrating the variety of sub-
specialty clinics neurology residents rotate
through in 1 week. Sample schedules are
provided for the Ronald Reagan UCLA out-
patient site and the WLA VA outpatient site.
RCC = resident continuity clinic; VA = Veterans
Affairs; WLA = West Los Angeles.

Neurology.org/NE Neurology: Education | Volume 1, Number 2 | December 2022 5

http://neurology.org/ne


class. For the postintervention PGY-2 class, 2 additional
questions were added to gauge any effect of the 4 + 2 schedule
on making a fellowship decision. Seven of 10 respondents
stated that the “X+ Y schedule was helpful in selecting a possible
fellowship,” and 8/10 respondents stated that the “X + Y
schedule was helpful in excluding a possible fellowship.”

Work Hours
In each year, timesheets were pulled from each class from July
to April to assess average hours worked per week across all
residents. In the preintervention class, 289 total weekly
timesheets were submitted out of a possible 351 (82% re-
sponse rate). In the postintervention class, 314 weekly time-
sheets were submitted out of a possible 351 (89% response
rate). The preintervention class averaged 61.3 ± 5.79 hours
worked per week, and the postintervention class averaged
59.5 ± 3.23 hours worked per week. This difference was
nonsignificant (p = 0.39).

RITE Results
The results of the RITE for each class are detailed in Table. As
described in theMethods, a composite score of Psychiatry and
Pediatric Neurology was calculated for each class as a control.
In the 2020 class, the resident average across these combined
91 questions (19 Psychiatry and 72 Pediatric Neurology) was
59.0%. In the 2021 class, the resident average across 97
questions (13 Psychiatry and 84 Pediatric Neurology) was
58.9%. In “Vascular Neurology and Neurocritical Care,” the
2020 class scored 66% (64th percentile), whereas the 2021

class scored 67% (74th percentile). Neither was a significant
difference.

Among the subjects covering outpatient subspecialties, scores
improved in each. “Neurocognitive Disorders and Movement
Disorders” improved from 61% (51st percentile) to 68%
(87th percentile) p = 0.029, “Neuromuscular” improved from
59% (61st percentile) to 65% (79th percentile) p = 0.045,
“Headache, Neuro-oncology, Neuro-ophthalmology, and
Neuro-otology” improved from 64% (58th percentile) to 71%
(87th percentile). The difference in the latter was statistically
significant when corrected for multiple comparisons (p =
0.006). The former 2 categories had a p value of <0.05, but
statistical significance was not reached after correcting for
multiple comparisons, which was defined as p < 0.007. “Epi-
lepsy and Sleep Disorders” improved from 67% (14th per-
centile) to 73% (77th percentile), and “Neuroimmunologic
Disease and Neuroinfectious Disease” improved from 60%
(57th percentile) to 65% (81st percentile), although neither
improvement was statistically significant (p = 0.08 and p =
0.12, respectively).

Discussion
We examined the implementation of an X+Y schedule in a
neurology residency program, and assessed its effect on work
hours, resident well-being, and resident education. Although
this sort of model has been previously implemented in

Figure 3 Outpatient Learner Perception Survey Data
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internal medicine (IM), including themajority of primary care
programs11-14 and pediatrics15; the smaller classes of neurol-
ogy programs present a unique challenge with implementa-
tion. The generalizability of the X + Y model to individual
neurology programs will depend on the rotation and coverage
requirements, optimal team structure, ideal permutation of
inpatient and ambulatory blocks, and learner pool. We exe-
cuted an X + Y schedule with a class of 11 residents across 3
different inpatient sites, while maintaining the 40 continuity
clinic ACGME requirement within the ambulatory blocks.
This suggests that smaller residencies could allow for ade-
quate workflow distribution for resident coverage, which has
been a long-standing concern for X + Y implementation.16

We observed several changes after instituting the new model.
There was a reduction in the number of inpatient handoffs per
week. Higher numbers of handoffs have been associated with
worse outcomes in patient care.17,18 These findings were
similar to those found by Osborn et al.15 in the imple-
mentation of an X + Ymodel in a pediatric residency program.
Although there was an increase in the overall number of end-
of-rotation handoffs, this was mitigated by an effort to
maintain continuity on the same rotation when possible and
the removal of clinic requirements during inpatient rotations.
We did not track the adverse events that occurred in the
preintervention and postintervention period and could not
track patient satisfaction scores by resident, but the residents
noted an improvement in their ability to provide safe care on
the inpatient services on the Learners’ Perception Survey.

We examined the implementation of the X + Y model and its
effects on improving resident fellowship selection experience.
Our findings before implementation were consistent with the
national data obtained in the AAN large graduate survey in
2017, with no residents in the preintervention class responding
that they could confidently make a fellowship decision. Six of
10 residents in the postintervention class reported satisfaction
with their ability to make a fellowship decision.

Little data exist to date on the effect of an X + Y model on
resident education, although prior studies have shown perceived
improvements in educational experience.8,11,15,16 We had pos-
ited that with greater exposure to a wide variety of subspecialty
clinics, we would see a corresponding improvement in RITE
scores related to each topic. The scores across each class in the
subspecialties covered in the PGY-3 and PGY-4 years, Psychiatry
and Pediatric Neurology, were nearly identical at 59.0% and
58.9%, respectively. The scores for Vascular Neurology and
Neurocritical Care, primarily inpatient specialties, also remained
nearly identical for the preintervention and postintervention
classes, at 66% and 67%, respectively, possibly indicating that the
quality of inpatient education was not compromised despite a
reduction in inpatient weeks.

Across the 4 subjects focused on subspecialty clinics in-
troduced in the X + Y schedule (“Neuromuscular,” “Epilepsy
and Sleep Disorders,” “Neuroimmunologic Disease and
Neuroinfectious Disease,” and “Headache, Neuro-oncology,
Neuro-ophthalmology, and Neuro-otology”), the

Figure 4 Inpatient Learners’ Perception Survey Data
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postintervention class demonstrated an improvement in raw
percentage and percentile in each. The average improve-
ment across these subjects was 6.0%. The improvement was
not quite significant in “Epilepsy and Sleep Disorders,” as
well as “Neuroimmunologic Disease and Neuroinfectious
Disease,” despite an improvement in percentile. This could
be due to a relative lack of outpatient exposure in these
disciplines, as EEG and Epilepsy rotations are focused in the
PGY-3 year in our program, while the Multiple Sclerosis
clinic was only present on one half-day of one of the 4
different clinic schedules. Alternatively, both of these areas
represent problems commonly evaluated on the inpatient
service, which is supported by prior examinations of com-
mon inpatient neurologic disease.19,20 Because of the
grouping of Epilepsy with Sleep Disorders (a clinic added to
the subspecialty pool during +2 weeks), this section was not
included in the control set. Although RITE examination
scores are imperfect measures of outpatient knowledge, it
was interesting to note that across almost every subspecialty
the residents had greater exposure to, there was a statistically
significant improvement in performance before correction
for multiple comparisons, whereas there was no significant
change across the specialties primarily experienced on the
inpatient side or in the PGY-3 and PGY-4 years. These data
certainly warrant further evaluation and replication to assess
the true effect of this schedule on resident education.

We hypothesized that with more outpatient rotations, there
would be a significant reduction in average work hours;

however, our data did not support this hypothesis. Previous
studies in IM demonstrated an improvement in career satis-
faction from 66% to 80% after implementation of ACGME
work-hour restrictions. Despite a lack of change in work
hours, satisfaction improved after our intervention.

Resident well-being and the promotion of resident wellness is
also key to an improved residency experience, with published
calls to action highlighting the importance of this issue in
graduate medical education.21-23 The 2015 Resident Well-
Being Survey highlights the importance of resident wellness in
the field of neurology, which was tied for third to last when
residents were asked whether they would select medicine as a
career again.24 The AAN has recognized the importance of
emphasizing trainee well-being.25 In addition, other neurology
residency programs have studied factors influencing well-being
at their own residency programs.26 We observed improved
perceptions among the residents in both outpatient and in-
patient settings (Figure 5). Although we did not administer
surveys to specifically assess for burnout or well-being in resi-
dents, the questions of fatigue, job stress, and personal reward
from work may serve as surrogates for assessments of emo-
tional exhaustion and personal accomplishment, which are
assessed in scales of burnout such as the Maslach Burnout
Inventory,27 and the factors identified by Levin et al.7 to be
associated with burnout. Our findings are consistent with those
of prior X + Y models, which found that a majority of residents
reported an improvement in level of fatigue and job stress in
both inpatient and outpatient settings, when minimizing

Figure 5 Trainee Well-Being Learners’ Perception Survey Data

8 Neurology: Education | Volume 1, Number 2 | December 2022 Neurology.org/NE

http://neurology.org/ne


conflicts between inpatient and outpatient responsibilities.15,19

Implementation of the X + Y scheduling model serves as an
example of a structural change that residency programs can
implement to promote wellness among residents.

Limitations of this study include a small sample size of a single
preintervention and postintervention class at a single in-
stitution. As such, our findings may not be generalizable to
other institutions. In addition, we did not have a 100% response
rate among the residents, which could have led to selection bias.
We did not send surveys to prior graduates of the program due
to risk of recall bias, and unfortunately, we could not compare
RITE scores before the 2019–2020 academic year due to var-
iations in RITE score reporting. However, the responses of the
preintervention class were consistent with the national data
obtained by the AAN in 2017 that residents overall felt dis-
satisfaction with their outpatient experience in preparation for

future clinical practice. In addition, 8/10 residents in the
postintervention group reported that they had previously been
exposed to an X + Y schedule in their IM internship training,
which may have confounded their responses. Both classes
completed their PGY-2 year in the setting of the COVID-19
pandemic, although neither class was redeployed to another
specialty, and there were no clinic closures in either class. At the
height of pandemic surges, care delivery in many clinics was
transitioned to telemedicine. The preintervention class com-
pleted their PGY-2 year during the prevaccine period, and this
may have contributed to a sense of worsened well-being. By
contrast, the postintervention class had access to the first
COVID-19 vaccines halfway through their PGY-2 year, al-
though they also worked through the delta variant surge. Ul-
timately, we cannot fully account for how the COVID-19
pandemic contributed to resident experience, but these results
must be considered in that context. Residents may have had

Table Difference in Resident In-Training Examination Scores Across Subcategories

Topic No. of questions (section) Total sample Percentage correct % Difference Percentile p Valuea

Neurocognitive Disorders and Movement
Disorders

Traditional model 77 770 61 51st 0.006

X + Y model 56 616 68 +7 87th

Vascular Neurology and Neurocritical Care

Traditional model 46 460 66 64th 0.743

X + Y model 45 495 67 +1 74th

Neuromusculara

Traditional model 63 630 59 61st 0.045

X + Y model 40 440 65 +6 79th

Epilepsy and Sleep Disorders

Traditional model 39 390 67 14th 0.076

X + Y model 31 341 73 +6 77th

Neuroimmunologic and Neuroinfectious
Disease

Traditional model 40 400 60 57th 0.122

X + Y model 46 506 65 +5 81st

Headache and Pain Disorders,
Neuro-oncology, Neuro-ophthalmology,
and Neuro-otology

Traditional model 39 390 64 58th 0.029

X + Y model 42 462 71 +7 87th

Psychiatric Disorders + Pediatric Neurology

Traditional model 91 910 59 n/a 1.0

X + Y model 97 1,067 59 +0 n/a

a Two-tailed Z-test for comparison of proportions.
p < 0.007 for significance.
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more time in the X + Y model to prepare for the RITE ex-
amination, although neither class was aware of thismetric being
studied, and no change wasmade in either RITE preparation or
in didactic material. We also could not account for differences
between the classes in inherent attitudes or test-taking aptitude.

Given the focus of modern neurology on greater subspecialty
training, more comprehensive examination of the X + Y model
on resident education is needed. In the future, we hope to
survey residency classes on their experience with the X + Y
model to better understand the specific components that led to
improved inpatient and outpatient trainee experiences. Future
replication of sustained RITE score improvement and whether
early exposure to particular outpatient-based subspecialties
contributed to these improvements will also be necessary.
Surveying trainees at other institutions, as the X + Y model
becomes more widely implemented in neurology residency,
will also improve the reliability of these findings. Future ex-
ploration of the elements of the X + Y model that promote
neurology trainee well-being is also warranted. In addition, the
RITE scores offer only a proxy of outpatient knowledge, and
further evaluation with other metrics such as patient satisfac-
tion, patient outcomes, case logs, or faculty evaluations may
provide a clearer understanding of outpatient neurology com-
petence and diversity of subspecialty exposure.

For neurology programs considering an X + Y schedule, it is
important to involve all stakeholders, including department
leadership, inpatient, and outpatient faculty at all sites, as the
schedule will have significant effects on their rotations. Our
recommendation to programs hoping to implement an X + Y
schedule is to begin by determining the ideal permutation of
inpatient and outpatient weeks, based on the number of resi-
dent cohorts available, as detailed by Shalaby et al. The most
common X + Y permutations in IMwere 4 + 1, 6 + 2, and 4 + 2.
For smaller programs, the proportion of outpatient weeks may
be lower to maintain the integrity of the inpatient coverage.
After this is decided, implementing the schedule may necessi-
tate changes in the number of residents on inpatient and out-
patient services. For example, to implement the schedule in our
model, one resident was removed from the VA inpatient team
once our PGY-2 residents began covering night float. It is
important to factor in the early input of chief residents to
determine which iteration of X + Y works best for the program,
and whether it can be instituted while meeting ACGME re-
quirements. Importantly, programs should be aware of the
different ACGME requirements for pediatric neurology resi-
dents completing an adult neurology year regarding require-
ments for outpatient, inpatient, and elective time. Programs can
apply for certain waivers from specific ACGME rules if serving
an educational purpose, but in our case, this was not necessary.
Finally, ongoing feedback from residents and faculty will be
paramount to a successful transition.

The advent of X + Ymodels represents a significant change from
the design of neurology residency programs over the last century.
Current challenges facing training programs include a lack of

outpatient exposure in the PGY-2 year, an early fellowship ap-
plication schedule, and burnout among trainees. Based on the
initial results of our implementation of an X + Y model within a
neurology residency program, there is promise that this training
model achieves the goals of increasing outpatient exposure,
improving learning and career satisfaction, reducing burnout,
reducing inpatient handoffs, and improving resident education.
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