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Abstract
Objective
To describe and assess the effectiveness of a neurology resident quality improvement curric-
ulum focused on development of practical skills and project experience.

Methods
We designed and implemented a quality improvement curriculum composed of (1) a workshop
series and (2) monthly resident-led Morbidity, Mortality, & Improvement conferences focused
on case analysis and project development. Surveys were administered precurriculum and 18
months postcurriculum to assess the effect on self-assessed confidence with quality improve-
ment skills, attitudes, and project participation. Scholarship in the form of posters, pre-
sentations, and manuscripts was tracked during the course of the study.

Results
Precurriculum, 83% of neurology residents felt that instruction in quality improvement was
important, but most rated their confidence level with various skills as low. Following imple-
mentation of the curriculum, residents were significantly more confident in analyzing a patient
case (odds ratio, 95% confidence interval) (2.4, 1.9–3.1), proposing system changes (3.1,
2.3–3.9), writing a problem statement (9.9, 6.2–13.5), studying a process (3.1, 2.3–3.8),
identifying resources (3.1, 2.3–3.8), identifying appropriate measures (2.5, 1.9–3.0), collabo-
rating with other providers to make improvements (4.9, 3.5–6.4), and making changes in
a system (3.1, 2.3–3.8). Project participation increased from the precurriculum baseline (7/18,
39%) to the postcurriculum period (17/22, 77%; p = 0.023). One hundred percent of residents
surveyed rated the curriculum positively.

Conclusions
Our multifaceted curriculum was associated with increased resident confidence with quality
improvement skills and increased participation in improvement projects. With adequate faculty
mentorship, this curriculum represents a novel template for preparing neurology residents for
meeting the expectations of improvement in practice and offers scholarship opportunities.
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Resident engagement in quality improvement activities is an
expectation outlined in the Accreditation Council for Grad-
uate Medical Education (ACGME) Common Program
Requirements and the ACGME Clinical Learning Environ-
ment Review.1,2 Demonstrating competence in patient safety
and quality improvement is also incorporated into the Mile-
stones developed by the Neurology Residency Review
Committee of the ACGME.3 For practicing neurologists,
application of improvement skills is part of the American
Board of Psychiatric and Neurology Maintenance of
Certification.4

How neurology trainees will develop the skills necessary to
engage in quality improvement activities is not well-defined.
There have been calls to establish neurology specialty-specific
quality improvement training, but to our knowledge there has
been only one published curriculum.5,6 Historically, quality
improvement processes and skills were not formally taught in
our residency program. Training was limited to a resident-run
departmental conference. The goal of this conference was to
stimulate discussions about clinical practice variations; how-
ever, discussion often centered on identification and treat-
ment of rare conditions.

We sought to design and implement a curriculum that would
provide neurology residents the opportunity to develop core
skills in quality improvement as a means of both improving
patient care and providing scholarship opportunities. We
aimed to describe and assess the effectiveness of this novel
quality improvement curriculum. We hypothesized that
a multifaceted curriculum integrating learner-centered di-
dactics and a resident-led improvement case conference
would lead to increased resident confidence with quality im-
provement skills, improved attitudes towards improvement,
and increased scholarly output related to quality
improvement.

Methods
Institutional context
At our institution, there have been broader efforts to train
faculty, trainees, and staff in quality improvement. A Resident
Safety Council was formed in 2014 with the goal of fostering
multidepartment improvement projects. In the first 2 years,
only one member had been from the neurology program.
Residents were also invited to participate in a hospital-wide
Quality Improvement & Patient Safety Symposium founded
in 2015. At the faculty level, the Stanford Health Care Clinical
Effectiveness Leadership Training course was launched to
promote faculty development and leadership in quality im-
provement. In establishing these programs, Stanford

committed to using Lean process improvement, including A3-
based problem-solving methods.7 This approach outlines
a systematic approach to process improvement that includes
developing a problem statement, describing current state, and
using fishbone and Pareto analyses to identify key drivers and
subsequently link key drivers to interventions.7

Setting
All adult and pediatric neurology residents (PGY2–PGY5) at
Stanford University participated in this curriculum as part of
a mandatory didactic program. At the start of the curriculum
in December 2015, there were 26 residents in the program,
and at the end of the study, there were 27.

Curriculum development
To identify gaps in the existing training, we conducted a semi-
structured focus group with our neurology chief residents. We
also conducted a series of semi-structured interviews with the
Stanford Neurology Residency Program Director, Associate
Residency Program Director, Neurology Department Chair,
Internal Medicine Department Medical Director for Quality,
and the Associate Dean for Graduate Medical Education.

Curriculum objectives were drafted based on themes iden-
tified by the needs assessment with an emphasis on in-
corporating the 8 knowledge domains proposed by the
Institute for Healthcare Improvement.8 The first component
was a series of 3 workshops combining lectures and small
group sessions designed to build foundational knowledge
and skills in error analysis, cost of care, and quality im-
provement project design. These workshops occurred in
December 2015, May 2016, and January 2017. The content
of the workshops was adapted from resources available at the
Institute for Healthcare Improvement Open School and the
Stanford Realizing Improvement through Team Empower-
ment program.7,8 Each 2-hour workshop incorporated small
group time to immediately apply concepts to real case
examples.

The second component of the curriculum was a new monthly
1-hour multidisciplinary Morbidity, Mortality, & Improve-
ment (MM&I) conference that launched in November 2016.
Each month, 1 or 2 residents volunteer to present a recent
patient case highlighting a systems problem or practice gap.
Two senior neurology resident “quality champion” roles were
created to help develop and sustain the resident-led confer-
ence model. At each MM&I conference, the resident briefly
presents the case and attendees participate in a fishbone
analysis of contributors to the problem identified. The resi-
dent safety champions then facilitate a discussion of the key
drivers, possible interventions, and a potential SMART
(specific, measurable, achievable, relevant, and time-bound)

Glossary
ACGME = Accreditation Council for Graduate Medical Education; MM&I = Morbidity, Mortality, & Improvement.
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goal for a defined project. Residents and faculty members
interested in forming a project teammeet afterward to discuss
next steps. The traditional case conferences continued in their
previous format.

Assessment tools
Residents completed anonymous surveys before (December
2015) and 18 months after (June 2017) the curriculum
launch. Eighteen months was chosen in order to ensure ad-
equate survey responses prior to resident graduation. The
surveys included an assessment of prior quality improvement
training and experience, a self-reported assessment of confi-
dence with various quality improvement skills, and attitudes
towards improvement on a Likert scale (4 points for skills:
“not at all confident,” “somewhat confident,” “very confident,”

“extremely confident”; 5 points for attitudes: “strongly dis-
agree,” “disagree,” “neutral,” “agree,” “strongly agree”), and
participation in an improvement project. Survey elements
were drawn from previous studies.5,9,10

Project scholarship was defined as a poster or platform pre-
sentation at a local, national, or international conference, or an
abstract or manuscript submission to a peer-reviewed journal.
Scholarship was measured over the 2 academic years before
(July 2014–June 2016) and after implementation of the
MM&I conference (July 2016–June 2018) to allow for in-
clusion of annual medical conferences. We also measured our
program’s performance on the ACGME annual resident
survey in quality improvement participation precurriculum
and postcurriculum.

Table 1 Consecutive topics presented in the first 18 months of the Morbidity, Mortality, & Improvement conferencea

Delays to gastrostomy tube placement in stroke patients (PGY4)

Documentation upon intensive care unit transfer (PGY3)

Documentation of goals of care discussions (PGY2)

Redundant blood vessel imaging in patients with stroke (PGY3)

Pediatric stroke codes in the emergency department (PGY3)

Role for Controlled Substance Utilization Review and Evaluation System report on admission (PGY4)

Behaviorally difficult patients and families (PGY4)

Timely handoff of patients transferred out of the intensive care unit (PGY3)

Delays to CT for stroke codes on the labor and delivery unit (PGY3)

MRI policy for patients with legacy pacemakers (PGY2)

Delay in urgent outpatient pediatric MRI (PGY5)

Cancellation of send-out laboratory studies (PGY2)

Lumbar punctures in patients with suspected prion disease (PGY2)

Surrogate decision-makers and hospital to clinic transitions at end of life (PGY2)

Changes to treatment window contributing to delayed stroke code activation (PGY3)

Transitions of care contributing to delayed stroke code activation (PGY2)

Incorrect tissue plasminogen activator dose administration (PGY3)

Conflicting provider–patient values in end-stage dementia (PGY3)

Functional neurologic disorders: postacute care transition (PGY3)

Unfamiliarity with tube feed orders leading to diarrhea (PGY2)

Documentation of pulmonary function in patients with neuromuscular disease (PGY3)

Documentation of the neurologic examination (PGY3)

Standardization of neurology patient handoffs (PGY2)

Caregiver burnout (PGY2)

Delays to administration of antiepileptic drugs (PGY3)

Resident team debriefing after patient deaths (PGY2)

Abbreviation: PGY = postgraduate year.
a November 2016–April 2018. Presenter year of training is included in parentheses.
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Statistical analysis
Analysis was done by comparing groups precurriculum and 18
months postcurriculum. Equality of confidence level dis-
tributions before and after was assessed using Mann-Whitney
U test. Improvements were assessed by Wilcoxon-Mann-
Whitney extension of the generalized odds ratio for ordinal
data estimating likelihood of a better response for the ran-
domly assigned pair from the postcurriculum vs pre-
curriculum groups. Proportions between groups were
compared using Fisher exact test. All statistical tests were 2-
sided and considered significant at α < 0.05. Statistical analysis
was conducted using IBM SPSS Statistics v24 (Chicago, IL).

Standard protocol approvals, registrations,
and patient consents
The Stanford Institutional Review Board approved this study
as education research not requiring informed consent.

Results
Survey response rate was 18/26 (69%) precurriculum and 23/
27 (85%) postcurriculum. Where there were missing data for
a particular question, only those surveys with a valid response
were included in the results. Of the residents who responded
to the postcurriculum survey, 61% had attended at least 2 of
the 3 workshops and 65% had attended 3 or more MM&I
conferences. Table 1 lists the topics discussed in the first 18
months of the MM&I conference.

All residents surveyed rated the curriculum positively. Following
implementation of the curriculum, residents reported

significantly greater confidence with a variety of quality im-
provement skills (table 2) and were more likely to have par-
ticipated in a quality improvement project (77% postcurriculum
vs 39% precurriculum, p = 0.023).

Scholarly output increased from 3 posters presented at local
conferences in the 2 academic years precurriculum to 21 local
posters, 3 national or international posters, and 3 national or
international platform presentations in the 2 years post-
curriculum. There were no manuscripts submitted or pub-
lished in the 2 years precurriculum. From projects started in
the first 18 months of the curriculum, there has been 1 peer-
reviewed editorial published and 2 peer-reviewed manuscripts
accepted for publication, each with a resident as first
author.11–13 Several of the projects did not directly result from
MM&I conference topics, but were related to the improve-
ment curriculum through application of the clinical problem
identification and project skills obtained.

We also noted an improvement in our residency program’s
mean performance on the ACGME annual resident survey
from 4.1 (2015) to 4.8 (2017) out of 5 in quality improvement
participation during the period of the curriculum. The national
mean was 4.5 out of 5 in 2017. We could not evaluate statistical
significance since individual responses are not available.

Discussion
Our multifaceted quality improvement curriculum is among the
first to be reported in a neurology residency program. Like

Table 2 Effect of curriculum on self-assessed quality improvement skills

Median (IQR) precurriculum
(n = 18)

Median (IQR) postcurriculum
(n = 19)

ORwmw

(95% CI)
p Value
(exact significance)

Identifying and understanding
medical errors

2 (2–3) 3 (2–3) 1.7 (1.3–2.1) 0.189

Analyzing a patient case 2 (2–3) 3 (3–3) 2.4 (1.9–3.1) 0.013

Discussing errors with peers 2 (2–3) 3 (2–3) 1.8 (1.4–2.1) 0.159

Discussing errors with attendings 2 (2–3) 2 (2–3) 2.0 (1.6–2.5) 0.059

Proposing systems changes 2 (1–2) 3 (2–3) 3.1 (2.3–3.9) 0.007

Writing a problem statement 1 (1–2) 3 (2–3) 9.9 (6.2–13.5) <0.001

Studying a process 2 (1–2) 2 (2–3) 3.1 (2.3–3.8) 0.007

Identifying resources for a project 1 (1–2) 2 (2–2) 3.1 (2.3–3.8) 0.007

Identifying appropriate measures 1 (1–2) 2 (2–3) 2.5 (1.9–3.0) 0.029

Developing a data measurement plan 2 (1–2) 2 (2–3) 2.1 (1.6–2.6) 0.071

Collaborating with other providers 2 (2–2) 3 (2–3) 4.9 (3.5–6.4) <0.001

Making changes in a system 2 (1–2) 2 (2–3) 3.1 (2.3–3.8) 0.007

Abbreviations: CI = confidence interval; IQR = interquartile range; ORwmw =Wilcoxon-Mann-Whitney extension of the generalized odds ratio for ordinal data.
Likert scale responses: 1 = not at all confident, 4 = extremely confident.

140 Neurology | Volume 94, Number 3 | January 21, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


a curriculum previously described in a pediatric neurology res-
idency, our curriculumwas associatedwith improved confidence
in studying a process and identifying appropriate outcome
measures.5 Our curriculum was also associated with improved
confidence in proposing systems changes, collaborating with
other providers, and making changes in a system. In addition,
our curriculum was associated with a marked increase in quality
improvement project participation and related scholarly output
despite the absence of a scholarly requirement or protected
project time. The increase in project participation stems from
engaging residents in improvement projects that are meaningful
to them and their clinical practice while increasing confidence
with the improvement skills required to enact change.

Two systematic reviews identified a total of 31 published
quality improvement curricula targeting residents.14,15 Most
of these programs incorporated didactic sessions with fewer
integrating small group sessions, case discussions, or projects.
Most focused on junior residents, with only 6 targeting all
learners.15 A thematic analysis performed by the authors of
one review identified several key factors in successful imple-
mentation including learner buy-in, adequate faculty exper-
tise, combination of didactic and experiential components,
adequate time, and data access.14

The ability to practice quality improvement skills on resident-
developed project ideas based on recent clinical experiences is
a particular strength of the curriculum. The formal workshops
were highly interactive with immediate application of skills to
real examples. Residents drew from these skills when present-
ing case analyses in subsequent MM&I conferences. Faculty
mentorship, both formally in project team-based workshops
and informally through curricular leadership, was also a key
factor. The overall success of our curriculum is a testament to
the compatibility of this approach with adult learners.14,16

Limitations of this work include that the precurriculum and
postcurriculum groups of residents were not identical due to
residents entering and graduating the program during the course
of the study. Because the survey was anonymous, we were un-
able to make within-subject analyses. A randomized controlled
design might allow for stronger conclusions about the direct
effect of the curriculum and improve generalizability. We also
acknowledge potential limitations to generalizability as our
curriculum is reliant on a core group of neurology faculty trained
in quality improvement and willing to provide mentorship.

Surveys of residency program directors in other medical
specialties indicate that the majority view quality improve-
ment education to be important or even essential to residents’
future success.17,18 Several specialties have united on a na-
tional level to design and test quality improvement curricula
that can be widely adopted. The American College of Sur-
geons Quality In-Training Initiative has developed a founda-
tional surgical quality improvement curriculum paired with
a collaborative effort to generate customized trainee- and
team-specific clinical outcome data. Implementation of this

curriculum at one center with incorporation of resident-led
projects to address high complication rates correlated with
significant improvement in both pneumonia and surgical site
complication incidence. The authors attributed these
improvements to the culture change enacted by enthusiastic
resident participants influencing faculty practice.19

Similarly, a neurology-specific quality improvement curric-
ulum for enthusiastic trainees may bolster departmental and
institutional efforts to improve clinical outcomes, particu-
larly for institutions with robust patient or provider-level
outcomes dashboards, including those that participate in the
Axon Registry.20 While many institutions may be respond-
ing to the ACGME mandate for quality improvement edu-
cation with broad curricula that span multiple training
programs, we attribute much of the success of our program
to its unique ability to foster development of projects that
are directly inspired by neurology residents’ unique clinical
experiences.

Our study suggests that a multifaceted neurology resident
quality improvement curriculum is feasible to implement and
is associated with increased resident confidence with quality
improvement skills, participation in improvement projects,
and scholarship. These improvements occurred despite time
constraints and lack of scholarly requirement. The curriculum
is now a core component of our neurology residency training
and continues to be both a stimulus for multidisciplinary
discussion and a resource for trainees interested in developing
and executing a scholarly improvement project.
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