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Abstract
Background and Purpose: We sought to determine the current practices and plans for departmental hiring of neurohos-
pitalists at academic medical centers and to identify the core features of a neurohospitalist training program. Methods: We
surveyed department chairs or residency program directors at 123 Accreditation Council for Graduate Medical Education
(ACGME)-accredited US adult neurology training programs. Results: Sixty-three(51% response rate) responded, 76% of whom
were program directors. In all, 24 (38%) academic neurology departments reported employing neurohospitalists, and an addi-
tional 10 departments have plans to hire neurohospitalists in the next year. In all, 4 academic neurology departments have created
a neurohospitalist training program, and 10 have plans to create a training program within the next 2 years. Hospitals were the
most frequent source of funding for established and planned programs (93% of those reporting). Most (n¼ 39; 65%) respondents
felt that neurohospitalist neurology should be an ACGME-accredited fellowship. The highest priority neurohospitalist training
elements among respondents included stroke, epilepsy, and consult neurology as well as patient safety and cost-effective inpatient
care. The most important procedural skills for a neurohospitalist, as identified by respondents, include performance of brain
death evaluations, lumbar punctures, and electroencephalogram interpretation. Conclusions: Neurohospitalists have
emerged as subspecialists within neurology, growing both in number and in scope of responsibilities in practice. Neurohospitalists
are in demand among academic departments, with many departments developing their existing presence or establishing a new
presence in the field. A neurohospitalist training program may encompass training in stroke, epilepsy, and consult neurology with
additional focus on patient safety and cost-effective care.
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Introduction

The term ‘‘hospitalist’’ was coined in 1996 to describe special-

ists in inpatient medicine,1 and their rise was initially in

response to the diagnosis-related, group-based reimbursement

system and its associated pressures for reduction in length of

stay as well as total cost.2 Hospitalist programs were often

created with financial support from their respective hospitals,

with their value determined by the cost and efficiency of care

they provided.2 Subsequently, hospitalist fellowships became

valued by employers and practicing hospitalists, although the

majority of hospitalists are not fellowship trained.3 Training in

curriculum, quality and health care delivery, and business and

health administration have been suggested as optional com-

plements to the core academic medical hospitalist training

elements of communication, leadership, billing/coding, and

clinical care.3,4

Based on the model developed within internal medicine,

pediatrics, and family medicine, neurohospitalists have been

defined as physicians whose primary focus is the care of

inpatients with, or at risk for, neurologic disease.5-7 The Neu-

rohospitalist Section of the American Academy of Neurology
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(AAN) now totals over 470 members, a near 5-fold increase in

only 4 years of self-identified neurohospitalists within the

AAN.6,7 Neurohospitalists work in academic and nonaca-

demic centers within varying practice models throughout the

United States.6,8 Conditions commonly encountered by neuro-

hospitalists include stroke, encephalitis (both infectious and

immune mediated), refractory seizures, and generally patients

that tend to have higher acuity, requiring greater care coordina-

tion and more complex medical decision making.5,6,8 The coor-

dination of patient care transitions from the inpatient to

outpatient settings, models of practice, measures of care

quality, neurological disease and treatment, and resident educa-

tion are among the natural interests of neurohospitalists.5,6

There is an ongoing discussion regarding the necessity of

neurohospitalist-specific training, and the core features and

standards for a potential fellowship or advanced specialist prac-

tice training program and the distinction of such training from

other neurology fellowship training are yet to be defined.5,6,8,9

Here, we present a national survey of department chairs

and residency program directors of Accreditation Council

for Graduate Medical Education (ACGME)-certified adult

neurology training programs. We surveyed academic depart-

ments, as they are most likely to be involved in the devel-

opment of neurohospitalist-specific training programs. This

survey was designed to explore academic departmental plans

for hiring and training neurohospitalists and to identify what

such training should entail.

Methods

Inclusion Criteria

The 123 neurology departments within the United States

accredited by ACGME for resident training were surveyed.10

For this survey, neurohospitalists were defined according to

the American Academy of Neurology Neurohospitalist sec-

tion as ‘‘physicians who have as their primary focus the care

of inpatients with, or at risk for, neurologic disease.’’7 Using

publically available resources, we identified academic neurol-

ogy department chairs and residency program directors.11

Department chairs and residency program directors were sur-

veyed, as it was felt that they would (1) have knowledge of

their program’s needs for neurohospitalists and (2) provide

departmental leadership’s perspectives on elements of a neu-

rohospitalist training program. A link to the electronic survey

was emailed to department chairs, asking that they, their

residency program directors, or other individuals with appro-

priate expertise within their department complete the survey.

The electronic survey was sent to residency program directors

of a program if there was no response from the respective

department chair, and they were asked to complete the survey.

Nonrespondents were contacted using reminder emails and

telephone calls. Responses were collected between March

27 and June 27, 2012. This study was approved by the institu-

tional review board of Johns Hopkins School of Medicine.

Survey Instrument

The survey instrument was designed in collaboration with

senior faculty from the Johns Hopkins Department of Neurol-

ogy and School of Public Health. Focus groups with residents

and neurology department leadership were held to validate the

survey (Appendix e-1 in Supplemental Material). The survey

contained 19 questions related to neurohospitalist training and

10 questions on hospital, department, program, and respon-

dent characteristics. A second portion of the survey included

additional questions regarding the impact of residency duty

hours on neurology programs; results from this portion will

be presented in a separate manuscript. A multiple-choice list

for many of the questions was provided to respondents for

their selection, some of which could accommodate multiple

answers. Respondents were asked about their perception of

neurohospitalists and neurohospitalist training by choosing

their agreement with statements measured by a 5-point

Likert-type scale of importance or agreement. Given concern

for potential asymmetry in knowledge across respondents and

to assure accurate information collection, we included the

option for respondents to select ‘‘do not know’’ on some ques-

tions or opt out of a question altogether.

Data Analysis

The Wilcoxon-Mann-Whitney test was used to examine the

differences between respondents and nonrespondents in

first-year resident class size as reported by the Fellowship

and Residency Electronic Interactive Database Access

(FREIDA) system and 2011 estimated metropolitan size

from the US Census Bureau.10 Fisher exact test was used

to assess differences in program type (community based,

community-based university affiliated, university affiliated)

as indicated by FREIDA. Differences between respondents

from departments or residency programs that employ neuro-

hospitalists or plan to create a neurohospitalist fellowship/

training program compared to those that do not were

evaluated across self-reported characteristics (hospital bed

size, second postgraduate year (PGY-2) resident class size,

department full-time equivalent faculty size, and neurologi-

cal science bed size) using the Wilcoxon-Mann-Whitney

test. For questions on neurohospitalist responsibilities, per-

ceptions of training program elements, and opinions of neu-

rohospitalists, where multiple options could be selected,

McNemar exact test was used to determine differences in the

marginal frequency of selections between 2 parts of a ques-

tion. The results for responses on a 5-point Likert-type scale

were dichotomized for the statistical analysis. Specifically,

‘‘very important and important’’ or ‘‘strongly agree and

agree’’ were grouped and compared to the remaining 3

options on a 5-point scale. All tests were conducted at the

2-sided significance level of 5% using STATA software, ver-

sion 12.0 (StataCorp, College Station, Texas).
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Results

Respondents

Responses were received from 63 of the 123 ACGME-accre-

dited neurology departments (51% response rate). Respondents

were either department chairs (23%), residency program

directors (75%), or department administrators (n ¼ 1; Table

e-1 in Supplemental Material). In all, 71% of the respondents

were from institutions whose primary hospital has �500

patient beds, and the mean number of neuroscience beds was

44. In all, 84% (n ¼ 53) of the respondents were university

affiliated. The average PGY-2 class size was 5.6 residents

(standard deviation ¼ 2.7; median ¼ 5). There was no signif-

icant difference in region (P¼ .156), size of metropolitan area

(P ¼ .613), residency program type (P ¼ .371), or first-year

class size (P ¼ .088; mean of 4.6 vs 5.7) for respondents

compared to nonrespondents.

Neurohospitalist Employment

Of the responding academic neurology departments, 24 (38%)

reported employing neurohospitalists (Table 1). Programs that

currently employ neurohospitalists (n ¼ 24) come from larger

metropolitan statistical areas (mean: 14 87 959 vs 5 11 438;

P ¼ .02) and have larger resident class size (mean: 6.8 vs 5.1

residents; P ¼ .04). These differences were no longer signifi-

cant when adding in those that plan to hire neurohospitalists

within the next year. Among these 24 departments, an average

of 3 neurohospitalists were employed (72 overall). The most

common responsibilities of neurohospitalists in these depart-

ments are consultation to other hospital services and the man-

agement of general neurology inpatients, acute stroke patients,

or intermediate care patients (Figure 1). Of those already

employing neurohospitalists, 10 departments have plans to

hire a total of 15 neurohospitalists in the next year (21%
increase in those already employing neurohospitalists). An

additional 10 departments that do not currently employ neuro-

hospitalists have plans to hire a total of 19 neurohospitalists in

the next year (47% increase overall).

Current State of Neurohospitalist Training Programs

Four academic neurology departments reported having cre-

ated a neurohospitalist training program (Table 1). A total

of 10 departments are planning to create a neurohospitalist

training program within the next 2 years, 5 of which report

plans for both a fellowship and an advanced specialist practice

training program. No difference was detected in hospital bed

size, neurology bed size, department faculty size, or resident

class size between those departments with an existing or

planned neurohospitalist training program and those without.

The 3 most common funding sources for existing or planned

training programs include hospitals, Medicare, and neurology

department, while 9 report multiple sources of funding. The

majority of respondents felt that neurohospitalist neurology

should be an ACGME-accredited fellowship (n ¼ 39; 65%).

There was no difference in the opinion of whether there should

be an ACGME-accredited neurohospitalist fellowship bet-

ween those respondents from departments with (or planning

for) a training program compared to those without (78.5%
of 14 respondents vs 61% of 46 respondents; P ¼ .187).

Elements of a Neurohospitalist Training Program

According to respondents, the 3 most important clinical ele-

ments of neurohospitalist training, as measured by the

frequency of responses marked ‘‘very important’’, were

Table 1. Department Practices and Plans for Neurohospitalist
Employment and Training.

Neurohospitalist Employment
and Training Programs

No. of Survey
Respondents (%)

Department employs neurohospitalists (n ¼ 63)
Yes 24 (38)
No 39 (62)

Number employed (n ¼ 24)
1 8 (33)
2 5 (21)
3 5 (21)
≥ 4 6 (25)
Mean (SD) 3 (2.4)

Department plans to hire neurohospitalists (n ¼ 63)a

Yes 20 (32)
No 29 (46)
Do not know 14 (22)

Number of intended hires (n ¼ 20)
1 11 (55)
2 6 (30)
3 1 (5)
4 2 (10)
Mean (SD) 2 (1.0)

Department has a neurohospitalist training program (n ¼ 63)b

Yes 4 (6)
Plans within 2 years 10 (16)
No 49 (78)

Funding source(s) for neurohospitalist training programs (n ¼ 14)c

Hospital Funding 13 (93)
Medicare 5 (36)
Neurology departmentd 5 (36)
Medicaid 4 (29)
School of medicine 4 (29)
Department of defense 1 (7)
Insurance 1 (7)

Should neurohospitalists have an accredited fellowship (n ¼ 60)
Yes 39 (65)
No 21 (35)

Abbreviation: SD, standard deviation.
aHiring plans include departments hiring first time as well as additional
neurohospitalists.
bIncludes advanced specialist practice programs or nonaccredited
neurohospitalist training programs.
cIn all, 9 respondents report multiple funding sources, while 1 respondent has
not established or planned for funding at the time of the survey.
dIncludes department neuroscience service line.
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cerebrovascular or stroke neurology (n ¼ 47; 76%), epilepsy

(n ¼ 32; 52%), and consult neurology (n ¼ 32; 52%). Stroke

or cerebrovascular neurology was selected as a very important

clinical element of a neurohospitalist training program more

frequently than all other clinical elements (McNemar test:

P < .01). Similarly, respondents most frequently ranked stroke

neurology (n ¼ 54; 90%), epilepsy (n ¼ 37; 62%), and consult

neurology (n ¼ 30; 50%) in their top 3 most important clinical

elements (Figure 2). Notably, stroke neurology was selected

more than all others (McNemar test: P < .001), with 73% of

respondents (n¼ 44) indicating stroke as their number 1 choice.

The 3 most important system-based practice elements of

neurohospitalist training, as measured by the frequency of

responses marked ‘‘very important’’, were patient safety

(n ¼ 38; 64%), patient communication (n ¼ 34; 58%), and

professional communication (n¼ 30; 51%). Patient safety was

the most frequently reported very important programmatic

element, although not significantly more than patient commu-

nication (McNemar test: P ¼ .549) or professional communi-

cation (McNemar test: P ¼ .144). However, when ranking

their top 3 most important programmatic elements, respon-

dents ranked patient safety (n ¼ 37; 64%) followed by cost-

effective inpatient care (n ¼ 33; 57%) most frequently

(Figure 3).

Brain death evaluations (n ¼ 53; 90%), lumbar punctures

(n ¼ 53; 90%), and electroencephalogram (EEG) interpreta-

tion (n ¼ 38; 64%) were most commonly perceived as very

important or important procedural skills for neurohospitalist

training (Figure 4).

Perceptions of Neurohospitalists

The majority of respondents agreed or strongly agreed that

neurohospitalists improve the coordination, continuity, safety,

and quality of patient care as well as communication with

patients and other health professionals (Figure e-1 in Supple-

mental Material). Most were of the opinion that neurohospi-

talists positively impact patient care. However, fewer than

half of the respondents felt that neurohospitalists provide

medical leadership, reduce readmissions, and improve resi-

dent education.

Discussion

This survey of academic neurology programs found that the size

and scope of neurohospitalists and neurohospitalist training

continues to grow. More than one-third of responding academic

neurology departments currently employ neurohospitalists, and
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Figure 1. Primary responsibilities of neurohospitalists within respondent departments. *Consultants to other hospital services was the most
frequently reported responsibility, although it was not selected significantly more frequently than management of general neurology inpatients
(McNemar test: P ¼ .625), acute stroke or cerebrovascular patients (McNemar test: P ¼ .125), or intermediate care patients (McNemar test:
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nearly one-third intend to hire their first or additional neurohos-

pitalists within the next year. Neurohospitalists employed by

academic neurology departments responding to our survey pri-

marily serve as consultants or are the primary physicians for gen-

eral neurology inpatients, intermediate care patients, and

patients with cerebrovascular disease.

As has been noted in academic hospitalist medicine,

academic neurohospitalists serve in additional capacities,

including patient safety, quality improvement, and depart-

mental leadership.4-6 For medical academic hospitalists,

nonclinical time is used to develop the key components

of academic career advancement, such as clinical research,

education, patient safety, quality of care, and administra-

tion.4 Our study finds that departmental safety and quality

improvement are primary responsibilities for neurohospitalists

employed by more than half of the responding academic neu-

rology departments.

As academic neurohospitalists already play both clinical

and nonclinical roles within their departments, future aca-

demic neurohospitalists should be trained in a variety of

clinical and programmatic areas. Nearly two-third (65%) of

the respondents agreed that neurohospitalist neurology should

be an ACGME-accredited fellowship. This is comparable

to previous reports regarding internal medicine hospitalist

fellowship training from the perspectives of employers and

practicing hospitalists,3,12 although the majority of internal

medicine hospitalists are not fellowship trained.13 Similarly,

the opinion of academic neurology departmental leadership

in favor of an accredited program suggests that there is sub-

stantial value in neurohospitalist training. Notably, the views

of neurohospitalists themselves, in both academic and nonaca-

demic practice, regarding the necessity of additional training

is needed but yet to be fully described.

Our study suggests that the neurohospitalist-specific

training need not only be through a fellowship model. For

instance, several respondents reported that their departments

had created or were creating both fellowships and nonaccre-

dited, advanced specialist practice programs to provide this

training, suggesting interest in developing multiple avenues

for neurohospitalist training. Regardless of the model, train-

ing in cerebrovascular disease management, epilepsy, and

consultative neurology were found to be the highest priority

among respondents as core clinical features. The overlap of

the priority areas for neurohospitalist training with core fea-

tures of cerebrovascular, epilepsy, and neurointensive care

fellowship training invites further conversation and investi-

gation of distinguishing features of neurohospitalist training

and practice.
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Figure 4. Perceived importance of procedural skills in a neurohospitalist training program. *Brain death evaluations and lumbar punctures were
significantly selected as very important or important more frequently than all other procedural skills (McNemar test: P < .001). **EEG inter-
pretation was significantly selected as very important or important more frequently than all procedural skills with fewer selections (McNemar
test: P < .001). EEG indicates electroencephalogram; EMG, electromyogram; NCS, nerve conduction studies.
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The top procedural-based skills identified by respondents

that neurohospitalist trainees should develop competence in

were brain death examination and lumbar puncture. Notably,

these skills differ from the most commonly performed and

interpreted procedures by neurologists in the United States,

EEG and electromyogram/nerve conduction studies.14 This

highlights the marked difference in responsibilities of the neu-

rohospitalist caring for acutely ill inpatients and outpatient

neurologists encountering patients in a clinic setting.

In addition to clinical areas and procedural-based skills,

respondents indicated that neurohospitalists should be

trained in patient safety and cost-effective inpatient care,

among several other highly valued systems-based practice

elements. Similar to medical specialties, neurohospitalist

programs may host opportunities for advanced degrees, fel-

lowships, and short-term coursework in medical education,

quality improvement, clinical research, and leadership/

administration in environment of mentorship and academic

support.4,15,16 This response by department leadership may

reflect expectations of increasingly efficient and higher qual-

ity inpatient care, particularly given the adoption of the

Affordable Care Act.17

In general, respondents perceived neurohospitalists favor-

ably in their clinical and nonclinical roles, though it may be

too early to fully assess their impact on patient care. The rapid

emergence of neurohospitalists suggests a growing separation

of inpatient and outpatient care for patients with neurological

conditions. It remains to be seen how such a separation will

affect patient care. Hospitalists in a variety of specialties are

perceived to have a positive impact on areas ranging from

quality and cost effectiveness of inpatient care to student

education and are in demand because of this.12,18-22 In time,

academic neurohospitalists may be perceived similarly.

A recent study at one academic medical center demonstrated

a decreased length of stay and cost associated with a neurohos-

pitalist service as well as improved medical student satisfac-

tion without compromise of resident satisfaction with

clinician educators.22 However, the implications of a poten-

tially more fragmented care model on the continuity of care

for patients with chronic neurological conditions at high risk

of hospitalization, such as those with recurrent stroke or

refractory epilepsy, remain unknown.23 Perhaps reassuringly,

discontinuity of care among internal medicine patients has not

been attributable to hospitalists,24 while the presence of hospi-

talists does not independently predict readmission rates for

some chronic medical conditions.25

Similar to medical hospitalist programs, the creation of

neurohospitalist training programs has been primarily through

hospital resources,2 with less significant contributions from

the Centers for Medicare and Medicaid Services and neurol-

ogy departments. As hospitals increasingly become pressured

to produce low-cost, high-quality care in the wake of health

reform and accountable care, they may have greater incentive

to fund hospitalist initiatives.17 What influence a reliance on

hospital funding has on the training of future neurohospitalists

in academia remains to be seen.

Our study was limited to departments with adult neurology

residency programs that responded; however, no significant

difference was found in region, metropolitan size, resident

class size, or program type between respondents and nonre-

spondents. In addition, our response rate of 51% is comparable

to those of prior surveys of neurohospitalists regarding their

clinical practice.6,8 The length and breadth of the survey

instrument likely impacted the response rate. Also, selection

bias may have been introduced in our sample, as the motiva-

tions for respondents were not clarified. The motivation of the

study was to determine the practices and plans for department

hiring and training of neurohospitalists from the perspective of

academic departmental leadership, as they are likely to be

involved in the development of neurohospitalist-specific train-

ing programs. However, the perspectives of academic and

nonacademic neurohospitalists as well as nonacademic

departmental leadership should also be incorporated in the for-

mulation of key neurohospitalist training features. Respondents

included individuals in department leadership with differing

positions across academic departments and, therefore, may limit

the reliability of the study. Our study was also limited by the

possibility that some respondents may have had incomplete

information on specific practices and plans for departmental hir-

ing and, therefore, may have underreported. Our study may have

underestimated departmental hiring plans of neurohospitalists,

since just over 20% of respondents did not know department

plans. In addition, we evaluated the perceived importance of

neurohospitalist training elements from the perspective of

department leadership, many of whom may not share the same

opinions as neurohospitalists. Despite these limitations, this sur-

vey provides an estimate of the current practices and plans for

academic department hiring and training of neurohospitalists

and identifies key clinical and programmatic elements and

procedural skills for a neurohospitalist training program from the

perspective of academic departmental leadership.

Over the past several years, neurohospitalist medicine has

risen as a new area of neurology and grown in both the number

of neurohospitalists employed and the scope of responsibilities

in practice. Responding academic neurology departments

demonstrate a strong demand for neurohospitalists with depart-

ments looking to both develop their existing presence and

establish a new presence in the field. Accredited fellowship

training in neurohospitalist neurology is supported by 65% of

the academic program respondents, and respondents identified

clinical training in cerebrovascular disease, epilepsy, and

consultative neurology as key elements of training. Neurohos-

pitalists are also expected to be trained and subsequently lead

in areas of patient safety and quality of care, much like their

colleagues in hospitalist medicine. In general, neurohospitalists

are viewed favorably, though it may be too early to appreciate

the impact they will have in the evolving neurological training

and clinical practice environments.
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