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Background:The use of two-way audio-visual technology for delivery of acute stroke is sup-
ported by a well established literature base. The use of telemedicine for general neurologic
consultation has been reported across most subspecialties within the field, but a compre-
hensive systematic review of these reports is lacking. Purpose: To conduct a systematic
review of the published literature on teleneurologic consultation beyond stroke. Data
sources: Databases Ovid MEDLINE, EMBASE, PsychINFO, CINAHL, and Cochrane were
searched with keywords, “teleneurology,” and numerous synonyms and cross-referenced
with neurology subspecialties. The search yielded 6,625 potentially eligible hits, which were
independently reviewed by two investigators. Ultimately 366 unique studies met eligibil-
ity criteria and were included in the review. Study selection: Studies were included if
the title or abstract expressed use of two-way AV communication for a clinical neurologic
indication other than stroke. Data extraction: Each article was classified using a novel
scoring rubric to assess the level of functionality, application, technology, and evaluative
stage. Data analysis: Articles were hierarchized within a subspecialty category. Overall
subspecialty scores were assigned based on aggregate of scores across papers in each
category. Conclusion: Use of telemedicine for general and most subspecialty neurologic
consultation, beyond stroke, appears very promising but the clinical science is nascent.
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INTRODUCTION

Telemedicine in neurology is utilized and has been studied primar-
ily in the acute stroke setting (Meyer et al., 2008; Demaerschalk
et al., 2012). The state of telestroke practice has matured to the
point that there are specific American Heart Association/American
Stroke Association statements detailing the evidence for its use
(Schwamm et al., 2009b) and guidelines for its implementation
into stroke systems of care (Schwamm et al., 2009a). Moreover,
telestroke practice is at a stage where health economic analyses have
been performed and suggest long-term cost effectiveness from the
societal perspective (Nelson et al., 2011). Neither practice mod-
els nor a rigorous literature base exists for teleneurology beyond
stroke. There are widespread reports of remote communication
via various modalities [e.g., telephone (Hill et al., 2009), video-
phone (Vesmarovich et al., 1999), e-mail (Ahmed et al., 2010),
two-way audio/visual (Theodoros et al., 2003)] to address various
non-stroke neurologic issues in the literature but no systematic
review thereof. The aim of the study group is to conduct a sys-
tematic review of the medical literature describing the use of
two-way audio-visual (AV) communication in order to address
general (e.g., non-stroke) neurologic indications, categorized by
neurology subspecialty. This manuscript describes the methods of
the systematic review and introduces a novel rubric for appraising,
scoring, and hierarchizing teleneurological studies.

METHODS
In January 2011 Ovid MEDLINE was searched from 1948 forward
to identify relevant studies for review. A search strategy utilizing

MeSH (Medical Subject Headings), textwords, and telemedicine
journal titles was conducted to create one large set to later combine
with the specialized areas within the field of neurology. This basic
set included the MeSH terms Telemedicine, Telecommunications,
and Remote Consultation. Textwords included telestrokolog:, tele-
stroke, teleneurolog:, telemedicine, telecare, telehealth, telerehabil-
itation, telediagnosis, remote monitoring, remote evaluation, and
teleconsult. Search terms were truncated to include variant end-
ings. Journals included were Telemedicine & Telehealth Networks,
Telemedicine & Virtual Reality, Telemedicine Journal, Telemedi-
cine & eHealth, Telemedicine Today, and Journal of Telemedicine
& Telecare.

All MeSH, textwords, and journals were combined using the
Boolean operator OR. The resulting set was limited to humans
and the publication types “comment” and “letter” were removed.
This basic search was altered as needed when searching addi-
tional databases including EMBASE, PsychINFO, CINAHL, and
Cochrane.

Search strategies were created in subspecialties of neurol-
ogy including: autoimmune diseases, autonomic nervous system
diseases, cerebrovascular disorders, critical care, epilepsy, geri-
atric neurology, headache, inflammatory and infectious diseases,
movement disorders, multiple sclerosis, neural repair and reha-
bilitation, neurobehavioral diseases, neurodegenerative diseases,
neuromuscular diseases, neuro-oncology, neuro-ophthalmology,
neuro-otology, neurointervention, pain, pediatric and adoles-
cent neurology, peripheral nervous system disorders, and sleep
disorders. The number of results for each section, as well as a
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Search terms entered, results arranged by subspecialty and database
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FIGURE 1 | A flowchart representing the steps of the systematic review, in order from top to bottom. The numbers in parentheses indicate the number of

search "hits” per category.
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Functionality:

(all aspects of the medical care process, e.g. activities involving prevention,
diagnosis, treatment, follow-up, and rehabilitation, grouped into 4
components)

F-Consultation: Yes or No
Occurring between two or more providers; if Yes,
please specify or elaborate
Occurring between provider and patient; if Yes,
please specify or elaborate

F-Diagnosis: Yes or No
Typically takes place remotely by radiologist,
pathologist, cardiologist, or other specialist relying
on transferred images, records, laboratory results;
if Yes, please specify or elaborate
Consultation & Diagnosis are not mutually
exclusive and both functions may occur at the
same time during the same encounter.

F-Monitoring: Yes or No
Includes telehome care for home-bound
chronically ill, recently discharged persons,
requiring skilled care, wound care, chronic
conditions, CHF, COPD, Asthma, Diabetes. May
also include tele-monitoring in ICU settings

F-Mentoring: Yes or No
Remote guidance typically by surgeons or
proceduralists and other specialists to other
surgeons performing new or complex procedures,
but may also include medical supervision and
mentoring for trainees.

Application:

A-Medical Specialty:
Identify the most applicable sub-specialty in the
Clinical Neurological Sciences; Select from a list

Select Adult (A) or Pediatric (P) or both (B) or
unspecified (U/NA)
Autonomic
Behavioral/Neuro Cognitive
Brain Injury
Neurocritical care
Epilepsy
Headache
Infectious Disease
Movement Disorders
Multiple Sclerosis
NeuroRehabilitation
NeuroGeriatrics
Neurodegenerative Diseases
Neurointerventional
Neuromuscular
Neuro Ophthalmology
Neuro Otology
Neuro Oncology
Sleep Neurology
Vascular Neurology

A-Disease Entity:
Identify the disease entity(ies): Free Text entry

A-Site of Care:
Specify pre-hospital (in the field, ground or air
ambulance), emergency department, ICU/CCU,
med/surg acute care ward, rehabilitation (acute),
SNF, assisted living facility, outpatient clinic,
home (place of residence), other

A-Treatment Modality:
Specify

Technology:

T-Synchronicity: 2 Parts, Timing & Technology

Timing:
Select Synchronous (i.e. in real time,
the concurrent presence of interacting
participants located at different
places) or asynchronous (store-and-
forward, in which participants do not
interact in real time)

Technology:
Select Video-Conferencing, telemetry,
remote sensing, other modes of
interactive healthcare communication

T-Network:
Network design/configuration. Select from Virtual
Private Networks, the open Internet, and Social
Networks

T-Connectivity:
Select Wired or Wireless; Where possible, specify
bandwidth, attendant speed, resolution, and quality
of service

Evaluation & Methodology: Select the best-fitting Phase of
Evaluation and Methodology

E-Phase I: Yes or No
Exploratory, small intervention studies in an
experimental setting; Specify methodology
Specify Biomedical or Health Services Research or
NA

E-Phase II: Yes or No
Feasibility studies (controlled intervention studies,
rarely involving a separate control group) — field or
experimental studies with potential users
Specify methodology
Specify Biomedical or Health Services Research or
NA

E-Phase I1I: Yes or No
Randomized controlled trials to evaluate clinical
outcomes, safety, efficacy
Specify methodology
Specify Biomedical or Health Services Research or
NA

E-Phase IV: Yes or No
Simulation cost studies (health economic models),
using benefit results from RCTs, comparing costs
between conventional face-to-face medical
practice and telemedicine practice
Specify methodology
Specify Biomedical or Health Services Research or
NA

E-Phase V: Yes or No
Post implementation studies of telemedicine
practice into regular care
Specify methodology
Specify Biomedical or Health Services Research or
NA

FIGURE 2 | The FATE rubric is a novel method of assessing telemedical literature for presence of salient elements including functionality, application,
technology, and phase of evaluation. Scores are assigned based on the number of “yes” answers in the “Functionality” section and the phase of evaluation.

graphical depiction of the study selection process, can be seen in  met predetermined inclusion criteria were selected for further
Figure 1. appraisal. To be included, a study had to offer an approach to

The initial search yielded 6,625 abstracts that were inde- a neurologic condition using two-way AV communication. There
pendently reviewed by authors MNR and BMD. Studies that was strong agreement in the abstract screening process (k = 0.94)
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and consensus to include 688 of the studies. Of note, there were
numerous “repeat hits,” where different facets of the search strategy
yielded the same study, thus there were only 366 unique studies for
review. The subspecialty categories were further coalesced based
on available studies (as depicted in Figure 1) and a “Neurohospi-
talist” category was created for those studies that address the main
inclusion criteria but in the inpatient setting.

All studies were then independently reviewed by MNR and
BMD within the context of their respective subspecialty category.
A rubric, inspired by Bashshur et al. (2011) and developed by
BMD was adapted to score individual telemedicine studies (see
Figure 2). This rubric was designed to assess and score vari-
ous levels of functionality, application, technology, and evaluation
phases (e.g., functionality, application, technology, and evaluative
stage, FATE). Numerical scores were based on the number of “yes”
answers in the functionality category (maximum of 4 points from
that category) and points corresponding to the evaluation phase
(maximum of 5 points from that category), for a maximum total
of 9. For example, a small pilot study (1 point for evaluation phase
I) focused on consultation and diagnosis (2 points from func-
tionality category) would be expressed as FATE-3. The application
and technology sections serve to succinctly summarize key ele-
ments relevant to clinical application. Once individual studies were
assessed within a subspecialty category, an overall FATE score was
calculated and assigned to the subspecialty. Review articles, which
would otherwise have a FATE-0 score, were counted in the total
number of articles scrutinized but not in the category score so
as not to artificially depress an otherwise potentially mature field
with many reviews.

DISCUSSION
To the best of our knowledge, we present the first large-scale
comprehensive systematic review of teleneurological consultation
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