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Abstract

Purpose of the Review Neuro-ophthalmologists rapidly adopted telehealth during the COVID-19 pandemic to minimize
disruption to patient care. This article reviews recent research on tele-neuro-ophthalmology adoption, current limitations,
and potential use beyond the pandemic. The review considers how digital transformation, including machine learning and
augmented reality, may be applied to future iterations of tele-neuro-ophthalmology.

Recent Findings Telehealth utilization has been sustained among neuro-ophthalmologists throughout the pandemic. Adoption
of tele-neuro-ophthalmology may provide solutions to subspecialty workforce shortage, patient access, physician wellness,
and trainee educational needs within the field of neuro-ophthalmology. Digital transformation technologies have the potential
to augment tele-neuro-ophthalmology care delivery by providing automated workflow solutions, home-based visual testing
and therapies, and trainee education via simulators.

Summary Tele-neuro-ophthalmology use has and will continue beyond the COVID-19 pandemic. Digital transformation
technologies, when applied to telehealth, will drive and revolutionize the next phase of tele-neuro-ophthalmology adoption
and use in the years to come.
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Introduction tele-neuro-ophthalmology offers many benefits to patient
care in selected situations, and attitudes towards the con-
The coronavirus disease-19 (COVID-19) pandemic has tinued use of telemedicine remain positive [2ee].
indelibly altered medical care and global society. Within

neuro-ophthalmology, a key shift has been the adoption

of telemedicine services. Publications regarding telemedi-
cine use in neuro-ophthalmology were scant until after
the declaration of a Public Health Emergency in the USA
(March 2020) [1ee]. Since 2020, an exponential expan-
sion of resources and research has demonstrated that

< Melissa W. Ko
melko@iu.edu

Department of Ophthalmology, Indiana University School
of Medicine, Indianapolis, IN, USA

Ophthalmology Service, Richard L. Roudebush Veterans
Administration Medical Center, Indianapolis, IN, USA

Neuro-Ophthalmology Service, Midwest Eye Institute,
Carmel, IN, USA

Departments of Neurology and Neurosurgery, Indiana
University School of Medicine, Indianapolis, IN, USA

Tele-Neuro-Ophthalmology Utilization
Before COVID-19

Historically, telehealth adoption in neuro-ophthalmology has
been limited by existing technology, financial reimbursement,
and governmental regulations [3e]. Prior to the COVID-19
pandemic, less than 4% of neuro-ophthalmologists within the
North American Neuro-Ophthalmology Society (NANOS),
the largest international organization of neuro-ophthalmol-
ogists in the world, utilized synchronous telehealth [1ee].
Within the parent specialties of neuro-ophthalmology, tel-
emedicine applications in neurology definitively established
benefits in the management of stroke and other neurological
disorders [4], while ophthalmology-based adoption focused
on diagnostic test interpretation, such as in remote monitor-
ing of diabetic retinopathy and retinopathy of prematurity
[5, 6]. Prior to the COVID-19 pandemic, due to significant
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restrictions in telehealth reimbursement, utilization of tel-
ehealth within the US was very limited. Therefore, national
advocacy efforts were underway to expand telehealth, includ-
ing efforts that specifically impacted neurological patients.
For example, in 2015, the American Academy of Neurology
(AAN), the American Heart Association (AHA), and the
American Stroke Association (ASA) successfully collabo-
rated on the passage of the Furthering Access to Stroke Tel-
emedicine (FAST) Act. In 2018, the FAST Act was signed
into law, which requires Medicare to reimburse for telestroke
services regardless of where a patient receives treatment,
thereby expanding telestroke coverage to include urban and
rural areas throughout the country [7].

Tele-Neuro-Ophthalmology Utilization
During Early COVID-19

The policies precipitated by the COVID-19 Public Health
Emergency (PHE) included lifting many regulatory barriers
and promoting parity in reimbursement for telemedicine ser-
vices [8]. This coverage expansion allowed many neuro-oph-
thalmologists to reimagine appropriate patient care delivery
while navigating the constraints of a global health crisis [9¢],
including the adoption of synchronous and asynchronous
telehealth, developing techniques for performing elements
of the neuro-ophthalmic exam virtually, and scrutinizing tri-
age protocols.

In May 2020, NANOS conducted a survey of its mem-
bership regarding telehealth use [1ee]. The survey reported
that before the pandemic, 3.9% of respondents used syn-
chronized telehealth; by May 2020 (roughly 6 months after
the initial cases of COVID-19 were reported), that number
had increased to 68.3%, a 17.5-fold increase [1ee]. Survey
respondents cited telehealth benefits, including ensuring
continuity of care, improving patient access to care, and
patient convenience [1ee]. Respondents also increased the
adoption and utilization of asynchronous telehealth modali-
ties, including remote interpretation of tests, second opinion
record review, and interprofessional consultations (eCon-
sults). Neuro-ophthalmology telehealth adopters and non-
adopters responding to the survey noted the following bar-
riers to telehealth use: concerns about data/physical exam
quality, reimbursement, medical liability, and sufficient
infrastructure support for telehealth implementation [1ee].
Another study citing seismic tele-neuro-ophthalmic adop-
tion shifts during the early pandemic includes a US-based,
multicenter retrospective study of four academic and private-
practice neuro-ophthalmologists [10]. Moss et al. reported
no telemedicine use in 2019, compared to 39.8% of patients
managed by telemedicine over the analogous period in 2020
[10].
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Tele-Neuro-Ophthalmology Utilization One
Year After Onset of COVID-19

In 2021, a follow-up survey of NANOS members dem-
onstrated that 50.8% of respondents were still utilizing
synchronized telehealth. Utilization of other telehealth
modalities also sustained increased adoption. Despite
concerns about continued reimbursement and regulatory
support, 82.1% of synchronized telehealth users indicated
interest in continued utilization [2ee].

Attitudes and Perception of Telehealth
Among Neuro-Ophthalmologists

In the 2020 and 2021 surveys, neuro-ophthalmologists
expressed positive sentiments toward patient-centered
benefits (access and continuity of care, patient efficiency)
[1ee, 2ee]. However, over 90% of participants in the 2021
survey reported patient technology barriers and exam data
limitations [2ee]. The survey found that while there was
heterogeneity in the opinions of exam element suitability
performed during synchronous video exams, data elements
collected outside of the video visit and ancillary testing
review were uniformly considered suitable for tele-neuro-
ophthalmology. The survey responses for remote interpre-
tation of test data suitability correlated with other studies
demonstrating safety and feasibility of remote interpreta-
tion of visual fields [11e]. The 2021 survey noted that
nearly half of participants incorporated remote interpreta-
tion into their practice [2ee].

Neuro-Ophthalmologists' Interest in Future
Telehealth Use

Data from the 2021 survey indicates that neuro-ophthal-
mologists, especially from neurology-based training, gen-
erally follow neurology practice utilization of telehealth,
rather than ophthalmology practice [2ee]. A year into the
pandemic, 49.6% still utilized synchronous telehealth, indi-
cating the establishment of tele-neuro-ophthalmology as a
common practice [2ee]. However, 30% of participants did
not perform synchronous video telemedicine visits during
any of the surveyed periods, suggesting utilization remains
heterogeneous [2ee].

Of surveyed neuro-ophthalmologists utilizing synchro-
nous telehealth in 2021, 82.1% planned to continue offer-
ing video visits [2ee]. Despite the continued interest, con-
cerns of reimbursement and regulatory changes may impact
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sustainability [2ee]. This uncertainty is recognized by US
healthcare leaders, despite the acknowledgment of tele-
health’s promotion of patient equity and access to health-
care [12].

Can Tele-Neuro-Ophthalmology Be Useful
Beyond the Pandemic?

Neuro-ophthalmology can benefit from synchronous tele-
health by addressing workforce shortages, expanding access
to care for patients limited by geographical distance, accom-
modating patients with physical impairment, offering neuro-
ophthalmic education and training to a broader audience,
and improving efficiency of care delivery for applicable
neuro-ophthalmic conditions [13ee].

Tele-Neuro-Ophthalmology Addresses
Neuro-Ophthalmology Workforce Shortages
and Expands Access to Neuro-Ophthalmic Care

Within the USA, there is an alarming shortage of neuro-
ophthalmologists, with a projected need for an additional
180 neuro-ophthalmologists (working 0.5 clinical full-time
equivalent) to meet the population demands of the country
[14ee]. This workforce shortage has resulted in prolonged
wait times and geographic limitations in access to neuro-
ophthalmic care, with pre-COVID median wait times of
6 weeks for new appointments [14ee]. Telehealth services
offer partial amelioration by affording patients in geographi-
cally distant regions access to neuro-ophthalmic care with-
out requiring exhaustive commutes [13ee]. Triaging suitable
conditions and shifting established patients not requiring an
internal eye examination to telemedicine vacates limited in-
person clinic slots in favor of patients needing direct exami-
nation [13ee]. Telemedicine also offers stable established
patients the opportunity to address their concerns without
waiting for an in-person visit [13ee].

Asynchronous Tele-Neuro-Ophthalmology Improves
Patient Access

Time-sensitive patient access to neuro-ophthalmology from
specialists who frequently request our diagnostic testing
and interpretation of tests is a common conundrum. Often-
times, our colleagues from neurosurgery, otolaryngology,
and endocrinology urgently seek visual fields to triage if
a skull-base or sellar mass is sight-threatening and there-
fore requires emergent surgery. Pre-pandemic, some neuro-
ophthalmic practices employed specific procedure-only slots
within a weekly clinic template to accommodate these urgent
requests whereby the ophthalmic technician performs the
diagnostic testing and electronically sends the imaging for

the neuro-ophthalmologist to interpret formally without hav-
ing to physically examine the patient.

Kung et al. recently performed a retrospective chart
review of their remote interpretation of visual fields per-
formed in 2012 (n=180), well before the COVID-19 pan-
demic. They found that the most frequent referring depart-
ments were endocrinology (79; 44%), neurology (51; 28%),
and neurosurgery (43; 24%) [11e]. Indications for the visual
field included parasellar lesion (107; 59%), seizure disor-
der (26; 14%), meningioma (19; 11%), vascular lesion (11;
6%), and other (17; 9%). Seventy-eight patients (43%) had an
intervention prior to the VF, while 49 (27%) were preopera-
tive VFs. Eighty-seven (48%) of the VFs were interpreted
as abnormal [11e].

Of all the 180 remote interpretations of visual fields,
87% had VF interpretations consistent with the clinical
question posed by the referring provider based on prior
clinical history and imaging. The median wait time for
patients receiving remote VF interpretations was 1 day at
this single institution [11e]. With such rapid turnaround,
remote interpretation of visual fields may offer specific
referring departments an efficient method of obtaining
visual field interpretations than in-office neuro-ophthal-
mology examinations. This can improve timely multi-
disciplinary decision-making, particularly in brain tumor
operative management cases. Other practices have utilized
remote interpretation of data workflows whereby the visual
fields are performed off-site at the referring physician’s
office (e.g., neurosurgery practices). Then, the visual fields
are remotely sent via the electronic medical record to the
neuro-ophthalmologist for interpretation (H Moss, Personal
Communication, February 2021).

eConsults (also called interprofessional consults) are
another form of asynchronous communication utilized
within neuro-ophthalmology. Like remote interpretation of
testing, the neuro-ophthalmologist does not see or examine
the patient. Rather, the requesting physician asks the neuro-
ophthalmologist a specific clinical question via review of the
clinical records. While this can be accomplished in formal
written form, within the digital age, the requesting physician
often utilizes an EMR platform to send the neuro-ophthal-
mologist their query for back-and-forth response.

Xu et al. published a retrospective review of a single
institution’s experience with eConsults (n=80) during a
3-year study period [15¢]. The median time from eConsult
request to completion was 4 days (range 0-34 days). The
most frequent eConsult questions were vision/visual field
disturbances (35.0%) cases, optic neuropathies (32.5%),
and optic disc edema (21.3%). At the time of eConsult,
44% of cases provided sufficient prior information for the
neuro-ophthalmologist to provide a definitive management
decision. In over 56% of the eConsults, further diagnostic
testing was recommended. In-person neuro-ophthalmology
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consultation was recommended in 30.0% of cases. Sixty-
one (76.3%) eConsults provided diagnostic and/or treat-
ment direction, and 12 (15.0%) provided reassurance.
eConsults increase access to timely neuro-ophthalmic care
and provide diagnostic and treatment direction to request-
ing physicians when sufficient information is provided
at the time of eConsult. In addition, with 15% of cases
providing reassurance, this, in essence, triages otherwise
referred in-person visits and opens additional scheduling
template slots for the most appropriate patient cases.

Elements of the Neuro-Ophthalmic Exam Amenable
to Synchronous Telehealth

A prospective survey was conducted on patient and phy-
sician experiences with consecutive tele-neuro-ophthal-
mology visits at three tertiary care academic institutions
in the USA during the early COVID period [16e]. Neuro-
ophthalmologists generally indicated that the synchro-
nous telehealth history and examination were sufficient
for decision-making (87% of visits) [15¢]. Exam elements
indicated by neuro-ophthalmologists that were easy to
conduct include.

Range of eye movements
Visual acuity

Ishihara color plate assessment
Amsler grid testing

Red desaturation evaluation

These impressions were corroborated by the 2021
NANOS survey, which found similar results [2ee].

Tele-Neuro-Ophthalmology Expands
Neuro-Ophthalmic Education Opportunities

The Accreditation Council for Graduate Medical Educa-
tion (ACGME) requires neurology and ophthalmology
training programs to provide sufficient training in sub-
specialties applicable to their respective fields, including
neuro-ophthalmology [17, 18]. Because of the workforce
shortages in neuro-ophthalmology, some US training pro-
grams have had to obtain neuro-ophthalmology faculty
from outside institutions to satisfy ACGME requirements
[13ee]

Synchronous telemedicine offers trainees from remote
institutions exposure to geographically distant neuro-oph-
thalmologists [13ee]. Asynchronous telehealth curricula
such as the Neuro-Ophthalmology Virtual Education Library
(NOVEL) and the Eccles Health Sciences Library at the
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University of Utah and the Neuro-Ophthalmology Illustrated
Curriculum developed by NOVEL and NANOS fill curricu-
lum gaps and provide education to learners across a broad
range of interests [19].

Tele-Neuro-Ophthalmology and Physician Wellness

The American Medical Association (AMA) conducted a
survey to evaluate relationships between pandemic-related
stress and work intentions in a sample of US health care
workers [20]. Among 2914 physician respondents at 124
institutions, approximately 1 in 3 physicians surveyed intend
to reduce work hours. One in 5 physicians intend to leave
their practice altogether within the next 2 years. Burnout,
fear of exposure, COVID-19-related anxiety/depression, and
workload were predictors of intent to leave [20]. Medscape
examined burnout rates in over 13,000 physicians and noted
that burnout among neurologists and ophthalmologists was
46% and 40%, respectively [21]. The top cited reasons for
burnout among physicians included bureaucratic tasks, lack
of respect from administrators/employees, too many hours
at work, and lack of control/autonomy over one’s life. When
asked what would help improve burnout, respondents stated
that a more manageable work schedule, lighter work sched-
ule, more autonomy/control over life, and increased com-
pensation would help [21].

While it has been suggested in opinion pieces that
telemedicine may provide a reduction in physician burn-
out and improve wellness, few studies have been per-
formed. Aklureishi et al. performed an observational,
cross-sectional study of healthcare providers (nearly
75% of physicians). They noted that video visits took
longer to prepare (33%) and conduct (62/200, 32%) than
in-person visits [22]. Clinicians who conducted a higher
percentage of their telemedicine by video were less likely
to feel overwhelmed, with no difference in reported
burnout. Interestingly, clinicians 50 or older were “less
overwhelmed” than those younger than 50 years, which
may be related to clinical experience. Clinicians who
received more video visit training modalities were less
likely to feel overwhelmed by the conversion to video
visits (P =0.007) or burnt out (P =0.009). In addition,
those reporting a higher ability to navigate a video visit
were also less likely to feel overwhelmed by video vis-
its (P =0.02) or burned out (P =0.001). More than half
“enjoyed conducting video visits” (60%) and wanted
to continue using video visits in the future (75%) [23].
Similar to the neuro-ophthalmology surveys cited above,
the top telemedicine barriers were patient-related: lack
of technology access, lack of skill, and reluctance, with
clinicians noting an increased need for increased support
staff to ease the workflow. More research is required to
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understand if telehealth facilitates physician wellness.
Nonetheless, Aklureishi’s study suggests that expe-
rienced clinicians and those with sufficient telehealth
training and operational support are less likely to experi-
ence burnout [22].

Reimbursement and regulations on telehealth services
vary from country to country. In the USA, the Centers for
Medicare and Medicaid Services (CMS) determine the
parameters of telehealth eligibility for Medicare patients.
Private insurers and state Medicaid programs may have
different requirements and fee schedules.

Prior to the COVID-19 pandemic, CMS allowed tel-
ehealth in restricted contexts, only allowing patients to
receive synchronous telehealth care if they lived in des-
ignated “Healthcare Provider Shortage Areas” [23], and
both the physician and patient were located in approved
facilities. Other triage-associated telehealth services,
such as eConsults, remote interpretation of diagnostic
tests, and short synchronous and asynchronous physi-
cian—patient communications (phone, video, or elec-
tronic) were also available [24].

The COVID-19 PHE temporary waivers removed
restrictions on some interstate licensure requirements,
geographic restrictions on eligible patients, added reim-
bursement for audio-only synchronous telehealth, and
waived location requirements for medical professionals
and patients. These waivers allowed tele-neuro-ophthal-
mic care for patients living hours away from a neuro-oph-
thalmologist [10]. There are continued advocacy efforts to
codify these changes to improve access to care.

The Future of Tele-Neuro-Ophthalmology

The practice of neuro-ophthalmology will never return to
pre-pandemic patterns. Based on the authors’ 2021 survey
of neuro-ophthalmologists 1 year into the pandemic, utiliza-
tion of tele-neuro-ophthalmology continued despite lower
COVID case numbers, lower COVID-related hospitaliza-
tions, and the advent of the COVID vaccination [2e¢]. While
30% of respondents never utilized telehealth, over 60%
adopted tele-neuro-ophthalmology. Eighty-two percent of
adoptees indicated that they plan to continue, but the survey

The Interplay of Synchronous and Asynchronous Telehealth with incorporation of Artificial Intelligence

Synchronous
Telehealth

Video Visits
Phone Visits

Fig. 1 The interplay of synchronous and asynchronous telehealth
with incorporation of artificial intelligence. Synchronous tel-
ehealth is live/interactive telehealth that can be either clinic or
home based. It includes video or phone visits. Asynchronous tel-
ehealth is a “store-and-forward” approach where testing/informa-
tion is obtained and then shared through a portal for a physician
to review later. Hybrid telehealth incorporates both synchronous
and asynchronous modalities including capturing a visual field or
fundus photograph asynchronously for the neuro-ophthalmologist
to review at a later time point. A video visit is then scheduled

Hybrid
Telehealth

Deep Learning
VR/AR

Asynchronous
Telehealth

eConsults

Remote Interpretation of
Tests

Second-opinion Review
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for the neuro-ophthalmologist to synchronously review with the
patient the testing results and care management plan. An exam-
ple of a potential artificial intelligence (AI)-driven future state
of neuro-ophthalmology is where asynchronous data is obtained
via augmented reality (AR) home monitoring of a visual field
defect. Deep learning (DL) algorithms then interpret the change
in the visual field defect from previously obtained visual fields of
the patient. If there are significant changes, DL can then pivot to
either alert scheduling of an urgent synchronous video visit or a
routine video visit with the patient
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did not directly query respondents as to their rationale for
continued telehealth use [2ee].

Digital Transformation: Tele-Neuro-Ophthalmology
2.0 and Beyond

As tele-neuro-ophthalmology enters its next iteration, incor-
porating other digital technologies is expected to enhance
healthcare and its intersection with telehealth delivery
(Fig. 1). Digital transformation is defined as the process
of improving an entity through the combination of digital
technologies, including information, computing, communi-
cation, and connectivity [25]. Within ophthalmology and, by
extension, neuro-ophthalmology, digital transformation can
potentially improve patient access and healthcare delivery
through artificial intelligence (AI), machine learning, deep
learning (DL), and virtual reality and augmented reality (VR
and AR) [26]. Through these digital transformation tech-
nologies, some existing barriers within current tele-neuro-
ophthalmology delivery may be surmountable, including
improving physician workflow and utilizing forms of deep
learning for screening and triaging patient based on DL
analysis of ophthalmic images and using augmented reality
for home monitoring of vision field progression.

Artificial
Intelligence

Machine
Learning

Deep
Learning

Fig.2 Artificial intelligence, machine learning, and deep learn-
ing defined. Al is the broad umbrella concept under which machine
and deep learning reside. Al is defined as any technique that is used
to mimic sentient behavior. Machine learning (ML) is a form of Al
focused on data analysis by the construction and study of algorithms
that process data to develop prediction or decision models. Deep
learning (DL) is a form of machine learning that mimics human
learning by layering multiple automated learning algorithms over the
data in an iterative process to achieve the desired level of accuracy

@ Springer

Artificial Intelligence and Deep Learning

Al is the broad umbrella concept under which machine and
deep learning reside (Fig. 2). Al is defined as any technique
that is used to mimic sentient behavior [27]. Al is utilized
in everyday life, from voice commands on smart devices to
robotic vacuum cleaners.

Machine learning (ML) is a form of Al focused on data
analysis. ML is the construction and study of algorithms
that process data to develop prediction or decision models.
Unlike traditional computer programming, ML does not
need programmers to write step-by-step scripting for a com-
puter to follow. Instead, they train computers to recognize
patterns based on data [28]. One example of ML is the spam
filter on e-mail systems, which can learn by direct input from
humans and from automated pattern-recognition algorithms.

Deep learning (DL) is a form of machine learning that
mimics human learning by layering multiple automated
learning algorithms over the data in an iterative process
to achieve the desired level of accuracy (Fig. 1) [29]. As
a result, DL is especially powerful with image recognition
and highly applicable to image-heavy specialties, including
ophthalmology. Within neuro-ophthalmology, DL appli-
cations can analyze ophthalmic images, including digital
fundus photography, visual fields, and optical coherence
tomography. DL can assist in automated screening and diag-
nosis. DL has been utilized to distinguish abnormal optic
discs from normal controls, including papilledema and the
degree of optic nerve swelling, and to differentiate various
forms of non-glaucomatous optic neuropathies [30, 31ee,
32-34]. Recently, DL applications were proven to be at least
as accurate as expert neuro-ophthalmologists in identifying
papilledema [35]. Given the current workforce challenges
within neuro-ophthalmology, one can envision a future prac-
tice model in which mature DL applications triage screening
fundus photographs of referred patients to prioritize the most
severe cases of papilledema over mild cases. Additionally,
patients with anomalous but normal optic nerves may not
even require a referral to neuro-ophthalmology. With direct
ophthalmoscopy instruction declining in medical school
curricula, many non-ophthalmology-based physicians lack
confidence in viewing the fundus [36]. Proven DL applica-
tions may support non-ophthalmology-based doctors by fun-
neling patients with potential sight-threatening papilledema
to the neuro-ophthalmologist and deferring those with nor-
mal optic nerves to comprehensive ophthalmology. Auto-
mated DL telescreening is already utilized by non-eye health
professionals in diabetic retinopathy screening [37ee]. This
workflow integrates virtual technologies throughout a
patient’s continuum of care: patient visit registration, digi-
tal capture of the funduscopic images, DL-guided screen-
ing algorithms, and then synchronous video telemedicine
to communicate the results to the patient.
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Virtual and Augmented Reality

Virtual reality (VR) and its subset, augmented reality (AR),
comprise another aspect of digital transformation that will
impact Tele-Neuro-Ophthalmology 2.0 [37ee]. VR is where
the user, via a wrap-around headset, is fully immersed in
a virtual environment. VR is used in ophthalmology for
patients with visual loss/impairment where an attached
camera records the patient’s environment and displays or
magnifies that image into the patient’s visible visual field.
Safety concerns are a limitation; patients can not see their
real environment while ambulating because the headsets are
fully occlusive and immersive [37ee].

Augmented reality (AR), on the other hand, integrates
technology with real life, for example, smartphone language
applications projecting translations over the native text. A
developing neuro-ophthalmology application of AR is
glasses with embedded cameras that can map out a patient’s
scotoma or visual field defect, create a custom remapping of
the missing images, and overlay that image onto functioning
areas of a patient’s vision dynamically, allowing the patient
to continue functioning within the real environment [37ee,
38]. Other uses of AR include home monitoring units devel-
oped for patients with age-related macular degeneration to
detect retinal fluid changes with the data then transmitted via
the cloud to healthcare providers for interpretation [37ee].
These technologies present potential translation opportuni-
ties for neuro-ophthalmic patients from a diagnostic moni-
toring and therapeutic perspective by allowing patients to
engage visually with their environment. Additional appli-
cations of AR that impact the neuro-ophthalmic surgeon
include the development of 3D glasses (heads up surgery)
to improve ergonomics and enhance visualization during
ophthalmic surgery. This AR technology allows surgeons
to view projected operative images directly in front of them,
aiding greater maneuverability [37ee]. Lastly, VR and AR
applications have potential to extend into neuro-ophthalmic
medical education by training medical students and residents
in pertinent anatomy and surgical techniques through surgi-
cal simulators, which have already demonstrated efficacy
and validity in improving surgical performance and reducing
complication rates. Ophthalmoscopy simulators have also
demonstrated efficacy and validity evidence in improving
ophthalmoscopy skills in the clinical setting [39].

Conclusions

Telehealth and its applications and adoption within neuro-
ophthalmology have accelerated since the pandemic’s
onset, fundamentally shifting the delivery of neuro-oph-
thalmic care permanently. While the potential applica-
tions and innovations of digital transformation are exciting,

Tele-Neuro-Ophthalmology 2.0 is not without challenges.
Much work must be done to validate, adopt, and pay for
these technologies. Additionally, challenges remain in pro-
tecting patient data privacy, narrowing the digital divide,
increasing digital literacy, and securing permanent insur-
ance coverage for telehealth services. Despite these current
roadblocks, we are on the cusp of these virtual technologies
becoming reality with transformative implications for our
visually impaired patients.
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