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Abstract
The COVID-19 pandemic is causing world-wide social dislocation, operational and economic
dysfunction, and high rates of morbidity and mortality. Medical practices are responding by
developing, disseminating, and implementing unprecedented changes in health care delivery.
Telemedicine has rapidly moved to the frontline of clinical practice due to the need for
prevention and mitigation strategies; these have been encouraged, facilitated, and enabled by
changes in government rules and regulations and payer-driven reimbursement policies. We
describe our neurology department’s situational transformation from in-person outpatient
visits to a largely virtual neurology practice in response to the COVID-19 pandemic. Two key
factors enabled our rapid deployment of virtual encounters in neurology and its subspecialties.
The first was a well-established robust information technology infrastructure supporting virtual
urgent care services at our institution; this connected physicians directly to patients using both
the physician’s and the patient’s own mobile devices. The second is the concept of one patient,
one chart, facilitated by a suite of interconnected electronic medical record (EMR) applications
on several different device types. We present our experience with conducting general tele-
neurology encounters using secure synchronous audio and video connections integrated with
an EMR. This report also details how we perform virtual neurologic examinations that are
clinically meaningful and how we document, code, and bill for these virtual services. Many of
these processes can be used by other neurology providers, regardless of their specific practice
model. We then discuss potential roles for teleneurology after the COVID-19 global pandemic
has been contained.
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Clinical medicine in the United States has been transformed
by the outbreak of the SARS-CoV-2, the virus that causes the
syndrome of COVID-19.1 In December 2019, clusters of
patients with pneumonia of unknown etiology were first
identified. COVID-19 was declared a global pandemic on
March 11, 2020. Since that time, the virus has spread rapidly,
and, as of April 20, 2020, there were more than 750,000
confirmed cases in the United States and over 138,000 cases in
New York City alone.2 Given the need for social isolation to
help contain the spread of infection, neurology departments
throughout the United States have turned to non–face-to-face
visits as a means of providing patient care.3

Telemedicine can be defined as medical care provided to
a patient by a physician or other health care provider at
a different location.4 By the use of electronic communications
technologies, it has the potential to overcome geographical,
physical, and biological barriers to health care access, and it is
safe, timely, efficient, and convenient.4–6 The adoption of
telemedicine had been slowly progressing for the decades
before the advent of COVID-19, with most telemedicine visits
occurring for either primary or mental health care.7,8

Before the advent of COVID-19, impediments to the practice
of telemedicine were considerable, including technological,
political, regulatory, reimbursement, clinical, and social barriers.
To ensure that patients in the United States have safe and timely
access to health care during the coronavirus pandemic, the De-
partment ofHealth andHuman Services (HHS), theCenters for
Medicare and Medicaid Services (CMS), and health care in-
surance companies loosened restrictive regulations and policies
governing telemedicine. For the duration of this public health
emergency, virtually all Current Procedural Terminology (CPT)
codes for face-to-face outpatient, inpatient, critical care, and
emergency department visits can now be used for virtual
health visits. The major driver of telehealth adoption in the
era of COVID-19 is the safety of all potential participants
during a clinical encounter. Applicable safeguards include
those for patients, family members, caregivers, and the
health care teams.

New York University Langone Health (NYULH) was among
the earliest health systems in the United States to be directly
affected by COVID-19. Our system engaged in rapid efforts to
prepare to care for large numbers of COVID-19 inpatients
while simultaneously preserving a high standard of clinical
excellence for other patients. Our neurologic outpatient
care model transformed from purely in-person traditional
office-based encounters to an almost universal system of
direct-to-patient virtual visits.

With the intention of assisting other neurologists make similar
adaptations, we describe our experience with the rapid tran-
sition to virtual neurology visits and offer recommendations
for teleneurology examinations, appropriate coding, and po-
tential implementation challenges.

Concepts and background of virtual
neurology visits
Before the advent of widely available powerful mobile computing
devices and broadband wireless network connectivity, tele-
neurology services were largely provided at health care facilities via
dedicated telemedicine carts.4 Onsite telepresenters operated and
supported the communication system and assisted the remote
physician with examinations. Subsequent to the widespread
adoption of smart phones and tablets with broadband networking
capabilities, there has been movement toward virtual health care
provided to patients using their personal devices at home.4,5,9

Our virtual urgent care system connects the provider directly
to the patient using the patient’s ownmobile device or computer
and network connection.10 The swift deployment of tele-
neurology services at NYU neurology leveraged the preexisting
robust technology platforms developed for the NYU virtual ur-
gent care system.10 However, using this infrastructure required
our teams to adapt the better-established more traditional tele-
neurology techniques to the newer direct-to-patient model.
Another person co-located with the patient who can assist with
the examination may enable a more effective neurologic evalu-
ation in certain circumstances.

General terms such as telehealth or telemedicine do not fully
convey the wide spectrum of services available with current
electronic communication technologies. In this report, we
focus on the implementation of synchronous real-time 2-way
interactive audio and video visits.

No universal consensus yet exists that high-quality care for
neurology patients can be achieved via virtual methods, but
the evidence base is increasing.5,6 For instance, virtual stroke
care is now well established.11–13 Recent reviews detailed the
growing successes of teleneurology in caring for patients with
neurologic disorders other than stroke.5,6

How we perform virtual
neurology visits
NYULH uses the Epic electronic medical record (EMR)
ecosystem with interconnected apps on desktop and laptop

Glossary
CMS = Centers for Medicare and Medicaid Services; CPT = Current Procedural Terminology; CN = cranial nerve; EMR =
electronic medical record; HHS = Health and Human Services.
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computers, including Haiku on the iPhone and Canto on the
iPad. Mobile devices are used by physicians for the virtual
visits. Their front- and rear-facing device cameras are tech-
nologically superior to the single built-in cameras on desktop
or laptop computers. The screen size on an iPhone is ade-
quate for many clinical encounters, and the iPad screen is
sufficient for detailed neurologic examinations. The ability to
reposition the mobile device and to then switch from front-
facing to rear-facing cameras aids in demonstrating examina-
tion elements to the patient. The presence of an assistant in
the patient’s residence can add to the capacity to perform
detailed and complete histories and examinations. Viewing
the patient during a video visit on one device (mobile phone
or tablet device) with Epic desktop open simultaneously on
another (desktop or laptop computer) enables rapid medical
record review and documentation without taking the focus off
the patient. Two physicians can be logged in to the same
virtual visit simultaneously, enabling supervision of trainees
and providing real-time second opinions.

Virtual visits are integrated into the EMR, enabling each pa-
tient to have only one chart, regardless of visit type. This
decreases administrative burden, eliminating duplicate data
entry and reducing possible documentation errors. Patient
schedules show a mixture of virtual and in-person visits.
Check-in times to virtual waiting rooms and check-out times
are logged. NYULH offers separate technical support lines for
physicians and patients. For the best experience, specific
instructions are sent to neurology patients to prepare in ad-
vance of the virtual visit.

The NYULH Department of Neurology has approximately
250 clinical faculty. All physicians who continued to see
outpatients during the early period of COVID-19 participated
in the transition to virtual visits. The financial effect of
COVID-19 has been significant, with a reduction in visit
volume at NYULH overall from approximately 30,000 to
approximately 5,000 outpatients daily at present. Neurology
outpatient volume at NYULH is approximately 50% of that
observed before COVID-19.

The virtual neurologic examination
The essential elements of the in-person neurologic examina-
tion are well documented.14 How is it best to adapt the ex-
amination to a virtual visit? Several standardized neurologic
rating scales have been validated for teleneurology, but there
is no currently validated examination for general tele-
neurology.5 Neurologists and our patients need teleneurology
examinations that are sensitive, specific, and suitable for the
range of conditions that we evaluate and manage.

Although only 2 of the 5 senses are supported with current
technology, sight and sound can yield much information that
is clinically useful. Conducting teleneurology visits may help
clinicians sharpen their observational skills and examination

techniques for all of the patients they care for, whether in-
person or virtually. Because virtual visits can support mul-
tiple participants in different locations, it may be easier in
the context of a virtual visit to coordinate interviews with
family members or with other knowledgeable observers in
real time.

How to optimize and validate a teleneurology examination
has been explored since at least the late 1990s. At that time, an
early study compared face-to-face examinations performed by
junior physicians with telemedicine examinations conducted
by senior neurology trainees who observed the junior train-
ees.15 In that study, the gold standard was defined as an in-
person examination by a senior neurologist. Investigators
found that the telemedicine examination was more sensitive
in detecting abnormalities than a face-to-face examination for
all components; the telemedicine examination was more
specific for all but one clinical sign (plantar response).15

However, most studies included trained presenters at the
patient’s location who could assist in performing the
examination.4–6 Teleneurology examinations have also been
studied with different comparator models, including in-
person home visits.5,16

Given the speed with which we needed to transition to virtual
care during the COVID-19 pandemic, our teleneurology ex-
amination was designed by consensus, with plans for future
research to identify and validate the essential elements of
a clinically meaningful, useful, and reproducible teleneurology
examination.

Some NYU neurology department faculty are more com-
fortable with virtual visits on established patients because
there were previous face-to-face examinations for those indi-
viduals. We recognize that some virtual examination elements
can be performed if the patient is alone, whereas others re-
quire another person in the home to assist. Some elements,
such as a detailed funduscopic examination, cannot be per-
formed remotely in direct-to-patient encounters. If the neu-
rologist does not think that the virtual encounter is adequate
to fully assess the patient, an in-person visit, when it is safe for
the patient and provider to have such an encounter, will be
recommended.

During this period of social distancing amid the COVID-19
pandemic, patients cannot have others help them unless they
are socially isolating together. After social distancing policies
are rescinded, we anticipate recommending that someone be
present with the patient for many virtual visits.

The patient or an assistant are the camera operators, directors,
producers, and technical support personnel for the visit.
Mobile devices are preferred because their cameras are su-
perior to desktop and laptop cameras, as the patient can also
use the front-facing or rear-facing cameras of the device, and
the device can be moved as needed to visualize examination
elements.
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Patients may be asked to bring certain objects to their virtual
appointment including the following:

c A stand for their mobile device or a selfie stick.
c A blood pressure cuff, if available, a scale, graph paper or

Amsler grid (can be printed from internet search),
something to read, a penlight/flashlight, a pen, a rubber
band, a paper clip, a hand weight, a can, a milk carton or
something similar, a tissue, cotton swab (Q-tip), toothpick,
an ice cube in a plastic bag or other cold object such as a cold
metal spoon, a kitchen spatula, and keys.

The patient may also be asked to download apps onto their
mobile device.

A full neurologic examination, adapted to a direct-to-patient
audio/video encounter, is shown in table 1. Certain aspects of
the neurologic examination merit further discussion. The
mental status examination has been reliably administered via
telemedicine using the Mini-Mental State Examination and
the Montreal Cognitive Assessment.17,18 Much of the cranial
nerve (CN) examination can be performed reliably via tele-
medicine through a combination of direct maneuvers and
application-based supplements. The Eye Handbook applica-
tion accurately measures visual acuity and color vision and has
other examination features targeting CNs II, III, IV, and VI.19

Ophthalmoscopy of the optic discs is currently a major limi-
tation of the virtual examination and cannot be performed in
a typical virtual visit. However, strategies for remote capture
of fundus photography are in development. Pupils can be
examined by asking the patient to rapidly close and open the
eyes or asking an assistant or the patient to approximate the
swinging flashlight test. Ocular alignment poses a challenge
for the remote examiner, but additional smartphone applica-
tions are in development to use automated Hirschberg testing
to measure alignment patterns.20 Screenshots of ocular
alignment can be captured and transferred to the EMR. These
can reliably track broad alignment patterns or lid position.

There are limited data in the literature on how to best de-
termine motor and sensory function of the trunk and limbs
during a virtual examination.However, crowdsourcing produced
some potentially productive techniques. Muscle strength can be
tested by inspection, movement against gravity, quantified with
weights or resistive objects, by an assistant, if present, or by
functional activities such as the ability to stand from a seated
position with or without the assistance of the upper extremities
(table 1). The subtleties of deep tendon reflexes may be chal-
lenging to discriminate via telemedicine; however, an assistant, if
present, can be instructed on how to perform a gross assessment
of brisk or reduced reflexes and reflex asymmetry may be ex-
amined by tapping with an object or with fingers. Plantar reflexes
can also be tested by the patient or assistant. Sensation can be
tested by using the patient or an assistant’s fingertips or with
specific stimuli such as a cotton wisp, toothpick, or a cold metal
object. Gait and station can be evaluated including toe, heel, and
tandem walking, Romberg maneuver, and tandem Romberg

maneuver. The practitioner should remind the patient without
a nearby assistant to perform gait and station testing near a wall
or stable object that they can use for support should they lose
their balance.

The remote neurologic examination requires adaptation, in-
genuity, and resourcefulness. The need for social distancing while
still caring for patients with neurologic disorders incentivizes us to
develop, refine, study, and validate clinically meaningful tele-
neurology examination techniques. We expect improvements as
the teleneurology community grows and shares knowledge.

Coding for virtual
neurology encounters
We realize that coding for visits is specific for the United
States, but it remains a source of confusion and warrants
discussion. Shortly before this article was written, the CMS
and other payers dramatically loosened constraints on re-
imbursable telehealth services. Synchronous video and audio
telemedicine services can now be used to evaluate new
patients in addition to established patients. Patients can be
examined in their homes. State medical licensing policies are
still variable and constantly changing. Nonetheless, in many
states, licensing rules are less exclusionary than they were
before the global pandemic. Communications technologies
used for telehealth need not be Health Insurance Portability
and Accountability Act compliant for now.21

There are several non–face-to-face evaluation and manage-
ment (E/M) services with corresponding CPT codes (table 2).
Synchronous telemedicine encounters delivered through real-
time interactive audio and video telecommunication systems
closely resemble in-person E/M encounters, with documen-
tation requirements to determine the level of service similar to
standard face-to-face visits. Although the examination is lim-
ited in non–face-to-face evaluations, history, medical decision
making, and determination of time of the service are not
affected in major ways. The codes for these telemedicine E/M
services are the same as for the corresponding face-to-face
encounters with addition of a -95 or -GT modifier as de-
termined by the payer.

Attestation and consent statements are added to tele-
neurology notes, but there are no universally accepted for-
mats. They are organization and payer specific.

There are also telephone E/M codes 99441-99443, virtual
check-in services G2012 and G2010, and online digital E/M
codes 99421-99423 (table 2). Details on how to use them
properly are available elsewhere.21–24

Major regulatory changes made by the CMS may or may not
be adopted by other insurance payers. Each organization
should frequently check with their panel of insurers to keep up
to date on these rapidly changing policies.
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Table 1 Neurology examination adapted to direct-to-patient virtual encounters

1. General appearance of the patient (e.g., development, nutrition, body habitus, deformities, and attention to grooming)

On inspection via the video/audio connection.

2. Vital signs: measurement of any 3 of the following 7 (which may be measured and recorded by ancillary staff): sitting or standing blood pressure, supine
blood pressure, pulse rate and regularity, respiration, temperature, height, and weight

Patient-supplied devices can get BP, pulse, weight easily, and also temperature if relevant.

3. Cardiovascular:

a. Examination of carotid arteries (e.g., pulse amplitude and bruits)

b. Auscultation of the heart with notation of abnormal sounds and murmurs

c. Examination of the peripheral vascular system by observation (e.g., swelling and varicosities) and palpation (e.g., pulses, temperature, edema, and
tenderness)

Probably unable to be assessed unless an assistant who is a medical professional is present.

4. Attention span and concentration

Via the video/audio connection.

5. Orientation to person, place, and time

Via the video/audio connection.

6. Language (e.g., naming objects, repeating phrases, and spontaneous speech)

Via the video/audio connection.

7. Fund of knowledge (e.g., awareness of current events, past history, and vocabulary)

Via the video/audio connection.

8. Recent and remote memory

Via the video/audio connection.

Additional tools for more detailed mental status assessment:

MOCA appropriate for telemedicine.18 mocatest.org/remote-moca-testing/

MMSE17

9. 2nd cranial nerve (e.g., visual acuity, visual fields, and fundi)

Confrontation visual fields performed by the examiner on the computer screen for gross assessment. Ask the patient to report any blurring or absence of
the examiner’s facial features.

Home Amsler grid using a graph paper.

Reading.

When appropriate: Eye Handbook App for acuity and color vision.19 The download is free.

10. Ophthalmoscopic examination of optic discs (e.g., size, cup to disc ratio, and appearance) and posterior segments (e.g., vessel changes, exudates, and
hemorrhages)

Not possible unless there is a tele-ophthalmoscope.

Fundus photographs can be submitted, but they would be considered data reviewed, not an examination element.

11. 3rd, 4th, and 6th cranial nerves (e.g., pupils and eye movements)

Open and close eyes to look for pupillary reaction to ambient light, or use penlight/flashlight, patient or homeassistantmay be able to do swinging flashlight
test.

Ask the patient to look left, right, up, and down with head still.

Sustained upgaze for 30–60 seconds.

Optokinetic nystagmus feature of Eye Handbook App may help assess pursuit and saccades, a home assistant may help with smooth pursuit testing.

Convergence testing using the thumb of patient slowly brought to their nose.

Vestibulo-ocular reflex testing by having them look at the camera and quickly turn their head to the sides.

Continued
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Table 1 Neurology examination adapted to direct-to-patient virtual encounters (continued)

12. 5th cranial nerve (e.g., facial sensation and corneal reflexes)

Touch with tissue and cotton swab (Q-tip).

Temperature with cold object.

Sharp with toothpick or other object.

13. 7th cranial nerve (e.g., facial symmetry and strength)

Inspection via the video/audio connection for facial symmetry, smiling, and nasolabial fold flattening.

NIHSS item 4.

Specific movements:

Raising eyebrows.

Eye closure.

Ability to wink on either side.

Ability to completely bury the eyelashes on forceful eye closure.

Peek sign.33

Pucker lips.

Whistle.

14. 8th cranial nerve (e.g., hearing with tuning fork, whispered voice, and/or finger rub)

Via the video/audio connection—can they hear the examiner?

Finger rub in either ear by the patient or assistant.

Balance maneuvers with tandem Romberg.

Home Epley has been performed with detailed patient instructions.

15. 9th cranial nerve (e.g., spontaneous or reflex palate movement)

Probably best with assistant and penlight/flashlight, holding the camera very close to opened mouth to inspect palatal movement.

Instruct the patient to swallow while you watch the Adam’s apple to see whether it moves up and down.

16. 11th cranial nerve (e.g., shoulder shrug strength)

Inspect movement via the video/audio connection.

17. 12th cranial nerve (e.g., tongue protrusion)

Ability to protrude the tongue.

Ability to move tongue rapidly side to side.

Ability to click the tongue.

Look for atrophy or fasciculations.

Speech/dysarthria (many cranial nerves):

Listening and watching via the video/audio connection.

Counting aloud from 1 to 50.

18. Muscle strength in upper and lower extremities

Inspection via the video/audio connection for gross movements, posturing, movements against gravity, symmetry of movement, and drift of the arms or
legs.

NIHSS items 5 and 6.

Quantitative with weights.

Exercises—push-ups, stand up from the floor, stand up from the chair without using arms, going up and down steps, walk on heels, and walk on toes.

Continued
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Table 1 Neurology examination adapted to direct-to-patient virtual encounters (continued)

Assistant to perform confrontation testing if possible (e.g., pushing/pulling against resistance).

Neck strength:

Ability to touch the chin to the chest when lying supine.

Specific upper limb testing:

Ability to raise the arms above one’s head.

Lifting objects of different weights.

Sustained abduction of the arms for up to 120 seconds.

Ability to blanch the knuckles when making a fist.

Ability to completely bury the distal phalanx when making a fist.

Ability to spread rubber band using one’s fingers (tests finger abduction).

Holding a paper clip or pen between the fingers (tests finger adduction).

Placing a paper clip on a paper.

O-sign using the first and second fingers.

Ability to snap fingers.

Ability to cross fingers.

Handwriting.

Specific lower limb testing:

Repeated arising from a chair without the use of the arms, up to 20 reps.

Ability to arise from a squat or from the floor.

Ability to step up on a low chair with 1 leg.

Ability to stand on each leg.

Ability to hop on each leg.

Straight leg sustained elevation while lying supine, up to 90 seconds.

Ability to spread toes.

Ability to flex toes and cup the soles of the feet.

19. Muscle tone in upper and lower extremities (e.g., flaccid, cogwheel, and spastic) with notation of any atrophy or abnormal movements (e.g., fasciculation
and tardive dyskinesia)

Shaking hands/arms while standing to observe for flail arms.

Shaking of the legs in supine and sitting dangling over the edge of the bed.

Bradykinesia, tremors, and involuntary movements via the video/audio connection.

Bulk: inspection by video close-up or images obtained at the time of examination or by the patient to be imported into the EMR if indicated.

20. Coordination (e.g., finger/nose, heel/knee/shin, rapid alternating movements in the upper and lower extremities, and evaluation of fine motor
coordination in young children)

Inspection via the video/audio connection.

Finger-nose.

Heel-knee-shin.

NIHSS item 7.

Rapid alternating movements of upper limbs:

Tapping the thumb and index finger.

Turning hands in alternating movements.

Continued
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Challenges to successful
implementation of a virtual
neurology program
Our major challenges revolve around patients, communica-
tions technology, changes in practice patterns and policies,
rules, and regulations. They are likely to be independent of
our specific practice model or EMR.

Examining patients remotely requires cooperation andmutual
awareness, with explicit directions to patients and family
members. The use of family members in examination, while at
times necessary, can contribute to feelings of inadequacy and
lack of control in patients.25

There is variability in patients’ capacity to operate their
mobile device even with maximal coaching. This can in-
terfere with the physician’s ability to complete a visit in

Table 1 Neurology examination adapted to direct-to-patient virtual encounters (continued)

Alternately slap the thigh with the front and back of the hand.

Rapid alternating movements of lower limbs:

Cycling with both legs while lying flat.

Foot tapping and heel stomping.

Rapid toe wiggling.

21. Deep tendon reflexes in upper and lower extremities with notation of pathologic reflexes (e.g., Babinski)

Deep tendon reflexes may be self-tested or by the assistant by using finger tapping, kitchen spatula, and selfie stick handle.

Some techniques:

Knee jerk: sitting with the leg crossed to tap below the knee.

Ankle jerk: sitting with the leg crossed to tap the Achilles tendon while holding the toes with the other hand and slightly bending the foot upward.

Plantar response: using keys, pen, finger, or other object.

May be done by patient.

Better performed by an assistant.

22. Sensation (e.g., by touch, pin, vibration, and proprioception)

Touch with a tissue, cotton swab (Q-tip), or patient’s or assistant’s finger.

Temperature with a cold object such as cold spoon or ice cube in a plastic bag.

Sharp with a toothpick or other object.

Position sense testing with an assistant.

Stereognosis with objects first visualized by the examiner.

Extinction testing with assistant.

23. Gait and station

Inspection via the video/audio connection.

Primary gait.

Heel and toe walking.

Tandem gait.

Romberg.

Tandem Romberg.

Truncal stability assessed by observing the patient’s balance when sitting with arms and legs held out in front of them (seated Romberg).

Ask the patient to march in place with the eyes open and closed.

Walk while squatting (duck walk).

Abbreviations: EMR = electronicmedical record; MMSE =Mini-Mental State Examination;MoCA =Montreal Cognitive Assessment; NIHSS =National Institutes
of Health Stroke Scale.
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a timely manner. Limitations in patients’ abilities to print
examination materials have also detracted from examina-
tion quality.

Patients with cognitive, visual, or hearing impairments who do
not have suitable assistants may also be impeded from having
effective direct-to-patient telehealth encounters. However, at
NYULH, the cognitive neurology division noted that ap-
proximately 80% of patients and their families have been able
to successfully complete a virtual visit.

Socioeconomic determinants of health can adversely affect
access to telehealth. Some patients do not have access to
appropriate computing devices or network connections and
may not have a location that is large enough for full assess-
ment of neurologic function or secluded enough to perform
the examination with adequate privacy.

The physical environment of the physician’s office, regardless
of location, should be adapted to optimize the virtual en-
counter. Using a stand or holder for the mobile device helped
ensure a good virtual encounter experience for many

physicians. Having an area to conduct telehealth encounters
devoid of visual or auditory distractions, which improves the
patient experience and helps protect patient information, has
been a challenge for some. Mobile device battery life is
sometimes a limiting factor.

Workflow does not yet fully accommodate virtual encounters.
After the virtual visit concludes, there is no equivalent to in-
person office staff to schedule follow-up appointments or
studies. Clinicians must ensure that the care plan is not
dropped or miscommunicated. In many in-person practices,
patients complete forms before in-person visits that list
medications, allergies, past medical, family, and social history,
and review of systems. We have not yet developed versions of
these forms for virtual visits.

Transitioning the faculty practice to virtual visits has been
quite challenging. All physicians had full in-person visit
schedules for several months into the future before the onset
of COVID-19. There was a considerable administrative bur-
den converting as many in-person visits as possible to virtual
visits, especially because some patients were resistant to the

Table 2 Summary of non–face-to-face services, corresponding codes, and descriptions

Service type Code Description

Synchronous Telemedicine Services Rendered via
a Real-Time Interactive Audio and Video
Telecommunications System

Use appropriate face-to-
face E/M codes with
modifier -95 or -GT

These codes are the same as face-to-face visits reported with
a modifier to designate the service as a telemedicine encounter.

Telephone E/M Services 99441 Telephone evaluation and management service by a physician or
other qualified health care professional who may report
evaluation and management services provided to an established
patient, parent, or guardian not originating from a related E/M
service provided within the previous 7 d nor leading to an E/M
service or procedure within the next 24 h or soonest available
appointment; 5–10 min of medical discussion

99442 11–20 min of medical discussion

99443 21–30 min of medical discussion

Virtual Check-Ins G2010 Remote evaluation of recorded video and/or images submitted by
an established patient (e.g., store and forward), including
interpretation with follow-up with the patient within 24 business
hours, not originating from a related E/M service provided within
the previous 7 d nor leading to an E/M service or procedure within
the next 24 h or soonest available appointment

G2012 Brief communication technology–based service, e.g., virtual check-
in, by a physician or other qualified health care professional who
can report evaluation and management services, provided to an
established patient, not originating from a related E/M service
provided within the previous 7 d nor leading to an E/M service or
procedure within the next 24 h or soonest available appointment;
5–10 min of medical discussion

Online Digital E/M Services 99421 Online digital evaluation and management service, for an
established patient, for up to 7 d, cumulative time during the 7 d;
5–10 min

99422 11–20 min

99423 21 or more minutes

CPT Copyright 2019 American Medical Association. All rights reserved.
CPT is a registered trademark of the American Medical Association.
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proposed switch. We anticipate that the burden will lessen
with time as physicians, staff, and patients become accus-
tomed to the new care model.

Some of the greatest challenges cited by physicians in the
department include limitations of specific examination
maneuvers that require onsite assistance or special equipment.
Technologies to deploy nonmydriatic fundus photography in
the emergency department are currently being investigated,
but these approaches are more challenging to deploy in the
direct-to-patient video visit care model.26 We hope that
devices attached to the iPhone will become easier for family
members and others to use.

The new rules, regulations, and policies in response to the
global pandemic from government agencies and other policy
makers and payers have been necessary, but not sufficient, to
enable the rapid introduction of virtual healthcare services.
They are constantly changing. We need to keep up to date on
all relevant rules and regulations, inform the appropriate
stakeholders, and implement them in our system.

Future opportunities
This article focused on synchronous telemedicine encounters
delivered through real-time interactive audio and video tele-
communication systems. What will be the roles of tele-
neurology encounters after the COVID-19 pandemic has
been controlled? There are other virtual technologies, in-
cluding asynchronous ones, which were not discussed, that
can potentially be used to improve neurologic patient care.
The shift to large numbers of virtual visits affords new op-
portunities to study teleneurology that should help answer
these and related questions.27

Will patient and physician expectations be met with regard to
diagnostic accuracy without corroboration with an in-person
visit? If so, for which neurologic conditions? How can spe-
cialized neurologic examination techniques, such as fundus
photography in neuro-ophthalmology or head-impulse test-
ing in neuro-otology, be incorporated into virtual visits?

We anticipate that evidence will demonstrate that virtual visits
are valuable in certain clinical contexts and will augment in-
person visits for many types of non-stroke neurology patients,
just as evidence has supported integration of telestroke into
mainstream stroke care.

Certain telehealth technologies may be incorporated into in-
person visits. For example, physicians can digitally capture aspects
of the physical examination, which are currently only documented
in a written note, such as images of eye movements in different
gaze positions and the appearance of a patient’s tremor.28

Will payers continue to cover telehealth services and at what
rates after the global pandemic is controlled? Regulators and

payers may encourage integration of telemedicine services
into mainstream clinical practice by reimbursing them
appropriately. Their decision may depend not only on
evidence of efficacy and validity but on societal acceptance,
the desire of patients and medical practitioners to continue
practicing virtually. Standardization of state laws and at-
testation and consent statements and coding and billing
practices would further facilitate implementation of
teleneurology.

If there is widespread acceptance of telehealth, will it spur
further consolidation of medical practices? Will more tele-
health availability lead to overutilization? What are the
implications for medical liability? What about medical and
postgraduate medical education?

Conceptually, clinicians and patients can interact within
telemedicine through many different channels.29 Desruis-
seaux et al.29 proposed that each channel of interaction has 2
relevant outcomes: savings, defined as the financial difference
in money and time between traditional care models and each
channel, and resolution, defined as an encounter that meets
the standard of care and gives the patient a good experience.
Maximizing these outcomes requires efficiently and precisely
funneling each interaction into the appropriate channel.
Health systems are only now beginning to grasp the impor-
tance of this process.29 If such implementation is successful,
improvements in financial and care-related performance
could be significant.30,31

As we advance teleneurology, we must be mindful of the effect
of telehealth on the physician-patient relationship and the
potential for widening health disparities.

Teleneurology may be the gateway to incorporating machine
learning techniques and artificial intelligence into neurologic
care.28,32 Once audio and visual clinical data are available in
electronic form, advanced computing technologies can be
used to transform this unstructured data into the structured
data needed for medical decision making.28
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