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Objective: The use of telemedicine has dramatically increased due to the coronavirus dis-
ease 2019 pandemic. Many neurosurgeons are now using telemedicine technologies for 
preoperative evaluations and routine outpatient visits. Our goal was to standardize the tele-
medicine motor neurologic examination, summarize the evidence surrounding clinical use 
of telehealth technologies, and discuss financial and legal considerations.
Methods: We identified a 12-member panel composed of spine surgeons, fellows, and se-
nior residents at a single institution. We created an initial telehealth strength examination 
protocol based on published data and developed 10 agree/disagree statements summarizing 
the protocol. A blinded Delphi method was utilized to build consensus for each statement, 
defined as > 80% agreement and no significant disagreement using a 2-way binomial test 
(significance threshold of p < 0.05). Any statement that did not meet consensus was edited 
and iteratively resubmitted to the panel until consensus was achieved. In the final round, 
the panel was unblinded and the protocol was finalized.
Results: After the first round, 4/10 statements failed to meet consensus ( < 80% agreement, 
and p = 0.031, p = 0.031, p = 0.003, and p = 0.031 statistical disagreement, respectively). 
The disagreement pertained to grading of strength of the upper (3/10 statements) and lower 
extremities (1/10 statement). The amended statements clarified strength grading, achieved 
consensus ( > 80% agreement, p > 0.05 disagreement), and were used to create the final 
telehealth strength examination protocol.
Conclusion: The resulting protocol was used in our clinic to standardize the telehealth strength 
examination. This protocol, as well as our summary of telehealth clinical practice, should 
aid neurosurgical clinics in integrating telemedicine modalities into their practice.
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INTRODUCTION

Telemedicine, also known as telehealth, involves the commu-
nication of medical information through electronic systems for 
the delivery of health care, education, and health administra-
tion.1 Potential benefits of telemedicine technologies include 

providing access to care for patients without a local provider, 
reducing patient wait and travel times, and decreasing health 
care costs. Telemedicine has been steadily increasing in use, es-
pecially as associated technologies continue to improve.1,2 In 
2016, the Department of Health and Human Services (HHS) 
estimated that 60% of health care institutions in the United States 

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2021 by the Korean Spinal 
Neurosurgery Society 

Neurospine 2021;18(2):292-302.
https://doi.org/10.14245/ns.2040684.342

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Directory of Open Access Journals

https://core.ac.uk/display/475209903?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2040684.342&domain=pdf&date_stamp=2021-06-30


Telemedicine in NeurosurgeryHaddad AF, et al.

https://doi.org/10.14245/ns.2040684.342 � www.e-neurospine.org   293

used some sort of telemedicine modality, although use remained 
relatively limited due to lack of patient interest as well as con-
cerns surrounding billing, regulatory and medicolegal matters.1,3 
The coronavirus disease 2019 (COVID-19) pandemic and as-
sociated social distancing measures have brought renewed at-
tention to the use of telemedicine in the United States. The HHS 
has subsequently relaxed regulatory requirements for telemedi-
cine to encourage its use during the pandemic and reduce pa-
tient exposure to health care facilities4; telemedicine is now an 
integral part of many health care systems across the country. 
The use of telemedicine for clinical care will likely remain prev-
alent throughout the United States given the long-term need 
for social restrictions.5

As a result, neurosurgeons are now faced with the reality of 
using telemedicine modalities to provide outpatient care, such 
as in a neurosurgical spine clinic, to minimize the risk of virus 
transmission. Although new federal policies have increased the 
accessibility of telemedicine technologies, a number of challeng-
es remain. Primary amongst these is the lack of standardized 
tele-neurologic examination maneuvers, which is crucial in as-
sessing and following neurosurgical patients. While previous 
studies have highlighted the reliability of the neurologic exam 
performed over telehealth technologies, they frequently require 
the use of an assistant.6-9 Thus, as patients increasingly attend 
telehealth visits from their home in order to avoid health care 
facilities, there is a significant need for a standardized in-home 
neurologic exam. An additional challenge to the implementa-
tion of telehealth technologies in neurosurgical clinics is the 
lack of familiarity with the clinical evidence surrounding their 
use as well as unique financial and liability considerations.

To help address these concerns, we (1) describe a standard 
tele-neurologic examination, based on available evidence in the 
literature and (2) create a consensus-based tele-strength exami-
nation protocol, as this is one of the most challenging parts of a 
tele-neurologic examination. We then highlight the utility of 
our protocol through a clinical case of a lumbar disc herniation 
leading to foot drop that was observed during a telehealth visit 
using our examination maneuvers. Finally, we discuss the clini-
cal evidence surrounding outpatient neurosurgical telehealth 
visits, financial and legal considerations, and COVID-19 spe-
cific changes.

MATERIALS AND METHODS

1. Literature Review, Quantifying Telehealth Visits
We first performed a literature search to find all spine surgery 

and neurosurgery articles pertaining to the telehealth neuro-
logical examination, as well as billing and coding practices for 
telemedicine. We found that there were not enough articles to 
formulate a formal meta-analysis, and therefore used our litera-
ture search to create protocol for the Delphi method. Regarding 
billing, it was not possible to obtain a meta-analysis for 2 rea-
sons: (1) there was an overall lack of published data addressing 
the billing of the telemedicine in neurosurgery and (2) the CO-
VID-19 pandemic resulted in Centers for Medicare and Medic-
aid Services (CMS) waiver 1135 (starting March 6, 2020; corona 
virus waiver) that temporarily reduced restrictions surrounding 
telehealth care. Thus, the current uncertainty of the permanence 
of this waiver, combined with the paucity of literature pertain-
ing to neurosurgery clinic visits, precluded a systematic review 
of telehealth billing. Instead, we summarize current billing prac-
tices in the discussion. To better understand the role of telehealth 
in our patient population, we quantified the number of patients 
seen in-clinic since the start of the pandemic on a day-by-day 
basis.

2. Delphi Method
The Delphi Method was used to create a consensus-based 

tele-strength examination.10,11 Twelve neurological surgeons (7 
spine surgeons, 2 fellows, and 3 senior residents) at our institu-
tion were given a 10-item online survey (SurveyMonkey) relat-
ing to specific aspects of the tele-strength examination. Surgeons 
could either “agree” or “disagree” with a given statement. Re-
sponses to the initial survey were collected and analyzed. Par-
ticipants were blinded to each other’s responses and to the iden-
tity of the other members of the panel. Consensus was defined 
ahead of time using 2 criteria: (1) > 80% agreement of the panel 
for a particular question and (2) an exact binomial statistical 
test against the expected hypothesis of 95% agreement using a 
2-tailed p-value threshold of p< 0.05. All statements failing to 
meet consensus were analyzed, and direct feedback from dis-
agreeing surgeons was sought. Questions failing to meet con-
sensus were then modified and resubmitted to the expert panel 
in a second round of the Delphi method. After consensus for 
all statements was achieved, the final protocol was drafted and 
sent to the members of the panel. Panel members were unblind-
ed for this portion of the Delphi method. The protocol was then 
finalized with direct panel member communication to each other.

3. Statistical Methods
All statistical methods were carried out in Matlab (version 

release 2017b, Mathworks, Inc., Natick, MA, USA) using cus-
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tom software to implement the 2-sided exact binomial test, as 
well as the plotting function.

RESULTS

1. Rate of Telehealth Visits During the COVID-19 Pandemic
Fig. 1 demonstrates the number of patients that were seen us-

ing telehealth over an 8-week period at our spine clinic, includ-
ing before the county’s COVID-19 shelter-in-place order (week 
1), immediately following the shelter-in-place order (weeks 2–3), 
and after the shelter-in-place order until the time of writing 
(weeks 4–8). In order to protect patient identity, exact dates are 
not shown. As seen, telehealth visits increased in our spine clin-
ic by 10 times following the shelter-in-place order (~0–1 patient 

Fig. 1. Line graph of video visits at our spine surgery clinic in the weeks following the city-mandated shelter-in-place order. Dai-
ly video visits (thin black line) and the 3-day video visit moving average are shown (thick red line).
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Fig. 2. Percentage of agreement on Delphi consensus statements regarding spine physical exam maneuvers in round 1 (A) and 
round 2 (B). The consensus threshold was 80% (red dashed line); 95% consensus, used as an expected outcome in 2 tailed bino-
mial testing of significant disagreement, is indicated by the green dashed line. The green asterisk indicates statements that had 
significant disagreement.
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per day before the pandemic compared to 10–16 patients per 
day after the pandemic, Fig. 1).

2. Delphi Method
Fig. 2 highlights the results of the first round of the Delphi 

method. In the first round, 5 statements pertained to the upper 

Fig. 3. A consensus-based tele-strength examination as a result of our modified Delphi method. UCSF, University of California, 
San Francisco.

UCSF Neurosurgery Telemedicine Strength Examination

Patient Name______________________ MRN____________________ Today’s Date____________________

Weighted maneuvers should be performed with a veri�ed object of approximately two pounds (ex: a full 32 
oz water bottle)

0: No movement                      
1: Slight movement of muscle
2: Movement, not anti-gravity 

3: Anti-gravity movement        
4: Anti-gravity movement with weight

Grading Scale

Movement Grade

S1/Gastrocnemius: Toe walk (4 if able to complete 
movement)

0 1 2 3 4
RL RL RL RL RL

L4 and L5/Tibialis Anterior: Heel walk (4 if able to 
complete movement)

0 1 2 3 4
RL RL RL RL RL

L3/Quadriceps: Controlled knee extension from 
�exed position while on one leg (4 if completed).

0 1 2 3 4
RL RL RL RL RL

L2/Hip Flexors: Flexing at the hip while seated (4 
with weight on thigh).

0 1 2 3 4
RL RL RL RL RL

T1/Finger abductors: Abducting �ngers (4 with 
rubber band over �ngers).

0 1 2 3 4
RL RL RL RL RL

C8/Finger Flexors: Holding object against gravity with 
palm face down

0 1 2 3 4
RL RL RL RL RL

C8/Wrist: Extending the wrist 0 1 2 3 4
RL RL RL RL RL

C7/Tricep: Extending the elbow with the arm above 
the head

0 1 2 3 4
RL RL RL RL RL

C6/Bicep: Flexing the elbow 0 1 2 3 4
RL RL RL RL RL

C5/Deltoid: Abducting the arm to 90 degrees 0 1 2 3 4
RL RL RL RL RL
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extremity, 5 to the lower extremity, and 1 to the use of a weight 
in the exam. More specifically, statement 1 established that the 
physical exam should be performed with a known item with a 
standardized weight. Statements 2–6 described strength testing 
of the upper extremities, specifically the deltoids, biceps, tri-

ceps, wrist extension, grip, and hand intrinsic muscles, respec-
tively. Statements 6–11 then pertained to strength testing of the 
lower extremities, specifically the iliopsoas, quadriceps, ham-
strings, foot dorsiflexion, and foot plantar flexion, respectively. 
Following completion of the first round, statements 2, 4, 6, and 

Table 1. A standard tele-neurologic examination

Exam component Assessment strategy and comments

Mental status Can use normal examination methods

Cranial nerves

II Visual fields: can be evaluated using a shared screen or with the aid of an assistant.
Visual acuity: can be measured with the aid of an assistant and/or the use of a pocket Snellen card. Online 

tools to measure visual acuity are available, but not yet validated.49

Fundoscopic exam: currently difficult to accurately performed without an assistant. Can be reported by a 
trained assistant. New technologies allow assistant to send picture of fundoscopic exam directly to the 
neurosurgeon.50 At-home technologies for fundoscopic exams are similarly in development.51

III, IV, VI EOM: can instruct patient which directions to look and observe eyes for deficits or nystagmus. Can also 
have patient fix eyes on camera and move head from side to site.

Pupillary response: can have patient move eye closer to screen and observe response to light. If assistant is 
present, this can also be performed by assistant with response observed by neurosurgeon. Smart phone 
based technologies for measurement of pupillary light reflex are accurate, but still under development.52 

V Facial sensation: can ask the patient to self-assess, although assistant help is required to accurately perform. 

VII Facial strength: can assess symmetry and gross movements of the face on video.

VIII Hearing: can grossly assess. 

IX and X Palate: can grossly evaluate palate and phonation of patient.

XI Shoulder shrug: can assess symmetry of shoulder shrug on video.

XII Tongue: can assess that tongue is midline on video examination.

Motor

Upper extremities Strength: see Fig. 3 for consensus-driven strength exam

Lower extremities Strength: see Fig. 3 for consensus-driven strength exam
Straight leg raise: an assistant can aid by passively raising the leg while observed by the neurosurgeon with 

moderate accuracy.53 The patient can also be asked to raise their own leg 20 cm above the table, with any 
changes in breathing counted as a positive exam. This has demonstrated good reliability.54

Tone Tone can be difficult to assess over telemedicine modalities, although it is possible to grossly assess.
An assistant with the patient can also provide some insight into tone, albeit with poor reliability. 

Reflexes Reflexes can be difficult to assess without a trained assistant. The patient or an untrained assistant can be 
taught how to assess plantar response while observed by neurosurgeon.

Sensation Frequently requires an assistant with the patient. Often possible to instruct an untrained assistant through 
a basic sensory examination. The patient can also roughly self-assess how they have been experiencing 
sensation in day-to-day life.

Cerebellar function Can ask patient to perform heel to shin test and rapid alternating movements while observed. Can observe 
patient’s gait and ask them to tandem walk if in a safe situation.

Additional spine-specific components

Assessment of pain/disability Disability and health-related quality of life: the Oswestry Disability Index and 12-item Short Form health 
survey can be used to measure disability successfully through telemedicine technologies.54

Pain: a visual analogue scale and Tampa Scale of Kinesiophobia can both be successfully administered 
over during a telemedicine visit with good reliability.54

Range of motion Spinal range of motion can be observed by directing the patient through specific maneuvers and asking 
them bend/twist as far as possible. Studies have shown the assessment of lumbar lateral flexion range of 
motion to have acceptable reliability when performed in this manner.54 
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8 failed to reach consensus (p= 0.031, p= 0.031, p= 0.003, and 
p= 0.03, respectively).

We subsequently progressed to the second round of the Del-
phi method. First, we modified the statements that did not achi
eve consensus and resubmitted those statements to the panel. 
We found that the majority of the disagreement in the first round 
involved how to grade strength using the known object; specifi-
cally, that a 5/5 full strength exam is not possible to test over 
telemedicine. With that feedback, we created new statement 
that defined strength grading on a 4-point scale (0, no move-
ment; 1, movement not against gravity; 3, movement against 
gravity; and 4, movement against resistance, and modified the 
strength testing of muscle groups accordingly (Fig. 2B). After 
this modification, all statements achieved consensus.

Finally, we used the consensus statements from the Delphi 
rounds to create the finalized protocol (Fig. 3). This protocol 
fits on one printed page and can be used by the surgeon or ad-
vanced practitioner when completing the muscle strength physi-
cal examination over telemedicine.

In addition to the spine-specific motor physical examination, 
we also list in Table 1 a standard neurological examination. The 
examination techniques were extracted from both neurosur-
gery and neurology publications.6-9,12 We utilized these results 
and clinical experience to produce a template for a general tele-
medicine neurologic exam in neurosurgical patients (Table 1). 

The general neurological examination should be used to sup-
plement the motor examination (Fig. 3) as needed. Fig. 4 de-
picts a simulated patient example of the spine telemedicine mo-
tor examination being performed over an audio/visual com-
munication system.

DISCUSSION

1. �Overview of Telemedicine in Surgical and Neurosurgical 
Clinical Practice
Routine outpatient visits, including preoperative assessment 

and monitoring of chronic conditions, are key areas in which 
telemedicine has been shown to be safe, time-saving, and cost 
effective. One of the leaders of telemedicine in the United States, 
the Department of Veterans Affairs (VA) has highlighted the 
applicability of telemedicine technologies for routine outpatient 
visits beginning in the 1990s, with continued growth since that 
time.13 However, there is limited published data from the VA on 
their telemedicine experience with regard to surgical subspe-
cialties. A 2018 pilot study investigating the use of telemedicine 
by the Connecticut VA plastic surgery department demonstrat-
ed high patient satisfaction among 41 patients who were seen 
using telemedicine technology.14 Beyond the VA, preoperative 
assessment of patients via telemedicine has been shown to be 
accurate with regards to diagnosis and treatment planning in 

Fig. 4. A simulated patient example of the spine telemedicine motor exam performed over an audio/visual communication mo-
dality.
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both pediatric surgery15 and oral and maxillofacial surgery16 with 
no significant difference in outcomes and reduced cost. Studies 
within neurology have also demonstrated the feasibility of tele-
medicine in the evaluation and monitoring of neurologic dis-
eases such as epilepsy,17 movement disorders,18,19 and demen-
tia.20,21

While literature regarding nonneurosurgical subspecialties 
and neurology is more plentiful, the application of telemedicine 
has also been sparsely described in the neurosurgical literature. 
James22 describes their experience with the formation of a pedi-
atric neurosurgical telemedicine clinic for routine outpatient 
visits from 2011–2016. Subsequent analysis of the clinic’s socio-
economic impact revealed significant time and cost savings in 
excess of $233 per family.23 Similarly, Mendez et al.24 highlight-
ed the feasibility of using a remote-presence robot for the pro-
gramming of neuromodulation devices, with comparable out-
comes relative to in-person visits. While the described studies 
are promising, additional investigations evaluating cost and clini-
cal outcomes associated with telemedicine for outpatient care 
across neurosurgical subspecialties are needed.

Telemedicine technologies have also been described in the 
routine postoperative care of patients across surgical subspe-
cialties for over a decade.25 Studies from urology26 to orthopedic 
surgery.27 have demonstrated equivalent or improved efficacy 
and safety of telemedicine visits when compared to those in the 
clinic. A systematic review of telemedicine in postsurgical care 
found a slight increase in complications with telemedicine use 
(2.8% [7 of 254] vs. 0.4% [1 of 242]); however, there was also no 
significant difference in postoperative complications in any in-
dividual study.25 Studies performed specifically within neuro-
surgery have also demonstrated the safety and cost-effective-
ness of telemedicine in postoperative care.28-31 International 
studies have also demonstrated reduced travel time, cost-effec-
tiveness, and cost-saving associated with the use of Skype tele-
conferences (Skype Technologies S.A.R.L, Luxembourg City, 
Luxembourg) in the postoperative management of patients.28,31 
It is also possible that simple postoperative procedures, such as 
suture removal,32 may be directed using telemedicine, although 

further investigation is needed.

2. Financial and Legal Considerations
Prior to the COVID-19 pandemic, the use of telehealth in the 

United States was limited by concerns regarding reimbursement 
as well as federal and state regulations surrounding patient pri-
vacy, physician licensure, and liability.1,3 There was confusion 
regarding what constituted a “tele-visit” as well, with different 
definitions, coding requirements and reimbursement rates for 
provider-patient electronic communication. As an example, 
Table 2 shows traditional current procedural terminology codes 
associated with telephonic, patient-initiated interactions. As 
providers seek to adapt to the pandemic, the HHS has expand-
ed telemedicine coverage and relaxed regulations surrounding 
telemedicine in an effort to increase patient access to care with-
out the need to travel to a health care facility.4,33,34 While the reg-
ulatory situation remains fluid, there have been key changes that 
affect the clinical practice of neurosurgery.

A turning point in the use of telemedicine modalities for clin-
ical care was the President’s initial declaration of a public health 
emergency on January 31st, 2020. Subsequently, the federal gov-
ernment, including the HHS and CMS began implementing 
policies to increase access to telehealth visits for patients. Early 
changes targeted the coverage of telemedicine, including tele-
health visits (defined as using synchronous audio and video 
technologies to replace visits that usually occur in-person), Vir-
tual Check-Ins (brief communication, including over a tele-
phone, usually patient-initiated but can also be initiated by the 
provider), and E-Visits (non-face-to-face patient-initiated com-
munications via online patient portal) (Table 333). Historically, 
Medicare telehealth visits and virtual check-ins were limited to 
established patients in rural settings, with restrictions on the 

Table 2. Traditional telephonic CPT codes

CPT code Description

99441   5–10 Minutes of medical discussion

99442 11–20 Minutes of medical discussion

99443 21–30 Minutes of medical discussion

CPT, current procedural terminology.

Table 3. Telehealth appointment types

CPT code Description

Face-to-face 

99201-99205 Outpatient new patient encounter

99211-99215 Outpatient established patient encounter

99231-99233 Subsequent hospital care

99354-99357 Prolonged service office/inpatient

Non-face-to-face 

G2012 Brief technology-based assessment  
5–10 minutes, “virtual check-in”

99421-99423 Online digital evaluation and management 
through online portal

CPT, current procedural terminology.
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frequency of visits.35,36

Initially, coverage was not extended to telehealth visits with 
patients in their own homes.35 On March 6, 2020, however, CMS 
expanded coverage for telehealth via an 1,135 waiver. The waiv-
er removed geographic and visit frequency restrictions on re-
imbursement. In addition, coverage was expanded to a variety 
of office and hospital visits performed via telehealth technolo-
gies, including visits with patients at their homes, with equal re-
imbursement as a regular in-person visit. Also included in this 
waiver are initial patient evaluations in the hospital and emer-
gency department as well as observation status, which previ-
ously were not eligible for telehealth coding and payment. This 
applies to both new and established patients for the duration of 
the COVID-19 public health emergency.33 Although many pri-
vate insurance payers have follow suit with similar policies, there 
remains variability in reimbursement guidelines between pri-
vate insurance plans as well as from state to state Medicaid pro-
grams. Nevertheless, the actions taken by CMS with regards to 
telehealth visit reimbursements have increased the financial vi-
ability of using these technologies for patient care. It is unknown 
how long these waivers will last once the COVID pandemic has 
resolved but there has been a dramatic surge in their popularity 
during this crisis.33

In an effort to increase telehealth accessibility, the Office for 
Civil Rights at HHS has determined that essentially any patient-
facing audio/visual communication method (e.g., Zoom, Skype, 
Apple FaceTime) can be used for telehealth visits. While these 
modalities are not considered Health Insurance Portability and 
Accountability Act compliant by HHS, the agency has tempo-
rarily suspended enforcement of noncompliance with these 
rules. However, this exemption does not include the use of pub-
lic facing modalities (e.g., TikTok, Facebook Live).37 Similarly, 
Medicare and Medicaid licensure requirements have been re-
laxed. Thus, physicians can practice, including telehealth visits, 
outside of the state they are licensed in, although state-specific 
regulations should be considered as well.38 The Drug Enforce-
ment Administration has also reduced restrictions, allowing 
providers to prescribe medications following a telehealth visit.39 
While these policies increase patient and physician access to 
telehealth visits, their long-term fate and the liability to the phy-
sician remain to be determined.

As the use of telemedicine visits grows, so to have concerns 
regarding associated physician malpractice and liability.40 Fogel 
and Kvedar41 performed a search of legal databases for medical 
malpractice suits associated with direct-to-consumer telemedi-
cine and found no cases. This is likely due to the relatively low 

numbers of telemedicine visits.41,42 Additionally, telehealth visits 
frequently involve outpatient visits that have relatively low mal-
practice risk.41,43 Nevertheless, telehealth-specific malpractice 
considerations include the need for informed consent of the 
patient as well as ensuring the security and privacy of commu-
nication devices.43,44 Measures to increase the security of a tele-
medicine visit vary depending on the service being used, but 
include the use of a password to access the visit, disallowing 
participants to join before the host, utilization of a virtual wait-
ing room and preventing additional users from joining the visit 
once it has started. In addition, physicians should consider that 
essentially any telecommunication with a patient, regardless of 
how short, is considered professional advice45 and establishes 
the patient-physician relationship, a requisite for professional 
liability. Thus, while telemedicine does not currently seem to be 
associated with increased rates of malpractice suits, neurosur-
geons should take adequate precautions as we continue to learn 
more about telehealth practice.

3. Limitations
The most significant limitations of the protocol in Fig. 3 are 

(1) development at a single-center and (2) lack of prospective 
validation of this technique. However, given the highly extenu-
ating circumstances involving the COVID-19 pandemic, the 
use of telemedicine is rapidly rising. It is thus useful to compare 
institutional protocols during this time, leaving the prospective 
validation of such protocols to future studies. Similarly, the gen-
eral tele-neurologic exam in Table 1 requires additional valida-
tion, especially as cranial nerve abnormalities can be subtle and 
difficult to detect over visual/audio communication systems. 
Rather, Table 1 should serve as a guide to the literature surround-
ing general tele-neurologic exam maneuvers to supplement our 
consensus bases tele-strength protocol (Fig. 3) as needed. De-
spite these limitations, we believe the standardized physical ex-
amination maneuvers in our tele-neurologic examination and 
tele-strength protocols can act as a template for neurosurgical 
providers in their telehealth clinics, improving the efficacy and 
reliability of their tele-physical exams. To our knowledge, this is 
the first study to provide a consensus-based tele-strength ex-
amination.

However, there remains paucity of neurosurgical specific data 
surrounding the clinical applicability of these technologies as 
well as the performance and reliability of the tele-neurologic 
exam; additional research is required to determine best practic-
es, including the sensitivity and specificity of telehealth-specific 
examination maneuvers. As a result, telemedicine examinations 
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should still be interpreted with caution as their ability to repli-
cate in-person findings has not been fully elucidated. Telemedi-
cine is a newer modality of patient care, especially for spine sur-
geons, and does not completely replace in-clinic visits at this 
time. Rather, it should be used in the appropriate clinical sce-
narios, such as low-risk outpatient visits, and to protect patients 
from the risk associated with in-person visits to health care fa-
cilities. Future studies providing guidelines surrounding which 
types of patient visits are most amenable to telemedicine are 
warranted. Patient feedback on telemedicine visits should also 
be gathered and incorporated into clinical practice. Despite these 
limitations, telemedicine for neurosurgery will likely continue 
to play a role in the care of patients even after the COVID-19 
pandemic has resolved, particularly as technologies continue to 
improve. Exciting future applications include telepathology,46 
tele-surgical collaboration,47 and even the remote performance 
of surgical procedures.48

CONCLUSION

We present a standardized tele-neurological examination and 
consensus-based tele-strength examination that was created us-
ing a formalized Delphi method to build consensus among a 
panel of spine neurological surgeons. We also provide a brief 
overview of the clinical evidence surrounding telehealth visits 
in neurosurgery as well as financial and legal considerations to 
aid neurosurgeons venturing into telehealth practice.
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