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ABSTRACT: Virtual neurological assessments were increasingly used during the COVID-19 pandemic with relatively unknown accuracy.
Clinical records were reviewed in a predominant multiple sclerosis outpatient clinic at an academic teaching hospital fromMarch 23, 2020, to
March 23, 2021. Patients assessed had an initial virtual assessment followed by a subsequent in-person evaluation. Among 1036 patients
analyzed, 27.8% (n= 288) of consultations were conducted via video teleconferencing and 72.2% (n= 748) via telephone. Overall, 86.2% of the
consultations revealed congruent conclusions between virtual and in-person assessments. However, 13.8% (n= 143) of virtual consultations
revealed clinical disparities, including 13.5% (n= 39) video and 13.9% (n= 104) telephone.

RÉSUMÉ : Précision des évaluations cliniques virtuelles enmilieu neurologique ambulatoire. Les évaluations neurologiques virtuelles ont été
de plus en plus utilisées pendant la pandémie de COVID-19. Leur précision demeure toutefois relativement inconnue. Du 23 mars 2020 au 23
mars 2021, nous avons donc examiné les dossiers cliniques d’une clinique ambulatoire spécialisée dans la sclérose en plaques (SP) et située au sein
d’unhôpital universitaire. Les patients évalués ont fait l’objet d’une évaluation virtuelle initiale suivie d’une évaluation en personne. Parmi les 1036
patients analysés, 27,8 % (n = 288) des consultations ont été réalisées par vidéoconférence tandis que 72,2 % (n = 748) l’ont été par téléphone. À
noter que 86,2 % des consultations ont révélé des conclusions concordantes entre les évaluations virtuelles et les évaluations menées en personne.
Cela dit, 13,8 % (n = 143) des consultations virtuelles ont révélé des disparités cliniques, dont 13,5 % (n = 39) par vidéoconférence et 13,9 %
(n = 104) par téléphone.
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Virtual patient encounters have traditionally been useful for
patients with geographic or mobility limitations.1 Lu et al. reported
reliability in cognitive, stroke and movement disorder assessments
conducted through video.2 Multiple sclerosis (MS) patients can
benefit from virtual care, since this condition requires consistent
follow-up and monitoring of treatment.3 D’Haeseleer et al. found
most MS patients to be satisfied with telecommunication.4 During
the peak of the COVID-19 pandemic, virtual consultations became
crucial to maintain continuity of patient care amid infectious
restrictions.5,6,7

Despite the benefits of virtual neurological assessments, there
are potential concerns regarding their effectiveness. The neuro-
logical exam is unique in the practice of neurology, consisting of
hands-on strength, reflex and sensory testing to assist in the
localization of neurological lesions.8,9,10

Potential disadvantages of virtual neurological exams include
limited patient compliance, reliance on patients’ technological
capabilities and limited evidence regarding their ability to monitor
disease progression.1,4,11 Although some studies demonstrate high

agreement between video and in-person assessment with the
Expanded Disability Scale in MS patients, the sample sizes are
small.2 Furthermore, there is some evidence that telemedicine may
be less accurate for new outpatient neurological consultations;
however, there is limited data on follow-up assessments.12 The
question has been raised regarding the accuracy of the virtual
neurological exams compared to in-person evaluations. The
COVID-19 pandemic presented a unique opportunity to inves-
tigate the reliability of virtual neurological assessment compared to
in-person evaluation, primarily inMS patients as well as those with
other neurological disorders.

Patient charts were retrospectively reviewed at Sunnybrook
Health Sciences Centre tertiary outpatient neurological clinic in
Toronto, Ontario, Canada, between March 23, 2020, and March
23, 2021, during the peak of the COVID-19 pandemic. Patients
included in the study had at least one virtual appointment followed
by one subsequent in-person assessment to allow comparison of
clinical impression across various neurological conditions.
In-person assessments occurred within days when there was a
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concerning virtual assessment or within one year for routine
annual visits when COVID-19 restrictions were lifted. The same
physician conducted all the assessments using the standard video
examination as explained by Al Hussona et al.7

If the physician’s clinical impression of stability remained
unchanged from the virtual to the in-person assessment, this was
considered to be “No Change.” “Clinical disparities (DISP)” were
cases where there was a mismatch between what was interpreted
virtually versus what was seen in person. This was defined as either
(a) patients reporting progression virtually but showing no
significant changes on in-person exam with an alternative
explanation for complaints or (b) patients reporting stability
virtually, but significant changes were found on in-person exam.
Patient encounters were also considered to be “Clarified”when the
in-person exam confirmed virtually reported findings and helped
to clarify management – specifically, when the virtual impression
suggested progression of disease and the in-person assessment
confirmed this impression.

A total of 1484 patients were reviewed: 230 patients were
excluded with only one appointment, no virtual appointments or
no in-person assessment. Thus, 1036 patients were analyzed. The
average time between virtual and in-person assessments was one
year for routine follow-ups, except in 35 cases where clinical
concerns were raised and patients were seen within a few days.

Table 1 outlines the neurological conditions reviewed in this
analysis, in which the majority of patients had MS (69.0%,
n= 715). The remaining patients had other inflammatory
disorders, seizure disorders, headache disorders, movement
disorders, cognitive complaints and other neurological conditions.

Figure 1 displays the number of virtual consultations included.
The majority of patients (n= 748 or 72.2%) had one or more
virtual consultations through telephone, and the remaining
(n= 288 or 27.8%) were through video. From virtual to in person,
there was “No Change” in clinical impression for most patients
(n= 758 or 73.2%), that is, stable virtually and stable in person.
Patients with suspicion of a change in clinical status virtually were
confirmed on in-person exam in 114 out of 748 telephone
consultations (15%) and 21 out of 288 video consultations (7.3%),
as seen in the “Clarified” category. Otherwise stated, 114 out of 218
(52.3%) telephone disparities and 21 out of 60 (35%) video
disparities were “Clarified.” In total, consistent clinical impressions
between virtual and in-person assessments were obtained 86.2% of
the time. Imaging assisted in clinical decisions in some cases, but
the clinical impression was the driving factor in decision-making.

There was an overall “DISP” of 13.8% (n= 143) from virtual to
in-person assessments. A similar proportion of incongruent
conclusions were seen with telephone (104 of 748 telephone

assessments) and video consultations (39 out of 288 video
assessments) at 13.9% and 13.5%, respectively. Figure 1 shows
the DISP in relation to the total number of consultations: 10.0%
with telephone (104 out of 1036) and 3.76% DISP with video (39
out of 1036). Additionally, 3.38% (n= 35) of patients stated they
were rapidly deteriorating virtually but were found to be stable in
their neurological condition after in-person assessment, with
alternative explanations identified such as functional or non-
neurological causes. Of the DISP cases, 2.32% (n= 24) of all
patients stated they were stable with the consultation virtually, but
significant changes were seen with the in-person exam in their one-
year follow-up.

In this study of a cohort of patients in a single center, 86.2% of
virtual assessments aligned with subsequent in-person assess-
ments, suggesting high reliability and accuracy. Hophing et al.
reported similar findings in a general neurology population, with
86% specificity and 56% sensitivity for virtual assessments
compared to in-person evaluations.14

While our study demonstrates the clear benefits of virtual
assessments, it also highlights potential limitations. In 13.8% of
assessments, there was clinical disparity (DISP), in which the in-
person neurological exam led to a change in clinical opinion, for
both initial telephone and video appointments. This underscores
the value of the in-person neurological exam in specific situations,
as supported by the existing literature.8,9 The majority of the
disparities were in cases of patients reporting worsening of their
clinical status virtually, but in-person examination revealed an
alternative explanation for their symptoms such as underlying
infection or non-neurological causes, averting a change in medical
treatment. These results align with those of Hophing et al., who
found that in-person exams changed the localization and diagnosis

Table 1. Prevalence of neurological disease in patient cohort. The percentage of patients with neurological disease, the percentage of telephone and video
consultations for each disease and the percentage of those patients with clinical disparities (DISP)

Neurological disease % with disease (N= 1036) % of disease with telephone % of disease with video % DISP among patients with disease

MS n= 715 (69.0%) n = 507 (70.9%) n= 208 (29.1%) n = 111 (15.5%)

Other inflammatory n= 124 (12.0%) n = 92 (74.2%) n= 32 (25.8%) n = 15 (12.1%)

Movement n= 57 (5.50%) n = 42 (73.7%) n= 15 (26.3%) n = 8 (14.0%)

Seizure n= 38 (3.67%) n = 29 (76.3%) n= 9 (23.7%) n = 0

Headache n= 27 (2.61%) n = 21 (77.8%) n= 6 (22.2%) n = 1 (3.70%)

Cognitive n= 7 (0.68%) n = 4 (57.1%) n= 3 (42.9%) n = 2 (28.6%)

Other n= 68 (6.56%) n = 53 (77.9%) n= 15 (22.1%) n = 6 (8.82%)

1036
patients

27.8% (n=288)

Video

3.76% (n=39)

DISP
2.03% (n=21)

Clarified
22.0% (n=228)

No Change

72.2% (n=748)

Telephone

10.0% (n=104)

DISP
11.0% (n=114)

Clarified
51.2% (n=530)

No Change

Figure 1. Flow chart of neurological virtual assessment outcomes in retrospective
study. Patients are categorized into initial video versus telephone consultations.
These consultations are further grouped into: clinical disparities (DISP), mismatch
between virtual and in-person impression; Clarified, virtual impression suggested
disease progression and in-person confirmed; and No Change, virtual impression
suggested stability and in-person confirmed. The percentages represent the
proportion of the total number of patients.
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in approximately 15% of the cases.14 Importantly, 2.32% (n= 24)
of patients in our study reported clinical stability virtually, yet
significant changes were identified with the in-person neurological
examination, leading to a change in management. These findings
suggest that subtle physical examination findings, such as
weaknesses, abnormal reflexes or sensory changes, may be missed
without direct patient contact. Patients were not brought in earlier
as they did not endorse worsening symptoms and continued to
endorse stability during the in-person assessment,

Unexpectedly, both video and telephone appointments showed
similar rates of clinical discrepancy, specifically 13.5% and 13.9%,
respectively. This contrasts with Rush et al., who suggested video
assessments confer more reliability than telephone.13 One possible
explanation for this finding is that patients with technological
limitations may have struggled with video assessments, reducing
their effectiveness. However, given the relatively small sample
sizes, further study is warranted to compare the accuracy of the
different modalities of virtual care.

The majority of cases with clinical DISP in our study were
observed with MS patients and were less frequent with migraine,
headache, seizure and epilepsy patients. This may reflect the
varying role of the neurological examination across different
pathologies. In MS, progression is often monitored by physical
findings, in addition to their history, cognitive and neuro-imaging
findings. In contrast, other neurological pathologies such as
seizures and migraines may be more reliably assessed through
patient history, allowing for more accurate virtual monitoring,
though exceptions can certainly exist. Regardless, much larger
cohorts of different diseases will be needed in further studies to see
if the disparity exists, given the limited sample size of the non-MS
population in our study.

The strength of the study is the inclusion of a relatively large
cohort of patients with predominantly MS pathology, contributing
valuable insights into the utility of virtual medicine in MS care.
Additionally, the same physician conducted the virtual and in-
person assessments of all patients, reducing inter-rater variability.
Important limitations of the study include the limited neurological
examination during telephone assessments (solely history with
mental status, language and speech assessment), along with the
length of time up to a year between virtual and in-person visits,
especially in this MS-predominant population where progression
may have reasonably occurred between assessments. The study’s
retrospective design is a further limitation.

Despite these limitations, this study supports virtual medicine
for patient management in outpatient neurology, especially during
the pandemic. This retrospective study demonstrated that virtual
assessments are accurate and reliable in most clinical settings.
However, acknowledging its limitations is prudent, and in-person
neurological examinations can address gaps in virtual care. Further
research is needed to examine its reliability across a broader range
of neurological conditions in a prospective fashion.
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