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The SARS-Cov-2 pandemic placed a dramatic burden on managed healthcare and

perhaps nowhere as evident as in neurological and psychiatric disease care. This said,

the duration of the pandemic mandated adaptability of the entire care system and the

oft-vaunted benefits of telehealth and telemedicine were subjected to deep scrutiny at

scale. Positive experiences were reported by both patients and providers from routine

check-ups, to use of cognitive behavioral therapy associated with mental disorders, and

management of complex diseases such as multiple sclerosis and other neurological and

psychiatric conditions. Integration into standard care looks likely in the post pandemic era

with many healthcare systems moving to expand reimbursement categories and develop

equitable incentive models for developers and providers. In this commentary we share

perspective on how the future of care may evolve through hybrid delivery models, and the

advent of new therapeutic approaches which can address pain points identified during

the pandemic.

Keywords: neurological disease, psychiatry, COVID telehealth, cognitive behavioral therapy, depression, multiple

sclerosis, PTSD

INTRODUCTION

The SARS-CoV-2 virus spread rapidly and relentlessly throughout 2020 and into 2021 becoming
one of the worst global pandemics on record (1). At the time of authoring this manuscript over
250 million people have been infected resulting in over 5 million deaths globally. Despite the
availability of several approved vaccines, herd immunity is yet to be reached in any nation and
mutant forms of the virus continue to emerge (2, 3). The past 2 years have had a dramatic impact
on all aspects of life and a transformative effect on the healthcare systems worldwide. In early
stages of the pandemic access to healthcare services became severely restricted, as COVID related
caseloads surged with patients requiring attentive care, isolated environments and the elimination
of visitors. All non-emergency services were subjected to triage based down-selection and access
to facilities controlled or eliminated for extended periods. Many residential care facilities were
closed or quarantined with, in some cases, fatal consequences as the transmission dynamics of the
virus, and particularly its vectoring via airborne aerosols were yet to be fully appreciated (4). Over
the ensuing months care for patients suffering from myriad chronic conditions was interrupted,
modified or deferred as the healthcare systems struggled to cope with emergency demands.
Combinations of federal, state, and local guidelines were also imposed to restrict social movements
and access to indoor establishments. As a result of rapid disease spread, lockdown imposed social
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isolation, and economic uncertainties, concern regarding
depression and anxiety rates grew among healthcare workers
and the general population at large (5). Worse still, patients
suffering from chronic neurological conditions reliant on active
interaction with healthcare workers witnessed a dramatic impact
on their care. For extended periods the only viable option became
telemedical and telehealth services conducted remotely either
through video conference or telephone lines. Although much
heralded as a cornerstone of future medicine, such approaches
and sub-categories e-health (electronic) or m-health (mobile)
had yet to be tested at global scale during a crisis, providing a
critical opportunity to evaluate impact in a world turned upside
down by the pandemic (6). As we will outline herein numerous
positive outcomes have resulted, ranging from remotely
conducted cognitive behavioral therapy to palliative care, and
many of the benefits look set to be incorporated into standard
care models post-pandemic. Additional, disease specific,
concerns have also been highlighted for patients requiring
immunomodulators or immunosuppressive therapeutics. The
increased likelihood of patients becoming non-adherent or
un-medicated for acute neurological conditions, coupled with
lack of access to in-person care and added anxiety surrounding
the pandemic painted a challenging picture. As we discuss,
many pandemic-inspired learnings on use of telehealth and
telemedicine in these patient populations will help augment
conventional approaches to managed care as systems return to
normal (7). What we learn from this experience should help
guide us to improved and more resilient healthcare systems
globally going forward.

PRE-PANDEMIC TELEHEALTH FOR

PATIENTS WITH NEUROLOGICAL AND

PSYCHIATRIC CONDITIONS

The deployment of telehealth services for patients undergoing
treatment for neurological and psychiatric conditions dates
back to the middle of the last century. Guiana et al. reviewed
telepsychiatry conducted 1946–2019 for diagnosis and treatment
of major depressive disorder (MDD) noting generally favorable
patient satisfaction rates (8). Similarly, Titov et al. surveyed the
MindSpot mental health telehealth services deployed in Australia
for the period 2013–2019, reporting notable symptom recovery
rates for depression and anxiety (59.5 and 59.8%, respectively)
and low deterioration rates (1.4% on PHQ-9 and 2.2% on
GAD-7 scales) (9). Patient satisfaction rates were also high with
enrollees citing ease of access and reduced stigma associated
with virtual care. In order to assess the utility of telehealth
against conventional in-person approaches, the gold standard of
randomized double blind controlled trials is ultimately needed. In
one such large-scale randomized controlled trial, Vedaa reported
on the positive effects of digital cognitive behavioral therapy on
insomnia severity (10).

With this backdrop, there was existing precedent to scale the
deployment of telehealth services for patients with neurological
and psychiatric conditions. The speed at which the CoV-2

virus spread however placed unprecedented stress on healthcare
systems globally, and had a profound impact on these patients
both directly and indirectly.

Interruption in Care for Patients With

Neurological Disease
There is general concern that the CoV-2 virus renders persons
with compromised immune systems susceptible to additional
severity of the disease, and indeed when vaccines finally
became available, this group of individuals were typically
afforded priority access (11). In the interim, the prescription of
medications with immunodepressant effects became a topic of
uncertainty for both HCPs and patients. For example, a number
of commonly prescribed antidepressant therapeutics are known
to elicit immune responses, and the impact on susceptibility to
the CoV-2 virus was unclear, heightening anxiety among patients
and providers. Mateen assessed the pandemic’s impact on HCP
practices toward multiple sclerosis treatment in North America
(12). reporting patient volume dropped by an average of 79%.
A common theme among those surveyed was the accelerated
introduction of telemedicine approaches and related practice
model changes (13). Likewise, increased pressure on clinic
time heightened interest in at home administration of certain
parenteral medications (via use of subcutaneous administered
autoinjectors instead of IV infusion) (14) and with the potential
to verify and monitor adherence rates via use of so called ‘smart’
autoinjectors (15).

COVID-19 Induced Psychiatric Conditions
As the pandemic unfolded the impact on mental health
of citizens across the globe became evident. Data compiled
from the USA, China, Spain, Italy, Iran, Turkey, Nepal, and
Denmark, indicated elevated rates of anxiety, depression, Post-
Traumatic Stress Disorder (PTSD), psychological distress, and
stress (16). Risk factors included existing chronic/psychiatric
illnesses, female gender, unemployment, age (≤40 years), and
frequent exposure to social media/news relating to the pandemic.
A consortium study by the COVID-19 Mental Disorders
Collaborators systematically reviewed data on the incidence of
major depressive and related disorders globally over the period
Jan 2020–2021. SARS-CoV-2 infection rates and reduction in
mobility were directly associated with increased incidence of
major depressive disorder. The report concludes with the need
to prioritize the strengthening of mental health infrastructures
(17). Likewise, surveys and assessments conducted in the MENA
region mid-pandemic reported psychological impact of the
pandemic coupled with increased mental health awareness
among adults (18).

These findings highlighted the need to mitigate the effects of
COVID-19 on mental health as an international public health
priority (9). Additional studies cataloged the rises in depression,
anxiety, and stress levels related to the pandemic experienced
among vulnerable sub-groups (elderly adults, homeless persons,
migrant workers, mentally ill persons and pregnant women) (19).
Other reports highlighted the impact of both short and long
term physical distancing and the need for early intervention
and prevention measures to reduce incidence of mental health
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impact (20). Based on learnings from other epidemics and natural
disasters, depression, PTSD, substance abuse disorders, domestic
violence, child abuse, and a range of mental and behavioral
disorders are potential concerns that need to be monitored
and addressed moving forward (20). Inspired by psychiatric
complications reported during the SARS-CoV-1 epidemic of
2002–3, Vindegaard reported on the impact of the CoV-2
pandemic on patients with numerous preexisting psychiatric
disorders (21). Overall some 21% reported a reported worsening
of symptoms with specific conditions showing considerable
impact e.g., 38% increase for eating disorders and 56% for
anxiety. Related studies investigating the impact on health care
workers also reported increases in depression and depressive
symptoms, anxiety levels, psychological distress and worsening
of sleep quality (21). Another report on psychiatric and
neuropsychiatric presentations among mental health caregivers
highlighted the phenomenon of ‘task shifting’ where certain
aspects of mental health care are delegated to non-specialists as
a consequence of staff availability (22).

Another key study reported on the mental health impact
on patients who had contracted CoV-2 around the anniversary
of the pandemic (23). Studies of electronic health records
from over 236,000 patients diagnosed with CoV-2 revealed that
approximately 34% presented with psychological or neurological
ailments over the following 6 months, and 13% of the patients
reporting a first episode (23). For those admitted to intensive
care for treatment, the diagnosis rate rose to over 46% (26%
reporting a first episode). By far the most prevalent diagnoses
were anxiety disorders (17%, rising to 19% for those admitted
to intensive care) underscoring the substantial risk of psychiatric
morbidity of CoV-2 in addition to its detrimental impact to
society at large (23).

As a result of these and other findings, proactive steps were
taken by healthcare systems across the globe to introduce and
expand telemedicine and telehealth services for those afflicted by
the mental health burden. Tailored services introduced included
those for depression, stress, anxiety, anger, grief, PTSD, eating
disorders, self-harm and suicide ideation (24). These ranged from
chat, text, telephone and videoconferencing services to online
self-help platforms.

The Pandemic Inspired New Approaches in

Telehealth for Patients With Neurological

and Psychiatric Conditions
The deployment of telemedical services for patients with
neurological and psychiatric conditions was dramatically
escalated as the pandemic evolved. Despite concerns on format,
scheduling, privacy and reimbursement, the transition was
relatively smooth with numerous reports underscoring patient
satisfaction (8, 24–27). In the USA through the period 2020–21
the use of telemedical services for psychiatric care represented the
highest component (∼50% of all claims) followed by substance
abuse disorders (30%), endocrinology and rheumatology (17%),
and neurological medicine (13%) (28). Surveys by the American
Psychiatric Association indicated that over 80% of physicians saw
75–100% of their patients via telehealth during 2020–2021, with

90% of those patients recording satisfaction with the approach
(25). The pandemic also highlighted the importance of peer-peer
support in the management of psychiatric illness. Numerous
reports documented the worsening of mental health among
various populations across the globe being offset by the positive
impacts of peer support provided through a variety of mediums,
making this a flexible approach (29). Peer groups are also playing
a role in the development of new mental health related apps. One
example is the Mind Logger platform, which contains a variety of
mental health related applets, designed to assess and administer
mental health interventions in the general population. This
open source platform has end to end encryption, enables
restricted access and offers a variety of data collection features.
It is currently being deployed for long term assessments in a
large-scale, longitudinal mental health study (30). Just as peer
groups and user communities have influenced the development
of solutions for management of type I diabetes, a similar role
in mental health is likely to be impactful. The pandemic also
highlighted the critical role that non profit organizations play
in mental health by augmenting and informing managed care.
Mental health charities across the globe experienced substantial
increase in demand over the course of the pandemic (31). These
trusted and crucial components of the care ecosystem have also
highlighted the potential links between mental health strain
and increased online activity during the pandemic, and the
problems in effectively policing content shared on social media
by peers (32). At the time of writing the pandemic shows only
moderate signs of abatement globally, following which we can
expect publication of a large corpus of clinical studies which
will provide statistically rigid data to inform post pandemic
deployment of telehealth in managed care.

The Pandemic Drove Growth of the

Telehealth Mental Health Services Market
Experiences of both HCPs and patients using telehealth during
the pandemic was generally positive, and aggregated telehealth
services increased by a staggering 4,300% during 2020 (33). This
compares to a very respectable growth rate of 53% over 2019
(33), and current estimates suggest that the industry sector is
now worth $250 billion (28). Moreover, in the USA alone it is
anticipated that some 20% of all Medicare and Medicaid services
will be provided through telehealth post-pandemic. Additional
shifts toward Hospital at Home (HaH) models is predicted with
telehealth services stabilizing at approximately 38X higher than
pre-pandemic levels through 2021 (28). In terms of provision for
mental health, the management consultancy Accenture reports a
dramatic uptick (+43%) in patients preferring virtual care based
on data from seven countries (34). Services involving existing
providers will develop in the market together with new entrants
e.g., AbleTo Inc. who have now developed a suite of virtual
cognitive behavioral therapy solutions tailored for payers (35).
For long term adoption the issue of provider guidelines and
reimbursement will need to evolve along with the need for new
regulatory pathways (36, 37) with services codified against new
clinical quality measures (eCQMs) (38, 39).
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IMPLEMENTING PANDEMIC INSPIRED

LEARNINGS

The CoV-2 pandemic has allowed telehealth and telemedical
approaches for the management of neurological diseases and
psychiatric illness to be investigated at scale. Largely positive
outcomes have emerged, and changes in reimbursement practice
coupled with HCP and patient learnings look to establish
telemedicine as a permanent service. It remains to be seen what
the balance of conventional and technology assisted care will look
like post-pandemic but the concept of care at home seems likely
to gain a lot of traction. Predicting specific growth opportunities
will be difficult until the pandemic wanes globally, together with
return to societal social norms and economic stability. However,
it seems evident that innovations that allow patients to integrate
care beyond the planned episodic clinic visits will be well received
and the following scenarios seem likely:

Many providers had reimbursement coverage established
for telehealth based psychological counseling services prior
to the pandemic. Post pandemic we can expect evidence-
based assessments of best practice at global scale similar to
that conducted by the UK National Institute for Health and
Care Excellence through the Improving Access to Psychological
Therapies (IAPT) program (40). The availability of large
scale data uncovered during the pandemic will also help fuel
HEOR studies and econometrics to guide future deployment.
Examination of various mental health sequelae through the
lens of the pandemic will provide insight to the most
effective approaches to treatment, including necessary cultural
adaptations required (27).

Use of remote symptom tracking and home monitoring may
become more widespread, as facilities and HCPs recalibrate
service provision and technological advances continue to emerge.
Some recent examples include the collaboration between Google
X and Biogen on sensors and data analytics (41) studies
by the Cleveland Clinic on iPad based monitoring for MS
patients, (42) and the dreaMS project in Switzerland which
involves identification of digital biomarkers for multiple sclerosis
using smartphones (43). General models for the integration
of telehealth and remote patient monitoring (RPM) have
been advanced based on reflections from the pandemic with
proposals for “augmented continuous connected care” driven by
human inputs (44).

Enhancements in the experience surrounding how patients
receive their medications can also be expected. Transportation
directly to patient’s residences using new logistics services (e.g.,
Amazon PillPack) will likely expand (45). Learnings from the
consumer retail industry might be applied to develop highly
personalized approaches e.g., connecting with smart devices
and packaging that engage patients through associated apps.
The ability to customize drug packaging may also become a
differentiator. In a recent study amongmultiple sclerosis patients,
the device used to administer the drug Kesimpta (a “pen”
injector) recorded the most positive experience against a number
of comparators, suggesting form factor and esthetics can play in
important role in patient preferences (46).

Increased interest in care-at-home services is likely to
integrate with the telemedicine experience. One possibility could

be demand for self-administered versions of medicaments for
neurological and psychiatric disorders currently administered
under supervision at medical facilities. For example IV infusions
require expert assistance as do certain intra-nasally administered
drugs (47). Alternatively, subcutaneous formulations might be
self-administered via smart auto-injector at home (thereby
recording dose adherence), with the assistance of a telehealth
consultation where appropriate (14).

Heightened awareness on the importance of scientific
communication and education on topics with the potential to
impact patient care. For example the impact of autoimmune
disease and immunomodulating therapeutics on immune
response to viral challenge was a topic of active debate
as the pandemic unfolded, and likely influenced vaccination
preferences (48–54). Through a combination of telemedical
and in-person interactions with providers, education will help
patients appropriately prepare for and address future waves of the
current pandemic and variants that may follow.

The future of deploying digital technologies in managed care
looks bright, and as the pandemic wanes, we will hopefully
have an adapted and more widely accessible healthcare system
for a broader community. This said, it will be important to
conduct studies post-COVID on the impact of technologies
globally based on RWE. For example the European RADAR-CNS
consortium are conducting research into the use of wearables
and smartphones by patients suffering from depression, MS and
epilepsy. Interim findings show widespread and increasing use
among both patients and HCP’s which is clearly having an impact
on clinical practice and expected to grow post pandemic (55). It
will also be important to assess impact across different groups,
including age variants, where the possibility exists for some less
digitally savvy patients to feel disenfranchised and to probe if the
more digitally fluent generation X-Z groups feel higher affinity to
digital centric healthcare. Data from the latter may be especially
important as these persons were typically among the final
cohorts to be offered vaccinations and their amplified reliance on
electronic communications during lockdown may be risk factors
for increased depression and suicide rates due to isolation (56–
58). Lastly, the role of the biopharmaceutical industry in helping
effect change in digital health may be welcomed. Recent reports
suggest that public opinion of the industry has enhanced as a
result of its role in vaccines development, and the timing may
be opportune to help catalyze the public-private partnerships
that will be needed to effect change in managed healthcare
post-pandemic (59).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

Both authors jointly ideated, created, edited, and approved
this perspective.

Frontiers in Digital Health | www.frontiersin.org 4 December 2021 | Volume 3 | Article 803315

https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles


Khanna and Jones Post-pandemic Digital Care

ACKNOWLEDGMENTS

The authors thank the Neuroscience Global Drug Development
program, Novartis Pharmaceuticals, Basel, Switzerland (AK),

the Connected Health and Innovation Group, Novartis
Pharmaceuticals, East Hanover, USA (GJ), and the Clinical and
Translational Science Institute, Tufts University Medical Center,
Boston, USA (GJ).

REFERENCES

1. Available online at: https://www.cdc.gov/nchs/nvss/vsrr/covid19/index.htm
(accessed October 20, 2021)

2. Lauring AS, Hodcroft EB. Genetic Variants of SARS-CoV-2—What Do They
Mean? JAMA. (2021) 325:529–31. doi: 10.1001/jama.2020.27124

3. Wang R, Chen J, Gao K, Hozumi Y, Yin C, Wei GW, et al. Analysis of SARS-
CoV-2mutations in the United States suggests presence of four substrains and
novel variants. Commun Biol. (2021) 4:228. doi: 10.1038/s42003-021-01754-6

4. Tang S, Mao Y, Jones RM, Tan Q, Ji JS, Li Na, et al. Aerosol transmission
of SARS-CoV-2? evidence, prevention and control. Environ Int. (2020)
144:106039. doi: 10.1016/j.envint.2020.106039

5. Shah SMA, Mohammad D, Qureshi MFH, Abbas MZ, Aleem S, et al.
Prevalence, psychological responses and associated correlates of depression,
anxiety and stress in a global population, during the coronavirus disease
(COVID-19) pandemic community. Ment Health J. (2021) 57:101–10.
doi: 10.1007/s10597-020-00728-y

6. Eysenbach, G. What is e-health? J Med Internet Res. (2001) 3:e20.
doi: 10.2196/jmir.3.2.e20

7. Jain T, Mehrotra A. Comparison of Direct-to-Consumer Telemedicine
Visits With Primary Care Visits. JAMA Netw Open. (2020) 3:e2028392.
doi: 10.1001/jamanetworkopen.2020.28392

8. Guaiana G, Mastrangelo J, Hendrikx S, Barbui C. A systematic review of
the use of telepsychiatry in depression. Community Ment Health J. (2021)
57:93–100. doi: 10.1007/s10597-020-00724-2

9. Titov N, Dear BF, Nielssen O, Wootton B, Kayrouz R, Karin E. User
characteristics and outcomes from a national digital mental health service: an
observational study of registrants of the Australian MindSpot Clinic. Lancet
Digit Health. (2020) 2:e582–93. doi: 10.1016/S2589-7500(20)30224-7

10. Vedaa Ø, Kallestad H, Scott J, Smith ORF, Pallesen S, Morken G, et al.
Effects of digital cognitive behavioural therapy for insomnia on insomnia
severity: a large-scale randomised controlled trial. Lancet Digit Health. (2020)
2:e397–406. doi: 10.1016/S2589-7500(20)30135-7

11. Centers For Disease Control And Prevention (CDC). Interim Clinical

Considerations For Use Of Mrna COVID-19 Vaccines Currently Authorized In

The United States. Available online at: https://www.cdc.gov/vaccines/covid-
19/info-by-product/clinical-considerations.html?cdc_aa_refval=https%3a
%2f%2fwww.cdc.gov%2fvaccines%2fcovid-19%2finfo-by-product%2fpfizer
%2fclinical-considerations.html (accessed October 20, 2021).

12. Mateen FJ, Rezaei S, Alakel N, Gazdag B, Pallesen S, Morken G, et al. Impact
of COVID-19 on US and Canadian neurologists’ therapeutic approach to
multiple sclerosis: a survey of knowledge, attitudes, and practices. J Neurol.
(2020) 267:3467–75. doi: 10.1007/s00415-020-10045-9

13. Clark M, Clark T, Bhatti A, Aungst T. The rise of digital health and potential
implications for pharmacy practice. J Contemporary Pharmacy Practice.

(2017) 64:32–40. doi: 10.37901/jcphp16-00012
14. Jones GB, Collins DS, Harrison MW, Thyagarajapuram NR, Wright JM.

Subcutaneous drug delivery: An evolving enterprise. Sci Transl Med. (2017)
9:eaaf9166. doi: 10.1126/scitranslmed.aaf9166

15. Bittner B, Schmit Chiesi C, Kharawala S, Kaur G, Schmidt J. Connected
drug delivery devices to complement drug treatments: potential to facilitate
disease management in home setting. Med Devices. (2019) 12:101–27.
doi: 10.2147/MDER.S198943

16. Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-
19 pandemic on mental health in the general population: a systematic review.
J Affect Disord. (2020) 277:55–64. doi: 10.1016/j.jad.2020.08.001

17. COVID-19 Mental Disorders Collaborators. Global prevalence and burden
of depressive and anxiety disorders in 204 countries and territories
in 2020 due to the COVID-19 pandemic. Lancet. (2021) 398:1700–12.
doi: 10.1016/S0140-6736(21)02143-7

18. Elhameed OA, Shaker Obaid RR, ElFeky S, Saleh ST, Osaili TM, Cheikh
Ismail L. Impact of COVID-19 on mental health and quality of life: Is there
any effect? A cross-sectional study of the MENA region. PLoS ONE. (2021)
16:e0249107. doi: 10.1371/journal.pone.0249107

19. Rajkumar RP. COVID-19 and mental health: a review of the existing
literature. Asian J Psychiatr. (2020) 52:102066. doi: 10.1016/j.ajp.2020.102066

20. Galea S, Merchant RM, Lurie N. The mental health consequences of COVID-
19 and physical distancing: the need for prevention and early intervention.
JAMA Intern Med. (2020) 180:817–8. doi: 10.1001/jamainternmed.2020.1562

21. Vindegaard N, Benros ME. COVID-19 pandemic and mental health
consequences: systematic review of the current evidence. Brain Behav Immun.

(2020) 89:531–42. doi: 10.1016/j.bbi.2020.05.048
22. Lange KW. Coronavirus disease 2019 (COVID-19) and global mental health.

Glob Health J. (2021) 5:31–6. doi: 10.1016/j.glohj.2021.02.004
23. Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month

neurological and psychiatric outcomes in 236 379 survivors of COVID-19:
a retrospective cohort study using electronic health records. Lancet Psychiat.
(2021) 8:416–427. doi: 10.1101/2021.01.16.21249950

24. Zhou X, Snoswell C L, Harding LE, Bambling M, Edirippulige S, Bai X, et al.
The role of telehealth in reducing the mental health burden from covid-19.
Telemed J E Health. (2020) 26:377–9. doi: 10.1089/tmj.2020.0068

25. Aavailable online at: https://www.psychiatry.org/File%20Library/
Psychiatrists/Practice/Telepsychiatry/APA-Telehealth-Survey-2020.pdf

26. Monaghesh E, Hajizadeh A. The role of telehealth during COVID-19
outbreak: a systematic review based on current evidence. BMC Public Health.

(2020) 20:1193. doi: 10.1186/s12889-020-09301-4
27. Soklaridis S, Lin E, Lalani Y, Rodak T, Sockalingam S. Mental health

interventions and supports during COVID- 19 and other medical pandemics:
a rapid systematic review of the evidence.Gen Hosp Psychiatry. (2020) 66:133–
46. doi.org/10.1016/j.genhosppsych.2020.08.007

28. Available online at: https://www.mckinsey.com/industries/healthcare-
systems-and-services/our-insights/virtual-health-a-look-at-the-next-
frontier-of-care-delivery (accessed October 20, 2021)

29. Suresh R, AlamA, Karkossa Z. Using peer support to strengthenmental health
during the COVID-19 pandemic: a review. Front Psychiatry. (2021) 12:714181.
doi: 10.3389/fpsyt.2021.714181

30. Klein A, Clucas J, Krishnakumar A, Ghosh SS, Van Auken W, Thonet B,
et al. Remote digital psychiatry for mobile mental health assessment and
therapy: MindLogger platform development study. J Med Internet Res. (2021)
23:e22369. doi: 10.2196/22369

31. Stephens M. Risk of rise in agoraphobia due to lockdown as anxiety charities
extend helpline hours. Telegraph. (2020). Available online at: https://www.
telegraph.co.uk/news/2020/05/01/risk-rise-agoraphobia-due-lockdown-
anxiety-charities-extend/

32. Gerrard Y. The COVID-19 mental health content moderation conundrum.
Soc Media Soc. (2020) 6:2056305120948186. doi: 10.1177/2056305120948186

33. Available online at: https://www.distilnfo.com/lifesciences/2020/07/09/top-
4-disruptions-healthcare-providers-should-prepare-to-address/ (accessed
October 20, 2021)

34. Available online at: https://www.accenture.com/us-en/blogs/insight-driven-
health/covid-19-has-made-healthcare-virtually-virtual (accessed October 20,
2021)

35. Available online at: https://www.openminds.com/market-intelligence/
bulletins/ableto-launches-full-suite-of-mental-health-solutions-to-address-
growing-demand-for-care/ (accessed October 20, 2021)

36. Available online at: https://www.hcplive.com/view/content-creation-in-the-
age-of-covid-19 (accessed October 20, 2021)

37. Shachar C, Engel J, Elwyn G. Implications for telehealth in a postpandemic
future: regulatory and privacy issues. JAMA. (2020) 323:2375–6.
doi: 10.1001/jama.2020.7943

Frontiers in Digital Health | www.frontiersin.org 5 December 2021 | Volume 3 | Article 803315

https://www.cdc.gov/nchs/nvss/vsrr/covid19/index.htm
https://doi.org/10.1001/jama.2020.27124
https://doi.org/10.1038/s42003-021-01754-6
https://doi.org/10.1016/j.envint.2020.106039
https://doi.org/10.1007/s10597-020-00728-y
https://doi.org/10.2196/jmir.3.2.e20
https://doi.org/10.1001/jamanetworkopen.2020.28392
https://doi.org/10.1007/s10597-020-00724-2
https://doi.org/10.1016/S2589-7500(20)30224-7
https://doi.org/10.1016/S2589-7500(20)30135-7
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html?cdc_aa_refval=https%3a%2f%2fwww.cdc.gov%2fvaccines%2fcovid-19%2finfo-by-product%2fpfizer%2fclinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html?cdc_aa_refval=https%3a%2f%2fwww.cdc.gov%2fvaccines%2fcovid-19%2finfo-by-product%2fpfizer%2fclinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html?cdc_aa_refval=https%3a%2f%2fwww.cdc.gov%2fvaccines%2fcovid-19%2finfo-by-product%2fpfizer%2fclinical-considerations.html
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html?cdc_aa_refval=https%3a%2f%2fwww.cdc.gov%2fvaccines%2fcovid-19%2finfo-by-product%2fpfizer%2fclinical-considerations.html
https://doi.org/10.1007/s00415-020-10045-9
https://doi.org/10.37901/jcphp16-00012
https://doi.org/10.1126/scitranslmed.aaf9166
https://doi.org/10.2147/MDER.S198943
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1371/journal.pone.0249107
https://doi.org/10.1016/j.ajp.2020.102066
https://doi.org/10.1001/jamainternmed.2020.1562
https://doi.org/10.1016/j.bbi.2020.05.048
https://doi.org/10.1016/j.glohj.2021.02.004
https://doi.org/10.1101/2021.01.16.21249950
https://doi.org/10.1089/tmj.2020.0068
https://www.psychiatry.org/File%20Library/Psychiatrists/Practice/Telepsychiatry/APA-Telehealth-Survey-2020.pdf
https://www.psychiatry.org/File%20Library/Psychiatrists/Practice/Telepsychiatry/APA-Telehealth-Survey-2020.pdf
https://doi.org/10.1186/s12889-020-09301-4
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/virtual-health-a-look-at-the-next-frontier-of-care-delivery
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/virtual-health-a-look-at-the-next-frontier-of-care-delivery
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/virtual-health-a-look-at-the-next-frontier-of-care-delivery
https://doi.org/10.3389/fpsyt.2021.714181
https://doi.org/10.2196/22369
https://www.telegraph.co.uk/news/2020/05/01/risk-rise-agoraphobia-due-lockdown-anxiety-charities-extend/
https://www.telegraph.co.uk/news/2020/05/01/risk-rise-agoraphobia-due-lockdown-anxiety-charities-extend/
https://www.telegraph.co.uk/news/2020/05/01/risk-rise-agoraphobia-due-lockdown-anxiety-charities-extend/
https://doi.org/10.1177/2056305120948186
https://www.distilnfo.com/lifesciences/2020/07/09/top-4-disruptions-healthcare-providers-should-prepare-to-address/
https://www.distilnfo.com/lifesciences/2020/07/09/top-4-disruptions-healthcare-providers-should-prepare-to-address/
https://www.accenture.com/us-en/blogs/insight-driven-health/covid-19-has-made-healthcare-virtually-virtual
https://www.accenture.com/us-en/blogs/insight-driven-health/covid-19-has-made-healthcare-virtually-virtual
https://www.openminds.com/market-intelligence/bulletins/ableto-launches-full-suite-of-mental-health-solutions-to-address-growing-demand-for-care/
https://www.openminds.com/market-intelligence/bulletins/ableto-launches-full-suite-of-mental-health-solutions-to-address-growing-demand-for-care/
https://www.openminds.com/market-intelligence/bulletins/ableto-launches-full-suite-of-mental-health-solutions-to-address-growing-demand-for-care/
https://www.hcplive.com/view/content-creation-in-the-age-of-covid-19
https://www.hcplive.com/view/content-creation-in-the-age-of-covid-19
https://doi.org/10.1001/jama.2020.7943
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles


Khanna and Jones Post-pandemic Digital Care

38. Bajowala SS, Milosch J, Bansal C. Telemedicine pays: billing
and coding update. Curr Allergy Asthma Rep. (2020) 20:60.
doi: 10.1007/s11882-020-00956-y

39. Available online at: https://www.jointcommission.org/en/measurement/
specification-manuals/electronic-clinical-quality-measures/ (accessed
October 20, 2021).

40. Available online at: https://www.nice.org.uk/guidance/lifestyle-and-
wellbeing/mental-health-and-wellbeing (accessed October 20, 2021).

41. Available online at: https://www.healthcareglobal.com/technology-and-ai-3/
google-biogen-idec-unite-bring-new-research-multiple-sclerosis (accessed
October 20, 2021).

42. Rudick RA, Miller D. Bethoux F, Rao SM, Lee JC, Stough D, et al. The multiple
sclerosis performance test (MSPT): an iPad-based disability assessment tool. J
Vis Exp. (2014) e51318. doi: 10.3791/51318

43. Naegelin Y, Lorscheider J, Woelfle T, Pless S, Kuhle J, Reyes O.
Dreams: developing a comprehensive, sensitive and validated set of
digital biomarkers for MS. MSVirtual 2020, poster abstract #0069. (2020).
doi: 10.1177/1352458520974937

44. Mann DM, Lawrence K. Reimagining connected care in the era of digital
medicine. JMIR Preprints. (2021) 34483. doi: 10.2196/preprints.34483

45. Shaya FT, Eddington ND. Disruptive innovation in pharmacy: lessons
from the Amazon Frontier. JAMA Health Forum. (2020) 1:e200038.
doi: 10.1001/jamahealthforum.2020.0038

46. Available online at: https://multiplesclerosisnewstoday.com/news-posts/
2021/02/17/survey-ms-novartis-sensoready-autoinjector-pen-kesimpta/
(accessed October 20, 2021).

47. Bahr R, Lopez A, Rey JA. Intranasal ESKETAMINE (SpravatoTM) for use in
treatment-resistant depression in conjunction with an oral antidepressant. PT.
(2019) 44:340–75.

48. Otero-Romero S, Ascherio A, Lebrun-Frénay C. Vaccinations in multiple
sclerosis patients receiving disease-modifying drugs.Curr Opin Neurol. (2021)
34:322–8. doi: 10.1097/WCO.0000000000000929

49. Ciotti JR, Valtcheva MV, Cross AH. Effects of MS disease-modifying therapies
on responses to vaccinations: A review. Mult Scler Relat Disord. (2020)
45:102439. doi: 10.1016/j.msard.2020.102439

50. Zheng C, Kar I. Chen CK, Sau C, Woodson S, Serra A, et al. Multiple sclerosis
disease-modifying therapy and the COVID-19 pandemic: implications on
the risk of infection and future vaccination. CNS Drugs. (2020) 34:879–96.
doi: 10.1007/s40263-020-00756-y

51. Costa Frossard-França L, García-Domínguez JM, Moreno-Torres I, Fortún
J, Villar LM, Meca-Lallana V, et al. Vacunación frente al SARS-CoV-
2 en pacientes con esclerosis múltiple [Vaccination against SARS-CoV-
2 in patients with multiple sclerosis]. Rev Neurol. (2021) 72:250–60.
doi: 10.33588/rn.7207.2021097

52. Sellner J, Rommer PS. Multiple sclerosis and SARS-CoV-2 vaccination:
considerations for immune-depleting therapies. Vaccines. (2021) 9:99.
doi: 10.3390/vaccines9020099

53. Otero-Romero S, Sánchez-Montalvá A, Vidal-Jordana A. Assessing and
mitigating risk of infection in patients with multiple sclerosis on disease
modifying treatment. Expert Rev Clin Immunol. (2021) 17:285–300.
doi: 10.1080/1744666X.2021.1886924

54. Baker D, Roberts CAK. Pryce G, KangAS, Reyes S, Schmierer K, et al. COVID-
19 vaccine-readiness for anti-CD20-depleting therapy in autoimmune
diseases. Clin Exp Immunol. (2020) 202:149–61. doi: 10.1111/cei.13495

55. Andrews JA, Craven MP, Lang AR, Guo B, Morriss R, Hollis C,
et al. The impact of data from remote measurement technology on the
clinical practice of healthcare professionals in depression, epilepsy and
multiple sclerosis: survey. BMC Med Inform Decis Mak. (2021) 21:238.
doi: 10.1186/s12911-021-01640-5

56. Banerjee D, Kosagisharaf JR, Sathyanarayana Rao TS. ’The dual pandemic’ of
suicide and COVID-19: A biopsychosocial narrative of risks and prevention.
Psychiatry Res. (2021) 295:113577. doi: 10.1016/j.psychres.2020.113577

57. Czeisler MÉ, Lane RI, Petrosky E, et al. Mental health, substance use,
and suicidal ideation during the COVID-19 Pandemic—United States,
June 24–30, 2020. MMWR Morb Mortal Wkly Rep. (2020) 69:1049–57.
doi: 10.15585/mmwr.mm6932a1

58. University of Surrey. “COVID-19 pandemic severely impacts mental health of

young people.” ScienceDaily. ScienceDaily, 22March2021; Available online at:
https://www.sciencedaily.com/releases/www.sciencedaily.com/releases/2021/
03/210322112907.htm (accessed October 20, 2021).

59. Available online at: https://www.mmm-online.com/home/channel/pharma-
surges-in-2021-edelman-trust-barometer/ (accessed October 20, 2021).

Conflict of Interest: AK and GJ are employed by Novartis Pharmaceuticals.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Khanna and Jones. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Digital Health | www.frontiersin.org 6 December 2021 | Volume 3 | Article 803315

https://doi.org/10.1007/s11882-020-00956-y
https://www.jointcommission.org/en/measurement/specification-manuals/electronic-clinical-quality-measures/
https://www.jointcommission.org/en/measurement/specification-manuals/electronic-clinical-quality-measures/
https://www.nice.org.uk/guidance/lifestyle-and-wellbeing/mental-health-and-wellbeing
https://www.nice.org.uk/guidance/lifestyle-and-wellbeing/mental-health-and-wellbeing
https://www.healthcareglobal.com/technology-and-ai-3/google-biogen-idec-unite-bring-new-research-multiple-sclerosis
https://www.healthcareglobal.com/technology-and-ai-3/google-biogen-idec-unite-bring-new-research-multiple-sclerosis
https://doi.org/10.3791/51318
https://doi.org/10.1177/1352458520974937
https://doi.org/10.2196/preprints.34483
https://doi.org/10.1001/jamahealthforum.2020.0038
https://multiplesclerosisnewstoday.com/news-posts/2021/02/17/survey-ms-novartis-sensoready-autoinjector-pen-kesimpta/
https://multiplesclerosisnewstoday.com/news-posts/2021/02/17/survey-ms-novartis-sensoready-autoinjector-pen-kesimpta/
https://doi.org/10.1097/WCO.0000000000000929
https://doi.org/10.1016/j.msard.2020.102439
https://doi.org/10.1007/s40263-020-00756-y
https://doi.org/10.33588/rn.7207.2021097
https://doi.org/10.3390/vaccines9020099
https://doi.org/10.1080/1744666X.2021.1886924
https://doi.org/10.1111/cei.13495
https://doi.org/10.1186/s12911-021-01640-5
https://doi.org/10.1016/j.psychres.2020.113577
https://doi.org/10.15585/mmwr.mm6932a1
https://www.sciencedaily.com/releases/www.sciencedaily.com/releases/2021/03/210322112907.htm
https://www.sciencedaily.com/releases/www.sciencedaily.com/releases/2021/03/210322112907.htm
https://www.mmm-online.com/home/channel/pharma-surges-in-2021-edelman-trust-barometer/
https://www.mmm-online.com/home/channel/pharma-surges-in-2021-edelman-trust-barometer/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/digital-health#articles

	Envisioning Post-pandemic Digital Neurological, Psychiatric and Mental Health Care
	Introduction
	Pre-pandemic Telehealth for Patients With Neurological and Psychiatric Conditions
	Interruption in Care for Patients With Neurological Disease
	COVID-19 Induced Psychiatric Conditions
	The Pandemic Inspired New Approaches in Telehealth for Patients With Neurological and Psychiatric Conditions
	The Pandemic Drove Growth of the Telehealth Mental Health Services Market

	Implementing Pandemic Inspired Learnings
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References


