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Medicine in COVID-19 era

Non-Face-to-Face medical care
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Non-Face-to-Face medical care

Clinician to Clinician

Clinician to Patient

Patient to Mobile Health
Technology

TELEMEDICINE

Clinicians often
communicate
through e-mail,
video, or both

Video
Phone
E-mail
Remote wireless
monitoring

Internet

Wearable monitors
Smartphones
Mobile apps

Video
E-mail
Web portals
Games

TELEMEDICINE
SERVICES

Dermatology
Radiology
Surgical peer mentoring

Emergency trauma
and ICU care

Care for chronic conditions
Medication management
Nound care
Counseling
Postdischarge follow-up

Mental health

Health education
Monitoring of
physical activity
Monitoring of diet
Medication adherence
Cognitive fitness

Integration with electronic medical records

Data analytics

Figure 1. How Doctors Use Telemedicine and How Patients Benefit.

Adapted from the American Telemedicine Association. ICU denotes intensive

care unit.
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In rehabilitation medicine ...

Occupational Swallowing
therapy

Physical therapy




Conventional dysphagia evaluation and
treatment

ABLE 18.4 Options for the Treatment of Dysphagia

Dysphagia

Screen Postural adjustments

Diet modification
Change of eating habits
Feeding strategies

* Identify
» at-risk individuals (Pass/Fail)
* The need for additional
comprehensive assessment Rehabilitative treatments

Strengthening exercises
Range-of-motion exercises
Clinical Sensory enhancement
Evaluation of
Swallowing

* Formulate hypotheses to be Surgical treatment
tested with instrumentation

» Optimal surrogate when
instrumentation is
unavailable or unreasonable

Correction of structural abnormalities
Treatment of vocal cord paralysis
Cricopharyngeal myotomy or UES dilatation
Gastrostomy (most often percutaneous)

evaluation

Instrumental Transcranial magnetic stimulation

Testing VESS Implantable neuroprosthesis

* FEES "Only indicated in cases of isolated cricopharyngeal muscle dysfunction, in which this muscle and
)))

> . Manometry the UES fail to relax upon swallowing (can be seen as part of the lateral medullary syndrome).
Abbreviation: UES, upper esophageal sphincter.

 Ultrasound

Tremor and other hyperkinemtic movements (2017)



Digital health

Impact of COVID-19 on the Business

DIGITAL HEALTH

DIGITAL THERAPEUTICS ‘:

<)

Global Survey, MRFR Analysis (2019)



DIGITAL HEALTH

DIGITAL THERAPEUTICS

DEFINITION Digital health includes technologies, Digital medicine includes evidence-based Digital therapeutic (DTx) products deliver
platforms, and systems that engage software and/or hardware products that evidence-based therapeutic interventions to
consumers for lifestyle, wellness, and measure and/or intervene in the service of prevent, manage, or treat a medical disorder
health-related purposes; capture, store or human health.’ or disease.?
transmit health data; and/or support life
science and clinical operations.

CLINICAL Typically do not require clinical evidence. Clinical evidence is required for all digital Clinical evidence and real world outcomes

EVIDENCE medicine products. are required for all DTx products.

DTx products must be reviewed and cleared
or certified by regulatory bodies as required
to support product claims of risk, efficacy,
and intended use.

Requirements for regulatory oversight vary.
Digital medicine products that are classified
as medical devices require clearance or
approval. Digital medicine products used
as a tool to develop other drugs, devices,
or medical products require requlatory
acceptance by the appropriate review
division.

REGULATORY § These products do not meet the regulatory
OVERSIGHT J definition of a medical device® and do not
require regulatory oversight.

1 https://www.dimesociety.org/index.php/defining-digital-medicine
2 https://www.dtxalliance.org/dixproducts/
3 Itis important to check with local regulatory requirements in each jurisdiction the product is manufactured, registered, or used in.
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platforms, and systems that engage software and/or hardware products that evidence-based therapeutic interventions to
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DIGITAL HEALTH

DIGITAL THERAPEUTICS
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3 Itis important to check with local regulatory requirements in each jurisdiction the product is manufactured, registered, or used in.




Categories of digital health

&~ Personalized Healthcare [
Device Sensors and Wearables [

%] Mobile Health

J<] Telehealth

% Healtiil [




(limate
Meteorological
Transport
Pollution

Omics, genomics
Registries
(linical trials
Disease surveillance \ Biobanks

Immunization records B Fqu"f I  Loyalty cards
Public health reporting Geospatia Store transactions

N
N\

Clinical records
EHR/EMR
Presaibing
Diagnostics
Laboratory
Insurance

Citizens
Consumers
Patients
Civil society

Health-care providers
and institutions
Public health agendies
Professional associations

Research institutes
and networks
Universities
Registries

Vital statistics | / Location tracking

Registries - Baraas Financial
Education
Mobile apps

Lifestyle and
socioeconomic

AN
Health e
; ) Sources |
services )

/ : ’
/,/ Standard T Behavioral

—~_ Expanded and social

Individuals ’ N

and group
Stakeholders \_/( e /\
SN

Research and \\

g = \ Analytical 71
Health-care N o/
industry Policy  \ /

Data and ICT T

Insurances

Pharmaceutical

Biotechnology

Health technology
Biobanks Standards organizations
ICT businesses
Telecommunication
Security

industry o

i

Principles \

Aims \

Tools
Governance
Ethics

Health agencies
Regulators
ICT agencies

Analytics Marketing International organizations

\\

Policy implications of big data in the health sector, Bulletin of the World Health Organization (2018)

Wellness
Fitness
nternet

World Wide Web
Social media
Self-monitoring
wearables and sensors
Mobile apps

Generation
Storage
Curation

Extraction

Interoperability

Protection

S

R
S
SN
Visualization
Integration
Prediction
Modelling
Synthesis
Insight
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Apple watch

(2) Device

Samsung
smartphone
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FreeStyle Libre, glucose monitoring
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iaomi
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(3) Machine learning

* How machine learning can augment the work of clinicians?
* Prognosis
* Diagnosis
* Treatment
* Clinician workflow
* Expanding the availability of clinical expertise

<)



Computer-aided diagnosis

Artificial intelligence

Machine learning

Representation learning

Deep learning

Convolutional neural networks are
a specific type of deep learning

Figure 1. Hierarchy of artificial intelligence-related terms. < )
)

Principles for evaluating the clinical implementation of novel digital healthcare devices, JKMA (2018)



(4) Telemedicine

Telehealth Remote Patient Monitoring @EM

> W h a t i S te | e m e d i C i n e ? Remote patient monitoring process Catalyst

* The remote diagnosis and treatment of
patients by means of tele-communications
technology

Collect

Intervene Transmit

* Telemedicine encompasses the use of
technologies and tele-communication systems
to administer healthcare to patients who are
geographically separated from providers

Evaluate

Source: Technologies for Remote Patient Monitoring for Older Adults, April 2010, Center for Technology and Aging

e Tele-monitoring ~ Tele-surgery

NEJM Catalyst (catalyst.nejm.org) © Massachusetts Medical Society



Benefits

* Improved symptom
control

* Improved
communication

« Easy access to
reliable information

* More efficient visits

Machine aming and L=t

artificial intelligence tools Electronic health record

Clinician

Patient r\. Q

Benefits

* More efficient visits
(therefore more visits
possible)

* Easier and better
communication
between visits

* Fits in clinical workflow

o

Central server

Fig. 2 | Integrated system of digital health technologies in a possible future rheumatology clinic. Patients will use

smartphone apps with or without voice-enabling capacity to report symptoms to their clinicians. Their symptoms may be

reported as electronic patient-reported outcomes (ePROs) through the electronic health record (EHR). The information

from the EHR and other data sources will be integrated in a centralized and secure server environment. Machine learning

and artificial intelligence algorithms will be running against the data to assist clinicians with diagnosis, prognosis, )))
treatment selection and monitoring.

Digital health technologies: opportunities and challenges in rheumatology, Nature reviews Rheumatology (2020)
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Digital health in dysphagia

Analysis and
prediction

Neurological Causes for Dysphagia

Personalized
treatment or
management

| [ Server
/ " y v ePROs J ‘

) )
Deviceor sensors

<)



Image(VFSS) + Machine learning

Healthy Volunteers Dysphagic Patients
e 5 |
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Fig. 2 - The axes for kinematic analysis of
videofluoroscopic images. The Y-axis was set to a line
connecting the anterior edges of C4 and C2 lower
endplates, and then a line perpendicular to the Y-axis at
C4’s lower endplate constitutes the X-axis. A radio-opaque
disc was attached under the chin (arrowheads) to measure
distance of movement. Asterisk (*) indicates the
anterosuperior end of hyoid bone.
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Computer-assisted detection of swallowing difficulty, Comput Methods Programs Biomed (2016)



Image (VFSS) + Machine learning

Image Airway Invasion
Normalization Detection

Invasion
Xception

Normal

Table 3. Performance per frame for classifying airway invasion.

Accuracy Recall Precision Specificity NPV  F1-Score
97.2% 74.2% 59.1% 98.0% 0.658

Table 4. Performance for classifying complete videos containing image frames with airway invasion.

Accuracy Recall Precision Specificity NPV

93.2% 91.2% 88.1% 94.2% 95.8%
(167/179) (52/57)  (52/59)  (115/122)  (115/120)

Automatic Detection of Airway Invasion from Videofluoroscopy via Deep Learning Technology, Applied sciences (2020)



IMU sensor (accelerometer) & microphone

Table 6 Statistically significant features (healthy vs non-healthy thin swallows)

Feature A-P S-1

Fig. 1 Transducer mounting locations. Location of recording devices during data collection. A: Thyroid
cartilage B: top of the suprasternal notch For reference, the microphone (lower device) is approximately

10 x 30 mm and the accelerometer (upper device) is aligned with the centre axis of the neck. This figure has
been previously published by BioMed Central in [41]

)

Dysphagia and its efects on swallowing sounds and vibrations in adults, BioMed Eng OnLine (2018)



Microphone + Machine learning

®
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Fig. 1 The pattern of airflow in a a clear trachea and b a trachea with
a food particle in it
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7 0.4 0.6
91 % sensitivity and 85 % specificity time (s)
in detection of patients with severe aspiration

Noninvasive and automatic diagnosis of patients at high risk of swallowing aspiration, Med Biol Eng Comput (2014)



Image (VFSS) + Telemedicine

> : Fluoro Monitor
University of

Arkansas
X-ray Suite

@ [~ Fluoroscope
Web camera

Fig. 3. A CAC screen in the PI's laboratory during live image
transmission.

Control

Table 2. Recommendation groups, number of discrepancies/disagreements, percentage of agreement, and 95% contidence
Site intervals (Cls) for the percentage of agreement.
University

goiod = 95% Cl for the percentage
of lllinois = . of agreement

e ~d % Mumber of _—
Monitor \ ' " i Recommendation group discrepancies/disagreements % agreement Upper bound Lower bound

Raducing or e|iminuiing oral infake 7/32 78.1 0.89 Q.81
Altering meal habits 10/32 68.8 0.82 0.51
Medication administration method 1/32 94.9 1.00 0.84
Control balus viscosity 6/32 81.2 0.91 0.65
Pastural udiusfrnenls 5/32 84.4 0.93 0.568
Laryngeal closure maneuvers and exercises 4/32 87.5 0.95 0.72
Strengthening and ROM exercises and maneuvers 2/32 Q3.7 0.98 0.80
Sensory enhancement 0/32 100 1.00 0.89
Referral to physil:iuns 6/32 81.2 0.91

Teledynamic evaluation of oropharyngeal swallowing, JSLHR (2011)



Microphone & Smartphone
+ Telemedicine

Real-time processing
of audio frames

Temporal—Frequency

-

(-}
2
=
E
<

0.4
Time [s]

Swallowing sound through
Fig. 2. Comparison of the swallowing sound with the corresponding

the neck-worn microphone Visualization of
i‘swallowing activity

videofluoroscopic images.

Swallowscope
A Smartphone based device for the Assessment of Swallowing Ability

Real-time
visualization

Total swallow count

Swallow status

Length of last swallow

Database for
offline analysis

Average swallow length

Caregiver Patient

Swallow indicator

Wearable micro ) )

Swallowscope: A Smartphone based device for the Assessment of Swallowing Ability, IEEE-EMBS
International Conference on Biomedical and Health Informatics (2014)




Image + Machine learning + Personalized treatment + Telemedicine

Action Sequence  Common Errors System Requirement (sysreq)
1. Detect nearby face in view of camera
(determine when to initiate monitoring)
Sit in upright position =~ Head/trunk misaligned 2. Estimate head/trunk alignment
Sip liquid/spoon in food Swallow before tuck 3. Track cup/utensil movement toward and into mouth.

Tuck chin to chest Forget to perform tuck 4. Estimate head/angle to torso in sagittal plane
Incomplete tuck
Swallow mid-tuck

Swallow in that position Raise head during swallow 5. Detect swallow (timing and omission errors)

Raise the head Swallow post tuck
Table 1. Chin Tuck Actions and Evrors

Dysphagia Coach live Dysphagia Coa.:"* live

-_— B A Ay - — - v - -

Figure 1. Dysphagia Coach prototype showing detection of user and feedback on a chin tuck maneuver.

)

A Prototype Intelligent Assistant to Help Dysphagia Patients Eat Safely At Home, AAAI Conference on Artificial Intelligence (2016)



Image + Personalized treatment + Telemedicine

Lee Silverman Voice Treatment (LSVT)

REPORTED
SPEECH
CHANGES [23]

Articulatory precision

Speech intelligibility

Prosodic inflection

Resonance

Voice quality

Loudness

*Changes seen with forced expiratory exercises (EMST)

REPORTED
PHYSIOLOGICAL
CHANGES [23]

Articulatory movements

Vocal tract configuration

Laryngeal & supralaryngeal movements

Vocal fold adduction

Laryngeal muscle activity & synergy

Respiratory drive

REPORTED & HYPOTHESED
SWALLOW/COUGH
CHANGES

ARe

Web camera Face-to-face interaction

Lingual function [28]
LSVT education
Personal relationship
Homework tasks

Tongue base strength [28]

Pharyngeal timing & strength [28,50%]

Airway closure [28,50%]

A clinician certified
in LSVT

Expiratory cough [47-50%]

)))
Delivering the Lee Silverman Voice Treatment (LSVT) by web camera: A feasﬁity udy,
International Journal of Language & Communication Disorders (2008)



Personalized management + Machine learning

Attitude
toward the
behaviour

Subjective
norm

.

Intention

Behaviour

Perceived
behavioural
control

Figure 1: Theory of planned behaviour

M idsplaneringssystem

Matsedel

Detta ar matsedelsforsiag nr 1.

Las nasta forslag

I I Andra installningar I Spara betyg och uppdatera matsedel I

2005-10-06 Tersdag

2005-1007 Fredag

Lunch: Pastawith

2005-10-08 Lerdag

Lunch:

2005-10-09 Séndag

2005-10-10 Mandag

Lunch: Tasty Tuna Burgers

Mushreom-Zucchini Sauce

DUTCH MEATLOAF

Lunch: Bistre Cheeseburger

Lurnich: Chicken Broccoli Parmesan

Mitt betyg: 5

Mitt betyg: 4

Mitt betyg: 4

Mitt betyqy: 4

Mitt betyg: 4

|

Logga ut Avsluta

HJALP PA § HJALP AY

HJALP

MATSEDEL

Till vinster ser du ett forslag
pd matsedel. Du kan sitta
betyg pa de olika recepten
genom att réra handtaget
bredvid fram och tillbaka, och
sedan trycka pa knappen
markt “Spara betyg och
uppdatera matsedeln" ovanfor
matsedeln.

Klicka pa knappen markt
“Hijalp av' ovan for att dilja
denna hjalpruta,

Figure 3: Meal planning system output: a recommended meal plan

Dealing with Malnutrition: A Meal Planning System for Elderly, AAAI (2006)




Wellness device vs. Medical device

* Wellness device
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Digital therapeutics

Pear Therapeutics: Introducing the First “e-Formulations” for Improved CNS Therapy

CLINIC HOME

)

Physician uses the ongoing
data feedback to support
decisionmaking and “fine-

(1)

Patient receives Pear e-formulation
prescription (medication +
software access code) from physician

tune” either/both therapeutic
approaches to optimize
patient outcomes.

(2]

Synergistic Drug Therapy/
Mobile-Based Psychotherapy Patiant (isas accass
to Optimize Patient Outcomes code to enter the Pear
Portal and download the
Data/feedback from the software, which provides
patient and software instruction on the use of the
are transmitted back 5 medication (i.e., the drug
to the physician on an therapy) and guidance on
ongoing basis. e cognitive behavioral therapy

Concomitant use of the medication and
software-based behavioral therapy produces
a synergistic therapeutic effect.




Review your
progress

o
=

Report your
status

reSET

Select a category to browse and begin a
treatment module

reSET

Report Your Status

Have you used today?

How strong is your craving right now?

What triggers are affecting this craving?




GO? patients with Substance Use Disorder at 10 nationwide treatment centers were \
randomized to 12 weeks of typical outpatient treatment (TAU) vs reSET® with limited
clinician exposure and abstinence was measured through urine analysis and self reports’

501
40-
301
201

% Abstinent

10-

0
0

Week

reSET® TAU Odds Ratio
Population Time Point  (n=255) (n=252) (95% CI) P-value*

All comers Week 9-12 29.7% 16.0% 2.22(1.24, 3.99) 0.0076

; Non-abstinent at start Week 9-12 10.1%  3.0%  3.59 (1.36, 9.48) 0.0099/

' Campbell et al. Am J Psychiatry. 2014.




Table 1. Sampling the Digital Therapeutics Pipeline.

Company Product

Indication(s)

Status

Commercial partner

Investment partner

Pear Therapeutics reSET
reSET-O
Somryst
Pear-004

Pear-006
Unspecified
Welldoc Bluestar

Akili Interactive Endeavor
AKL-TO2
AKL-TO3
Nightware Nightware
Click Therapeutics CT-152
Cognoa Autism Diagnostic

Autism
Therapeutic

Biofourmis BiovitalsHF V1
BiovitalsHF V2
BF140

Propeller Health  Propeller

AppliedVR EaseVRx
RelieVRx
AnxietyVRx

Happify Health Happify

Substance use disorder”®

Opioid use disorder™®
Chronic insomnia®®

Schizophrenia

Multiple sclerosis
Gastrointestinal conditions

Type | diabetes, Type Il
diabetes™

ADHD*

Autism spectrum disorder*®
Major depressive disorder
Post-traumatic stress disorder
Major depressive disorder
Autism spectrum disorder
Autism spectrum disorder®®

Heart failure

Heart failure*®

Pain*'

Asthma®*, chronic obstructive
pulmonary disease™

Chronic pain*®

Acute postoperative pain®’
Generalized anxiety

Multiple sclerosis-associated
depression and anxiety

Marketed
Marketed
Marketed

Marketed®
Pivotal

Discovery
Discovery
Marketed

Marketed
Pilot

Pilot
Marketed
Pivotal
Pivotal
Feasibility

Marketed
Pivotal
Pilot
Marketed

Efficacy
Efficacy
Discovery
Discovery

Sandoz®?’

Sandoz®

Novartis®®
. 3
Ironwood Pharmaceuticals
33
Astellas

Shionogi>*

Otsuka®”
EVERSANA

« 39
Movartis

Chugai**

AstraZeneca™, GlaxoSmithKline,
MNovartis, Orion, Boehringer
Ingelheim

Movartis

Amgen, Merck

Sanofi, Hikma

As of November 2020.
*Dissolved partnership.

PMarketed temporarily under the FDA Enforcement Policy for Digital Health Devices During the Coronavirus Disease 2019 (COVID-19) Public Health

Emergency.




Process for evaluating a novel health technology
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Clinical evaluation

SaMD N41 Clinical Evaluation

Clinical Association Product Performance

between a SaMD outputand a Validate
Clinical Condition :

Analytical /

Literature searches, Original Clinical Technical

Research, Professional Society Validation
ondary Data Analvsis, PO .S‘E?H-SHJ{'I'IIE._\‘.

o dary _Dum Analysis, Accuracy, L  Bids

linical Trials Reliability giciy, aas
Precision.. Ratio...

recision...

Clinical
Validation

SaMD Definition Statement Requirements, Design, Dg‘m’op, fi & Validate,
+ Intended Medical Purpose of a SaMD Deploy, Maintain, Retire
Treat or Diagnose SaMD Realization and Use Processes
- Drive Clini anagement

. it Planning, Risk Management, Documentation,
Inform Clinical Management 8 e ; :

Configuration, Measurement, Outsourcing
* Targeted Healthcare Situation or SaMD Lifecycle Support Processes
Condition of a SaMD
Critical Personnel, Infrastructure, Work Environment
- Serious . S =
Non-Serious Leadership and Organizational Support

SaMD Categories SaMD N23 Quality Management System

Risk Categorization
ramework

Software as a Medical Device (SaMD): Clinical Evaluation (2017)



Regulation
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Regulation
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Summary

* Spectrum of digital health * Digital medicine in dysphagia

» Digital health — medicine — therapeutics * No commercial services
* Usually focused on component

technologies
e Categories of digital health

* Data * Automatic evaluation based on ML
e Sensors * Data acquisition with wearable sensors
e IT (mobile) * Telemedicine (mobile IT)

* Personalized medicine

Personalized care
Telehealth

* [ssues
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