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The Evolution of Apple Wllatch

CENTRAL ILLUSTRATION Diagnostic Accuracy of Apple Watch Electrocardiogram for Atrial

Fibrillation: A Systematic Review and Meta-Analysis

Health hardware

e ures

Apple Watch ECG Standard 12-Lead ECG Systemic Literature Search

Optical heart rate
sensor using infrared

workouts and visible LED
I
* PubMed
¢ E mha se requency increased
Earrings Headbands : : = « Cochrane Library
Smart mouthguard e ——
mart mouthguards
Otoscope 5 A A h Heart Rate notifications support
- jEraisinhalecs / ple Watch 1st gen not supported)
Smart necklace \ Wireless glucosd L v Heart Rate data on iPhone
s monitor ;
c:’::f:‘i‘ng ) u‘::? Ho:’rtvga;n

b ability ar max
Portable | Smart patch I
diagnostic )
device f Smartwatches Ao :

Jood pre Ul aza a S territories only) Electrical heart

v hoart . o,

S sman o Sensitivity: 94.8% only) sensor

bracelet ulse oximeter
e 11 studies in the meta-analysis
Smart Belt S o,
T h e Specificity: 95%
e ‘ e I
Di ita I Grcies - cle and fertility metrics Blood Oxygen
¢ insoles Area Under curve: 0.96 /’EI cycle and fertile window. Level sensor

4,241 participants
Health with 28% females

Landscape U

surroundings

Detection of atrial fibrillation

idwashing detection

3 notifications now available at
rt rates above 100 BPM

dio fitness notifications

pt

Shahid S, et al. JACC Adv. 2025;4(2):101538.

> tracking improvements 2 temperature
cycle deviation notifications alerts sensors
v cardio recovery metrics

ECG = electrocardiogram.

— — — app
Depression and anxiety assessments in the Health app
Measure the amount of time spent outdoors for vision health
Access health data through Siri health queries

Access and log user healthcare data




Wearables for Healthcare

Diagnosis, Treatment, and Management for Disease
Require medical device certification for Clinical decision making
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TeleMedicine vs. TeleHealth

B Synchronous [l Asynchronous “store-and-forward”

p TeleHealth ~
— TeleMedicine < . L
. Remote Patient Monitoring
Video o
conferencing 2" opinion Tele-Surgery
Telephone_ On—demgnd Tele-Radiology
conferencing prescription
Tele-ICU
Text . Data analysis
| conferencing ) Decentralized Clinical Trial




10

N

5,000

persons/day

20,000 ..

. a4 AN

persons/dg




TeleMedicine after COVID 19

Unassigned patient in home isolation

Without
Protective
Measures

Home-based care

Number of Cases

Hospital admission

Time since First Case



TeleMedicine after COVID 19

Virtual care and outpatient options show more potential revenue growth

through 2022.
Healthcare growth potential by segment by 2022, CAGR,' % W Inpatient M Outpatient
B 30 Skilled nursing facility
I -20 Long-term acute care
I 2.0 Hospitals
. 3.0 Urgent care
. 3.0 Inpatient rehabilitation facility
. 3.0 Physicians
o Home health
- 5.0 Ambulatory surgery center
- 7.0 Outpatient behavioral health
B :o Retail clinics
Virtual care 13
'Compound annual growth rate. McKinsey

Source: McKinsey analysis

& Company
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Hype Cycle Of The Top 50 Emerging
Digital Health Trends

Longevity
e Nutrition devices
A.l.-based Employee
prosthetics Chat- @ Wellness programs
Virtual reality bot Exoskeleton
in staff training .. y L.
Portable Robots in Clinical trial recruiting
ultrasound devices ;‘;:i%?"l" Clinical trial management
Portable -
diagnostic Augmented Cloud computing
devices ~_ reality Nutrition apps
At-home il Robot companions
lab tests Virtual reality “omp
3D printin in patient Remote care apps
equipmen education Medication
. : Personal
A.l. in medical ] management
decision-makin Nutrigenomics genomics
fé) Al in 9 v .C_; " services Microbiome
o diagnostics tg,'ge;p%'s Lot
E 3D pr.ijnﬂng Remote care platforms
rugs Medical
E rrareg Medical drones Digital health
o ransggifgr'r?.'g Private 5G Insurance Smartwatches Electronic
> Facial in healthcare Medical
L recognition Records
in hospitals Augmented reality
Al in in medical education W bl
drug design ) health garg e
_ Augmented reality as evices Personal
" in patient education Health
Robots in hospitals Records
3D printing prosthetics
Vocal biomarkers
3D bioprinting
Quantum
computing

Rising Expectations
Data visualization by The Medical Futurist

Have already met practical reality

Mental
health

apps

Smartphone
health apps

Virtual
reality
in pain
management

Fitness
trackers

Much progress not expected

Moderate progress expected

Significant progress expected
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Why do we need RPM ?

1009%4 Healthy, Independent

Living ) -
Community Clinic Home
Chronic disease Care
Management Doctor’s Office
q) . . .
5 Assisted Living
© Residential Specialty Clinic
Py Care Skilled Nursiigy
© Facility Community
8, Hospital
ICU
Acute
Care
0%

1$ 10$ 100$

Cost of care per day

>
1,000% 10,000%

from Frost & Sullivan
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What is needed for rt-RPM

||||7II\
............. * oo A ; [
Wearable : Y
Device Mobile App Cloud Server Monitoring
R Al algorithms Staff
4 o )
Rl L Sensors
5 BATTERY (mg, 10 mak)
/' - MCU/Processor

Wireless Connectivity

Battery & Power

FLEX CIRGUIT {FORMED) T

Form Factor & Design







What is needed for rt-RPM

——

............. *

7= 5002

WDes\ll‘iaCt;Ie Mobile App Cloud Server Monitoring
| Al algorithms Staff
Lo Anomaly detection Predictive modeling | : :
Alarm fatigue Signal filtering Context integration Actionable Al

Feature attribution (SHAP, LIME)
Hallucination — =wrwereereees Counterfactual explanation | seereeseeeeeen Explainable Ai
Chain-of-Thought (CoT)

Quantization, Pruning
Data overload «wesweereeeee SoC, NPU, Al module | e Edge Ai
\_ TFLite, ONNX Runtime )




eXplainable Al

on wearable

D) S
/

74-year-old male |
Congestive heart failure EF 25%, \
Cardiovascular ICU admission Day 3
WisMedical Wearable Mounting
(Collecting ECG, SCG, PPG, Audio,

Temperature, Motion Sensors)

1. Real-time multimodal data collection

°
¢

[Examples of collected data]

Heart rate (ECG): 102 bpm (uptrend)
Cardiac output index (SCG): 22% decrease
compared to baseline

Pulse wave propagation velocity (PPG):
Estimated increase in peripheral resistance
— upward

S3 Heart Sound Strength (Audio): +30% vs.
baseline

Posture/movement: Mostly supine, no
nighttime position change

Skin temperature: 36.8°C (normal category)

2. XAl Application
[
¢

[SHAP Analysis—Explanation of Major Factors Contributing to
Decision—making]

SHAP VALUE based on priority..

1. **SCG-based systolic time reduction (ASCG-STS)** —
SHAP +0.28

2. Increased heart rate (AHR) — SHAP +0.21

3. **S3 Heart Sound Increase** — SHAP +0.18

4. *PPG Waveform Delay** — SHAP +0.12

5. Others (posture, temperature, etc.)=~SHAP £0.01 or lower
[Prediction Results] "Decreased mechanical contractility +

increased heart rate + increased auscultation abnormal sound"

was a key factor in the increase in worsening risk scores

[Counterfactual explanation (What if it was different?)]
Counterfactual scenario presented:

"If your current heart rate is **90 bpm or less** and your
cardiac output is at the baseline level,

— risk score would have dropped to 0.42."

— medical staff intuitively understand which factor
control could dismiss the alarm






Who will benefit from the tele

@ Direct patient measurement twice daily Measurement of vital signs Real-time continuous automatic measurement @
i Body temperature, oxygen saturation Blood pressure, pulse, oxygen saturation !
w7
. A2 :
@ Twice a day manually entered by patients Real-time continuous auto—entry @

Possible typing errors No typing errors

Vital sign input

Landline call without input No input
If you can't make a call, visit your home Signal error and network error may occur
Y
@® Ppatient care Passive monitoring by medical staff monitoring Algorithm-based automated monitoring @
t  Individual patient-specific monitoring Monitoring of entire patient populations |
Y
@ Patient care medical staff manually identify signs Anomaly alarm After identifying algorithm-based automatic alarms @
t  Possible time delay Real-time delivery to medical staff
A
A
@ Not reflected Reflection of treatment results Real-time algorithm ®

automatically reflected



Rt RPM during COVID pandem

o = D%EI
(g [©)

Raw Data Data analysis Analysis Results Intervention

Postvaccination at NHIMC

Anomaly Monitoring
21.3.10~21.3.26

Patients Data

° HR 804,804
ﬂ SPo2 391,391
1,001 BP 27,895

= Abnormal  Adverse
Patients Data =, 7= Signals reactions

o HR 45,032
w SPO2 26,156
BP 1,553

£ BT 28,054

Data

Pati‘ents e 52’470
ﬂ P02 35,457
BP 1,887

66

BT 197,213




What is needed for rt-RPM

Data accuracy & fidelity

Wearable
Device

-30%

+5min

Connectivity reliability Real-time interpretation
& response
Low Iatency Data security & Privavy
(i = R0
Mobile App Cloud Server Monitoring
Al algorithms Staff
-20%
+5min ~ +6hr



What is needed for rt-RPM

From Dec 23, 2024 95 patients enrolled

Latency Connectivity

Hypothesis 1. Is it real-time RPM with a dedicated mobile Hypothesis 2. Does the 24-hour signal acquisition rate
phone APP method? (SAR) exceed 0.81 (0.9x0.9)?

Primary endpoint = (A-B), Signal acquisition rate (%) =

x 100

A : Time signal acquired, Number of effective signals collected

B : Time signal delivered to the server

_ Number of times from wearing time
Hy : A-B 28 min.  vs. H;:A-B < & min.

HO : SAR < 80% vs. HT:SAR > 80%

0.6
0.5
0.4
0.3

P-VALUE

Average SAR = 83.7% (p=0.35)

0.2
0.1

0
o1 1202 5208 {02 Ojg {52 O0j8k 208 0jab 302 0jBF 1|zt Ojgt

-0.2 CONFRONTATIONAL HYPOTHESIS



National Health Insurance Service llsan Hospital

One & Only Regional Hub hospital » NHIC
@ Insurer’s hospital responsible for I hospital
In South Korea 2M citizen san hospita

—=o Mission
Health insurance model hospital

that leads people's healthy lives
and right medical standards

—=o (Core Values
Patient centered
Outstanding expertise

Happy workplace

27
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A"-in-One Weal'able under development

World’s First continuous monitoring wearable capable of 6 major vital signs

(Blood pressure, Heart rate, Respiratory rate, Body temperature, Blood oxygen level, Arrhythmia)

29



All'in'one Wearable under development

World’s First continuous monitoring wearable capable of 6 major vital signs

(Blood pressure, Heart rate, Respiratory rate, Body temperature, Blood oxygen level, Arrhythmia)

* Body temperature * Other vital signs

30



All'in'one Weal'able under development -

31



All'in'one Weal'able under development

Portable Smart gateway

- | » "—";—lugé’g [
* Utilizing eSIM - Just turn on, It works = : ’
* Video, Phone call, Display dashboard

Y * All-in—One portal for TeleHealth

* Temperature Self-check through additional IR sensor

» Capable of vibration alarm

+ 7days of Battery life

32



'i “ -0 n e Wea I'a b I e under development
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All'i“'one Wearable under development
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AI I'i n 'O n e wea I'a b I e Service model scenario

Not only for infectious disease like COID 19, also for chronic disease

Virtual care Start Virtual Care Ongoing (VC) Virtual care Ends

l l Symptom l
o [y worsened [ ® e
COVID(+) AlHn-one VC VC VC VC VC Self-quarantine
confirmed Kitdelivery  Day 1 Day 2 Day 3 Day 4 Day5 ends
RPM Image data
based based
CDSS CDSS
Rapid
response
([ ] (] o (] (]
Video Video Video Video Video
Telemedicine Telemedicine Telemedicine Telemedicine Telemedicine
Medication Medication Medication
® counseling counseling @ counseling
Video Video
Telemedicine Telemedicine
On-demand On-demand
prescription prescription

35



CART Vital (Project ‘Apolion’) -

Smart Ring Co-developed with NHIS llsan hospital

Awarded the 2025 CES Innovation Award

USA TODAY's 50 Top Picks for CES 2025

JCES

Innovation
Awards

RESEARCH
AFFILIATES

P People&
Technology



Community-based rapid response system -

with Digital healthcare

Al algorithm Wearable device Tele—consulting

+ Imaging analysis + Integrated platform + Homecare support
+ real time RPM + GCM + Chatbot



Virtual Hospital = “Homspital” “Virtual ward” “Hospital at Home”

The main components that make up a virtual hospital

Consumer Preference

Avoiding healthcare settings amid COVID-19
Being able to have loved ones, visitors with them

w Patient + Expanding from lower-acuity chronic disease patients to include post-
&‘ 8 Pu 'e:‘ " op. ICU stepdown, COVID-positive and other higher-acuity patients
O s opuiafion Patients admitted either directly from ED, home, or upon ICU discharge

Staffed and operated 24/7 from a central location

» Continuous monitoring and communication with patients and
caregivers; deploys needed staff and services to home

LLI
oc
5l e
g J Technology ﬁ Supply Chain & Workforce
= * Cell or broadband * Medical equipment set up * Dedicated hospitalists, RNs
‘{t’ infernet connection in in home as needed staffing command center
ac patient’'s home + Deployed services like lab « Deployed clinical staff may
= * Initial home hardware tests, imaging, vaccines; include paramedics, home
set-up must be redundant to health workers, therapists,
« Clinical workflow ensure immediate nurses, physicians
integration into EHR availability

« “Hospital Without Walls” temporary COVID Medicare waiver

.' Reimbursement Medicare Advantage, commercial value-based contracts



Virtual Hospital = “Homspital” “Virtual ward” “Hospital at Home”

Key components that make up a virtual hospital — oversea

Industry and Service Tvpe Main target Core Technolo Al application Visiting Medical |Annual use |Key Performance cost Reimburse
Country YPE ldiseases 9y PP Care Connection [patients Indicators ment
: - 72% reduction in
HRS Remote Chronic diseases ;eor?‘i?ri\:tal atient oLf (;Eift'on ¥ (Visitin hospitalization rate [About v
. Monitoring, [such as heart failure, 9. P pati : ) 19 Thousands [and 55% reduction [$120~150/ |(Medicare/
(United States)|, . . status prediction condition, risk  [Nursing Linkage) ) o
Virtual Ward |COPD, and diabetes algorithm warning) in emergency room |mo Medicaid)
visits
Patients after . . :
. Vital Sign Real-Time o L
Current Health|Remote discharge from the Monitoring, Al- L7 (Real-time |2 (Visiting Tens of 35% reduction |n0 £400~600 |[Ed (NHS
. o hospital with acute : L : hospital stays, 92% \
(United monitoring, . : Powered Disease Al deterioration |medical care can |thousands |. ) . per month |insurance
- : diseases, patients ) - : increase in patient : :
Kingdom) virtual ward with chronic Exacerbation prediction) be linked) or more satisfaction per hospital |benefits)
: Prediction
diseases
. Virtual Severe patients Virtual Patient Room 50% reduction in
Medically inpatient such as pneumonia, |Platform, Integrated L .(Al—powered l— (24—hour. Hundreds of |readmission rate and|$300~$400 L (U'.S'
Home : . : . patient visiting medical o L CMS Pilot
. services (in- |sepsis, and cancer |Patient Status thousands  [30% reduction in per day .
(United States) . management) |team) . Project)
home wards) |patients Management System medical costs
v .
Hospital- Respiratory diseases, Patient monitorin ﬁgf iltrglpg;\(/jement ; About
Doccla home linked |heart diseases, and |, . ) 9 L. (Al-powered | 2 (Visiting Hundreds of | 03Pt L (NHS
: o .~ |kits, real-time data : . utilization rate, £300~400/
(UK, Sweden) |virtual ward [chronic diseases in vsi risk alerts) Nursing Team) thousands ducti ¢ ) h coverage)
latform general analysis reduction o patient |mont
P safety accidents
Digital Improved chronic
Babylon healthcare, [Chronic diseases Al chatbot, diszase Approx. L. (Some
Health remote such as diabetes personalized % (Al chatbot) X (Remote More than manacement. 35% £149/mont |services are
(United monitoring, [and hypertension, |management management) 1.2 million reductgion - }’105 iotal h (personal |covered by
Kingdom) Al virtual mental health platform P service) NHS)

doctor

visits




Virtual Hospital = “Homspital” “Virtual ward” “Hospital at Home”

The main components that make up a virtual hospital — the reimbursement compo

RPM Billing

Initial Enrollment

99453: Initial patient setup and
enrollment into RPM program.
Averages $20.

Base Monthly RPM Initial Care Management

(20 min)
99454; Remote monitoring and
management of device readings.
Averages $43.

99457: 20 miutes of clinical staff
time communication with patient
or caregiver. Averages $48.

20 min

+20 min

Additional Care
Management (40 min)

99458: Additional 20 miutes of
clinical staff time communicating
with patient or caregiver.
Averages $38.

+20 min

Monthly

Additional Care
Management (60 min)

99458: Additional 20 miutes of
clinical staff time communicating
with patient or caregiver.
Averages $38.

Initial Enroliment

99453: Initial patient setup and
enrollment into RPM program.
Averages $20.

https://www.novanthealth.org/nh/tytohome/

RPM + CCM Biling

Monthly

Base Monthly RPM Chronic Care Management

(20 min)
99454: Remote monitoring and
management of device readings.
Averages $43.

99490: 20 minutes of clinical
staff time providing care
management services. Averages
$60.

+20 min

@ - @

Chronic Care Management
(40 min)

99439: Additional 20 minutes of
clinical staff time providing care
management services. Averages
$46.

Chronic Care Management
(60 min)

99439: 20 minutes of clinical
staff time communicating with
patient or caregiver. Averages
$46.

@ +20 min

https://www.healthrecoverysolutions.com/blog/2023-remote-therapeutic-monitoring-cpt-codes-cheat-sheet



Community-based Homecare -

with Digital healthcare
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