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Medical Devices
Digllal Health Center of ‘

Excellence Empowering digital health stakeholders to advance health care

Aboutthe Digital Health
Center of Excellence

tal Health
nce Services

Coronavirus (COVID-19) and Medical Devices

Learn more about devices such as diagnostic tests, ventilators, and
personal protective equipment (PPE)—including surgical masks, Ask a Question About
face shields, respirators, gowns, and gloves. Digital Health

Regulatory Policies
Learn More

Jobs inthe Digital
Center of
nce

Network of Digital
Health Experts Our goal: Empower stakeholders to advance health care by fostering responsible and

high-quality digital health innovation.

What s Digital Health?
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US FDA (SaMD)
Software as a Medica Device
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Software as a Medical Device (SaMD)

Subscribe to Email Updates f snare Semal | S Fimt

As technology continues to advance all facets of health care, software has become an
important part of all produets, integrated widely into digital platforms that serve both
medical and non-medical purposes. Software, which on its own is a medical device —
Software as a Medical Device — is one of three types of software related to medical devices.
The other two types of software related to medical devices include software that is integral
to a medical device (Software in a medical device) and software used in the manufacture or
maintenance of a medical device.

Software as a Medical
Device (SaMD)

What are examples of

What is Software as a Medical Device?

The term Software as a Medical Device (4 is defined by the International Medical Device
Regulators Forum (IMDRF) as "software intended to be used for one or more
medical purposes that perform these purposes without being part of a
hardware medical device."

Use of Software as a Medical Device is continuing to increase. It can be used across a
broad range of technology platforms, including medical device platforms, commercial "off-
the-shelf" platforms, and virtual networks, to name a few. Such software was previously
referred to by industry, international regulators, and health care providers as "standalone
software,” "medical device software,” and/or "health software,” and can sometimes be
confused with other types of software.

How are Regulators Addressing the Challenges with Software as a
Medical Device?

US FDA (AI/ML SaMD) AIl/ML
Software as a Medica Device
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Artificial Intelligence and Machine
Learning in Software as a Medical Device
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Software as a Medical

Content current as of:
Device (SaMD)

Artificial Intelligence and Machine Learning ovzzzy

Artificial Intelligence (Al/ML) Software as a Medical Device

and Machine Leaming Action Plan
in Software 25 a RRRPR—p——

Medical Device The U.S. Food and Drug Administration (FDA) issued the “Artificial *sﬂ-.wuumnn i
Intelligence/Machine Learning (Al/ML)-Based Software as a
Medical Device (SaMD) Action Plan” from the Center for Devices
and Radiological Health's Digital Health Center of Excellence.

Regulated Product(s)
Medical Devices

The Action Plan is a direct response to stakeholder feedback 1o the
April 2019 discussion paper, *Proposed Regulatory Framework for

1o Artificial i /Machine Ls g-Based
Software as a Medical Device” and outlines five actions the FDA
intends fo take.
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CENTER FOR DEVICES & RADIOLOGICAL HEALTH

Artificial Intelligence/Machine Learning (Al/ML)-Based
Software as a Medical Device (SaMD) Action Plan

January 2021

SYICESEE T 5

Al/ML SOFTWARE AS A MEDICAL DEVICE ACTION PLAN

1. Tailored Regulatory Framework for Al/ML-based SaMD
2. Good Machine Learning Practice (GMLP)

3. Patient-Centered Approach Incorporating Transparency to Users

4. Regulatory Science Methods Related to Algorithm Bias & Robustness
5. Real-World Performance (RWP)
What we heard: Stakeholders described the need for clarity on Real-World Performance (RWP)

monitoring for Al/ML software.

What we’ll do: Work with stakeholders who are piloting the RWP process for Al/ML-based SaMD
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Softwarer is a collection of

Instructions and data that tell
computer how to work, including

computer programs, libraries, and
related non-executable data, such
as online documentation or digital
media.

SYICEE T 6
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Application Software

Operating System
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software(traditional) vs. Al Software
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Program Data
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The artificial neural
network was usedto g
analyze the stability
of power systems.

Alan Turing introduced the PP . . )
famous Turing test, which Artificial Intelligence Thifirst chatbot named
is a way of testing a was first proposed in A was created, but
machine’s intelligence. The Dartmouth Conference by EfiZA communicated
artificial neural network J. McCarthy. The golden vention,
was introduced. years of Al began. by true intelligence.
The rise of expert

Deep Blue, a computer
pwgra;:;{ f;f;; ::;ls again. Reinforcement
champion Garry Kasparov.

systems made Al flourish
learning also emerged
1980s

during this period.

The first Al winter came out because

of the limited computer capacity,
commonsense knowledge, reasoning,
Moravec's paradox, et cetera.

The deep learning renaissance
o began with the discovery of

how to successfully train deep,
neural networks.

Turing Award was
awarded to three
pioneers in Al: Yoshua
Bengio, Geoffrey Hinton,
and Yann LeCun,

AlphaGo, designed with
Al, defeated Lee Sedol, a
world champion of Go.

Deep learning
and big-data
are on the rise.

Deep learning has
become the hottest
direction in Al, and it
is also widely applied
in smart grids.
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Traditional Data vs. Big Data

Velocity Veracity

S o
Secssss || o Bom®
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b Big data and traditional analytics
Data at Scale Data in Many Forms Data in Motion
Terabytes to Structured, unstructured, Analysis of streaming data Big data Traditional analytics
petabytes of data text, multimedia 1o enable decisions within

fractions of a second. Type of data Unstructured formats Formatted in rows and

columns

Volume of data 100 terabytes to petabytes Tens of terabytes or less

Traditional data Big data Flow of data Constant flow of data Static pool of data
Analysis methods Machine learning Hypothesis-based
Volume:
Primary purpose Data-based products Internal decision support
and services

-=

= distributed between
many computers
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deep learning

— machine learning
(ML)
unsupervised

content extraction

classification

; ; natural language
machine translation guag

question answering

text generation

(Al)

Artificial Intelligence

image recognition

machine vision _~

speech to text

“~._ Speech
text to speech -~

planning

robotics

Natural

Language
Processing

Intelligence

Artificial

Robotics
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Expert System SHEL 10

Components of Expert Systems in Al
Knowledge

Knowledge
Base
Engineer
Inference
q Engine {,H
-
(May not be an expert)




CDSS(Clinical Decision Supporting System)  SNuHZsz [

Knowledge based single system CDSS

® .
KB CDSS - etetace wmarace Engine | < o
User
Wsar Chiscas

;
£

Non-knowledge based single system CDSS

Recommendations

Non-KB CDSS a wertace Engioe

Usad Chascas

L Clinical Data




CDSS(Clinical Decision Supporting System)  SNuHo s [EER

Transcribed

KNOWLEDGE péursﬂ Dictations Medical Devices
Infect are
DATABASE D Plans Nursing | Ventilators Pulse
Charting Oximeters
Pharmacy
IV Pumps Bedside
ECG Monitors
' Non-KB €DSS Non-KB CDSS
ELECTRONIC 5
DEEER DRIVEF L oRt -
T ECORD
Non-KB CDSS Non-KB CDSS oary/Microbiology
X-Ray"™
Alerts Blood Financial System
. Gas Lab
Suggestions Surgery Pathology
Computations Schedule Blood , ,
Interpretations Admitting Bank Information Review
Protocols Medical Physical Therapy
Guidelines
Records Respiratory

Therapy
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IMP(Intelligent Medical Platform) vs. cDss  SNunouz[FE]
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IMP(Intelligent Medical Platform)

Layer
K Engineering Tool Evidencesupparter | [ DataAnabtics
Knowledge Authoring Studo | [MLM Augmented Evidence Retrieval Deccitive sy Envitoomern,
OTEditor || ROR Editor e E Interface Knowledge Execution
MLM Case |
MLM Editor CBR) ™ ppce Model

Server Side Manager

Data Driven Interface

Data Selaction
Interface

.

Sehauling
- Blerts
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Cloud Infrastructure
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" AI-CD5S in Hospital Setting
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Heart Failure Silo in IMP

Heart Failure

Poor memory

Shortness of breath
Dry cough

. Chestpain
\‘ Heart pounding or racing

| Swollen abdomen
Loss of appetite

Cold hands

Swollen lower legs

Swollen ankles

\ 1
f \ 3 Cold feet
/ A

Hra\\'v\v‘} Heart
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np) ‘ Digital Medicine wurw.nature com/npjdigitaimed

ARTICLE OPEN | M) chock for updates
Artificial intelligence for the diagnosis of heart failure

Dong-Ju Choi (==, Jin Joo Park (3, Tagdir Ali® and Sungyoung Lee (7=
g a ]

The diagnosis of heart failure can be difficult, even for heart failure specialists. Artificial Intelligence-Clinical Decision Support
System (Al-CDS5) has the potential to assist physicians in heart failure diagnosis. The aim of this work was to evaluate the diagnostic
accuracy of an AFCDSS for heart failure. AI-CDS5 for cardiology was developed with a hybrid (expert-driven and machine-learning-
driven) approach of knowledge acquisition to evolve the knowledge base with heart failure diagnosis. A retrospective cohort of
1198 patients with and without heart failure was used for the development of Al-CDS5 (training dataset, n = 600) and to test the
performance (test dataset, n = 598). A prospective clinical pilot study of 97 patients with dyspnea was used to assess the diagnostic
accuracy of AIHCDSS compared with that of non-heart failure specialists. The concordance rate between AIMCDS5 and heart failure
specialists was evaluated. In retrospective cohort, the concordance rate was 98.3% in the test dataset. The concordance rate for
patients with heart failure with reduced ejection fraction, heart failure with mid-range ejection fraction, heart failure with preserved
ejection fraction, and no heart failure was 100%, 100%, 99.6%, and 91.7%, respectively. In a prospective pilot study of 97 patients
presenting with dyspnea to the outpatient clinic, 44% had heart failure. The concordance rate between AICDSS and heart failure
specialists was 98%, whereas that between non-heart failure specialists and heart failure specialists was 76%. In conclusion, AI-CDSS
showed a high diagnostic accuracy for heart failure. Therefore, Al-CDSS may be useful for the diagnosis of heart failure, especially
when heart failure specialists are not available.

npj Digital Medicine (2020)3:54 ; https://doi.org/10.1038/541746-020-0261-3
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Heart Failure Silo in IMP
(Hybrid Knowledge-base Expert system CDSS5)

=T

Existing Approach
Shareab p—
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CKM: Clinical Knowindge
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Stage 1: Knowledge Acquisition

0 Taking help from
published guideline

. " SR

L L3 e

L i
W

A 2RSS
smam g

Cardiology Guideline

o Physician experience
and heuristics

0+0+0

v

Physician

Real practice with
AIZMIE| eCRE & existing systems




Heart Failure Silo in IMP
Stage 1: Knowledge Acquisition: 14 attributes

S. No. Attribute Name Attribute Description

1 Signs & Symptoms Patient has some sign and symptom like,
breathlessness, exercise tolerance, tiredness, ankle
swelling, and nocturnal cough.

2 Clinical History It checks the patient history such as coronary artery
disease (CAD), arterial hypertension, exposition to
cardio toxic drug/radiation, use of diuretics,
orthopnea.

3 Physical Examination In this category, physicians check rales, bilateral
ankle edema, heart murmur, jugular venous
dilatation, laterally displaced apical beat.

4 ECG Result Noninvasive test to check how fast the heat beats,
it may be narmal ar abnormal.

5 BNP Result B-type natriuretic peptide (BNP) blood test
measures the levels of the BNP hormone in
patients’ blood.

3] NT-proBNP Resuit N-terminal pro-B-type natriuretic peptide level

7 Left Ventricular Ejection Fraction It finds total amount of blood in the left ventricle is

(LVEF) pumped out with each heartbeat.

8 Left Atrial Volume Index (LAVI) Measure to evaluate the LA size

9 Ele’ Measure to evaluate the diastolic function

10 e’ Septal Measure to evaluate the diastolic function

11 Longitudinal strain Measure to evaluate myocardial contractility

12 Tricuspid Regurgitation Velocity TRV has been shown to correlate with pulmonary

(TRV) artery systolic pressure (PASP) at rest (1-3) and
with exercise (3-7).
13 Left Ventricular Mass Index Measure to evaluate the LV size
(LVMI)
14 Gender The state of being male or female

SNUH SEOUL NATIONAL UNIVERSITY
BUNDANG HOSPITAL




Heart Failure Silo in IMP
Stage 2: Knowledge Modeling

SNUH®

Enterprise Architect

Decision Tree

e o] Carbascuiar Dagnoss 011 mosed
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Heart Failure Silo in IMP S
Stage 3: Knowledge Rules Creation (Expert-Driven)

Decision Tree Intelligent Knowledge
Authoring Tool (I-KAT)

7 Cardiovancteriiie- 2
1 Cargrnanilerbule 3
4 Cardiovancaleriisie-4
S Cardiovancelerfule-3
© Cardiovaacderfule 6
T Cordrovenculertule- 7
& Cardiovmclertule 8
& Cardnmincalertule 9
10 Cardacvincuderiube 10
11 Cardravanovleriule- 11
12 Cardiavmaderiule- 12
13 Cardiovneleriuie- 13
U Cardiovanculertule- 14
18 Cardiovancolerfule- 13
18 Cardiwinculertule- 16
17 Cardiovuntulerbule-17
18 Cardiowasculertule- 14
1% Cardovinculertute 19
20 Cardnvasculeriule 0
1 Cudmvacvleriule 21
12 Cardovinnderfule 22
73 Cardiovanoutertiuie- 21
24 Cardiovencdeviule- 24
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Heart Failure Silo in IMP
Stage 4: 24 Knowledge Modeling (Data-Driven)

SNUH®Y i

ontributing Factors:

{Heart Failure Diagnosis)
Patient Dataset: 1000
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Heart Failure Silo in IMP

Stage 5: Knowledge Rules Creation (Data + Expert-Driven)

SNUH®Y i

Decision Tree

Intelligent Knowledge
Authoring Tool (I-KAT)

ube B Rude Tithe
1 Cardovanovtertile- |
1 Cardovancuderiule-2
3 Cordiovmederiule )
4 Cordicvamcaleriuie 4
S Cardicvamodlertules
© Cardiovancuioriuie o
7 Cardsovascolertule
& Cardievaostertube-8
& Cardevascdertule 9
10 Cardrovascutertule 10
11 Cardiawasoderiule 11
12 Cardiovanoderiule 12
11 Cardiovancuderfule- 13
 Cardicvanodertule- 14
18 Cardicvascleriude- 13
16 Cardiovascodertule- 10
17 Cardrowamolertule 17
18 Cardrvmoutertule- 18
1% Cardiowasowteriule 19
20 Cardavantudertube 20
21 Cardrovamoelertuie- 21
12 Cardiovanculeriule 22
1) Cardiovmoderiuie- 21

Production R

Vyvegn coandviges

e 0t oo o b e e e e a4 ee b e e e e e e e e O

e e e e e e e 4 e e e e e e e e e e e O

0- -
10

L1 1ean
1 1- <38
11 3§ <40
11 )8 (99850
11 3§ 280
11 )5 =30
Y 1 ]
13- 213 230
11 13 S0
2 w:l$ WSO
1 1 eclS »ec30
1 1 18 w30
11 e )
1 1man <40
1 1 L& %0
1 102 50
1 1xeux =30
1 1xan 30
1

4 Cardicvaiceloriiie 24

LAVI e wheplal Langhadisalitrain TRV LVMI  Gender Dlagnesiitecmmmendation  imefetermcrPath

ot W Cortio O 1
Ssrpeiiona HE Cordio 0 2
Nt Cwrdho O )
Nt i Cutho D4
ot Candio DS
oot W Cantio D 6
oot Curtio O 7
WEOEF contum Cardio D 8
WErmiT Condio D 9
W pEF confem Cardio O _10
jeeidd ectd W pUF condem Candho O 11

WP LY condem

Total Rules: 15409 POl _p 50400k Gt P12

Total Patient Data : 600 o A iy Ay
Final Accuracy : 98.3% -~ -n  <ieos oo Crte
e g




g SEOUL NATIONAL UNIVERSITY

Heart Failure Silo in IMP SNUH® s
Stage 6: Implementation

Login Screen: Only authorized physicians can be logged in to the system
CDSS Intervention: Shows the recommendation of a patient based on patient profile and symptoms

The decision comes from knowledge base

Sq
P4 Final
Decision
In
Knowledge

pat| s  Rule
absf] triggered

inform Patil

Phy
i




Heart Failure Silo in IMP Shune e EEE
Validation of AI-CDSS: retrospective test set

Diagnostic Accuracy of Al-CDSS
100
20
30
- n
£
z &
@
20
30
20
10
Q
HFrEF HFMF HFpEF Not HF Al
. Expert-Drven CDSS €
= ML-Driven CDSS 100 100 789 806 885
® Hybrid COSS (Proposed) 100 100 955 9.7 983
Classification of Heart Fallure
mExpert-Diven CDSS = ML-Driven CDSS = Hybrid CDSS (Proposed)
% T e v
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Heart Failure Silo in IMP SNUH

Pilot Study
ATHIM W | MEHE AGE AZXs SR G240 F AL
= (Clinical application of Artificial Intelligence Platform for the Diagnosis of
=l Heart Failure)
HAEH EEDT0| F£00 SHA0M HEE T fF ASXs EHEL 58
4 EIHE Shax &
T 24 A prospective, single arm, single-center, pilot study
R - e bl 12 42
bl B 2N e HH 1002
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= Diagnostic accuracy of clinical decision support system (CDSS) to
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Heart Failure Silo in IMP
Physician vs Al-CDSS

Diagnostic accuracy of physicians and Al-CDSS

HI'rEI-'

HFmrEF HFpEF
® Physicians 2% 55%
uA-COSE 1005 1009 1008 A6

100.0%

Accuracy (%)
=
E

40.0%

3005

20105

10.0%

0.0%

all
T6.3%
97.0%
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Heart Failure Silo in IMP
Physician vs Al-CDSS

Patients with dyspnea

A

Physician Al-CDSS

o CE[E=]
¥ \ g
@ | 76% | |98%




AlI-CDSS in Home Care Setting
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Al-Patient Monitoring and Management App.(Al-PAMM)

l_.

Registration Screen

Graphical Data of User Alarm Screen Alert Screen

[~

Login Screen Main Screen

Intelligent Medical
Platform

|

Patient
Medication Medication
Peranex HC Intake
Intake Analytics

https://www.kimsonline.co.kr/
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. DT for Smart Blood Pressure Monitoring V 2.2

v Legerd
D System Actviy
Huseu:mbwﬁm

#rof. Sungyoung Lee (Kyung Hee University)
O+ Doag-Ju Cho (Seoul Nalional Unwessity
Faspital, Bundang)

Domain Expert: Composte Condilon
O+ Dong-u Choi iSecul National Universty
ospital, Bundang)

[T Recommendation !emotely

10 minutes

Enowiedge Engineer:
Tacgs Al {Kyung Hee University)
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Inte! |e Patient Checking Blood
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Ob[ective: Identify user Steps status and recommend exercise on the basis of context where context depends on

B e h avi O r age, disease, and number of steps taken till that time.
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1. AI-CDSS may be useful for the diagnosis of HF, especially when HF

specialists are not available in hospital setting.

2. AI-CDSS may be also useful for the monitoring and managements of

chronic disease in usual life setting.

3. Itis necessary to devise ways in which many kinds of AlI-CDSS and SaMD

can be used complementary to or fused with each other.

4. Methods that can smoothly link HIS and CDSS is essential.




