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# rule-based experc syatex s described which
uses artificial intelligence techniques, asd a model of
the interactios bebwsen physicians aod hunen consul-
tasts, to attempt to satlafy the dewands of a user
community thae is often reluczase sxperiment wich
cotputer techmology. Experfence to dace has demon-
atrated that the program is efficient, relacively easy
to usa, and relishle In the demain of bacteresis therapy
seleccion. e work will involve besadening and
wvaluating the progras's expertise in other areas of
infectioss disease therapy. Ta that end rules regard-
ing diagmanie and creacment of semingitis have been
wricten and are e ¥ under evaluatian.

Intreducti

Few potential yagr populations are as demanding of
compater techrology as are practicing physicians. This
Is due to a variety of facrors wh imelude che
physician's lodapendence as a lone decision maker, the
sericosness WICh Which be views actions that may often
have Life-ond-death sigeificance, and the overubelming
ctine demands which tend to make hin impatient with any
innovaticn that bresks up the finely-tumed Flow of hia
2ally routine, Yot as medical science has expanded,
the individual practiciomer has becone Ineveasingly
less able to manage all the eupectise he needs 1f he ia
to provide seders medical cave. Comsultation from sub=
specialists has therefors become 3 common amd accepted
part ol practice for thoss physiclans fortunace sncugh
o have easy access to the kinds of expertise they need,
dway from large urban or academic centers such consul-
cacive advice may be mere difficule to obtain, and it
is parcly fer this reason that efforts have been made
to develop computer programs with sufficient sub-
apacialty expertise o function in a reliskle consulta-
tive rola.

Dénpite the medical professions’ comsos relustsnce

to axperizent with clinieal computingl, wany cossulea—
tlon programs have failed to emphasize cthe develapment
of mechaniams Far encouraging Chair wse by physiclass,
In designing che MYCIN program, a clinical consultaries
sysbem, we have attéspted to recogalee the need to
place the ultimate medical decizions in the hamds of
the physician. MYCIN includes mechanisms so that the
doctor may underseasd mot only the peegram's advice,
but alse the basis oo which the Televase climical

were reached. Swsch an underscanding i en-

¢ allowing the phyaisisn to maintais the
nitiative throughout the consultatien, with an abfy
to request clarificatfon or juscificaclos of puzzling
points alomg the way, This process parallela the
Familiar form of disleg and 2dvice frem a human conswele
tant [Fig, 1} and is cthereby less thr ing tham a
orsten which slsply submits dogma, MYCIE's aros of
cxpurtise is the selection of ancimiceshial therapy for
patients with sswere infectissa. This poper beiafly
summarizes the MYCIK system and discusses its debr co
syrbolic reasaning cechniques From the Fleld of arti-
flcial inteliigence.
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Flgure 1 - Diagram sumearizing the flow of infoemstion
between physiciae and expert in the humen
comsultacion process. (Figure reproduced
from reference 10).

Areificial Intellipence

Artificial intelligesce (AT} s a subfield af
computer scfencs in which the ewphasis af the research
is on symbolic reasoning rather than numberical com—
Futations. In pany respects the name "arcificial
incallingence” 45 onfortunate because it conjures up
threatenlog Snages of superbuman mackines that
challenge those capabilities of sankicd rhar have long
bean thought to be uniquely human. A recent beak by a

sunpected computer expert? has wxamined the rield &n
decail and hos generated a grent deal of discussiss net

anly about what compurers could do but should ded,
Technigques daveloped by researchera in AT, howewer,
have great pozantisl for application ee problems in
medical decision making, fince 1970 4 Small sumber of
FaRearchers, most of whom have had experience rcoted in
tradicional cosputational approsches to medical
decision makimg, have begun to recopaize the need for
computer "underatanding” of the clinical damain of
Intrant if useful diagnoscie etcols are to be

devaloped”, They point aut that capabflitises such as
hewrlstis search through large numbers of possible
decisions or acticme, computarional spproaches to
sutural langmage understanding and generscion, snd
lssisoa of representation for inferential knowledge
(all wajor AL research areas) are central to che pras
blem of giving a computer progras a kmewledge of
medicing at o conceprual level, Such capabilitdes
=ight allow the peagean a spectre of crantivicy and
Vlissasens" that would La tarn sake 1t an acceptable
tool for physicleme. Several recent research projects
have therefore begun Co examine the use of symbolic
reasoning Eachniques in medical domains © ©.  An owere
wimw of AT apd ite relatdonship o sedical problen

solving Lm wvailable elewhars °,

Anificial Inielligence 5% {1953 233240
Elsevier
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Meta-DENDRAL:

roots of knowledge systems and
expert system applications
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Kriewledge Sysieris Laboratory, Departient of Compater Scierce. Swanfond Lniversity,
Suanford, C4 24305, US4

Bruce G. Buchanan
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During Al's first decade (1956-1966), the task environments in which
Al scientists investigated their basic science issues were generally idealized
“elean”™ task environments, such as propositional calculus theorem proving
and puzzle solving. Alter the mid-1%60s, a bolder and more applied inclina-
fion to choose complex real-world problems as task environments became
evident. These efforts were both successful and exciting, in two ways. First,
the Al programs were achieving high levels of competence at solving certain
problems that human specialists found challenging (1he excitement was that
our Al technigues were indeed powerful and then we were faking the first
steps toward the dream of the very smart machine b, Second, these complex
real-world task environments were proving to be excellent at stimulating
basic science questions for the AT seience, in knowledge representation,
problcm solving, and machine learning. To recogmize and illuminate this
wend, the Ardficial Tnrelligence Journal in 1978 sponsored a special issue
on applications of arlificial intelligence.

Corvespondence o0 EA. Feigenbaam, Knoowledge Systems  Laboratory, Departenent
of Compuler Science, Stanford  University, Swanford, ©A 54305, USA. E-mail;

eaf@sumes-nin.stanford.edu
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Mastering Chess and Shogi by Self-Play with a
General Reinforcement Learning Algorithm
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'What to expect from Al in oncology
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September 11, 2018

Apple Inc.

% Doma-Bea Tillman

Senior Consultant, Biologics Consulting Group
Biologics Consulting Group, Inc.

1553 King St, Suite 300

Alexandna, Virginia 22314

Re: DEN180044
TradeDevice Name: ECG App
Regulation Number: 21 CFR. 870.2345
Eegulation Name: Electrocardiograph software for over-the-counter use
Begulatory Class: Class IT
Product Code: QDA
Dated: August 13,2018
Feceived: August 14, 2018

Dear Domma-Bea Tillman:
The Center for Devices and Radiclogical Health (CDEH) of the Food and Dug Admimistration (FDA) has

completed its review of your De Novo request for classification of the ECG App, an over-the-counter device
under 21 CFR. Part 801 Subpart C, with the following indications for use: 2 4 sec

The ECG app is a software-only mobile medical application intended for use with the Apple Watch |
to create, record, store, transfer, and display a single channel electrocardiogram (ECG) sinular to a | It he|ps to rest your
Lead TECG. The ECG app determines the presence of atnal fibrillation (AFib) or simus rhythm on a .
classifiable waveform. The ECG app is not recommended for users with other known amhythmias. Hold your flnger on arms on a table or

the crown. your legs.

The ECG app is intended for over-the-counter (OTC) use. The ECG data displayed by the ECG app
is intended for mformational use only. The user is not intended to mterpret or take chinical action
based on the device output without consultation of a qualified healtheare professional The ECG
waveform is meant to supplement rhythm classification for the purposes of discriminating AFib from
normal sinus drythm and not intended to replace traditional metheds of diagnosis or treatment.

The ECG app is not intended for use by people under 22 years old.

FDA concludes that this device should be classified info Class II. This order, therefore, classifies the ECG
App, and substantially equivalent devices of this genenic type, into Class IT under the genenc name
electrocardiograph software for over-the-counter use.

FDA identifies this generic type of device as:

.5, Food B Drug Administation
10903 Kew Hampshiee Avenue
Shver Spring, MO 20693
www.flz gow
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Real Test of
“Improving Outcomes
for Real Patients”
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The future of
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The All of Us Research Program is a his
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biology, researchers will uncover paths
delivering precision medicine.
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Al and COVID-19




Artificial intelligence for COVID-19: saviour or saboteur?
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Of 300-plus imaging-based Al models for COVID-19 diagnosis, zero suitable

for clinical use
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Qut of more than 300 published machine leaming models for detecting COVID-19 from chest Images, zero passed a recent

research review, experts detalled Monday In Nature

As the pandemic took hold [ast year, numerous publications touted the use of Al to help pinpoint the novel coronavirus on
X-ray and CT scans. UK researchers, however, are casting doubls on these claims amid concerns of "Frankenstein dala

sets," biases and methodological flaws




Al and e

Diabetes & Metabolic Syndrome : Clinical Research & Reviews

COVID-19
Taxonomy

* Early detection and
diagnosis

* Monitoring the
treatment

* Contact tracing for
individuals

* Projection of cases and
mortality

* Development of drugs
and vaccines

* Reducing the workload
of healthcare workers

* Prevention of disease.
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Prediction models for diagnosis and prognosis of covid-19:
systematic review and critical appraisal O e S
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Al test rules out a COVID-19
diagnosis within one hour in
Emergency Departments

o

11 December 2020

An Artificial Intelligence test has been shown to be able to rapidly screen patients arriving in
Emergency Departments for COVID-19, using clinical information routinely available within the
first hour of coming to hospital.

Results of the CURIAL study, published today in The Lancet Digital Health, show that the AT test

correctly predicted the COVID-19 status of 92.3% of patients coming to Emergency departments at

the John Radcliffe Hospital in Oxford and the Horton General Hospital in Banbury during a two-
week test period. Compared against results of laboratory swab testing, the CURIAL Al screening
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Al and Medicine and Regulation




Medical Device
Classification

TABLE 1 Classes of Medical Devices

Risk Regulatory Pathway

Class | (e.g., gauze, Low risk of illness 75% are exempt from approval
toothbrushes) or injury

Class Il (e.g., suture,  Moderate risk of  The majority will have to go through a PMN
needles) illness or injury application

Known Class lli Significant risk of Has a predicate device  Does not have a
(e.g., pacemakers, illness or injury and may be able to predicate and
ventilators) undergo PMN rather generally must go

than the full PMA through the PMA
process process device

New devices classified If low or moderate risk, investigator may petition
as Class Il by to have them classified as "de novo" devices,
default and they may be able to undergo a PMN

process rather than full PMA process

PMA = pre-market approval; PMN = pre-market notification.

Source: Gail A. Van Norman,
Drugs, Devices and the FDA:
Part 2




SOFTWARE

MED DEVICE

software in a
medical device

MED DEVICE

SOFTWARE

software supporting
a medical device

SOFTWARE
+

MED DEVICE

software as a medical
device

P Sierral abs




SaMD — FDA and IMDRF Risk Classification

State of Healthcare
situation or condition

Significance of information provided by SaMD to

healthcare decision

Treat or
diagnose

Drive clinical
management

Inform clinical
management

Critical

IV

I1I

Serious

111

11

Non-serious

II

[




Digital Health Software Precertification
(Pre-Cert) Program

¢ W * From premarket
evaluation to
Developing a Software Precertification Program: evad I u at| N g com pa ny

A Working Model

r = and product

v1.0 - January 2019

 Periodic to continuous
oversight

* Primary manual
review and
incorporating new
tools




Organization-Level
Analysis

. Product-level &)  Excellence Appraisal

Analysis

Demonstrate a
Culture of Quality
& Organizational
Excellence

Real-World
Performance

Pre-Cert Total
Product

Verify SaMD’s Lifecycle (TPLC) '

. @ Review Determination
continued safety, S

effectiveness, and

performance Define product

claims

Verify arg’s commitment

to culture of quality and Streamlined Review |
organizational excellence (if required)

Product reviewed to determine
reasonable assurance of safety
and effectiveness

Figure 4. Total Product Lifecycle Approach of the Software Pre-Cert Program




Contains Nonbinding Recommendations

Deciding When to Sub-m-it a Slﬂgk) for (3) The device is one that the person

a Change to an Existing Device currently has in commercial distribution,

Guidance for Industry and but that is about to be significantly
Food and Drug Administration Staff - o . .
Document issued on October 25, 2017. Changed Or mOdIerd In deSIgn’

T datof i document was snecon Augas 5, 201 components, method of manufacture or
o e m.::”:";g 1;;";‘” o Chanse intended use. The following constitute
s ot s i g DG ot s it 100 S significant changes or modifications that

301-796-5640.

require a premarket notification.

10 act the Office o
‘Communica uon. Duh'e h.'u:LdD lc}mem:OCOD) ll 800, S? 47(l°or 240-402-8010.

(i) A change or modification in the
device that could significantly affect
N the safety or effectiveness of the
"’ﬂm device, e.g., a significant change or
on modification in design, material,
chemical composition, energy
source or manufacturing process.

(ii) A major change or modification in the
intended use of the device.



) ID Which patients have IDx-DR: Al-based screening tool
X diabetic retinopathy? C@ DX for diabetic retinopathy

|dentify patients at high risk for
vision loss

- Fast and efficient with immediate results
- Easy to use, requiring minimal training
- Validated with FDA clearance and Class lla mark

An algorithm with

the insights of an
ophthalmologist

Developed by leading retina specialists,
IDx-DR is an automated diabetic

retinopathy screening tool that is easily
incorporated into your practice.

Trained by doctors for doctors

The IDx-DR software scans retinal images for the
same signs of disease that a clinician would, providing
results in seconds - no human grader involved.

\ \ - Proven to be effective in real-world
clinical workflow

0
\
\ J/‘ - Results in less than a minute
* L,/ ] - Clinically validated with high
-~ —— N sensitivity and specificity
IDx-DR knows.

You can screen patients for DR during a routine office visit with IDx-DR,
rigorously validated with FDA clearance and CE class lla mark

More information at
Info@eyediagnosis.net or
www.eyedlagnosis.net

ww.eyediagnosis.net

MSL-038-R:B-BC




What is Intelligent Care Coordination?

Viz.ai alerts multidisciplinary care teams earlier in the workflow, coordinating care by connecting frontline health

<

care professionals (HCPs) to specialists facilitating efficient communication and coordinating «
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(V. = SAE J3016™ LEVELS OF DRIVING AUTOMATION™

INTERNATIONAL. Learn more here: sae.org/standards/content/j3016_202104

Copyright © 2021 SAE International. The summary table may be freely copied and distributed AS-IS provided that SAE International is ackno as the source of the content.

SAE SAE SAE SAE SAE SAE
LEVELO"J LEVEL1" § LEVEL2"§ LEVEL 3" § LEVEL 4§ LEVEL 5"

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver’s seat”

You are driving whenever these driver support features

are engaged - even if your feet are off the pedals and
What does the you are not steering

human in the
driver’s seat
have to do?

When the feature
requests,

These automated driving features
will not require you to take
over driving

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to
maintain safety

you must drive

These are driver support features These are automated driving features

These features These features These features These features can drive the vehicle This feature

are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
W?attdo thgsc_e) warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration acceleration
assistance support to support to
the driver the driver

sautomatic s lane centering *|lane centering s traffic jam s local driverless *same as

emergency OR AND chauffeur taxi level 4,

braking « pedals/ but feature
Example “blind " *adaptive cruise | *adaptive cruise pt : can drive
Features e control control at the ST everywhere

warnina wheel mav or



SCIENCE ROBOTICS | EDITORIAL

Operator perforre
alltasks including
monitoring
genemating
performance
optiors, selecting
the optionto
perform (decision
making) and
erecuting the
decision made,

No
autonomy

Operator
mairntaire
cominuows
controlofthe
systemwhile the
robot provides

cernainassistance.

Robot
assistance

Operator
maintaire
discrete cortrol
ofthe systemn,
and the robot
canperform
cenamn
operator-
initiated tasks
autormatically,

Task
autonomy

Operator
selectsand
approvesa
surgical plan,
and the robot
perforrmsthe
procedure
autormatically
but withcloss
surgical
oversight by
hurman.

Conditional

autonomy

Robot isable to
make decisiors
but underthe
supervisionofa
qualified
oparator,

High
autonomy

Fig. 1. Different levels of autonomy as mapped to robotic surgery. It is possible that technology may advance faster than regulatory, ethical, and legal famewaorks.
Risk management during implementation is critical to avoid backlash that would impede progress.

No hurman
reedsto be in
the loop,and
the robotcan
perform an
entine surgery.

Full

automation

Source: Yang, et al. Science
Robotics



