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1049 7121 2012, A mjo] 2 A]2~El(Sun Microsystems)<] %E'P"*Z}OIZP AR WA T2}
H|:-= F<Z2KVinod Khosla): w|=k dAAlo] wlxHE=9] =3 A~(Rock Health)7} 331 9
o e AN “T]AH 7} 0HAES] A= Uﬂiﬂfﬂ?ﬂ g AArolgha ) & =g
70 Aol QItkh 1 $2 Q1A 7|ES wEA Hste] thekgt o okl 9
Toll E&EaL Tk QITAT daglFoe] v Qs Hal ke WS
wo|RTh ¥ AGgstA o538ty @it Gi ARE o]8ste] Agmh] B 9
st QJskrke] AR} 7% HolHE SiEnitt AAzte R A4St HfdF
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Lo,
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QAT 71 WL o= MhelHN AFL FF JRE FEFORN JuE A
S olzAulse] A2 AL oz AYE Qeke oju] ve] omylgke] 389 lo]
Be] 3¢ B4 5ol AFASS BEHT Yrkn FD WA AFATo] SJsold BEHE

Aol Hop= o8 94 H-X(medical image analysis)¥} A} JAFAA #]Y(clinical decision
support)o]TE8) o] Adolut WE|et &Sefol=g Aste] M EiS Fal, S| o8 7
55 BAsl] s dgs RUAY dSAnE ATdoEn Y A As =
°]iL LFE FAFE IS 3

ATAE 8 Agshe A9l omxle] Hde oAt
Al Al U AdE 7S Aol Atk oM ® wwRle] A-nAd AAE= QlEAls 9
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oxl
tjo
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o
o
of,
2
i

1) Liat Clark, Vinod Khosla: Machines will replace 80 percent of doctors, Apr. 9, 2012. Wired, available at:
https://www.wired.co.uk/article/doctors-replaced-with-machines.

2) BALRFel AeATE K, AW oS, Fddmeld FARA, FERE JgdT N g8
MRl 2373 B AREIEA] ARle] B8 HE, seRAs A% 2745 Sl 28 215} °1°L°§, “wA
orolde] AeAE A8 e WA A diF AW, T@weE
40~447H.

3) Jessica Hamzelou, Al system is better than human doctors at predicting breast cancer, New Scientist (Jan. 1,
2020).

4) BMIJ, Machine learning (Al) accurately predicts cardiac arrest risk (May 17, 2021), available at
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https://www.bmj.com/company/newsroom/machine-learning-ai-accurately-predicts-cardiac-arrest-risk/.

5) Eliza Strickland, Hospitals Roll out Al systems to Keep Patients From Dying of Sepsis, IEEE Spectrum (Oct.
19, 2018).

6) U.S. Food and Drug Admin., Proposed Regulatory Framework for Modifications to Artificial Intelligence/Machine
Learning Based Software as a Medical Device (SaMD) 2 (2019), https://www.fda.gov/media/122535/download.

7) Jessica Kent, One Third of Orgs Use Al in Med. Imaging, Health IT Analytics (Jan. 28, 2020),
https://healthitanalytics.com/news/one-third-of-orgs-use-artificial-intelligence-in-medical-imaging.

8) Frank Griffin, Artificial Intelligence and Liability in Health Care, 31 Health Matrix 65, 73-78 (2021).

9) Ibid.
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4, A o157)7) ARl A PHEA H-AFAS 2EE] 5 olE FAoR
%‘?303—? 63 A25(2017); DT8R, “eAs Juwst WA, Td=omisEA], , 1283

1) Z:‘%? “°‘**lb 7k e7)Ea nle] oAl A el =8 Y dwrrE AR, TEAF
HAE, |, AI85F(2019).
& =l Al dAE 7Rl eAlEs Rm)7] atAlel distels BRA etk frie] A AT
o7w7)7] A #sle]=, Timo Minssen, Sara Gerke, Mateo Aboy, Nicholson Price & Glenn Cohen,
Regulatory responses to medical machine learning, 7 J. L.& Biosciences 1 (2020) %=
13) W}, “mARA S AN GGy welel ololsk WA BAP, MR, AT4Y
Q0I7) (BAROR AZAS SR/ el mQsl S Q1gAs o)87))s B FANA, A
DYA ol5E ERA RSy WANAAR, UFANS @ olnaslsl WA
MAE, L ATAPQOIT) (QEAS ARS8 BAA g 94 Q8% dEs|E Beshe olmd
o B4} AN BT ARAN WAT & U WA BAE Fa el A
“wAEd AEAS AATA) Goe) elvlsh WA A el olmaa AL %
22y, A635(2017) (AR AEA wAled AEA T Folehe Aol Alsle AgAT dwr|7E
ks ool A9 s GG ol sl B e A AR AP gk
B, AUST ABEQO) (AR QFANS Felha AVlEe WA, ASA, &2 2
S1EA VoI, oI5 Alo] Sl TS Aels] A ABAIS) SRS S0 f%ﬂﬂsih A
2141 AUF2020) (5 ALS} F523] o83} wIstel Aele] 7% FAIS T,

12)

2y
QF
=
)
_?f,
3
)érl

o)

14

=

219 00



HW AR A29H 43(FH N992)

Aol g olshE 7] SAstel AgAS ARI1S) Aol P FARGOzAS] By, Fuhs)
A ol3 % ok SEEA e FAES AR AolRrh T T R(IL), AFAS 9]
718l QAFOR Qste] BAIA LRE A3k WA AS 1 AYS ofgA wjE A
2] psto], AAH Slgated) W AgelRel A9, dnslne Ae, AFAE w7
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2l 5 A FRAR,
8717 AT AEAH EAQD A 57179 A=A f(International - Medical  Device
Regulators Forum, IMDRF)®] Ql&4]s ©]57]7] A% ZL5(Arificial Intelligence Medical Device
working group)> F &9 TUS flgte] deAT R8I Al TEF AFMS e
W9 g QA GRS O o FolAe 9 ARLE AEow koE W]
= 05 9 AR tharl A el U8 g i S 3
% 5& AES R A ofolthio) Q13A5e] Sl 717
&15(Machine Learning, ML) 78 arg|Fo] ddo] Z2gyslx] ool rﬂo]a% &l
ato] 54 FAltaskys L 7 A sk ZlEolth!) ZIASEMDE SRSl Held
(Deep Leamning)> ZASFEI7F Wogk ko] dlo|ElE F3lWA 248 S5l s}f Hpl o
218 T FHFE] B (Computer Vision)o]L} 2Fo1o] 3 Z](Natural Language Processing) - A]
HloFA] 7] drdo] I wofolAw, thE o s 7P B (opacity)o] AR A4
e Ropol7|k drh ZAISKGS ol8e Ve &3] AFAGAD = ATAS/7)AgE
(AIML) o2 dZA7| = sh=t, e=7]7]ell 7IAI%ks 71ss AESAR 8], 5 7148

_04[4_1]1

O

15) IMDRF AIMD Working Group,  Machine Learning-enabled Medical Devices—A Subset of Artificial
Intelligence-enabled Medical Devices: Key Terms and Definitions, 16 September 2021.

16) Ibid., p.4 (“a branch of computer science, statistics, and engineering that uses algorithms or models to perform
tasks and exhibit behaviors such as learning, making decisions and making predictions”).

17) $1¢] = (“a subset of Al that gives computers the ability to learn without being explicitly programmed®).

18) ¢1¢] = (“[a] subset of ML: enable computer to teach itself by exposing it to vast amount of data”).
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2]5.7]7](Machine Learning-enabled Medical Devices, MLMD)= 24| AFRE= SHHA HES
Falo A5e FAT & ke Aol 1R 2 Aok o] FolAE F O He el
AeAs g r7lE v o, A, Ao F2 ZAV He AL deAle

o5717] = 71Asks 2571719 571 4 Aol

2, A dFez2A9 AFAE 97717]9 EA
Ak mA7lE ofeh 2xEge] oE7)l9) e B A 5

A& 7HAL ok A WA 58S EFE A (opacity)olth. e AT SB717]6 ARE = dane]

o QA oL Aol oI GAS LA B olAY G, I % o
_Q_

shohs S T3 AeAls ABIPI7F AR AR e A, 5 AR dHoleE Akl

= =
T duglSEe] WalelA] %= 9B A 97 7]7)(locked device)’glal 21, AE S
o[ElE FslHA 1 dargFol Mglshe o|mr)7]e “ASdke ©]57]7(adaptive device)'2tal

2t} vlgE o] Al&3sle] W3lsli=(continuous learning) £ wjiol| ¢1¥X|%5 87|79 A7}
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19) 91¢ 2.

20) Q1FAT 987]7]9 EFHA B3l =92 W. Nicholson II Price, Black-Box Medicine, 28 Harv. J. L.
& Tech. 419, 421 (2015); W. Nicholson Price II, Regulating Black-Box Medicine, 116 Mich. L. Rev. 421
(2017); Boris Babic et al., Beware Explanation from Al in Healthcare, 373 Science 284 (2021); Boris Babic
& Sara Gerke, Explaining Medical Al is Easier Said than Done, Stat, 21 July 2021, available at:
https://www.statnews.com/2021/07/21/explainable-medical-ai-easier-said-than-done.

21) Griffin, 919] =, 82~83W (YeATe] HIHE Held & de oFE 54 Adxdel Arux
(under- represenatlon)—?l 3 dFEEE A Hole 3, A} 2 s A&H= Bg NEAU A
fx}o] HEFS wkdsl= -5 AFS)); Ziad Obermeyer et al., Dissecting racial bias in an algorithm used
to manage the health of populatlons, 366 Science 447 (2019).

22) Latrice G. Landry, Heidi L. Rehm, Association of Racial/Ethnic Categories with the Ability of Genetic Tests
to Detect a Cause of Cardiomyopathy, 3 JAMA Cardiol 341 (2018).
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‘contextual’ bias)= A2 4= drh23)

St SJsrlze] Age BE AFA
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ool E olsh Be ATAE 719l BANS neld o QTS ARSI

o7 Ahap sp7] 91 =8 vt feuet fF Auich

3. AFAE A=71719] A9 A3t

JATAs =71715 oARA 1A AMA el &gk =0 A Al DA tro] Ay
Ark. A, JIEAE gm7I7I7E FE AZE 0 FHE Wrke Mo, AZELE 9=
71712 EAste] A4 og5717)e] tigk A4S AL AAAF BAEHJUG R, AXE
dofel B aefste] 7] mr)] qfAleh v RS WAS aefdljof shexd digh
aRle] UQAet. mpA o R, Al Fof] A ARSls Bl A AR dlolE o] garo] A3}

=(adaptive) ¢1-5A]
& Zolt}.

olr
1o,
7l

71718] 4% A4 A getol FAAA thetel AFE =97} 7

(1) £ZEHoj= =r|7]d ZF=E7}?

ujspo| A oj57)719] ekdAS fEehe AW AR Ao oREedH(US. Food and
Drug Administration, FDA)o|T}. 193813 <30} A]3%-o] o231 411 (Food, Drug and Cosmetics Act)©]
AREHEA om7)7le] tigk Ade] EYEHAo, BAXOR og7]7]9 hdute] ATt =
g AL 19761 9]77]7] 7§ H(The Medical Device Amendments)ol| Al SF55F A A9} 4

I

1l

2l
A o877l HE Al A BEAd 22 frpEG0lK) 2 P ogy)7)e] et

ol &
A3 A H37} A% (Premarket approval, PMA)E =sPAA] FE TR 257]7]15 obdAdT}
240 gk 8 Axd] wkg} 3719 53 (Class I, Class II, Class )2 Vil 1 5539 u}

2 o} QAT AAE AR AR 88 20X i Agsh frk 15H(Clas D o)

23) W. Nicholson Price II, Medical Al and Contextual bias, 33 Harv. J.L. & Tech. 65(2019).

24) S114 AFE SHE elE QA olwT|VeA A Polof & WL ulR W eKcybersecurity)
FAloleh. QFAS I Fo FATR] £EEGRA JE YN} Akl A48 H97} B, 4
o skl Adzk 5@ ols deleE therlel Aol #2e] EAo] w7] 4tk ek et o)
A% dagEe] YAS HHS vl AA ZA(adversarial attack)ol] =29 7FsAE k. o] 2
A A3AE Jgs7lel wek el Ba A B BAM el Are] PEshY, of FAls
AT =r)7), o SAlE AZES0] onY)7|e] AR FUeE s o W2 #ile] AT oS

weysict

25) AW I xR, DA BReIAY Sur)7] AEAlE AAHRE A, THEIeEAT , ARSY A4S
(2019), 10.
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7171 vl giestm] Qe PsHAl AREE o] & F1oEA], Y4dAHtongue depressor),
Zol(arm sling) 5-o] ool %L %*J *lﬂ& % 7ol HAETE 25H(Class 1) 2]57]7]
= kA fradel dig 7t 1e9 87 )7lel vla) 2 AeEA, dEd HE, Aol

7IAl Tl &7 eoldl g3, 510(k) @_i}a]r% vl A 2k Al 2 %7F B De Novo
classification AxROE 7% Aol UeA €k 35E(Class ) o|5717]= 7P 943 Al
7 3]7HPremarket Approval, PMA) A2E AXE=E =Hof =, AHS FASIAY, 774 2
WA $83 QTS she A7), e Aol Aale] nlgeAel AdS obldhs A=
7171, At A8 A 4% 7)(implantable defibrillator) 728 Z-$-7} olo] sj@datti2) ¢ 19761

HellMe= 871718 Boske 118S FaL =) AZE o7}t a7l sfdeh=A] of -
7b F83 olfre, EIVIE ¥AEw w3 gE717lel oish Al (pre-marketing  and
post-marketing)©] 1A gk 1147} A-&5]7] wiEo|t}2)

AXEOP7}L o A o] &E= 9Tt W] AWA, Ao iAlgEEe] oR &
Aol £ZESJAE ofdA AT AAA ] dsl] s 7] AlAEITE 53] ERAe] A
TESo] F 7l rAl ddoR Fds] FIFEAY nT|7]e] dREA ] AZESC]
(Software in a medical device, ©|3} SiMD)’, S 3l=do] g=2r)7]e] AR dRE oF e &
ZEYo] o, ‘Er]|7|EA e AZEYo](Software as a medical device, ©|3} SaMD)’,30) =
st=dlo] 987718 dFE o] FA CL%L% o5 HAol AxEold ek avtA A7l st
the dl Z=r Alg=Ee] A4S Zolsisith S Al 57] 719 Al B A - (IMDRF) ] SaMD

m°1'

H

26) De novo classifiation A2}k 7|&0) 7P 53k o|57]7|(predicate device)7} $lE TAAHL 9)&7]
710 ALE = AAEA, ol T 15w T 25w 28772 B2 4 9tk FDA, De Novo Classific
ation Request, https://www.fda.gov/medlcal—dev1ces/premarket—submlssmns—selectlng—and—preparmg—correct—submlssmn/

-

de-novo-classification-request.

Q771719 B5F9F AFd HxJol| thstel=, FDA, How to Study and Market Your Device, https:/www.fda.

gov/medical-devices/device-advice-comprehensive-regulatory-assistance/how-study-and-market-your-device.

28) Food, Drug, and Cosmetics Act (FDCA) Section 201(h)(“An instrument, apparatus, implement, machine, contrivance,
implant, in vitro reagent, or other similar or related article, including a component part, or accessory which is:

27

-

1. recognized in the official National Formulary, or the United States Pharmacopoeia, or any supplement to
them, 2. intended for use in the diagnosis of disease or other conditions, or in the cure, mitigation, treatment,
or prevention of disease, in man or other animals, or 3. intended to affect the structure or any function of the
body of man or other animals, and which does not achieve its primary intended purposes through chemical
action within or on the body of man or other animals and which does not achieve its primary intended
purposes through chemical action within or on the body of man or other animals and which is not dependent
upon being metabolized for the achievement of its primary intended purposes. The term "device" does not
include software functions excluded pursuant to section 520(0)”).

29) Timo Minssen, Sara Gerke, Mateo Aboy, Nicholson Price & Glenn Cohen, Regulatory responses to medical
machine learning, 7 J. L.& Biosciences 1, 4-5 (2020) %%

30) FDA, Software as a Medical Device,
https://www.fda.gov/medical-devices/digital-health/software-medical-device-samd.

223 00



HW AR A29H 43(FH N992)

ARl 013ERE H% AEIOREFARFDAN] FFol o] SMDl g A
29 Aae] ol=rae vt

n)2e 20159 214)7] X ZH(Q21st Century Cures Act)S #|A43}e] 430 oFE 8|41 (FDCA)
oM Asl= owr]7]d TepHe AZEole] WS Bt o] sigirk 9 M F44 7]
oo Adahs AT ES0], 173E gl Aud S sk AZEY ], AR RES Helst
= AXE ], HolEE MF-AF-skshe ATE ], Tgja 9% 20S wEshe o
AFAA A {(clinical decision support 2TESOIE A gldell Al AQ)skoitt) gt vla 2
FOREAIATDAS 7o|=21E Ba) AZAE A7 9lR Al 485E 4 oA}
49 0t AEEoRLS ASATE 93 WaKe wan

Ul A 20039 o2 7]71Re] AgE ol Smr]7]e] Al H g Al F
o] SPRA-fradel w7t ol oA gk, 2018l Vet A4 VS wigdte] o%
1 ARz elgrl7le] golol 2Rl BAHeR Fae e ol 1o
W 2017l Ao} AA Az el udolelsh ABASAD JlGo] 48d ol
29l SR FolElR), & slEiste] S|Rg AZEdlo] SRl el ofs
N8R s nelslel FRHo B Walw, o|rslel AFse 2TEgol
o) Wisk PAR e AN o) o2 s ool sk orH, AelH
Z|ZHE U A, AR SSAIRRIAA, H )0l e dd B Alade
Heje] Au- A5 WA VPIRG ATsHe ATEdokz o171 s, )2
YA AL, S BE Adshs AZEYoY - wA B AR A7

o,

FU
.

31) IMDRF SaMD Working Group, Software as a Medical Device (SaMD): Key Definitions (2013); IMDRF
SaMD Working Group, "Software as a Medical Device": Possible Framework for Risk Categorization and
Corresponding Considerations (2014); IMDRF SaMD Working Group, Software as a Medical Device (SaMD):
Application of Quality Management System (2015); IMDRF SaMD Working Group, Software as a Medical
Device (SaMD): Clinical Evaluation (2017).

32) 21st Century Cures ACt, sec. 3060.

33) FDA, General Wellness: Policy for Low Risk Devices, Guidance for Industry and Food and Drug
Administration Staff, https://www.fda.gov/media/90652/download.

34) o517 ARE(AL)

@ o] HellA "J757)7]"gk Aol w=olAl W Ee 23] ARE= 71T VA AR AR
AZES0] Ex o8 AR AlFoEA U 7 39 o shuel Pk Al wRth thh
opab, o mHE SloRE} SISFIE W Pgel A, Aeszel mhE ejlnaslT F o
G- BE7(HEs) = ALk
CANE A AR A AA B Gl SRR AREE AE
%

1
2 () T P QAT -
3

TE EE 75E 4
4 QA 29T BHOR ARHE AE
35) AF|FEAA, WElolE % ABAFAD 7o) AGH ©|871719] S7FAIAL Fel= ekl ALl e

), 2017.
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B 2xES ol o|27]7)d] sgalA Tk
oabake] Ao olgv7) sdetA HW AFREA D} oA ux= AxE aiwe)] wet
=g 45dor RS SEd met a7 Qe baA) ARH o Hank |
F ORI O] A3 el 255 SRs)le elwsl|duge] A5g woloh
W, 35 @ 45 ARVl Aokl a7k wolof Atk Tt o] <lskE we ol
2 e ATAEA o] $AHOR FEAA ¢ e A Aw A

oA &712 u] 8k lRlw HIhS AR ok gt

2

(2) 2ZESolo] B AL ofuslof 7

ol

OJAH W= qrAGTE G R AXEYOE oRTV|V|E Hol jtAlE|E 3§t
Ao, 71E] =Y %QA ﬁ%ﬂ TAA o] AZESO onT|7ld= AgsHA] Gtk
TAZE FESSE ARl JiitE A EYY oiwv)7|d 7]Ee] Al#A 3] 7HPremarket
Approval, PMA) Hx}2 & #Ag&abd Ywr) W ATEY 0] 87|7|%E A 1}97]
ojel9] gxtso] FEE E o U dAvke Aotk

ol gk EAIHE AT ml= Ao ORI H(FDA)S: 2017 A ESO] oJ57]7]o thgt
AP QIS(Pre-Cert) X2 1E AHA & AAISIITEAD) o] Zradle i AFo] 24& Bt
7] Bohe 4 Vs 55 719E APRIE stk Aol i;ié%lﬂfﬂ A7,
|- B, AR, 7199 E 55 B4 et AR

1

=
Fozm v A HeolHE AEdhale A I AT 5 =S ok, 1 Foll Al

N

e

Oﬂ dldshe AxESol= 7 olug WHoHE Ve R RS RAste] AL I E(el:
¥ =27) H S olgstel gt A A A Tl diEt ke s Aeom Ao,
1%}714 okg 2xEgolsh 1} 258 HuolHE Mo ougd, Aeid 77|=rE 1
Az, *in‘ SAERIIRIA, Al S e | B Alds wAsle] ddkAEel 2a
b ol Zé,£~ Agshe AEESOR LME} g fm)7lel sFehA W ClnE AEESeRE R
| WA A, A 5)E *l Aohz ALES], oA B LA A 54
9] *METJM W AT EH ] MLE"JM W AR S WA gl AR wE] SA9] ArE
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91) I. Glenn Cohen, Informed Consent and Medical Artificial Intelligence: What to Tell the Patient?, 108 Geo. L.
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92) Ibid.
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101) o]Z7)/0)A1E, 99] &, 273%.

102) Scott J. Schweikart, Who Will Be Liable for Medical Malpractice in the Future? How the Use of Artificial
Intelligence in Medicine Will Shape Medical Tort Law?, 22 Minnesota Journal of Law, Science &
Technology 1, 16 (2021).
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113) Robert L. Rabin & Alyssa J. Picard, Reassessing the Regulation of High-Risk Medical Device Cases, 68
DePaul L. Rev. 309, 322-23 (2019); Robert L. Rabin, Territorial Claims in the Domain of Accident Law:
Conflicting Conceptions of Tort Preemption, 74 Brook L. Rev. 987, 995 (2009).
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121) Jim Hawkins, Barbara Evans, Harlan Krumholz, Nontransparency in Electronic Health Record Systems, in
Transparency in Health and Health Care in the United States 273-85 (Holly F. Lynch, 1. Glenn Cohen,
Carmel Shachar, Barbara J. Evans eds., 2019).

122) Andrew D. Selbst, Negligence and Al’s human users, 100 B. U. L. Rev. 1315 (2020).
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[Abstract]

Legal Challenges in Deploying Artificial Intelligence in Medicine:
Focusing on the Evolution of Regulation and the Distribution of
Liability

Park, Hai Jin"

Technological advances in artificial intelligence (Al) are transforming health care by assisting
healthcare providers and improving patient care. However, Al medical devices may err and adversely
affect the physician’s decision-making, resulting in patient harm. Therefore, regulating Al medical
devices and allocating liability arising from algorithm inaccuracy is critical for patient safety and
innovation in clinical care. This paper provides an overview of the three evolutional stages in
regulating Al medical devices and highlights the remaining issues for the regulatory agencies to be
addressed. Moreover, this study considers multiple stakeholders beyond clinicians and alternative
policy options in its liability analysis and identifies questions that call for deeper investigation and

discussion in the future.

| Key Words |

medical artificial intelligence, artificial intelligence medical device, medical device regulation, medical
malpractice, informed consent, duty to explain, product liability
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