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ol 22| % (artificial intelligence, AI)"9] &80
g A B AFAE 71eY 4l o
a2 Uhdo] Lojuha ok, E3] Begle 7)ute
2 8l AFA T 718 oE 4 Y tFY
do|HE &8sto] Fo|% ZAE 2T + 32
o, o YolZbA e 7]& 2T 4 §lod o
HAE A2 5 Y FHLE FEUHT 9
HAYE gYoHe dFAsS E8317] Sg
AN=s ZEsHA o]FofAL Ytk o & &9 &
#d 7H 2 F5S OYd BAY9E 2oF gFA
5 % 39l IBM Watson for Oncology+= 2016
| E2AE e 2kde] A F(natural language
processing)? 7|M& 43t IBM Watsone 7|
ol mAA] xol= A A s 4] &
SHA Zotgldh, shA Q15417 % (artificial
neural network)& 83t g2 719 &3
g2 AFA o] AEdFNA EHH0RE &
£ 4 9t F5AS Rol2T 9,

RA9E Bopr} Bt Qe ofel BAE
AFA = &stee A=t SstA A
A= ol F sholtt, AP Qg 7
£8 9 9gH VIR 8 AA=S FHeE
A - B ALY 2RI} G| FHOR A
St Qi meEkA HAYE AFA TS Y
298 B5E g3ista 9g5H| A& EolH,
18} gEo] HS At AgE 7 FoE
A 214171 83} AR A &7Hs S FRIA]
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7l 98S AR 7|dEaL QiTH2],
A5 d87]719 &§ S AT EY 1|
o A& kLU S, Food and Drug Adminis—
tration, FDA)OJAE= 20229 10¥ 7|& 2&XA
s Y&717] 521071 A=A (3], T AlEe
FEZFHA A= 20224 1Y 7]F 13971 <l
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o, HARYY AFAEol et HA
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2] &93 o|¢E AnE AAHE fES HE
3} sto] FE|¥Ro] oA AEE & U=AE
A%k AL S Fogt BAHL & 5 S
o}, o]l dollAe FeolA WHE F8 2
42 dY AFAT & 7ho|=loA AAE
93 g 2 28 1 F Fag S Al
3t % olqr, 93], Age] S Fol £ g
== 24t g, o]l o 5y HAYR
TATYY & 7hol=gkel i 2 AWdA
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1. 2= EH 2SK|s =2 HE =& Ity

™A Web of Science, PubMed S04

(Table 1) Number of publications by country
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< 570d(2018~2022) THPES L= 7
Aof AM WHE AHESHTE 1XAE "medi-
cal(healthcare, medicine, health)”, “artifi—
cial intelligence (machine learning, Al, deep
learning, algorithm)”, “ethics or guideline”&
BURE topicO2 3] A AR, o]
A1} Web of Sciencedl|A= 61674, PubMedo|
M 63679 7HgEo] AMEL, ol

A9z AFAS 22 "olF o] Bl Y
=, o= A= I9E Qs B gl R EE

Y 29E F A3 U o8 93, Hoe
FAo7 23 % 12979 BAL 75k

278 12049) $9) 97, BIN BASS
ZA/A7N, AR —AREA| T ED),
u e, HgRT, S, A A} A
S0 BRSQT. E47 BUSY At
A 2L ASIFT P8R AT R (Table
13} 2t

AAH o= v A BHEY EHo| 3670
2 7h weken, 4 717 2 24 A8 A

Country Count Country Count Country Count
United States 36 France 3 Iceland 1
International 27 Germany 3 India 1
United Kingdom 20 Netherlands 2 Ialy 1
European Union 10 Norway 2 Korea (Republic of) 1
Japan 4 Singapore 2 Russia 1
Canada Australia 1 Spain 1
Finland China (People’s Republic of) 1 United Arab Emirates 1

Total 124
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o, 2249 U HaE £ 3 2774
of @t B F=olA 20708 b9 &
Zlo] HEHUI EUAE F 1030] TEHA
o 19 &, vt 99E, ZP3A WEd
E, =24o], A7tEE2 Fo] 742} 27 ol &
& TR 3ol =l HU.

T FA L2 Ao R (Table 2)9F 2o, 4
713, FRFE 1 717, 93 HaRa
& E)olA TR wHol 7H By 1 ¢
SO = 327 ERSH LT, I tha AHY
A, HFAE, BRI EoliH. d3AE
NS F=she 1719 2 719 9 & A
AN LS == D2l B3] Gxst=
Fol FEHHH.

ol 29 ME U&=

e T8
FHEUL, F 237 EFo| B Hofet
& e AoE IEUY, ol 23719 &3
=R o AFA T & 7hol=ekelef &
17] S8 718 02 ARG

AFHor Hyogel #Hdo] 21 A A
o Hi 7|EE HAL Sle 979 £4, 181
AFA T & TRt 7 WA Q85
+ OECD®| “Recommendation of the Coun—
cil on Artificial Intelligence” ¥ UNESCO$¢]

s FEd F uAdz

¥ Xﬂi*ﬂ = B3

re
o

rﬂl

i

op flo g tlo i

O

“Recommendation on the Ethics of Artifi—
cial Intelligence & E@’O}@] 2 11749 &3
S AAEGTH 1 BE22 (Table 3)3 Zt},

2. 598 23 X|s &2 #HA: ¥
(mapping)zt =&

F A2 290 @A ARE HAYE Q¥
«f ¥ 28E A, FESL 85 0F
ozl &84 99, 719E, 714, ¥&(ethical
domain, keyword, value, principle) 5& 5
Eoto] depstglnt, £ o 98 &93
o, &9 719E, 94 7], &9 93 §
ojo FHskt, WA AFA A7 o =3
oA FL35HA ?iT}”—I— e S93 99, 7]
e, 71, 93 & 553 3 ¥ A4A
ol w2 AEsIIH,

g, T2 29 ARk} T 20204
S E ojstu Akt Bk Skl AlE (Berk—
man Klein Center)oA #¥7Fst “Principled

Artificial Intelligence: Mapping Consensus

in Ethical and Rights—based Approaches
to Principles for AI'S #2349 tH16], o] &
oM 357 AFAT &2 Y3, 7ho|=akdl
& BA43}0] 8714 58 Huk(themes)'E E&
SHEAL, 2 Euof gt ARt e A H sl

(Table 2) Number of publications by type of publisher

Type of publisher Count Type of publisher Count
Government (Incl. legislative body) 38 Non-profit organization 16
Academia 32 Non-governmental organization 6
Industry 27 Forum

Total

124

4) 2 2F01M Field S0I MAISH 87HK| &8 H|Ot=

CHe ot ZCh A (privacy), 2#2-A(accountability), 21 HOk(safety and

security), FHAI MH7HsM(transparency and explainability), DSt BEAtH (fairness and non-discrimination), 71&0]| Cist !
2+ EX|(human control of technology), M22!1% 22l(professional responsibility), 217t 7kX] SXI(promotion of human values).
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(Table 3) Characteristics of the 11 selected publications

Year Publisher Title Source
2018  Future Advocacy Ethical, social, and political challenges of artificial ~ [7]
intelligence (Al) in health
2018  Nuffield Council Al in healthcare and research [8]
2019 Academy of Medical Royal Colleges Al in health [9]
2019 American College of Radiology; Ethics of Al in tadiology: European and North [10]
European Society of Radiology; American Multisociety Statement
Radiology Society of North America;
Society for Imaging Informatics
in Medicine; European Society
of Medical Imaging Informatics;
Canadian Association of Radiologists;
American Association of Physicists in
Medicine
2019  OECD Recommendation of the Council on Artificial (1]
Intelligence*
2020 OECD Trustworthy Al in Health 2]
2020  Ministry of Health, Health Sciences  Artificial Intelligence in Healthcare Guidelines [11]
Authority, Integrated Health
Information Systems (Singapore)
2021  WHO Ethics and governance of Al for health: WHO [12]
guidance
2021  UNESCO Recommendation on the Ethics of artificial [13]
intelligence*
2021  Council of Europe The impact of Al on the doctor-patient [14]
relationship
2022 European Parliament Research Service Al in healthcare: applications, risks, and ethical [15]

and societal impacts

* Although these publications are not specific to healthcare settings, they are highly cited when discussing the ethics of

artificial intelligence.

A A2 (principle) &l g A8E sttt
o[ Lo A= “Principled Artificial Intelli—
gence 9 HHES x5ty BHR Yy}
Ay BHPEL 402 287 Hul, 97 5L
A8t AES Aak= (Table 49 2},

3,

17) £8e AnE
o, ol4, 7H4, ¢

«“

N

|
2 =
%
(equality, equity, non—discrimination) (97)”
o] 7H RIMsHA A=t 1 g2 “¢%
AA(HSH, Ax1A)(safety, security, robust—
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(Table 4) Ethical Domains, Issues, Themes, Principles Covered in the 11 Selected Publications

Publisher

Ethical domains, issues, themes, principles

Autonom
(consent

Privacy
(confidentiality)

Safety Transparency  Accountability
(security,  (explainability) (responsibility,
robustness) human
oversight &
determination)

Future Advocacy
Nuffield Council

Academy of Medical
Royal Colleges
EU-NA Radiology

Associations
OECD (2019)
OECD (2020)
MOH, Singapore
WHO
UNESCO
Council of Europe

European Parliament
Research Service

ONON®

O
O
O

@)

O O
O

OO

OO0 O
OO0OO0O00O O
o o000 O

Publisher

Equality
(equity, non-
discrimination)

Sustainability
and inclusive
growth

Public trust, Trust in

multi- doctor—patient
stakeholder  relationship
engagg?ment

collaboration

Future Advocacy
Nufheld Council
Academy of Medical
Royal Colleges
EU-NA Radiology
Associations
OECD (2019)
OECD (2020)
MOH, Singapore
WHO
UNESCO
Council of Europe

European Parliament
Research Service

ONON®;

OO0OO0OO00O O

O

o OO 060
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ness) (871)"0] FI& ol¢len, "FRAA(HH 7
Al)(transparency, explainability) (774)”, “2
FAEAA, 7Y A5 9 AA)(account—
ability, responsibility, human oversight &
determination) (77)", A&7FsA, &8 4%
(sustainability, inclusive growth) (64)" 5
S5 AFHUT, A 2 7|UFA
(privacy and confidentiality) (574)", “AH-&A]
EZ (A 29))(autonomy, consent) (5A)” E
o a3 gl 3=

BE AREQA, B, C, D, B)Y EYE AA °]

£ BAYRE AFA5o| tpFofof & o]4, A3
SfjoF & 74A] 2 A of tfFt 7| =E BAYRE
oA AAH oz &83l7] fo|steE blo|
B 4% (data acquisition), 944 7 (clinical
setting), AF2]A &7 (social environment) Al
7HA Yo E Uirof (Figure 1) Zo] 2
shatoict, dlolgey FgolAe “Qlzte gigt
&% (respect for person)”, YFEE FHolA
+ "4 (accountability)”, Ar2H &7 F9
AL “2&7H5A (sustainability)”2] 7HXE
2 Hot2 sy =&3) Wi, gote] oi-g-st

Data . . Social
L. Clinical Setting .

Acquisition Environment

4 ™
Privacy Safety (Security, Sustainability

(Confidentiality) Robustness) (Inclusive Growth)

A >
I

4 ™

Eq”'t{‘l(‘f:'_’“ess' Accountability Equality (Social

Discrimination) (Responsibility) Justice)
A A
\ I
-
Autonomy Transparency Public Trust (Multi-
(Consent) (Explainability) stakeholder
\_ Engagement)
Trust in Doctor-
Patient Relationship
Respect for . ..
Sustainability

Person

Accountability

(Figure 1) Schematization of ethical themes and principles of artificial intelligence in health care

settings
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A A AF o 7 d3s SR 1
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2 WPy} o] 2ol 1 9lrt, 2018WHE A=
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H . General Data Protection Regulation)< 7}
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Abstract

The use of artificial intelligence (Al) in healthcare settings has become increasingly common. Many hope that
Al will remove constraints on human and material resources and bring innovations in diagnosis and treatment.
However, the deep learning techniques and resulting black box problem of Al raise important ethical concerns. To
address these concerns, this article explores some of the relevant ethical domains, issues, and themes in this area and
proposes principles to guide use of Al in healthcare. Three ethical themes are identified, including respect for person,
accountability, and sustainability, which correspond to the three domains of data acquisition, clinical setting, and
social environment. These themes and domains were schematized with detailed explanations of relevant ethical issues,
concepts, and applications, such as explainability and accountability. Additionally, it is argued that conflicts between
ethical principles should be resolved through deliberative democratic methods and a consensus building process.
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