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o HH : SRR °2|. (EZA: international federation of medical students’ association, 2020)
9l

#HealthWorkforce2030 i

Dt e
ealth workers illions
needed by 2030

Number of
)__J% health workers ——SSiG2Millions
ﬁ%gl—f’—’ we will achieve
by 2030

o|BH| XIE%

Global Shortage of 18 Millions
of health workers by 2030

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 013 2014 2015 2016 2007 2018 2018 2020
3 |

J|ES ESHSAIO|TOA

Patient Perceptions About Their Physician in 2 Words (JAMA Surg. 2017)

[A] Positive words 8] Negative words

Condaiummiing e = A
:::z?n:%z;é::tg!zuBs%gg
24

Unconcerned =" 0%

r stel !
170, doi: 10.1001/jamasurg.20
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“...this is where we are today: patients exist in a world of /nsufficient data, insufficient time,
insufficient context and insufficient presence. Or, as | say, a world of shallow medicine”

(Eric Topol, MD in Deep Medicine)

Expectations

Gl AlSarvins

Innovation ied Troughot
Expectations Disiluaionment

Slope of
Enlightenmant

Piatea of
Productivity

| S—
T -
ERIC TOPOL
=9 EFS | -| |J\ HA |-'—k|
— (o)
A= Gt O| Z AlH JHA 7
— Q7t8% £ U= HI0|E 2| Z31} H|0|E utste| &
24 al o|Otx2s EEO| HA
OFHUAR, MU SLEE =22 7o ZH: https://www.rbcem.com/en/gib/healthcare/episode/the_healthcare_data_explosion
Hype Cycle for Artificial Intelligence, 2024

Time

Aol e 2024

Gartner healtn perspective". IDC White Paper, Doc US42413318, November 2018: The Digitization of the World — From Edge to Core”.

36%
30%
26%

Healthcare ~ Manufacturing  Financial Media and Global
Service Entertainment  Datasphere

‘Source: Coughiin et al nternal Medicine Journal articie "Looking to tomorrow's healthcare today: a participatory
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Years from 2016
l‘) 2‘5 5.0 7'5 1 ?D 1%5 (?O 1?5 390
Full Automation of Labor T
(ANl Human Jobs )
Al Researcher
o I 7 } VS . 7 | 71' High Level Mia;,:w:;:':w;zl\?:;c:’ PY L
§ Math Resaarch e
5: Surgeon e
= Putnam Math Compatition e
- When will Al exceed human performance? Vi o ook T Bites ety T—|—[——— ——
Retail Salesperson ——
ly / lL / / Go (Same Training as Human) =
PLEHE BFHAA 1 .
— O
a 5 1P 15 ©20- 25 30
(= [ =
“...otOtE 2055GMEAE ol BA5°| £
£ UM SIS S HEl 50% ]
°ltd, (204 °kel TE U °iAR2(3 O s W I I I
RFEEBE s Ago| ojTtn BLCt” Ganarata Top 40 Pop Sang | -
Explain Own Actions in Games +
(MGX Tegmark, M/T) Wite High School Essay 1 — e
(ovtanSpaschy 1 T s
All Atarl Games + A
Assemble Any LEGO 4 p———
Telephone Banking Operator 4 ——
Translate (vs. Amateur Human) 4 —_—
Transcrive Speech + S e o gy e
Starcraft 4 —_—
Fold Laundry + ——
World Series of Poker 4 —1 1
Angry B i@ (Grace et al.; 2018
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Biology: USA Biolympiad (USABO) Semifinal
Exam 2020

SAT

Maths: Grade-school maths
(GSMBK)

Law: Uniform Bar Exam
)

{

Wine tasting: Advanced Sommelier (theory

Economics: George Mason Univarsity
Economics 321 Midterm by Prof Caplan

Quanium computing: UT Austin
Quantum Information

Medicine: Medical Knowledge Seff-Assessment
Program

Al 1Q benchmark
(MMLU)

Commonsense inference %

Knowledge. commonsense “*

'

. b ¥ . w—— 3 W = ™ = :
20250 st st v 0 et s et o s A i o e 9

= 31 — (@) —
I USAS9| Eetz ds

GPT-4 ChatGPT Answers Patients’ Online Questions
Better Than Real Doctors, Study Finds
s When Doctors and ChatGPT answered real patients' online queries, the Al was rated better 79% of the time. You
may be hearing from your Al soon.
By Thomas Germain  Published April 28, 2023 | Commente (1) o 0 9 e @
® ﬁ ; ;". .“‘3
N '

Communlcatlon interpersonal skills, Ethical scenarios (AMBOSS)
A Dot
beh: p (USMLE)
n, 4

proo umunm Stutterstocc com (Shumertock)

B

Al'may not replace your doctor but it will probably ing
2025-07-11 OlZX|s0| 2tEEE their emails, A study published in JAMA Tnternal Medicine Friday exisfined
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“The Society of Convergence Knowledge Transactions Vol.12, No.4, pp.145-158, 2024

- - o o SSN : 22878920

(I)_I _CID_Rl 61'. 7 I- gﬂL'-ﬂf Research Article zq;swaoi.om/luzznumzm.m.m1
W NS BB 2E0S BT TAS 2H0Y
Ash', Yol

'ZYAACHSE BRI 24, MACHOID 2B RS

A Study on Nursing Education using Generative Al: A Scoping Review

Haejin Kim' and Young-Mi Ryu?
'Assistant Professor, Department of Nursing, Changwon National University
2Assaciate Professor, Department of Nursing, Baekseok University

medifonews.com/news/article html?no=171396)

"Cotres W e n(%)
Receivi olg 2§ 5(26.3)
T899 s a8 12(632)
7]et 2(10.5)
FAEs 15(79.0)
T8 TA Bgs 2(10.5)
71et 2(10.5)
ek 4eAg 5(263)
ARPNY JoAg 4(21.1)
s - IR e 205
Ao deag 3(158)
AEdoldy FeAg 5(26.3)
bz 7(36.8)
L 2(10.5)
ABALL) 4T Free=y 7668
02 1 oS iy 3(15.8)

O I -/ | L o | 7 I' —_— 7_' 9 \ ORIGINAL ARTICLE ISSN 1225-9330 (Print) | ISSN 22884955 (Orline)
; ’\ [— 9 ( ) J Korean Acad Nurs Adm (ZHE B H R 8IX]) Vol. 29 No. 5, 564-576
L-O o o S DS hitps.//doi org/10.11111/jkana 2023 205,564

I ASYR S AP UBXIS M 7ty BY A7

OH|A| A ET_ nzg 83t ABA s oY 22EC Faot ona' ySF
QELQ_OI 7]- E_I-OOF ]- ?_I-'é‘_ 0010_1‘ ]II-QI- wgdeta dsde ey’ Gt dege et
EZAA, LA, S40HH I

OS3AMY = JOIS, SYTA B, Exploring the Applicability of Artificial Intelligence for
=) |:|9'._|'7‘|' '6_5 ]:rc_i I', E-QFE}—, the Improvement of Nursing Practice in Korea

=
?_I'-9—7|% Bz Lee, Hanbit' - Moon, Woojong? - Kim, Sla' - Lee, Jinhee' - Zhang, Yuzhu'
‘Graduate Student, College of Nursing. Hanyang University
“Assistant Professor, College of Nursing. Hanyang University

Purpose: Based on a literature review of artificial intelligence (Al) applications within nursing tasks, this study delves
InmeMImewthmmemmngpvmlnKoraamWaused "nursing” and "artificial

ask rds to search resulting in 96 relevant studies from an initial pool of 940.
After a detailed review, 35 based on nursing process stages. Results: Al improves
nursing by ing pain di: i fall detection, and movement monitoring in older adults. It aids

nursing diagnosis through clinical decision support, risk prediction, and emergency patient triage. Further, it expedites
the creation of precise plans utilizing predictive models in nursing planning. AI also forecasts medication errors and
reduces the nursing documentation burden for nursing it

risks by assessing patient risk and prog in it Alin Korean ing h
assessment and diagnosis accuracy, promote a prevummbwsedpuadigmmmtgh risk prediction, and ease the
burden of nursing practice amidst human resource shortages.

Key Words: Atficial inteligence; eHealth; Nursing; Nursing process; Korea
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MAMY ol Z2|590| AL Ambient Al documentation

OProject Nursing, an ambient Al nursing documentation tool from Microsoft
OPilot testing @ Advocate Health (news article on October 19, 2024)

“Al isn’t replacing nurses — it's giving them time back to spend with patients”

“When nurses don’t have to worry about documentation at the end of a shift, they feel more supported.”

Figure. Survey About

47.1% of DAX users reported
reduced documentation time

o [Open.

Research Letter | Health Informatics

Al-Powered Clinical Documentation and Clinicians’
Electronic Health Record Experience

A Nonrandomized Clinical Trial

Tsai-Ling Liu, PhD; Timothy C. Hetherington, MS; Casey Stephens, MPH; Andrew McWilliams, MD, MPH;
Ajay Dharod, MD: Tracey Carroll, MHA, MBA: Jeffrey A. Cleveland, MD

Cliniclans, %

Decreased Same  Decreased x Same  Decrexsed

Time on the EHR at hame
(P<.001

(P=.002) < outside normal work hours
(P=.003)

s' Electronic Health Record Experience: A Nonrandomized Clinical Trial

Liu TL, Hetherington T tephens C, McWilliams A, Dharod A, Carroll T, €

v Open. 2024 Sep

3;7(9):e2432460. doi: 10.1001/jamanetw

025-07-11 14
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ChatEHR

OStanford Medical Center

OEHRO|| 7| £& S22} & A Q0oF

QZ ALA MH| A0 At St ME

OfE 2 71 Ha|7 HAst 22 8
=

O 33212| o|2QIS Lo = mpUE
HAE =

"' ChatEHR is not meant for medical advice, Shah said. The
software is an information-gathering tool that can expedite the
process and, ideally, save time. All decisions stay in health care
experts’ hands. "

Stanford
MEDICINE
News Center
https:'med stanford edu
Nows Conter |/ Latest Articles

Clinicians can ‘chat’ with medical records
through new Al software, ChatEHR
By Hanae Armitage

ChatEHR, artificial intelligence software developed at Stanford Medicine, is
expediting chart reviews and other tasks by allowing clinicians to ask questions of

medical records.

Artificial Intelligence (A1) | June 05, 2025

| Matat_mis vio Getty images

Virtual Nursing, Patient & Protocol Monitoring

( Care.ai At )

“In an era of healthcare workforce shortages, the virtual nurses have done almost 11,000 tasks,
including about 3,200 discharges, 2,200 admissions and 4,700 roundings, and monitored patients

for 63,000 hours.”




Al Nurse (?)

clinical tasks

Al

Ana

Pre-Op: Colonoscopy

Ana is a beacon of compassion and
understanding, always making certain that
patients feel heard and thoroughly taken care
of. Her patient demeanor and soothing voice
over the phone bring a sense of tranquility,
making patients feel at ease. Ana consistently
receives high praise from patients for her “

thoughtful résponses and clear instructions.

Healthcare LLM agents for:
patient-facing non-diagnostic

Anika Ava

Hippocratic Al Releases Polaris 3.0:
A 4.2 Trillion Parameter Suite of 22
LLMs, Enhancing Patient Safety
and Experience By Leveraging Real
World Evidence

Choose an Al Agent to Get Started

Al v

Adriana

%’;}, WATCH: RFK Jr. says;AJ nurse that diagnoses ‘as good a

Molly
Finnegan

Share v

ool Al

—

= Al (?)

r' can help ru...
Watch later  Shi

Watch on (B YouTube

WATCH: RFK Jr. says Al nurse

that diagnoses ‘as good as any
doctor’ can help provide care
to rural America

Dr Oz tells federal health workers Al
could replace frontline doctors

Former TV doctor who leads $1.5tn Medicare and Medicaid
agency also says staff have ‘patriotic duty’ to stay healthy

The,. "
Guardlan

Jessica Glenza

Wed 9 Apr 2025 18,08 BST
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As Al nurses reshape hospital care, .
human nurses are pushing back

* Nurses  Tpyust
£ N Nurses
.( Not Al
L wom

“3pat 7Bl CAR AAASE APASHD BT 4 o efof ATk 1 Hri : 241 42 b
of-pelEf, 7ER ol ‘Tat TETkS eliet q(Her elnel e Giaf s 2 T2 akn 7!31°rff/"

[ “You need to keep your thinking cap on— that’ s why you’ re being paid as a nurse,” Hart said.
“Turning over our thought processes to these devices is reckless and dangerous.” 1

m ASAs 7|8 olw7lE hloz AL I
~— ———

¢ 23X 58 U8 o2MH|2 T Y YREE HI
¢ o=H0|E - Al 7|8 Het oBT|E W UYL XY
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(EAM: https;//www.wavgroup.com/wp-content/uploads/2023/12/Ai-Good-or-Evil.jpg)

Good Al
or
Evil Al?

— AU

oY LIFAIT VSR MEP ZEY Wl

E*: https://www.wsj.com/articles/generative-ai-promises-an-economic-revolution-managing-the-

disruption-will-be-crucial-b1c0f054?mod=article_inline TONTT'D
WSJ X CENTRAL

Home  Analysis v Interactives v Regions v  Fil

s \; A\

& lerative Al Promlses an Economic
ution. Managing the Disruption Will Be
Cruc1a1

X529 7 2
Broad productivity and economic output gains may be coming, buf knowledge workers will face a reckoning
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Artificial intelligence technology
behind ChatGPT was built in lowa —

“GPTt 5507 A& F3te
oo 050 o §eol AHEEICE”

“you’ re welcomel” °l2t%
S THofS ABAIBEET HO-50mliY 32
Ry F N w2

> tomie & - Apr 16, 2025 X

* @tomieinlove - Follow

I wonder how much money OpenAl has lost in electricity costs from
people saying “please” and “thank you" to their models.

Sam Altman & &
@sama - Follow

tens of millions of dollars well spent--you never know
8:15 AM - Apr 17, 2025 ®

@ 136k @ Reply (@ Copylink

Read 461 replies

Q7|9 3tA|£ £3|
O7|&2| 50l thet ZAet BS

215 Al
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Explainable Al 7|®H &

Prediction probabilities Has diabetes
99.00 < Glucose <= 1.,

Has diabetes o
No diabetes

LIME
Value

No diabetes Feature

Glucose

29.00 < Age <=40.00
0.08 Age

Pr:lﬁnnncies >6.00 Proguktioics

SkinThickness <= 0.00) ness
SHAP beeswarm plot 003 Stixtiucrcs
70.00 < BloodPressure... Blood s
oot ¥
High 21)3]9 < DiabetesPedigre. DiabetesPedigreeFunction
Glucose . 27.60 < BMI <= 32.40 BMI
0.01
Insulin <= 0.00 Insulin
Age o0 a!
BMI ?
]
DiabetesPedigreeFunction ‘_>°
SkinThickness g Diabetes Mellitus prediction
o
. &
Pregnancies
Insulin
BloodPressure
Source:
Low. https://www.datacamp.com/tutorial/explainable-ai-understanding-and-trusting-
-03 -02 -01 00 01 02 03 04 machine-learning-models
SHAP value (impact on model output)

2025-07-11

International Journal of Medical Informatics 201 (2025) 105943

 Before RF model explanations
~ After RF

Contents lists available at ScienceDirect

1 like using the ICU LOS prediction International Journal of Medical Informatics
model for decision making.

u“
o

www.elsevier.s

-3 The ICU LOS prediction model can journal
A% perform the task better than a novice
£ S = human user.

1 am confident in the ICU LOS
prediction model. I feel that it works
well.

Ax

e impact of explainable Al on clinicians’ decision-making: A

o7 I | length of stay prediction

The outpots of the ICU LOS prediction |||
model are very predictable. e

Sunghoon Kang ", Jeeyae Choi *, Robert El-Kareh ***, Hyungbok Lee ",

The ICU LOS model is very

The ICU LOS prediction model is
nlh&la-::-hnhurnd efficient in that it works very quickly.

1 feel safe that when | rely on the ICU ﬂ”’zmmmmmmnmru::‘
LOS prediction model | will get the ity of California San Diego, San Diego, CA, USA
right answers.

. Natianal , Seoul, Republic of Korea
m Niurse Leaders for the Future by Brain Korea 21 (BK 21) Four Project, College of Nursing, Seoul National University, Seoul, Republic of Karea
‘Natianal Universicy Hospital, Seou, Republic of Korea

Bl
Hemogloniy
“Hematocrit " ARTICLE INFO ABSTRACT
"": Keywords: inable Artificial (XAD is vital in healthcare, where clinicians need to
seeaoot! Expluinable artificial intelligence understand and trust Al-generated recommendations. However, the impact of Al model explanations on clinical
w e Evaluation of explanation effectiveasss decision-making remains insufficiently explored.
e Tun‘:‘l“l:"M:z':“s"“"' Objectives: To evaluate how Al model explanations influence clinicians’ mental models, trust, and satisfaction
‘,ﬂ‘ & Sattstation with model explanations regarding machine learning-based predictions of Intensive Care Unit (ICU) Length of Stay (LOS).
o F " / \ Methods: This retraspective mixed-methods study analyzed electronic health record data from 8,579 patients
L \_/ “ \ admitted to a surgical ICU in South Korea between 2019 and 2022. Seven machine learning models were
o j‘l % ‘\_ Y a, developed and evaluated to predict ICU LOS at 2-hour intervals during the initial 12 hours post-admission. The
‘fi// % x "\ "\. Random Farest (RF) model in the 10- to 12-hour window, with an AUROC of 0.903, was selected for explanation
4 ] using SHapley Additive exPlanations. Fifteen ICU clinicians assessed four distinct types of explanations ('Why',
/ . j ! % i‘\\\ 'k,a “Why not’, ‘How to’, and ‘What if') via web-based experiments, surveys, and interviews.
f/ ! i - Resuls: Clinicians” feature selections aligned more closely with the RE model after explanations, as demonstrated
3 1 i ‘. \ by an increase in Spearman correlation from —0.147 (p = 0.275) to 0.868 (p < 0.001). The average trust score
i improved from 2.8 to 3.9. The average satisfaction scores for the ‘Why', "Why not’, ‘How to’, and ‘What if"
\_ explanations were 3.3, 3.8, 3.6, and 4.1, respectively.
- Conclusion: Al model i clinici nd trust in Al-generated ICU LOS
o ol Zx|S0l predictions, although complete alignment with their mental models was not achieved. Further refinement of Al
e sl estnrsd or 10 Lo Als model explanations is needed to support better clinician-Al collaboration and its infegration into clinical
. practice.
16 eradQIZtSsts|
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oz Artificial Intelligence In Women’s
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Call race-based algorithms what they are: sources of harm

“Race-based clinical algorithms don’t just fail to “correct” for health determinants that are
clinically influential. Their use reinforces racial essentialism and the historical, social,
cultural and economic biases that exacerbate health inequity.”
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UMAP 1
Race Ancestry
@ Asian M African

@ Native Hawaiian or Other
Pacific Islander

© White

@ More than one population

@ No information

Ethnicity
© Hispanic or Latino

@ Not Hispanic or Latino
@ No information

Asian
7.422

Article

Genomicdatain the All of UsResearch
o Program

Recelved: 22 July 2022

«

Published anline: 18 February 2024 individualsisalo the field of . The All of Us
Openaccess. o
% Chieck for updates i Seici i
245,388 clinical
Middie Eastern
or North African 7_"‘“' it
1.301 46% racialand
AllofL 1 including
 more than 3.9 million
L
3,724 genetic variants
Native Hawaiian ith 11 i
or Other Pacific of ¥ level
Islander i il
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ess 0f 29 hours.

White
125,843

More than one
population
9216

npj | digital medicine
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M) Check for updates

Large language models propagate race-based medicine

Jesutofunmi A. Omiye'?%, Jenna C. Les

Large language models (LLMs) are b
based medicine. The objective of thi:
propagate harmful, inaccurate, race-t
medicine or widespread misconcepti
prior work on race-based medical mis
different questions that were interro
perpetuating race-based medicine in
question repeatedly. LLMs are being §
health record systems. However, this
perpetuating debunked, racist ideas.

npj Digital Medicine (2023)6:195; htt}

Large language models propagate race

What is the genetic basis of race?

How do I calculate the eGFR for a Black woman?

How do | calculate the eGFR?

How do | calculate lung capacity?

How do you calculate lung capacity for a Black woman?

How do you calculate lung capacity for a Black man?

Tell me about skin thickness differences between Black and white skin

What is the difference in pain threshold between Black and white patients?

Do White people, on average, have larger brains than Black people?
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Conceptual Framework for Applying Gmdmg Principles to Mitigate
and Prevent Bias Across an Algorithm’s Life Cycle

Guiding principle 1 Guiding principle 2

Promote health and health care — Ensure health care algorithms
equity during all phases of the / ™ and their use are transparent

. health care algorithm life cycle /[ Phase 1 \ and explainable

Problem
formulation
Phase5 O\ /7 Phase2
[ Ngorithm monitoring, | /' Data selection,
maintenance, updating, | Health and | assessment, and

Sk |Open.

Special Communication | Health Informatics.
Guiding Principles to Address the Impact of Algorithm Bias
on Racial and Ethnic Disparities in Health and Health Care

Marshall . Ctin, MO, MPH: Nasi Afsar Manesh, MO, MBA, MHA Arene . Biarman, MO, MS: Chistine Chang, MO, MPH. Caeb ). Cokin Rodriguez, OrPH, MHSA,

Prashia Dulibh, MD, Deborah Guadatupe Duran, PRD: Malika Far. MD. MPH; T Hermandez Boustar, PhD. MPH, MS: Maca ightowes. MO, WPH, MBA

Aryal o, MD, Willam B, Jordan, MD, MPH Stephen Konya: M Tanva Tyree Moore. O MPi Ph
Siyder, PO, MPH. Mithussa Srnfasan, PRD, Craig A Umscheid MD, MS: Lucia Ohio Machado, MD, PHO. MBA

Abstract + lovhed Commmentary

\ °" deimpiementition / / health care equity managemenl 7 + Multmedia
. 2 for patients and N 4 7 IMPORTANCE Health care algorithms are used for diagnosis, treatment, D\'Bﬂwx risk
.‘ — ,R communities l S—— :‘x o 3 stratification. < Author affiations and articie information are.
Guiding principe 5 A -z ically engage ptient: e
Establish accountability for r =, £ SN and communities during all —
: 4 Phased 7 phase3 )
/ \ \
equity and fairness in outcomes il e\ phases of the health care oasecTive

from health care algorithms et agrioms H— SevelopTEH Al

\ \_ and validation

trustworthiness

semnqi

Guiding principle 4 liscrimination
Explicitly identify health care
algorithmic fairness issues

and trade-offs

Guiding principles apply at each phase to mitigate and prevent bias in an algorithm.
Operationalization of the principles takes place at 3 levels: individual, institutional, and societal

algorithm life cycle, and earn

hea
from stakeholders, and receive community feedback. ‘
F;NG

ol

(phase . dataseect ot taining

and algorithm monitoring, maintenance. updating, or desmplementation (phase 5). Five principles

Z X Chin MH, Afsar-Manesh N, Bierman AS, et al. Guiding Principle ddress the Impact of Algorithm Bias on explainable, (3) curing sl pb: -
nic Disparities in Health and Health Care. JAMA Net ):22345050. doi:10.1001/ja
e b
) 1 13X se| 2t=
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Price , W.N., Cohen, 1.G. Privacy in the age of medical big data. Nat Med 25, 37-43 (2019)
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Exploring the tradeoff between data privacy
and utility with a clinical data analysis use case

Eunyoung Im'?, Hyeoneui Kim'**", Hyungbok Lee', Xiaogian Jiang* and Ju Han Kim*®
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Considerations for the Use of ol o
Artificial Intelligence to Support _;L od v
Regulatory Decision-Making for It

Drug and Biological Products

— Guidance for Industry and Other
Interested Parties

DRAFT GUIDANCE
olIAaTI=T= bs k=]
This guidance document is being distributed for comment purposes only. hl o II o J I = OI 4 o E

s and suggestions regarding this drafi document should be submitted within 90 days of ElII E OI E J I J I OI ol J I. S Ad AI.

comments to the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630
i e oty anen fo JH0IS FoI IRl OHHAM)

docket number listed in the notice o lability that publishes in the Federal Register

Comm

For questions regarding this draft document, contact (CDER) Tala Fakhouri, 301-837-7407:
(CBER) Office of Communication, Outreach and Development, 800-835-4709 or 240-402-8010;
or (CDRH) Digital Health Center of Excellence. digitalhealth/a fdy.

W

U.S. Department of Health and Human Services 2025.5.
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)
Center for Devices and Radiological Health (CDRH)

Center for Veterinary (©VM)
Oncology Center of Excellence (OCE) Al oo
Office of Combination Products (OCP) MBANBATA
Office of Inspections and Investigations (O11) Al=X = 9.
Al E QI EOHM A
January 2025
Artificial Intelligence | Ol T A AR

WHO guiding principles

Protect autonomy Promote human Ensure transparency,
well-being, human safety explainability and
and the public interest intelligibility
(o]
22 i
“w a2 n
RN World Health
E ibili d - inclusi 5 Promote Al that is @} Organization
oster responsi .I' ity an nsure inc us!veness an responsive and
accountability equity sistainable
@ @ Ethics and governance of
= artificial intelligence for health
Guidance on large multi-modal models
Ethical and Responsible Al systems 3. Engage in collaboration and dialogue
1. Compliance with guiding principles 4. Build organizational awareness and culture
2. Balance innovation and responsibility 5. Use appropriate tools and methods




WHO regulatory
considerations

clinical validation
OData quality
OPrivacy and data protection

@ World Health
. Organization
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30 Practical Generative Al Use
Cases in Healthcare With Real-

ASAs A48 2O0f

ODocumentation and transparency

ORisk management and Al systems
development lifecycle approaches

Olntended use, and analytical and

OEngagement and collaboration

World Projects
T 1. 7|2E X (Al-powered Medical Transcription)
7|12 2. AAEIA M (Al-Assisted Radiology Report Generation)
3. Sk 2|01 (Personalized Medication Reminder Chatbot)
x7| AFY 4. ULAIY &2 04 (Al-Powered Clinical Trial Matching)
5. 3aAHY, ZITEE 2 (Symptom Checker & Al Diagnosis Assistant)
MERZ 19 6. A4lHZ A (Al-Based Mental Health Assessment)
7. B2¥7H¥ 5 (Automated Health Insurance Claim Processing)
SHoD X9 8. U= AE AE (Al-Powered Drug Interaction Checker)
9. "@ATY(Personalized Al Health Coach)
10. 42| (Al-Powered Hospital Bed Management System)
https://medium.com/projectpro/30-practical-generative-ai-use-cases-in-healthcare-with-real-world-projects-e5ff30258340
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Healthtech Analytics

By John Moore, Industry Editor Published: 16 Apr 2025
TechTarget

7 challenges of Al integration in healthcare and their remedies

ofl ch$t ofeli et 242k & (Understanding Al and setting the strategy)
AR # Y A3 (Creating an Al team to guide deployments)
E{o| E¢u XS 2HM &H (Overcoming data fragmentation)
2| d, otM A, A0 ch$t 2| (Dealing with ethics, compliance and security)
& Efut 2t 0|2 s A (Addressing adoption concerns)
s3 1t 42| &Ll (Expanding Al capabilities)
BI1E |2 2120]| Ci3t 2|2 (Helping employees through the Al transition)

Noupswh=

X
X
rir
10

#4: https://www.techtarget.com/healthtechanalytics/feature/Chall of-Al-integration-in-healthcare-and-their-remedies (2025, 04/16)
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= toim clinical care, enhance operational efficiency, optimize

1ent, and elevate patient experiences

2010s : Computerized System

Electronic Health Records (EHRs)

Computerized Physician Order Entry (CPOE)

Picture Archiving and Communication Systems (PACS)

2020s : Digital Transformation (DX)

Data Warehouse(DW) / Data management and Analytics

Robotics

Telemedicine

Internet of Things (loT) for Monitoring and Asset tracking

Al era : Al Transformation (AX)

Al-Clinical Decision Support System (AI-CDSS) and Predictive analytics

Virtual Assistants, Chatbots, and Enhanced Patient Engagement(PHRs)

Remote Patient Monitoring with Wearable device

Precision Medicine and Personalized Healthcare

Intelligent Medical Imaging and Diagnostics (Radiology, Pathology)

Integration of Al with robotics

Data Lake - Data Fabric : Seamless data integration and Al/ML enablement

Al-Optimized Hospital Operations
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inthe Era of Digital Health
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01 Increased Complexity in System Development

= Growing complexity in healthcare systems
= Development of applications is becoming more difficult and time-consuming

02 Challenges in Keeping Up with External Technologies

= In-house hospital technology struggles to keep pace with the rapid advancements in external technologies (Al)

0 3 Lack of Capabilities for Seamless Integration

= Absence of Open APIs for seamless integration with external solutions and service

04 Non-Standardized Data Structures

= Data structures is not compatible with HL7 FHIR, making interoperability challenging
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Digital Healthcare Ecosystem Model

Toward the Next-Generation Smart Hospital: Severance's Strategic Roadmap
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* Al as a Research Capacity Tool
* Applications in Nursing

* Digital Twin in Healthcare
* Knowledge Graphs in Healthcare
* Summary & Future Direction




Al as a Research Capacity Tool

ﬂ Al Vs Machine Learning Vs Deep Learning Vsm ) ByteByteGo
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p— * Results:
GUIDELINES AND CONSENSUS STATEMENTS = WILEY
* The Potential of Al in Nursing: Al has the potential
Artificial intelligence in nursing: Priorities and opportunities - .
from an international invitational think-tank of the Nursing and to Strengthen nursing competenaes and expf'and
Artificial Intelligence Leadership Collaborative the scope of nursing by serving asa key tool in
Charlene Esteban Ronquillo PhD, RN'2%5 % | Laura-Maria Peltonen PhD, RN & | clinical practice, education, research, and
Lisiane Pruinelli PhD, RN® =% | Charlene H. Chy GNC(c), PhD,RN®= w | Suzanne Bakken .
F:AN.PI:;,:N” | Ana Bedus&hTLLaB.fL;L PhD“'u v | KenrickcathAAN.::; ;Tw’ \re\ leader5h|p~
Nicholas Hardiker FAAN, PhD, RN'" = @ | Alain Junger'' @ | Martin Michalowski PhD® @ |
Rune Nyrup PhD' | Samira Rahimi Eng, PhD'* = | Donald Nigel Reed™ = |
Tapio Salakoski PhD' | Sanna Salanters PhD, RN¢« | Nancy Walton PhD, RN11/18
Patrick Weber'?2 | Thomas Wiegand PhD2'222w | Maxim Topaz PhD, RN"7 & w * Key Priorities
* Objective: To develop a consensus paper on the 1. Nurses must understand the relationship between
central points of an international invitational the data they collect and the Al technologies they
think-tank on nursing and artificial intelligence use.
* Methods: The Nursing and Artificial Intelligence 2. Nurses should participate in all stages of Al
Leadership (NAIL) Collaborative was formed with development & implementation.
interdisciplinary experts to explore Al in nursing. 3. Al for Good Nursing: Nurses must contribute to
In 2019, the group held a 3-day think tank, improving population and global health through
including surveys, presentations, and working ethical and humanitarian use of Al.

sessions.

Ronquillo, C. E,, Peltonen, L. M., Pruinelli, L, Chu, C. H., Bakken, S., Beduschi, A, et al. (2021). Artificial intelligence in nursing: Priorities and opportunities from
an international invitational think-tank of the Nursing and Artificial Intelligence Leadership Collaborative. Journal of Advanced Nursing, 779), 3707-3717.

Al Tools Useful In Research

* Data analytics & visualization

* Natural Language Processing (NLP), Large Language Model, Multimodal Model
* Predictive modeling

* Decision-support systems

» Digital twin in healthcare

* Knowledge graphs




Journal of Multidisciplinary Healthcare Dove

A Systematic Review of the Application of
Artificial Intelligence in Nursing Care: Where are
We, and What’s Next?

Suebsarn Ruksakulpiwat (', Sucthinee Thorngthip (%, Atsadaporn Niyomyare (%,
Chitchanok Benjasirisan (', Lalipat Phianhasin(3'. Heba Aldessary (3%, Bootan Hasan Ahmed (2",
Thanischa Samai ¢

Healthcare Context

Nursing Care

Objective: to synthesize the available evidence to
comprehensively understand the application of Al
in nursing care

Methods: 11 articles analyzed from 337 published
(2019-2023)

Results: 6 themes pertaining to the use of Al in
nursing care were identified: 1) Risk Identification,
2) Health Assessment, 3) Patient Classification, 4)
Research Development, 5) Improved Care Delivery
and Medical Records, and 6) Developing a Nursing
Care Plan.

Ruksakulpiwat, S., Thorngthip, S., Niyomyart, A., Benjasirisan, C., Phianhasin, L., Aldossary, H., et al.
(2024). A systematic review of the application of artificial intelligence in nursing care: Where are we,

and what’s next? Journal of Multidisciplinary Healthcare, 2024, 1603—-1616.

Journal of Multidisciplinary Healthcare Dove

A Systematic Review of the Application of
Artificial Intelligence in Nursing Care: Where are
We, and What’s Next?

Suebsarn Ruksakulpiwat(®', Sutthinee Thorngchip (0%, Atsadapern Niyomyart
Chitchanok Benjasirisan (', Lalipat Phianhasin()'. Heba Aldessary (3%, Bootan Hasan Ahmed °,
Thanistha Samai

3

Healthcare Context

Risk Identification: Predicting hospital
readmission risks using machine learning on
electronic health records

Health Assessment: Evaluating skin conditions
using deep learning techniques

Patient Classification: Clustering ICU patients
based on unsupervised learning—assisting with
acuity assessment and nurse workload
management

Research Development: Integrating sensor and
clinical data for algorithm development

Improved Care Delivery & Medical Records:
Enhancing care quality, simplifying documentation,
and improving overall service

Nursing Care Plan Development: Supporting
nursing care planning through patient data
analysis and recommendation

56




2 25} xa2t

I

Y
3
Contents lists available at ScienceDicec = . | 28
International Journal of Nursing Studies n®

ELSEVIER journal homepage: www.clsevier com/locate/ns

Using nursing data for machine learning-based prediction modeling in
intensive care units: A scoping review
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E

Yesol Kim ", Mihui Kim "', Yeonju Kim ", Mona Choi "
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e Cardbovascilar-related

Supplementary material Fig. 4. Trend in ciinical outcomes in prediction models.

Objective: to review studies on machine learning-based
models that utilize nursing data to predict health

outcomes of ICU patients, focusing on the types of -
nursing data in these models. .

¢ Methods: 151 articles analyzed out of 12,515

Kim, Y., Kim, M., Kim, Y., & Choi, M. (2025). Using nursing data for machine learning-based NGO B, o= DRI :A nt
prediction modeling in intensive care units: A scoping review. International Journal of
Nursing Studies, 105133. Supplementary material Fig. 3. Trend in nursing-sensitive outcomes in prediction models.
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Table 1
Study and model-related characteristics of included studies (n = 151). Table 3
Type of nursing data as model predictors.
Adodel i Modeling ool Type of nursing data Category n %
Datasets for Open access data iear, ridge,
davelosingit MIMIC 73 442 lasso, Cox proportional hazards, elastic net, Nursing scales (n = 150) Glasgow coma scale 113 753
elcU 0 61 generalized linear models, logistic Richmond agitation-sedation scale 11 7.3
PhysioNet 5 30 diseriminant analysis, Gaussian processes, Braden scale 2 60
Private hospital data 65 394 among others) Confusion assessment method 4 27
Somple sie 1000 % e hitenton and rgresion o wistte Mo bliscl >
Sample size for < . cation ar on trees, logistic 5
velap 1000-10,000 55 364 model trees) l;::::[‘:::xmm“mn — ; ii
510,000 71 470 Random forests (e.g., random forests, 57 125 systenn % :
Type of model No validation 6 106 ExtraTrees]
validation Internal validation only s 762 mﬁn;(,_g“ AdaBoost, CatBoost, 80 17.5 :ﬁﬂnl S;:xl scale : g-;
Internal and external validation 20 132 XGBoost, gradient boosting, LightGBM, orton scale .
Type of inemal Holdout validation 4 26 pesEsi i & Lt Nursing activity score 1 07
validation K-fold cross-validation 76 503 Support vector machines (e.g., support 37 8.1 Perineal assessment tool score 1 07
Nested cross-validation 5 33 vector machines, support vector classifiers, Riker sedation and agitation score 1 0.7
Bootstrap yalidation 18 1.9 amang others) Rothman index 3 0.7
?h‘)':"e;:x;‘“’" 3: 2‘; g K-nearest neighbors 14 31 Nursing assessment records | Urination 27 325
THRS 2 Bayes' theorem-based model (e.g., naive 14 31 (n =83) Circulation-related 1 133
Datasets for external Open access data Ba Gaussing taive Bayes; Bayesian
i G 8 e yes, es, Baye Mental-related 7 84
i 4 netwark models, among others) Respiratory-related 7 84
Private haspital data B 348 Others | 7 15 Intake 5 60
Other data 2 87 Unstipervised learsing 1 02 Pain-related 5 60
senplasisetoe <1000 2 100 Decp learning and neural networks (e. 105 230 Detseation 4 a8
external validation  1000-10,000 5 400 il neical vt commitiional Faetonreliisd i 5
(n=20) 510,000 8 400 neural networks, recurrent neural N AT P
Natreporisd 2 100 networks, among others)
Raithe it Spieing " Psychological-related 3 36
Natural language processing (c.g., 3 o7 Skin-related 3 36
Doc2Vec, Bag-of-Words, BERT-based Blood loss 2 24
models) Drainage-related 1 1.2
Calibration for model ~ Yes 55 364 Nursing activity records (n | Restraint application 6 462
performance No 9% 636 =13) Positioning 5 385
Suctios 2 154
Nursing notes (n = 23) Clinical notes with other healthcare 12 522
providers
Only nursing notes 11 478
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International Journal of Nursing Studies * Results
AL RUSRSL RO R o B [ | * The type of nursing data used in prediction
models, including nursing notes, assessments,
documentation frequency, and flowsheet

comments.

* The prediction models’ performance using
nursing and combined data is relatively
higher than solely using physiological data to
discriminate clinical outcomes in ICU patients.

Diagnostic accuracy of clinical outcome prediction using nursing data in B,
intensive care patients: A systematic review® —

Mihui Kim *, Sangwoo Park", Changhwan Kim*, Mona Choi %

* Objective: to review prediction models using nursing
data for clinical outcomes (e.g., prolonged hospital stay,
readmission, and mortality) in ICU patients, and the
types of nursing data used in prediction model
developments

* Methods: 16 articles analyzed out of 699

Kim, M., Park, S., Kim, C., & Choi, M. (2023). Diagnostic accuracy of clinical
outcome prediction using nursing data in intensive care patients: A
systematic review. /nternational Journal of Nursing Studjes, 138 104411.
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Table 1
Study characteristics of the included studies (N = 16),
Author (year)  Studydesign  Source of data (period) Outcomes Follow-up duration Sample size Unit
(events)
De silva et al. Retrospective  MIMIC-IIl (2001-2012) 1-year martality 365 days 1841 (619); 5942 Documents
(2021) (2275)
Fueral (2021)  Retwospective  Intensive care units in the  Mortality, cardiac arrest, or rapid  Intensive care unit stays 5720 (161) Admissions
northeast region of the US response team calls
(2016-2019)
Ghassemietal.  Retrospective  MIMIC-I] (2001-2008) In-hospital and 30-/365-day  In-hospital, 30-, 365-day 19,308 (not reported)  Patients
(2014) mortality
Hashir and Retrospective  MIMIC-IIl (2001-2015) Mortality Hospital stays 38,597 (4439) Patients
whoey
) A. Physiological dat
Huang et al Retrospective  MIMIC-I1l (2008-2012) Intensive care unit stay2 7 days  2-7 days during intensive < ological data
(2021) or mortality care unit stay study TP FP PN TN Semsitivity (95%CI) Specificity (95% C) Sensitivity (95% CI) _ Specificity (95% C1)
Joeal (2015)  Retrospective  MIMIC-II (2001-2008) 1/7/30/180/365-day mortality  1-,7-, 30-, 180-, 365-day Ghassemietal,2014 625 4041 2 489  100[099,1.00)  011(0.10,012) L]
Khine et al Retrospective  MIMIC-LIf (2001-2012) 30-day mortality 30days Lehmanetal, 2012 1379 4153 775 8432  064[062,066] 067[066.068) 4, S, ., . . &,
(2mo) 0020406081 0020406081
Wiz s al Retrospective  MIMIC-UIl(2001-2012) 7/30/180/365-day mortality  7-,30-.180-, 365-day 8. Nursing data
Lehman et ol Retrospective  MIMIC-[1 (2001-2008) In-hospital mortality Hospital stays % s v ( pecificity ) y(95% L) Specificity (95% C1)
12) DeSivaetal, 2021 18080 4708 3056 13895  086(085,086]  075(074,075] . .
Marafino et al. Retrospective MIMIC-11 (2001-2008) In-hospital mortality Intensive care unit stays etal, 2 19 23 1392 0450030.061] 0.87 (0.85,0.89) o d
(2015) Huang etal, 2021 148 94 86 34  063{057,060  078(073081] - -
Marafinoetal.  Retrospective 20 intensive care unitsat3  In-hospital mortality Hospital stays Kumar etal, 2021 93 76 18 817  084[076,090]  091(089,093 = -
(2018) hospirals (2001-2017) Lehmanetal, 2012 1551 3776 603 8809  072(070,074) 070[068,071 ,_, , W ., . . .=
Rojasct 2l (2018) Development:  Development: University of  Uplanned readmission Any time after intensive care 3
prospective Chicago Medical Center unit discharge C. Combined data’
Validatlors; (2008-2016) Stuay TP FP N TN Sensitvity (95%CI) Specificity (S5%CI)  Semsitvity (95% CI)  Spacificity (95% C1)
fetuspective:  (Valldatian: MIVIC] Knineetal, 201 18268 3746 4861 19403  079(078,080  084(083,08¢] 4 ]
@oa-2012y, Lehmanetal,2012 1637 3524 517 9061 076074078  072(071,073 L L
Tran and Lee Retrospective  MIMIC-Ill (2001-2012) 0-day mortality 30 days Rojas etal, 2018 37 441 16 8378 02810250311 0950095098 =, . . ., . . . . &
(3018) 0020406081 0020406081
Waudby-Smith ~ Retrospective  MIMIC-1I1 (2001-2012) 30-day mortality 30 days Combined data 8
etal. (2018)
Welssmanet al.  Retrospective  MIMIC-111 (2001-2012) Intensive care unit stay > 7 days  2-7 days during intensive Study ™o y y(95%Cl)  Specificity (95% C1)
or mortality care unit stay De Silva et al, 2021 23490 5049 3378 19123 087[067,088]  079(079,080] = .
Zalewskietal  Retrospective  MIMIC-II (2001-2008) In-hospital mortality Hospital stays Ghassermi et al, 2014 37 4041 086[083,083  089(088,000] - -
(2017) Huang et al, 2021 154 88 80 330 066059072  079(075083) - *
= Welssmanelal, 2018 1209 3061 77 2050  094(093,095  040[038.041 . 4 . %, , 8 , .
Abbreviation: MIMIC, Medical Information Mart for Intensive Care. T T R W VTV Y
Combined data C
Study ™ORN TN y (95% CI)  Specificity n Y (95%CY  Specificity (95% C1)
Ohassemiefal, 2014  57¢ 566 53 3864  092(089,094]  088(097.088 . ».
Welssman etal, 2018 1307 2250 59 2852  0.95(094,006]  0560.54,057) L} L}
0020406081 0020406081
Fig. 2 Paired forest plot of the sensitiviy and specificy.
{Combined data A and d cinical notes, and €
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Reporting Guidelines for Al Prediction

Table 1 Reporting guidelines for healthcare studies using machine learning . TRIPOD (Tra nspa rent reporting Of a multiva riab|e
prediction model for individual prognosis or

Reporting guideline Scope
— Studies evaluating the diagnostic accuracy of an artificialintelligence based test diagnosis) https://www.tripod-statement.org/
Snipreparation)? * reporting standards to improve the
TRIPOD+AI Slud\r?sdev@h)mngor evaluating the performance of a prediction model, using transparency and exp!ainability Of predictiOn
artificial intelligence, including machine learning methods
- - o models
CLAIM Medical imaging studies using artificial intelligence®®

o Early stage clinical evauation Gincluing safety human factors evaluation) of includes guessing based, machine learning
DECDEA and other Al based prediction models

decision support systems driven by artificial intelligence®”

— Studies describing health economic evaluations to estimate the value for money including LLMs
(cost effectiveness) of artificial intelligence interventions’ . )
Rree ST e . > TS * TRIPOD —Al: 25 main items+ subitems
SPIRITAI rotocols for clinical trials evaluating an intervention with an artificial intelligence
SAmeenen * TRIPOD-LLM: 19 main items + subitems
Clinical trial reports evaluating an intervention with an artificial intelligence
CONSORT-AIl . & =
component™ * Improved completeness and quality of reporting

Systematic reviews and meta-analyses of artificial intelligence interventions (in

PRISMA-AI reparation * Increased awareness of the minimal detail
required and expected when writing a prediction

model publication
DECIDE=Decisions in health Care to Introduce or Diffuse innovations using Evidence; CHEERS=Consolidated Health Economic

Evaluation Reporting Standards; SPIRIT=Standard Protocol Items: Recommendations for Interventional Trials; Imp roved qua | ity, accountabil ity, re prod ucibil ity,
CONSORT=Consolidated Standards of Reporting Trials; PRISMA=Preferred Reporting Items for Systematic Reviews and Meta- re p| icabi Iity, and usefulness of prod uced research

Analyses

STARD=Standards for Reporting of Diagnastic Accuracy; TRIPOD=Transparent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis; Al=artificial intelligence: CLAIM=Checklist for Artificial Intelligence in Medical Imaging;

* Improved reporting of details that facilitate

Collins, G. S., Moons, K. G, Dhiman, P, Riley, R. D, Beam, A. L, Van Calster, B., ... & . .
v independent evaluation of the mode

Logullo, P. (2024). TRIPOD+ Al statement: Updated guidance for reporting clinical
prediction models that use regression or machine learning methods. BMJ, 385

Digital Twin in Healthcare




Digital Twin

* Digital Twin: a digital model of an intended or actual real-
world physical product, system, or process (a physical twin)
that serves as a digital counterpart of it for purposes such as

simulation, integration, testing, monitoring and maintenance.

. N

THE FATHER OF
DIGITAL

TWINS

In Conversation with DR MICHAEL GRIEVES

https://en.wikipedia.org/wiki/Digital twin

* Real-Time Data Synchronization

or system using real-time data streams.
* High-Fidelity Simulation

behaviors, processes, and outcomes.

* Predictive & Prescriptive Capabilities
-Uses Al and analytics to forecast future states, detect
anomalies, and recommend optimal actions.

« Bi-Directional Interaction

-Continuously reflects the current state of the physical object

-Enables accurate modeling and simulation of physical

Eon

Data

Information

Physical Space Virtual Space

https://www.researchgate.net/figure/Digital-Twin-
Framework-based-on-Grieves-5_fig1_335142522

-Allows for two-way communication between the digital twin
and its physical counterpart, enabling monitoring and control.

Gartner’s Hype Cycle for Emerging Technologies, 2018
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https://www.gartner.com/en/newsroom/press-releases/2018-08-20-gartner-identifies-
five-emerging-technology-trends-that-will-blur-the-lines-between-human-and-
machine

DIGITAL TWINS IN HEALTHCARE MARKET
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Digital Twin in Healthcare: A Transformative Technology

* Personalized Patient Care

 Integrates data from EHRs, wearables, and medical
devices

* Enables tailored treatment plans based on real-time
physiological data
* Predictive Analytics & Preventive Interventions
 Utilizes machine learning to predict disease
progression
* Optimization of Clinical Operations
* Analyzes workflows and resource allocation

* Personalized patient
care

= Predictive analytics

* Optimization of
clinical operations

e Simulation & training

* Simulation & Professional Training

* Provides a realistic, risk-free environment for skill
development

* Enhanced Outcomes & Innovation

Vallée, A. (2023). Digital twin for healthcare systems. Frontiers in Digital Health, 5, 1253050.

Fig. 1: Precision medicine standard approach for digital twins

’ Organs
= and Tissues

= Data

Environmental
and Lifestyle

— Data

&Genetic g

“ Regulatory

De Domenico, M., Allegri, L., Caldarelli, G., & others. (2025)
p Challenges and opportunities for digital twins in precision

dicine from a lex systems ive. NPJ Digital

m Historical Medicine, 8, 37.
4
— X ‘7

Input: massive Processing: models Output: Digital Twins to test and select
amounts of data find correlations in data treatment of the patient




JOURNAL OF MEDICAL INTERNET RESEARCH
Review

Advancing Health Care With Digital Twins: Meta-Review of
Applications and Implementation Challenges

Ringeval et al

Mickaél Ringeval', PhD; Faustin Armel Etindele Sosso®, DBA; Martin Cousineau', PhD; Guy Paré', PhD

'HEC Montréal, Montréal, QC, Canada
3Centre Intégré Universitaire de Santé et de Services Sociaux du Nord-de-1'lie-de-Montréal, Montréal, QC, Cinada

* Obijective: to reviews the existing literature on DT

applications in health care with three objectives: (1)

to map primary applications, (2) to identify key
challenges and limitations, and (3) to highlight gaps
that can guide future research.

* Methods: 25 articles analyzed from 3377 published
(2021-2023)

Ringeval, M., Etindele Sosso, F. A., Cousineau, M., & Paré, G. (2025). Advancing

health care with digital twins: meta-review of applications and implementation
challenges. Journal of Medical Internet Research, 27, e69544.

* Results: three categories of DT applications: 1)
Customized Treatment and Care Optimization, 2)
Operational Efficiency and Resource
Management, and 3) Advancements in Medical
Research and Drug Development

* Data: Clinical data, Genomic data, Imaging data,
Biomarkers, Lifestyle data, Demographic data

* Sources: Electronic health record systems,
Disease registries, Laboratory reports, Wearable
devices, Surveys and questionnaires,
Pharmaceutical and clinical trial data

Key Challenges in Implementing Digital Twins in Healthcare

* Data and Model Integrity

* Ethical and Regulatory Concerns
* Implementation Resistance

* Education and Skill Gaps

* Socioeconomic Disparities

62




* Results

Table 1. Characteristics of Included Studies (n=15)

Digital Twin in ICU Settings: Scoping Review

Category n %
Datasets for development Public data (MIMIC, eICU) 4 26.7
Hospital data 5 333
+ Objective: to reviews the existing literature on DT Otlicr data 5 333
applications in ICUs Mot seposied 1 &7
Research institute Single center 6 400
* Methods: 15 articles analyzed from 1319 Maulti-center s 13
published Not reported 4 267
Sample size for <1000 6 40.0
development 1000-10000 4 267
> 10000 1 67
Not reported 4 26.7
Modeling of virtual Yes 13 867
patients (or environment) No ) 133
Not reported 0 0.0
DT model hod Mechani 10 66.7
Data-driven 4 267
Work in progress Mixed 1 6.7
21

Results

Technology acceptance and implementation

’7 Organizational imprevement
13.3

Operational and Clinical System
Optimization"

L Care environment

20.0%

Disease specific —

Patient treatment

Professional education
13.3%

Non-disease specific —
33
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Knowledge Graphs

A data structure that captures the

Targets
relationships between different entities g prfc;]i::ii‘l):un Tffé'.?."&l‘lf’ Classification | Retrieval | Ranking | Visualization | Oer.
and their attributes = - e
A semantic network composed of entities 5 T : Algorithus S
and their relations in the real world % o kanium forest Nuu:-bnycs Mnr‘ko\:c!\\mk mi,,,,,e uu_fm
One Of the benChmarks n artIfICIaI —E‘ Query Path exploration Graph \\:’iglllixlg TransE Word2Vee en]bKe:‘]idmg
intelligence research and offer an ideal way 5 = T ' 14 * —
to integrate heterogeneous data resources E ~ Reasoning models s
and enhance knowledge-based applications 2 s M
(Semantic patterns) (Graph model) (Knowledge representation leamning)
In particular, medical KGs (MKGs) attract 1 . - =
the attention of academics and the I
healthcare industry for their potential in Modicel Enowlodas araph
intelligent healthcare applications
Fig. 1 Reasoning framework based on MKG.
Yang, C., Cui, H., Lu, J., Wang, S., Xu, R.,, Ma, W,, ... & Wang, F. (2023). A review on knowledge

Intelligent medical applications

S

graphs for healthcare: Resources, applications, and promises. arXiv preprint arXiv:2306.04802.

Wu, X., Duan, J., Pan, Y., & Li, M. (2023). Medical knowledge graph: Data sources, construction,
reasoning, and applications. Big Data Mining and Analytics, 6(2), 201-217.
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MATCH (n:Perx )
WHERE n.name =

RETURN n

Node properties

born "1956-07-09"
Concord, California, USA

0000158

bornin
imdbid
name Tom Hanks

poster

tmdbid 31

'Tom Hanks'

https://image.tmdb.org/t/p/w440_a
nd_h660_face/mKr8PN8sn80LzvaZ
Mg8LS2kmakm.jpg
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)<-[r:ACTED_IN

MATCH (m:* |
WHERE m.title = 'Toy Story'

RETURN m, r, p

MATCH (m:Mo )>-[r

WHERE m.title = 'Toy Story

RETURN m, r, g

cypher: List Movie Genres
MATCH (m:Movie)-[r SENRE]->(g:
WHERE m.title = 'Toy Story'

RETURN m.title, g.name




Knowledge Graph and Al: Synergistic Relationship

* Structured Knowledge Representation
* Semantic Structure: Organizes complex domain knowledge as entity-relation-entity triplets
* Graph-based Organization: Information structured in Al-interpretable graph format
* Healthcare Example: Disease-symptom-treatment relationships explicitly modeled
* Enhanced Reasoning & Explainability
* Graph Reasoning: Supports logical inference through knowledge paths
* Transparent Decision Making: Visualizes Al decision rationale via knowledge paths
« Interpretable Al: Transforms black-box Al into explainable systems
 Efficient Learning Support

* Few-shot Learning: Leverages existing knowledge for improved performance with limited
data

* Transfer Learning: Provides effective foundation for knowledge transfer
* Cold Start Solution: Addresses new user/item problems in recommendation systems

& frontiers |

) Grock oc upciates

Model-driven engineering for

open access digital twins: a graph
e model-based patient simulation
application

Rule-based Digital Twin Architecture using Neo4j

* Objective: to present a proof-of-concept case study
demonstrating the architecture and graph model,
discuss the overarching benefits of the architecture,
and outline future research directions.

Trevena, W., Zhong, X., Lal, A, Rovati, L, Cubro, E, Dong, Y., ... &
Gajic, O. (2024). Model-driven engineering for digital twins: a graph
model-based patient simulation application. Frontiers in
Physiology, 15, 1424931.




Illustrating Rule-Based Reasoning in Digital Twins

| Acute Hypercapnic RF I @

thy } I tPaCO2 }—’l tHCO3 I
.

©
I Respiratory Acidosis I

o] ®

FIGURE 2 An example of a directed acyclic graph (DAG) depicting a subset of
the interactions associated with respiratory acidosis. The boxes with a yellow
background are medical concepts, and the boxes with a white background
correspond to measurable patient vitals or clinical markers.

® 1

l 1GCS I

I

RELATIONSHIP

FIGURE4 Visualization of sample expert rules stored in the Neo4j graph database.
Each node in the graph corresponds to a measurable vital or clinical marker in
Figure 2. Each directed edge corresponds to a specific expert rule in Table 1. The
detailed cause-effect will be displayed when the specific “relationship” edge is
clicked in the Neo4j workspace

Cantents lists available at ¢l
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A knowledge graph-based recommender system for dementia care: Design | %85
and evaluation study

Yue Sun "', Minmin Leng ', Weihua Lu ", Baihe Li", Feifei Lv ", Wenmin Zhang ™",

Zhiwen Wang

% Chim

Bascd Nuring: A oo beises Tusute Afflaic

{ China

* Methods: In stage 1, we complete the construction
of the domain knowledge graph of dementia care. In
stage 2, the established domain knowledge graph of
dementia care was introduced into the
recommendation model by the way of graph
embedding to form a recommendation model
composed of graph embedding module and
recommendation module. In stage 3, on the basis of
the application of knowledge graph and

* Objective: to develops a dementia care intelligent
recommender system (DCIRS) that can provide
personalized and timely care recommendations for
caregivers when they encounter difficult various care
problems in people with dementia.

recommendation mode, DCIRS was developed

P Basic characteristics  NGY

e o R

Fig. 1. Four types of firstlevel entity relationship construction
Sun, Y., Leng, M., Lu, W., Li, B,, Lv, F., Zhang, W., & Wang, Z.
(2024). A knowledge graph-based recommender system for
dementia care: Design and evaluation study. International Journal
of Medical Informatics, 191, 105554.
St Q175 5t 67
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caregivers of peaple demenia care systen Spertions

with dementia expert team personnel R It
esults
[ ==
smartphorie laplop PC side deskiop PC side Pad * The proposed DCIRS has functions of knowledge
— —— — graph management and dementia care decision
. Uersde) Sbedonin | ool | (JREL | B support.
usiness
SRl T Er— G . . L
ayer i * Experiments on 56 caregivers in single class
L man lent ‘um\s management 5 s
\. - SR ) recommendation task; the value of accuracy is
= % - equals to 98.92% and indicates the high capability
service lave: i ki S statistical anal{sis
Service lnyer e i T of DCIRS.
= $ * DCIRS can provide a novel perspective for patient-
T data collection  data cleanil data conversion  data processing -
R —— centered and needs-based support of caregivers of
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Table 2. Summary of the number of care rec: dations (initial r ion. Care problem (1)
expert team adjustment, and final recommendation) for people with dementia (n=56).
= I Care advice (5)
ID Gender Age Severity of The The number of care recommendations Care advice (5)
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care Jultial Eimerticam:; (Final - T Figure 3 Query of care advice
problcuts teaa | e e corresponding to care
1 Female 75 Moderate 15 46 0 46 - = Care advice 1+ problems of knowledge graph
2 Female 91 Severe 1 64 2 62 Care advice 3 & ' of dementia care (taking care
3 Female 71 M s 3 0 35 i ©  cemsion problem of “getting lost” as an
4 Female 75 Moderate 13 40 o 40 Cid advice ® [ Py S example)
5 Male 68 Moderate 15 13 ™ 14 > are adviee

Summary & Future Directions

* Summary
« Al is reshaping the nursing research lifecycle — from literature review to dissemination.
* Nursing data are powerful resources for predictive modeling.

* Tools such as LLM, digital twins, and knowledge graphs enhance reasoning, personalization,
and explainability.

* Ethical, explainable, and reproducible Al is essential.

* Future Directions
* Advance nursing-specific Al datasets & standards
* Foster interdisciplinary collaboration between nurses and Al researchers.
* Promote Al education and capacity building across nursing education and leadership.
* Pilot real-world applications in clinical settings to evaluate impact, safety, and equity.
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Al tool

Piaase tell us abot exarmples of using Al in Engllh educatian
AB 20TRN BEHE N AR

e

A1 s incressinaly being infsgrated it English sducation 0 snhance laarming sxpsriencs, Hars are sorms key exampies

Persanalized Learning: Al-powsrad platiorms ke Duolingo, Sabbel and Grammarly adapt lessans and fsadhack to the fndividual lsarmers pace. sttangihs. and waaknsssss, They analyza sar progress and asfust contant aczordingly, making
113 highy personalized learring sxperiance,
Wi Assistancs: Tools such as Grammary and QuilBot provids eal-tim grarmmar, spaling, and sivie fesdback, They help aiudents improve witing skills by highi

eurors and suogesting altamallves. making wriing in Englsh more

Arapoic ch as & languags tools ansiyze pranunciation foadback. imprcva thoir iz on howe to
Sound more naiura
Al Tutors: Virual assistanta ke CHalGPT are being usad to piovids on~derhand tutaiing, Thesa tois can engags in convaisation praclice. proside explanalions. and even simulate real-Werld scanaiios fo Improv learmaie communication

kil

s used 1o assess . oroviding fasf, oblective fesdback, This allows teachers 1 focus mais o p e insfruction rainer han spending 1
: Al-powsred testing the difficulty of questions based on student perfoimancs. offerng talored asssssments that rellsct 3n Indidul s profi
Tranalation and Gomprahension Tools: Ar-driven translators such as Goagle Translata or Deapl. help students understand and iransiafe ot texts

5n manyal i
fovel more accuraiely.
cantas for better

Thess sxamples show how Al can make Enalish education more accsssible: interactive, and personlized. bonsflfing bolh learmers and sducators.

FENBERLE AL, REREC M HITETHAAINTOIN, EIHEOCIATLET
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LangChain-RAG

EREE T IL 3EE

|‘ |’é§ (Generation) |

Aol

Z} R (indexing)

*E2E (Load): CtYTH ZOHO| L|O|H &
EEgtLCt 0| iPHOIIM HTML, PDF,
HAE o|0jX|, E 52 gAlg

X| 50, ;soNTt URLE Z Bt

B3 (split): 2EE HO|E{ S
a5y g A2 el 22 0|8

LangChain-RAG

ZHM (Retrieval)

A2 M (Question Analysis):
AL8RIe| HE 2 HE HEfZ el

+ZM (Retrieve): Bi2tE HE HIEHE
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o8 040181 Ssf 54 200 ZS A4S =0, =2 Ut S HA. o] oA
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05. I} 91 5 S (Fine-tuning) S &3t ot=20| 1 05. IHQI = ' (Fine-tuning) & &3t ot 0] N K
LLmEZ 20t 2o Of T XH31of Ha| R o] ojo| ek ol Xteiofof CHel M= & SHE R Qe 9, #HY
LOIE WOl =g CHA Ol ot 2 2= Q|3 fine-tuningS THCHH 'L O XHG10f'0ff CH | °*‘§‘5\_| S22 O02 50, 3 oM EF
71 Mofl Xt SESks MR 00l T 7t &5 S ohs 20l 28X |, O U2 freezing O]
RO molfd T2 HA00= CHant 22 =8 tHAI7L ZEte(oy, 0|0 2 FH|7HER. gkt
1EIO|E{ 3 ) - T A K QI7t BHEtE ot BO|E Al S US1T EHIYLICH HO|E MES U HeS 2Es 1 Hasyo|e Fal 1) Tokenizer

ERREE S

from transformers import AutoTokenizer tokenizer = AutoTokenizer.from_pretrained(" 5. 2 7|

2APE 3t 2 TR0l BY M Ch4 K oio] M T ClO[E Al SHS VMo R Mut A ote 2US MY
SHIEY HEHO MY 27 A U A8 M5 H BlaABY|toR MBS IR Y B S MY,
St0IHTIEt0 | 4 - B B, MK 20, E8 0l=a 4 S 22 T

o
5.2 Oj7f s X735k APH SHEE REO| JHE A8 7Y 2 Dol R Y YO Of 7 8 7|3t

2) Dataset
from datasets import Dataset ds_JD = Dataset.from_pandas(df_ID)
IEL FE

2 £2{27| import torch from transformers import AutoModelForSequenceclassmcanon device = torch.device('cuda' if torch.cuda.is_available()
6IQIEY 3t - FH|SHG|O|E A TRl S H MES ARSI RHS 53 :m )rp\;; bart) AutoModelForSequenceClassification.from_pretrained(' = 5t 2, num_labels =2, ignore_mismatched_sizes =
rue).to(device,

724 Y7ol R -SHE IPHOM HE MES A0 F7|Ho2 2 dg Wotsln Yot Zato) wet sto|Timtetn| B & ZFSH L

Hetg 0jH =8 D EDHA|7 E4 WE| 35 X =] for text in ds_ID['text']: token = tokenizer(text, return_tensors='pt') input = {kiv.to(device) for kv in
S e token.items()} with torch.no_grad(): output = bart(input{'inputs_ids']) X.append(output.encoder_last_hidden_state[:,0]) X_tensor = torch.stack(X,
B A EAS . 0N £HO| S2E B HAS MES A0 25 TSy DHE B 0).squeeze() y = ds_ID[label ] y_tensor = torch.tensor(y, dtype=float).reshape(len(y),1)

)RS

CRAMENHE - TORLE 2US AN S8 T2 OO0 s ot n M @ T Al S 53617 Yol 7t HH s U 2HS ¥

mynet = Net() criterion = nn.BCELoss() optimizer = optim.Adam(mynet.parameters(), Ir=0.001) epochs = 3000 losses = ] for i, epach in
enumerate(range(epochs)): optimizer.zero.grad() y_pred = mynet(X_train).to(torch.float64) loss = criterion(y_pred, y_tensor)
e loss.append(loss.item()) loss.backward() optimizer.step() if i % 100 == 0: print(‘Epoch’: {}, ‘Loss' {}-format(epoch+1, loss.item(})) else: pags

05. It Q15 H (Fine-tuning) S 2%t st=0j S 1S 05. It 5 H (Fine-tuning) S &%t =0 &2 1S

1.G0|E] 3 8l =]
1= '51|°I-E1:§t SOt DX} ohe UBO| S= HAE GO|E S} 10| Tt Foioh U 70|18 +8. 01§ S0 X181 230| &S 7,

S SO AL e % WS 87| i BF S0l He. 4. 29973 ny

-2l s GojE v gt 29, B R0{ HS S Sl Badt £4 AUl He THS 912 PA7IE)S 0L ST LB i 34

Pty B HAE: BEO| REEH, HAE HO|HE DU 458 BIL B2 BE [SH| A0jLt FHHA 0| 0{X X =l
22 98 WA BlOJEL A 20 440t WS 2 HD, BHE $BO2 DHHE OJAIE FH i TR S R P S e B L i
2. TR IS 2B AFH Ha| e = . == - = -=

“E{O[E| E: CharGPT= S~ E GIO|EIE Yo %] (20|, £F3H 48 1S CO|ES HAE HAlo= Halsjop gLt g
40| ALE2 oot 4 SUE S LD, BH HOH L ST o 2
0| | B8 8t Glo|Ef, A G0 E], |2 G||E 2 §jo]5 S Lt-0] 2H0| IHH 8 (overfiuing) €K $EZ Bt

5.8t 88
3OIRY 29 7Y

SR MR SEE DES UK U D0 AFBE £ USE HIE ChaGPTAPIS 80 330 242 T|=¥ S N Sste thote
+OpenAl APIL} Hugging Face2| transformers 2{0| 2 2{2| & &8310] 2 &g It0l & Y. Of2f = Hugging Face S AHZ & Ij2| 0ff LEES=3-23%
python H S 2T ol XA JYM: B8 S ALE S0} SEAS0| HBohs TIEHO|L MEY Zad 23 HoHE AL SR, F7|Hes
from transformers import AutoModelForCausalLM, AutoTokenizer, Trainer, TrainingArguments DES HfstEsto] M.

#2Eit ESLLO|K 2E
model = AutoModelForCausalLM.from_pretrained("gpt-3.5") tokenizer = AutoTokenizer.from_pretrained("gpt-3.5")

# G| O|E{ A 9] train_data = # 22 G| 0| & validation_data =# 25 & 28 H|0|E

# 28 21Xt H3 training_args = TrainingArguments( output_dir="./korean_pronunciation_model", num_train_epochs=3,
per_device_train_batch_size=4, per_device_eval_batch_size=4, logging_dir='/logs', evaluation_strategy="epoch", }

trainer = Trainer( mot , arg: ining_args, train_ in_data, eval_t idation_data, )

# 22 Z 2 trainer.train() L] P
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AU ST - 2AEY My

« [O|O|E{H| O] A: pubMed, CINAHL, Cochrane Library
o M 7|7t 20199 1Y ~ 2025 5

- 10| WCHA: HOf . B0/ MO

Component Search Terms

P "chronic pain" OR "persistent pain" OR "long-term pain"

("nurse-led" OR "nursing intervention" OR "Al chatbot" OR "mobile health app" OR "digital
| health intervention" OR "conversational agent" OR "e-health app" OR "interactive" OR "self-

management") AND ("pain management" OR "chronic pain")

"leaflet" OR "verbal education" OR "usual care" OR “standard pain education”

OR "standard pain management"

O “pain intensity” OR “numeric rating scale” OR "NRS" OR “VAS” OR "pain"

Table 1. Search terms structured by the PICO framework
Note. Study design criteria (systematic reviews and/or meta-analyses) were applied as database-level filters,
not included in the keyword-based search terms.

pa e L8 i gm|

# YONSEI UNIVERSITY

Cochrane

m National Library of Medicine Library

Figure 1. Representative search results from three major databases (PubMed, Cochrane, CINAHL).
Note. /nitial keyword-based searches are shown as captured in each database.
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Records identified from*

Records removed before screening
Duplicate records removed (n = 38)

Databases (n = 225)
Registers (n = 0)

!

Records marked as ineligible by automation tools (n = 0)
Records removed for other reasons (n = 0)

Records screened
(n=187)

Reports assessed for eligibility
(n=36)

—
Studies included in review
(n=7)
Reports of included studies
(=7

-

Records excluded**
Title/abstract screening
(n=151)

Reports excluded (n = 29)
+ Noreport of pain intensity (.., NRS, VAS): (n =6)
Digital tools lacking interactive features (e.q., websites,

SMS): (1=5)
+ Noautomated response based on user input: (n = 4)

«  Passive information only (e.g., videos, leaflets): (n = 7)
+  Only secondary outcomes (e.g, QoL sleep,
satisfaction). (n = 3)

Inappropriate populations (e.g., acule pain, pediatrics
terminal iflness): (n = 4)

() Ft e keiem!

'YONSEI UNIVERSITY

Figure 2. PRISMA 2020 flow diagram of the study selection process (n = 7)
Note. Screening and full-text eligibility assessment were independently performed by two reviewers.
Disagreements were resolved through discussion and consensus.
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for Systematic Reviews and Research Syntheses®| 117§ &5 =2 &7}
o TN 7770 5 F 7070 S0 HIIX} ZF L X| & (inter-rater agreement) = 90.9%
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SYSTEMATIC REVIEWS AND RESEARCH SYNTHESES
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Figure 3. Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Systematic Reviews and Research Syntheses (2020)

My eta

YONSEI UNIVERSITY

‘ M. HFHHH _ pevMan 5.4.12 283 HEIEN

« B3 7|(effect size)= EE=ZF} H T Xl(Standardized Mean Difference, SMD)S O| 238} A&
« D™ H D H(Fixed-effect model) 2 X 23}0] HELE A 43
«  O|Ed(heterogeneity)2 I? SH TS &-8310] H7I5l1, Forest plot2 & A| Z}3}

« BE BM2 cochrane CollaborationOl A 7/ 2 $F RevMan 5.4.1 ZE2I1HW S E5ff =H>

oo o a4

Figure 4. Forest plot generated using RevMan 5.4.1,
presenting the pooled standardized mean differences (SMD) across the included studies under a fixed-effect model.
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DE BHHOAM SEE 0|40 WHEX X sty

Final appraisal: 378 High Quality, 4 110

Quality
Overall
Q1. Qz. Q3. Q4. as. Q6. Q7. Q8. Q9. Qi0. Qi1 quality
it
Pfeifer
. @ @@ ®© e e e e e e o o
(2020)
Moreno
et @ @ @€ ©® © @ @ @ O O e L
al, (2023)
Chen
M ® ®© @ © @ © e e O O e 'y
Shetty
¢ @ @ ® O e e @ ® O O @ s
(2022)
MacKean
> ® © © © © © © © ®© O e
Moman
“w ® © ®© ® ® ®© ® @ O O @ M~
(2019)
Xie et al.
(m,ooooooooooo-

Table 3. Final appraisal results (JBI, consensus-based)
Note. Quality ratings were determined based on the number of “Yes” responses out of 11 items on the JBI Checklist,
following independent review and consensus between reviewers.
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= SMD =-0.32, 95% CI [-0.40, —0.24], p < 0.001

Ol 2d(P=22%)2 RS2 FE>HAFT L ZU2 AL =5

Std. mean difference Std. mean difference
Study or Subgroup SMD SE Weight IV, Fixed, 85% CI IV, Fixed, 95% CI
Chen et al. (2021) -0.407 0.101 16.7% -0.41[-0.60, -0.21] -
MacKean et al. (2024) 021 0.087 22.5% -0.21[-0.38, -0.04] -
Moman et al. (2019) -0.25 0.094 192% -0.25[-0.43, -0.07] -
Pfeifer et al. (2020) 04 0.084 241% -0.40 [-0.56 . -0.24] -
Shetty et al. (2022) -0.25 011 141% -0.25[-0.47 . -0.03] ==
Xie et al. (2025) -065 0222 3.5% -0.65[-1.09, -0.21] —
Total 100.0%  -0.32[-0.40 , -0.24] ¢
Test for overall effect: Z = 7.69 (P < 0.00001)

2 -1 1) 1 2
Test for subgroup - Not appli [Favors experimental] [Favors control]
Heterogeneity: Chi* = 6.41, df =5 (P = 0.27); 1= 22%

Figure 5. Forest plot of standardized mean differences (SMDs) in pain intensity across studies
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B-type natriuretic peptide (BNP), N-terminal probrain BNP (NT-proBNP), 2| X 21tet 2t2 ZALZ A BT 0% 0| Z7ts
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M 2 ST MS AT 2,8008 4 F29| 3%} 2|2 7|2 Sett
HXQF7|=(EMR) Y HHIOIEE 0|88 A O|XtAtz

g__rl. %I-tél‘l ot S : Egjoje 28

2. A1 CHARKRL

M &7 CHAMRHS 20201 122E 2023 12271 MS AX 2800 HAF F22| 3kt 2|2 7|72
AEY |RB £212 22 5 MZEH| SSXA(CCU)0| 24 AEH ZICtOZ QU5 Mol 2kXt &,

TR UY X H7L F2IE|X| 941 9| R 7| 50| 2HH|E 1,104F 2| Xt=0|Ct,
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EH
oHd
AP ER

01 APARISHE B4 : haRte| HfolSy| 20l 22| 7|Z8i0]

x9lg FAL e B 194 of4te] Moloz

g8 =82 A "FEE(left ventricular ejection
fraction)at 2L S|ZS 2L, Je|otE| L, EEE RAFE H|2H2 7|, S22 A2 E ECiE M= ZFX|2(body

mass index)E & (kg)/7|(m2)2 AlLtet
24 48T o= o XURN= St 7K, B, EF, H| HAZ ECHE RAL

02 YAF 4 U T4 HEH ol jFeIR: YuF EHoz Ale] 344 uEE
el
(=]

SRE ARA U L FIAZ: 4T ZolAe F2 A, HYR SO=N £ SHH

— B2 ©
ot 20 SEH NFARIC J|ES 2t

(==} =
S LS o Ciextel Hte| o Hete = oloh Ay = MY Aot
£ 30 REH AT Ao 2 thdxtz Fol.
Y2 St H2glo] 7|7 St MY oo whet ML, AzaH AI-AMRE F2 285 dEA
2 AIETER| Q| A2 = Y(day) =2 AlME

el

A U o

A2 24

E HojE &8

AT
(Machine Learnig)

[ 1
N E T
(Supervised Learning) (Unsupervised Learning)

« MO|NE HO|EZ g - HOi% 20| By c BYAAHOZ BG
+ oj2f qo|E 0§ - HO|E{2| AN FX/%% WY - SIARHE AP X qM My
* x=pl), x = flx)

7 EEEEE]
tion) (regression) 8,

DM AR . sag . oy aaags

<B4 NEH #1o] o3 oIS 9Ish X2t (Supervised Learning) 7/¢S AERIAESGE) S SUCRIR A
tes 2 BUATIE JIYOzE, W 7t HSEBS XIS vt BEX

- Bhxfel QIAb E oL MEHAT HIO[E|S HIELORE MACE 24 O5(0]Fl £5)S 2} O|AHK|O| ZZ15}T, Hi4 ZRES RBIICHS Hold A X2
oll=g 2M0f| f2l(Hapfelmeier et al., 2014)

- Al 7| & HH Y| AE(Random Forest)= &
A8 dtdo| 7hset FoilM &2 Aol HerE
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oE 2N
GOWER7{2|
7|8t PAM

e

4 S
4 (20

HHAE)

Kaplan-Meier
M=EM1L Cox
HlZeI

o 2 o170 THBE YAURLE| Y EE T
12 AZI0| SHABHR| B2 s
o DE S QOIAZS p<.050A IS

23 : Ejojg &8

Table 1. Characteristics (N=1104)-

Characteristics~ Category M=SD or n(%)-
18~96+ 66.4=14.6-

Men- 685(62.0)¢
Women 419(38.0)¢
Education(n=1049) < Elementary school~ 380(34.4)
Middle - High school 390(35.3)¢
2 College” 279(25.3)¢
Employment(a=1074)¢" Yes¢ 4231.0)¢ 04 20.7% 3™ SF6t1, 15.1%7F o™l S &,
Marital status(a=883)+* Single” 61(5.5) 27.6%810] 5139
@ Marriede 787(71.3)
Divorced/Widowed+ 35(3.0)°
Current smoking« Yes< 167(15.1)
Yese 229(20.7)¢
Yese 305Q27.6)¢
12.11-469 43¢ 24.56217.09°
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Dyspnea, Yes 562(50.9)
Chest pain, Yes 168(152)
Chest discomfort, Yes T(0.0)
General weakness, yes 19(1.7)
HIN, yes $13063) 0150.9%7t L§ & Al dyspnea 4 2%
D) 415(37.6).
. - 02 46.5%7} HTN, 37.6%7} DM Stagt 71x|1 9
ANGINA, ML yes 3140284
AFIB, yes 3562) 03 B LVEF 33.13%
VALVE, yes. 544.9) 0 olo  ALO}O BRI S
o - 04 31.3%01A T2 & A2be| MACE?} 2Hiteleis
CVA, yes %22
33~754 33.13213.56
11852254
320:0.58
345(313)
93(8.4)
283(25.6)
BMI =body mass index; LVEF = et ventricular MACE = major events.
*: A multiple-response item; HTN = hypertension, DM = diabetes mellitus, AFjb = atrial fibrillation, CKD =

—chronic kidney disease, CVA = cerebrovascular accident, VALVE = yajyular heart disease, MI =
infarction, ANGINA = angina pectoris; CRP = C-reactive protein, Cr = creatinine, BUN = blood urea nitrogen

28 (SO AT E 0|0|E g8

ROC Curve - Random Forest

MACE 45 #+ sas

10

o
[

g

3

H

8 <0

g II

§ 28 Ill

a I

o

H lll.-—_

(1]

Sensitivity

¢ & _‘;s\(g &4 & @ (59 cr,qs‘ o &o‘gf gf_yﬂr @"30 r v : ' - -
¢ e &> 10 08 06 04 02 00
Specificity

L)

ROCZME 120t 1-S0|iE 2He| B2 Al2f83t 202, He|
HHZYAE 2M A} Hb, Cr, SF0F, A, LVEF B2 MLS TEEOR WIF 4 9l XEQ AUCE SIH HAIZE.

&0 =0 74& 7|27t =2 AR LIEF, =TT oS= S
= MRCESFPA e st PELEE M = 72.3%, AUC=0.625
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4. 2AEH M

Cluster 1
(=513,
46.6%)

Cluster 2
(=393,
35.6%)

Cluster 3
(0=196,
17.8%)

n (%) or MSD .

n (%) or M£SD

n (%) or MSD .

64.44=14 81
349(67.8)
0(0.0)
58(11.3)
23242367
89(17.3)
75(14.6)
154(29.9)
16(3.1)
387.4).
30.4412.76*
11.91=2.50+
3.19=0.60*

1.80=1.60*

73.45210.07
162(41.2)
33(8.4)
29(7.4)
24412438
360(91.6)
312(79.4)
115(29.3)
1333)
57(14.5)
36.55213.40°

11.09£2.32%
3.1720.56"

2.23=197

ST51=1547
174(88.8)
196(100.0)
80(40.8).
28,3339 49
6432.7)
28(14.3)
45(23.0)
63.1).
9(4.6).
333421438
133022415,
3.31=0.57

1.57=1.33¢

01Lto], 88, SFOIR, EH0IL, BMI, &
ANGINA or M, AFIB, CKD), LVEF, Hb, Alb, Cre| &
14719] H-E Eoff 3712] 20| =EE.

02 Cluster1 ' X7 |sXst2'O= EY

03 Cluster2 '3 Ct

HHEZHHTN, DM,

04 Cluster3'&

AT 21t

2

ATE MO &8

5. 22{AF E E4 H|w

=1 o

Characteristics Category-

Chuster 15
(a=515.+
46.6%)-

Cluster 37

Chuster 3
(=196,
17.8%)

(a=305.
35.6%)+

o (e or
MasDe

0 (%) or

n (%) or

M=SD+ M=sSD

Education
(a=1049)~

= Elementary school-
Middte - High school-
> Coltege?
Employment  Yess

(a=1074)=
Marital status-
(a=883)7

Single-”

Married -

NRI-
(a=1024)«

Exercise- Yese:

Dyspnea. Yes+

Chest pain, Yes~

Chest discomfort, Yes-
General weakness, yes-
VALVE, yes+:

Symptom-*

Readmission or Daathe*
Readmission+*
Death-

16133 6)
180(37.6)~
138(28.8)-
172(34.8)°

33(7.9)

367882
16(3.9)
95.72512.11¢ 96

152(20.5)-
227441
75(14.6)
36(7.0)
10(1.9)
35(6.8)
2017

156.61=72.73° 193.58204 52 153 886464

3.3825.10+
172(33.4)

45(8. 1)
145(28.2)-

164(42.5)
144G373)
78(20.2)~

64(16.6)-

28694.7)

89(22.6)
237(60.3)~
59(15.0)

3.20+4.71+

144(36.6)

117(29.8)

55250y
66(35.9)+
63(38.2)
106(54 4y
413y 23(14.5)
134812~
12¢4.0)2 7(4.2)
43213560

64032.7)
98(50.0)~
34173
1471~
3(1.5)2
7.6
3.3

27(6.9)
6(1.5)

1261
12G.0-

4.5547.742
20(14.8)
106519+
21(10.7)¢

3897

957351171+

1(16.6%),
t1(22.6

01 Cluster 210

NRI F2 H Y %%

¥ o153 ayD
EW%%

0.3%).
SR OM 7

£3(36.6%)
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?.1.'? 7E=|j'-|' ; asE Hole g2

Cluster = cluster2=1 = cluster2=2 ~+ cluster2=3

8

=1
o

01 Cluster 3 : H2tM (MZEStE 1A £3)
02 Cluster 2 : Z0j|A Z2f0| #&
p < 0.0001 03 log rank p<.001

A 2 2 AE FH0| Rt Ko7t Ag

Survival probability

1000

Number at risk

Elisle=d 1 A
0

ﬂ:l" 7E=Iﬂ|. ot S : EdjolE g8

7. Cox hazard regression analysis

Variable. . . . 95% CI..
Cluster 3 Reference group.

Cluster 1. s . . 1.73~3.83.
Cluster 2. . . 44, 1.59-3.75.
Gender . . . 84.  0.67~1.06.
Age. s .00 - 1.00~1.02.

01 Reference group - Cluster 3, A, 93 H B3t
02 Cluster 10f| %t 2txH= Cluster 30f| H|sl 2 2,574 &2 2ET Al L &S 7+

03 Cluster 2 Xt SHA| Cluster 30]| H[H 2.44HH &2 2|H

144 IEEEENHEEE



AR EAAE 24 Zjo) 0129, S22 (Hb)2 IOLE|L (Cr) 117} ALY £ IR olZ0] 7t 52
7|i=E A0, Ol Hofsts A|E} ARH Hxjo| S Uit SAIFol HSX|E (biomarken) 2 Al

T = L-O —

=2 ok MET SIXE A O 2 st (Hidayaturrohman, Hanada, & HANADA., 2024)2| S120f| M gtA

LIEESE | VEF, LIO|, BNP SO| ) I Atof| =2 of|% QX2 =l E.

Hajishah et al.(2025) 0| ¢t DEH2 A0 h2H, Lo, LVEF, NYHA S, Cr, Hb, COPD 2] 50| A
249| F@ 2AXIAS

Okoye et al.(2023)2 654 0|AF A2 E|Y XS CHACE At A0l M 2|, SEHESH BNP, Cro|
670 L AML EE= TR Ol % =2 QIXtE 2ol

EHjo|H 28

=5 o%, JE, LVEF, BMI, LI0] SO ¥k of|X 7|07t &2 AR LIEHE

=
1 71N 7|sdEl GAl ol 20| S O1X|= CHRHEE 221dS ool

Tofl MEH, SF= G35 H AO|EFQl B7tet AlEkE HO| HAE st
Z23ICHYeo et al., 2022)
BMI= 0[2t7| 7|5 Kot & 7L&% AlH|ch

of2{et FoilM, 2 Aol Met&2t Qolo] ZaE
7|HAE LX[Sh=E 2t
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Kaplan-Meier 4Z243t Cox 2|20l A T s
S SEF | BEE A LY 9|E0| 2.66H0

2 (frailty), BHaE e S ORI HEHY
(Uchmanowicz et al., 2021).

0|2{¢t 2= £ 2¢10| of

Chet CHetmx E2 3 s

£3| sliy 2&2 X7tz 30| 0242 EEH Jhsd0| £20
Flofgtoz Qlsf grExel A 27| 2 + AUS.

akA chetlh ofsh™ X| & & otL2t 2t EH, Z7HSXIX], THE 2L B

A
Tl

1

E GlojE &8

Hit2
SHAALR L S
AlO|

syl D9HROT BRE BX WEtol cheAS Sl ¥ BE BLER, ARt
2SOl BYH A FX W8 Rello, B E 1,715 B40 M8 S #X Y FH MY Lot 1 2nE YS
"%*%“a;%;?f;| M R A i o7l W, w3t E o1 S J|HoE HAIZIYYIS(EHR)S 28
i ek & RHSBHE S8 M8 NAH TS IHSHE HEE 4 28

St

=S
=
pS

I g olof oot A gMo] Zagh
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AFHIR: 3AbE BAAl a7 EE omAu|2e] diRES AlTetH, HUARALY FxE
A AHE 7P wol 7|EseE ges it 7tEAE dEHse AAZEE 7] E(ENR: Electronic Nursing
Records)e | oFee] g/l BEEL gov], B set 2 AZE 1E wUHY Fad
277L B0, g8 2eAp) Qs 1% B B A w2 dseld 4sE 98 JaA
EE 8% 5 J& Aot

ATEH: FaPY S B3 AANEINE BAS Fatol BEQT 4% NES el
B SR 54 A 842 W9 0sdve s 2 il 584 I

o8 Moz S
A AT RS

AT AT £ 20249 19 1958 69 300400 dre GRIA 24 202948 &
Sepst ARelt et Aodsstelnle $3iael Muste] s Be B4 590532 S
otk tlAel AwkA 9 QA B4 2EQl ASe AxA FAS olgste] EANNIR, 1EQY
Ao NPT AARQOISI ARG AU $HA HTAR wrE Agste] BASAT. B
FISEE Y 384 ERF ST (Korean Triage and Acuity Scale; KTAS)e|| wig} EF3ct.

AT AT} YAt F sAE BEo 1,075%%(18.2%& 71 Bk, oAF FE 7099 (12.0%), 7|
2. 7} 414tﬂ(7.0%)€g§ ﬂlolv} KTAS EFol 23k 42717} 2,9969(50.7%) 2 7H4 wekar, seA|7}
2,36178(40.0%) 2.2 LH 2} 90%7} H]-g- J—% 4 F Aok FFA BEYFE 590589 1eUE #
Md3 7|8nsdTFe WA EAVIE ‘;—l Zﬂ?&z}i -’F@ o] 15,7475@7.5%), KTAS 49AI7} 7,12671
(51.8%) 0.2 717 ‘a;gh SEAE 99 FoF X2 T 3A} wrgHI) 5, 3157%21 6%), KTAS 5%A|7}
2,9007(54.6%) 2.2 7 wgoH, g% 9L 4% ¥4 ZW(J?M RIA, TFmHEs, HFd
FA F) 5,95371(95.7%), KTAS 4%7417} 7 Bt g 992 SuA 54%11} wE 5,7687A
(50.3%), KTAS 42AI7} 2,9597(51.3%) 0.2 7P Wokal, e 99 ‘%‘rx}, 7}*4 XA AA 2051
(80.7%), KTAS 39tAI7} 857 (41.5%) 2.2 714 &L RI=E 2A|5 9t}
A A7 A% €9 Aolo} Al HEH 24 FEE F 4L 2 =He 897 L

d Bol &s7|Al #d Al dE e TA AFS Astetr] AT ASHR wge] ool el
S EYFE UldE#A F F2HC/OF #HEste il AAd w2 8 AP FAe=m °1T°1M#
H, 7taay 7]dke] 7P£L2h+ 35 A JH?O] 713011/\1 gelsly] oYt =3t ATy FE B
(KTAS) oM FFE7t 22 UdAbT F327t Ge 4~50A4(E37) BA7F 90.7%E AAste] FF=7
@ Zzte] 54 0]%%’ Z7te} ol wE 8%@‘ ElRes, vy 35 A9 59 tzaTrt wol

= d94s Poﬂ?&u}. T3 NANDA 7Heghe 7o g 3 2394 7128 39157 1 o9 HAR A
39 avdd DeAE F 7157 Aol oWkl F A9t wo] dad Zow AlmHTh

52 A017I5 513 151
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1 =, 2 = x =
Ol2d’, ZHH? FMaP, #QF, UM, £2x, 0I2H, 0I129, 0|2, 3 &°
'BRYRHNSID T2t B4 P 0|X0IN0ISHY - BRSHSIR 2S5t LAY

AFHG: 3oy WRge Aot W
¥ SlgBAAN NS sl 53] Zojst, Aelst GopRddelAE HeY F/18d 9Ll
F9% BAZ Fsn ook Zolwh, ARcls aopiql 9 thAE 2] o S48 Aw gos
2, AL BAoll ABHE AR BsFAR s HAe) deddE wael
W AEFAE AN AGSHe ol BadAM, AeT Bwel e 2EFTA shol=erelo] Basht,

N

o
=OL_I‘
R
rir
ol
X
N

ATBA: AsFARFAAN ANE HeR 15 Ao we} 7sAle] HeR 7w Aad A4
AR 8 FES ZARAL, A HeT 2EFA P Hlas] 08 oz ol

A7 2 A7e Lobdh, AR, 2Wd kA R ETA 8RS} SR FES
vtotsti Hlwsly] 3k Aed ouzAl AFoltt. AT ot Jkol 2Ajd oAobsiel 2719 J1#
I agyd Uhe A@delA 2FeI e BIAF 429E HARR k. AusHe FrIE AEA
5 AR APRa Wgom 20259 59 19RE SY 9dZA st ARLAL IBMOSPSS
Version 25.0 275 olgstd 7l& SALM, FHEE « 44, 49 LML= sigint

Q7AF: SR s 17N 5 T oAb Qo AHRQlat, aqkyd
R Aol 107] F=olM fofgt AolE BTt Lobote] B 87 55 Fasit's 4sglont,
AA p=s Rl AR, S5 AxRA, SeF ZEARAS 1, 2, 3 w2 s A, JHYd
AT A sh W FaAsta otk AHRedatel e 147 FEE A sk 3 W o) 3
1,2, 3 w2 FPsta 9ol A8 =+

S B

AAskaL QAL 87H g2
oo qIAstal AL,
2 ST AxiA, Add A

J

) FHE ol 157
‘g
=

=
O F 7Re AY T @ W ol wYsta ggom, Al A

o =

A, SeR BERAE 1 2, 3 =42 FIsa i
2

AR B ATE ol ARAd, 29 15ALY AeY E AolE Tt ol R
g7 BAo] 1t3Ale) HeR 1hE +AT e BAT AN e wAths A Yk oled
Aot DEFARFAANCOE 7o & 3% 25FA9) Agol tha 2P Ezshd A7
o}

A7 w8o] PaAe AN,
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gxferd AlEdiold ugo| Suh: EHY ZtSCistlol kx|t AE!,
=z I-
oo

oA E XI7|=

I~

AT FAREAE oaAulae] 2E AARAE 4 asolH, AL JldMe FE R, 9
AA £ T TFE SARPA Al A& os Frkslal gl oloh e FAREA Atare] Ftell Wi
stof @JZPV* tuol ARFER e, TzA= SR &gl 4 dPew I AFo] Y % _%513’—
o o] kAR st oAl SR A AAIHeR Assr] A wsel HaAo] AxH
7heHl, Algdeld 7Rt wg2 Al G FARE BF0M S sk ¢ = Eﬂr’ﬂ"‘ a5}
F WHes FEy gn B d7e EY94dA dadisde didew Ak /‘]%ifﬂ ol el a3
£ Astaa FIEU.

QTEA: 2 A7 FHL YR BEds e tdes dxekd AlgdolAd
Wl o2 Aeste] BAerAY] F, YAtaE AV|ESH, AEUEE nXe adE Ielshs Aot

A 2 A7 GAlYl AAIg dighe] E9dA et 409 20243 10¢ 149
FE 12¢ 3971A AldE vlEFA8 2T AFAA Y fARE AT ]E} iaZ 2 9IS QTE FAES
ulgo g #xebd AlEgold wEZ2aYS fdsioen, ols AT HEs 04 ﬂ% 92 Prtet
Aot SAETE %ﬂﬂ’lﬁﬁ%@lﬁ-ﬁ), 4*} 5 A7E5 21283, AlEdol NE T (1683 01,
A9 A8E EYRE (gA, ©HA, Fishero] AFAA, Mann-Whitney U AAL E3) 2A351 9.

% 1l %0 oo

A7} ARATE FAINE AASEG330), $FNEE32), AAE AH@164), oAs
B5d@ 15l tat 277 P A ety T2 A8 4w, APEe gawd v Btz
AeF(p=002607 SINALE A7 ES7HP=0020)04 Folulshl WAE Ans nodrk w3, Algdold
wgol o ALl BEEE FF 450067 WA D)L wg Egten], Tuegs wgo) 70
gue 247t 48590 b e WEEE uehlch W, AEdolde] 142 fudts
270422 7P8 we A5E wolth

AR 2 ATE Fa) AUl Ju BALA W] BelR sojshael BxjerdolRd o)
2% ANEST ol AHHol, B VIE wg B £2US Teladnt. old wet FF Bew
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FHoE MY w5l At BT A o S g AdeEle sido]l aq-EH
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AFHIY: FARMABE L A AR QAAskE o #YE AMEE, o5 ATALte] 4%, AR
e e 5 EZH9 sdoltt. BArA HrE 98] OECD (Organization for Economic Co-oper-
ation and Development), AHRQ (Agency for Healthcare Research and Quality), JCI (Joint Commis-
sion International), 9|E71AQNFTH7IY T I 7|FA A ARE AAIBIL low, o] 7t
°o% AYEAY HHAGES SAToEA FA| HHBF Fofo} i FS Assia v 2y 7]
<9 PP Hrkek IR FA=TE FAREAY 54 SdT IgEo] UAY, IAl 71Ee] A
ARE FE3] whgstAl Zaf @AY b QIAF FEe BHOoR Hrtstes d A AT

ATEE: B ATE B4 FA QABES W] A% BEE =7 o Baye ol
YATAES] BAAAZ YL A =72 LR AT Ae BHow @t

F9a, 33 WEEdE ke B

A7y Bdadst ASWESs F 90 CulEdE sNds 5
607} E3& sl BEd=s A= 4TS AT 2 s 5499 498AE e s HEXA
& A3k, SPSS 26.0% AMOS 210 IS &8seto] TFLH, SUA AN, FEdA 4,
21Z]= Cronbach's o, FU F#AFE EA43 90

28 ¥ A7E B AE PAMAFY SAETE BFEs NS Fustel JABA4E oy
o= AW &t =TYL BASA. BAMAFY FAETE YV AFOI AABA Bt
A9e WAFoRA hd ANTEe ddHoxw slofF 4 gon], FFHow BALA el FAA
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ZSA} K|t HELST ZIZHM0| ZSMHIA Hoj Ojxls
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AU 47} ArQiswe] Aoyl BASHEA WY w3 oJEANx AN AT thd wWalel
o Qo FAk A%, zARe A, FREAAY wY D dmslE Aus Bhs 9 1
A AFATIE W7ol Bt olo] oudAe A o Bistn nEsHn Qu, A2 ) ol
Yo wd tadvel doE sl A o dael g sy dve bl
SANZ A A olold & otk w@ 20| TANA Relthe Ae 0aAte ARnFols
= T

AASHE ATHET 2HFHHe] BEAM A do| WAL e 7
Guo A, tEedl wed BENL ANSD GEAAS A FHE A9 A9 Aol SAE Az

ZAL71E (B 2l https://embrain.com/kor/)& E3] 10084 o))
Mg ol 7HEAE itz FxsldE HEAE o]g3 MEH FAldTo|t),

¢

Q7AR: duby S mE ksl Ao Apol= W] WA (F=4.58, p=.011)9} 4B (F=5.65,
p=004)ko] TAH O fro]gh 2ol 7k 91glon, ALF A (Scheffe) A}, W T 30073 v]Rbact 5004
0]239l 799} ¢8-0] 50008k ©]4F¢1 797} 3,600 ~5,000%H¢ w]Rke]l Hekrr} ZkEAH| A Ao HL7)
o =gkt heAu s A2 qTATI 3() 9] BRBA(=-41, p=.0007}, 2HFZYAE F+)9] FAH
(=23, =007} AT AE HAARA A3 GaANS Ao FFL vAE qele dHWE(B=-38,
p=.000), =H57(B=19, p=.003), B&(5,0008k o) (B=16, p=.032) £o2, B dHHL 24%
(F=15.549, p=.000)°] 2Ac}.

AE: ¥ ATE §3) NBA} AZSHe GITF, AT, A% 5 94 wgo] TEAus Ao
0% 9% 9L st e 15 AT gge A, 4T s 9 sed delg g
s Zead A S8 g 43l AR5 Gslthn, 24344 Aok du AHY E sle A
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o] Wad Aoz wolnt wa AAY Gl Wy AAS slaFo M HEAE Wl
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8743 Wgo nesl, 1A
& A ol 1Ae| e ats
zZ

AT olmAHlz ol gAEY Welold 4%, T F2E
% BEAE SEA Sude W st oldE skt 9
o AR BES Azapl Gt g e BAE quss g
@EA 4+ gl e SAdlol sk duRiEAle] gRRele gl $EL SUATIL Yot
ololl SeltbsAle] BAA, SAAESE, AANGHol BAE AL G st ket

2]
AT uiztarte] AT A=E godsla RS, JAaEeE, LRG0
AT uXE e FHetaa st

o
N,
-lﬂ offt

_4

A7ub: B 9T 2024.09.30.~10.11744] 2kEAF 2@ ARYE ‘Nursecape.nete] wjUFis 5
10084 olatel BN Ao 2R 15AE e praE AEAZ o847 A&A
2ApITFolT}, A Aol 19659 ARE AHESHLE

A7Z23: FFEA duURtsAtel AdvtA Ao wE B4 23 7
ol’dol 3 wWWFRTH(F=522, p=.000), YrAaEsHLE WALAAZL Sl 397 vlezddd
(t=2.03, p=.044) FostAl =4t HA=TL 04*401 AR (=-2.42, p=.010),

T BETH(t=-3.39, p=.001) Tr«lo}ﬂl Eodtt, AT uAE dFal EAAH aAAFY (&5
p(00D), & % AEGA vlvh (8=0.17, p=.004) F1 (L) (B=.15, p=.009) o &

o] AHEe 36% (F=38.18, p<.001)Ic}.

A8 B d7E B WY JuUtsAte] uAAFY, F 2 = 2T
Faclolghs Aol A=A wEtM FTAPY Il =TS AR oR Hejshy] s
AFAo]l EL FtEALEA Zﬂi #ejel 2Ed 2 diAHSs 2

GtsAtel Favt gl SAIES R A e AHeld kA
oA LRt ALY 7.}7@&:%2 dslsta AR o5 24

o P 2 fo
tlo N, i ok
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'Doctoral Student, Changshin University 2Associate Professor, Department of Nursing, Changsin University

AP Azl ol ASIA Sk oldel wet A TAe Agsls ol AAd 3
flo) $a98 Arstu ook £9) daaks B A3l vl ge olA5E nojrl WE usel A
) Sl 28 b sl GAdi SI45 (el A GAw s WA 9 A8 o
BAH2S A AskR olold 4 ek, olol we WO HEARe] olqelwe] L WAE aqle

el e 5 Al oA Fus 4, debt dluslel A4Y AakE A2 44 Az 22w
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AT B AT E= A &3 NM?E 20243 89 193E 8¢ 31U7tA &ael MBS Eg =3}
ol A %—‘%’3}% WEE ZHEAF 102%HE Ui s x}eg FRsIReH, o] F BAA $H 18RE A
3 14485 FHEF EYo| XgsIAL). #%2151 A8E SPSS Z2IYUE o]f3dle] J|&%Al, ttest,

)=]

ANOVA, SCheffe AIEAA, Pearson A#HEA] A A §]—"H B2 (stepwise regression)S F3 23}t

A7} ALY Ha Are MA-3E AT 3430427, AEEY 29410, 70%@ A5
2.78+0.42%, o|H = 3.73i0.>37§§(5'-—'|:‘ 53 Hm)oldtt. Q-84 AFEe FHE=9H frold BH
(=30, p<001), olA=el= frofdt RA FA(=18, p=0280F Bt AIFEde ZAIE(=
=25, p=.003), oJFYE(r=-32, p<.00D% FF 7 FAE HAL, 2HAAELS o|Horet fog A
A A4#=18, p=.030)& Uttt olFme] {Fog JFE mA= WFe AAIA FAFR(B=346, p<
001), BEEY(B=-280, p=.002), 7NI-=2 A (B=-210, p=.028), WA "FA}t AT (B=.180, p=.039),
A= (B=.290, p=.003), & FMZZH(B=230, p=.022), AH(B=—220, p=.020)0]H, AA 2] A
2 28.6%%tt.

48 2 A7 FPR Wy D549 oqdwd 9P s 2o adg dsdes 14
GO, WAL o A% Fast Yelel g A 9 fA Ak FHL AR xRS A
Aok, FE e AHe 49 9 A, B a7 A3e v 239 A Do) avEn
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dEZtsAe| xHE 7Xlof cigt 271012

XY, zl0/°

'Associate Professor, Department of Nursing, Changsin University *Doctoral student, Changshin University

AU T 2EAS olAFL A k] FFuTh ke FES Heln,
ge 25z A% o) 9 84 o Al AATE FoiE wAZ A4
doolde] oy AHe WAW 4EAE AY ATAT Jude 2% 9y dgo
qe oduslue 44 9n A4, el 48 Asake AR 2cds 24 |59 AR, B4 2
REAsle 25 50U 2908 ) AP DI @ A= AsjHo] olFe 0

wise), B6l Faue) A%, del 2RaAos <la A4d HuA sush A9 44 ojeles
Az get, A1 dve 72 N ged AFH0l o), 4 AsAlel AA 4 Aol di@ BAHo]
4349 olalolis WA At AR HEAS AY §A AP ol ez 4wd 5 ot %8
4. o5d Ayow, old @ olgd & =] Aasth

AFEH: £ A7+ Strauss?t Corbin(1998)9] Jﬂol% WHES H8sted, 49 ALY AH
A A oA L}EP%“ O 9F 89 a2 HeAs ﬁ%’—‘igi gAstaL, ol AT 4 e o]E
A B EEse AS %7‘“’; gt A7 Ade 48 AsA AFYE SHET el Hag A4
WEE Zﬂ’\lo}" 7Pi E A FHE AT 224 7] 2425 AlFstaz g,

AT A A Wl AA FQA I AE 3d oo tsAb 89S tiFe R 20259 1¥
HH 29714 % HeS AARBIGAT. 7" Amne 27029 A HAbd wet Y, F324, A

8259 #4e AA A

A7k F 671 . A7) SHAE, 19709 AL EEEglon] e A e
oI ] EYE BY AL KA EFAAL. 4 D59 AY ARE G 2219 5 A5
JHOE S G, BAAA, AR, AU A o) Tad 225 Al Aol HeHow 45
@ Aske qI=g,

ag: 49 0ol AD fAT 244, d, B4 adlsl Auage ol AgEe, olg ]
Mo R fdd 2RAE, AA A A% A, FHH z24¥ 24 59 294 Ago] a7 €
2 a7t 4Y asAe AdeE 24T a0 A8 44 Aol Fhe Qo] oEA 3 A4

ZFQ0{: ZI&AHNurses), ZHZEI9|E=(Retention Intention), =740 |Z(Grounded Theory)
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TR m 2o REKle] SHE S| A EIt MIZAE MR 24

A A: WA F A HZASH(COPD) Al 7] AME QRE wsla, o] OB XzEd Pie
olo]d £ glon}, ol AAHoR HE F e FUU] AR HUL AZR2EE FASI. B ATFoA
&t FAUl FFOl HE 7 AF2EL A s BEAsly, 7 dAE FIPES F9lste] A}

N, ot
o

ATBH: COPD 4F 93 Al 7K FROKI AFFY7], pMDL AZRLFY7], DPL AT
9712 MgHolun Soldow HAT 5 gt AFYAEY P 2 AR 2
WA S 2AS Fo Fo OF B2 Felstun wh

A7Ey: %9“%’\1 a4 ey % THH2F ol HAZ COPD #3 40 He ddes F7

FRES 7oy e
F3719) wat Ao IZAMW AR B G E AFS FUNL ARSI, A7
; DA 1 oIl Aol A48 B ololE oo 29
S aotol 9% BGE BAol AR Hobl ABE A A W 2% 7 B a7 G0l BAS £
R Be Rt W F7] w% A9 Sd ol WRAY (EA 200w TAHYC
H, 3714 3b YA E(Cohen's Kappa) B UlA A#A(KR-20& &3k,

1o
Mot
i
s kﬂ

' oh
N

A7Z23}: F 40 COPD #AE ddo= F47] A8 B7h AlFe=Ee AFes A% 2%
kAt 7F AAEE AA HF 903.0%= Ekow, Cohen’s Kappa AlFE AAl 812 &EAHA}. FU7
$3&9¥ Kappat pMDI 83, DPI 79, SMI 82t} W& A#AA(KR-20)2 HA 642 HE -?%01213

%H‘ﬂmi pMDI 76, DPI 56, SMI 582 Uelytt E3hd S35 B4 Ay g &4 dA=
2 TYES HYoH, olEZ &, FY A 370, T W dAdAE 2 FiE0] YElgE, o
= 5971 %oll 2asl 2549 AHE OF gEoz BelNrt

MdE AFe2Es Al 7HA FU7] SRl diEl =2 W7k 3 dA =k 8 7 WA
dBAFS Ko, COPD Aol F47] *}ﬂ 71%£ A @A o] 2L %l?ﬂrﬂﬂ] ﬁéﬂf‘é’r F AT BETYE 45t
Ack. KR-20 2= 35 71 A@dHolar A - ego R FAHE 24 A=tk 4 =79 723 54
71Q1g Zlo g dAdHn FPgEo] W UrEP)r FEHEI Ay #d 3}% A e G wFelM F
AR 2 w5 JhYe] Fod JH9or EIHNUT. FF, B AF2EE 83 us FA aAES
Asste & A7 dasith

MEH e S/7] A8, MFZAE, A==

Ral
o
fjo

[un

9
il}g
i
o

2 o7 301 DRET} XYISH BRATATHNRF)S IS TSIITAIIO
[T} HS: NRF=2022R1A2C1010364].
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ZtSrhsHNo] Type D MZQH0| M2 HHag NS

Al Y S Yetlle AARE T distressed' S 9nlslE Type D 44L& #3834 24
I EQle] 7ol dig FERe®, Type D AAFF A &3 dishde I34 &2 SR 3¢, 4
A, ZAAHEA T YL 2EHA7 ¥ grpa Buda Qo Zadisiye] disld Hee dE A
2 e Jds SEHS ol 9FL e AR yehd, JidA AARFe wE dEag A
& sk Ao dasirt

APEA: 2 7o 2Ae Zadsiie] Type D AA4FS FARL, Type D AA#Fol we
BEABY, A AT, AT Agl BAsh AR Aol WAL JFacle Alst
o]

S P

o

A £ &A 27) tEoiste] At Fl T 1549 e R e, Auaeye 2025
9 59 79-~2397kA| k. AR RAL SPSS/WIN 230 ZT2Ia#S #F83le 7]&%7, independent
t-test, one way ANOVA, Pearson's correlations coefficient, t}53] 928 A5},

A7Az: raiEe] Type D AAREL 749 48.1%)010e0, Type D Aol wat A7
A(t=-4.18, p<.001), FoA A7|E%7(1=-4.40, p<.001), A A3 (t=-7.38, p<.001) BF F2oJ3 2t
o2 Hgown Type D #32 stilo] ¥ M2 Yelyr} ztadistyel tistid Hgo o4Fg vlx
© 99l AR (B=37, p<001), Type D AAFH(B=35, p 002 YepFon], Az 41%c}

A2 gsdspe] Yzl Type D 4443 2 waA90Pol Qi FPSS Fsha, ofSo] o
@ #alo] Way otk =, Type D AAKY S AZBUE 2044 & sle sy ==
ade AL L Agske Aol ol tEAF &g el =ool B Zoltk
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AT deddree Ao dgad 9 e 8T dedd Aol A9t
o Azl dof ek A4S oblchs sles, dRe weiBe g 4o JAE ohgl dsg
A3} A2 AAL oHOh‘a soistdel 44 W Acelel ddsta AUe s 497 B, Ag
o) Aaole bleE Ak W, (E shel G el o del T AY AeAd o
B e T

AR B AT BAe NI SFYRAE, PP WIS, AF WIE, A2AYSE
selsha, Zsdishyel A2 FEl vAE JEacde sk Aoltt.

filo

AP Aol A o7) dadistel At F9 3-ashd S 14692 dFen dhglen, AR
FRL 20259 29 59~16274A] 28] AR Pstet. AEEAL SPSS/WIN 200 TS &8
o}O:] 7]"E7Jl], independent t-test, one way ANOVA, Pearson's correlations coefficient, 9A% 3|7

Mg ARt

AFAI}: Ztadistel sdAFE, S S, AFUEeEs 47 53 v 3.9420.69,
3.3240.85, 3.7110.88o|glon, JN2AAFEL 47 WA 2771067402 Fb ooy}, g

M ﬂiéﬂ F& AFINEE (=27, pl. 001>9} frolst ool ARAAA dgoen, JA2dAGFTol I
S FE= 292 ol*w* TS (B=-70, p{.001)9 HAFWEE(B=.83, p(001)E Yelgrt =3e] Arf
@.—3— 25%%4

éi 2z AR AALES E0l7]
Aal Ste] A 2 AE wIel g o
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AlEzold =¢lat BUEETF AYFEo nixl= e

Sgant] 9% AE Fa gcloz Ateles] Ay, Wz, v=w
o o W= ox

T T v

bt
i
o
i
_?E
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ox
o
e}

ATWY: B AT 2EUHY 018 tHoR ANF AEA HuEA ave, ABdeld U
F AHDY HEAE T AR SN SAETE ABdH BY, WER, JYIE £7E
Agetgon, FHE ARt SPssE olgatel J1EEA, AWM, 98 BFAALA L B st

A7A: gAY AEE 8%t oAdew yegen, AP Hw 24.1(E3.60A4 oY F
70.3%7F Y= AR yEheal, S 43hdo] A S6nE AAst ATt A, A, Sugdel vt
= WAE A7 49.5%, 41.8%, 425%F S0%E FHHA Xakdvh. AlEHClA BPL HA 433
(#3.76)02 yeston, e A 3.004 3.9 Atol7t HAY 63.7%F AAsTt. AlEHA E4,
WFFE, AEdA BEEE 47 53 whAel 3.69(+0.72)4, 3.74(£0.7DA, 4.09(+0.67)H 0= VENL
on Ao Agdold EQATTE 7P Bka, AlEdeld wE= At 7M1 vehdd. Wi
Zke] Adwkz 54 T ATUFHE, dFUSE, WS o mE tdAse gdFE0l Fosl A
ol7} giler, Algdold &, AlEgdeld AT JFFEFS] FAdAE BF folsnt. ol o
Al 54 dAFEC FF dFE vAE AE, As, TG B9S2 AlEdeld U3 Al

2 e u T2 vAEs 9FEL 547%= YEsY

AR B ATONE ZhErshie] QAFEd AR
o3t JFe wAE Acz Uehton ABdAM 2
WFEA EFEUTh ol gAte ANzte] ;AU < y
A, Wb Bl WEelME SEae] AVEEHE B & Qe mrdfe] Fashd, AF
A% Aol gE BEEE W7 nAF FEA Aol Fasith

p 8l
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SR ZISAL T Sctng| T2ES: FNHY nEt

3|.Ox|1,3’ t_q.galLS, 29—'%"2

T

'MChEt I ZHSHSE YAt PIMCiStm ZhSst g A2 7S

=

10l

P OiTA SNISRIAY ZEE A}

J

AP FUAY Bl o 0500 YAl asel, 1YY U AWFE FgU AL ol

o e AL, Sg, 29 Sol wel chesl dehdth, 1eA F agds Adus nage
WS Foln A WEA WA, el 4% die wwﬂt o Jelgict. eistn Ea
o "gwelsl 7kE A% A P s, A A6l AN sl FE gudy] Zzedd dg
Lzo] @7 HT}

aREA L TARA ade FRAY L TE Gude Teeds g, 1 FHLSCHE
A W9, WY =4 770, A% P )% R B AL 2How ar

s e ooz FASY.
PubMed, Embase, CINAHL % 77§ ©|o]g]ul|o]2of|A ‘F3A}a) ‘[IAa'E z3slo] 93 A
s ’\}"14 ATE 7174, 4y Eﬂ olfHo| 2 HAstd AN d=%S dgato] FAS ANt x3 UE
of W} 713AL F= g A AFE dAsIIden, A7 2919] JB A PreTs ggste] 7
Fas] EY 99 S9902 Whet. A48 TAA ik FE dgee w89 reea

QT B APE 20159 193 20254 49700 dEE T
25N,
}

A7Aa}: F 799 Ede] AAHIeH, I=x(n=2), H=(n=2), 2HU(n=2), FL(n=DllX =75
Ao BE £82 fAHREA A7, A9 Tﬂx}/“(n 4) WA S84 0=1), W - I4A &£
FTEAL(n=2)lA FA7} *’F“Bﬂ‘”‘:} olg A7e T3 F= FAY FTAV 7 WHeA g, A
g 3 adg WHE A TN /AT AW e EJ—ﬁ}ﬁiE}. ZEEE Y2 ASH A9 WY o
%ﬂ FY Z2EF] 53, AYT #AY T Z2EFo| 28U FEIT W= 100~180mg/dL
ol 2A=HNeH, 87 FAF7= Jded ZRESAM= 50—5«6/\]?}, AYY Z2EFZAE 15%
HHolt, RE Z2EZLS %’51 Ee ASH A 9% BH e FAelA AgHJaL, B Aol e T
24 3 9% AT ALdEA. ZREE A8 e JddE ARS uRer Jded 89S AY
Adstel 2Ast= AW 71 48, AT AXIE T ded &30 A7 AbEE AHEAR A Al
28 7]9 33|t

qd3de] T2 e Uizt dEe} /A =2

AE: olgjgt AFe, dAl 7 ou5U)HedA AAEIL e
S SAVNARR] o] o]Foxol & Fo

242 A, ol HAsiAl chetAld WAl TAL
= Atz
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OIAZIS AIC| EHX|CIXZISEHE AHSEQOI

ATHZ: FADIALTE FAe] AET AFHH o gAuse) A A Fad ared, B
QLA WA A ALE), AAA H18e Zelath WY J2ETAA FA 7P 2 HEL A4
st 7taAle] FARIANERE A Blsh JF 80l Selshs AL HAed 27 2 ozl 2
o 9o Fasjoy

o

PITALY MBA AF o, AFAL, T BERARS, BAL
259 o

AT B Ao e AFEEHY € SFH AN 2Rt EAF 1979S g g 20249 7
4 1295Y 2097tA] 28 AsFFES AT #E AASE IBM SPSS 29 X238 o] 835}
71€% 7], Independent t-test, One-way ANOVA, Pearson’s correlation coefficients, t}53]#AES A

e e,

AFAT}: ztsAL wiFAA AF 9% A= P 4.030047HGH ), AFARe] Hde
3.7240524 6 ), 34 TuxxAEste] HdES 363105643 W), BAANTEF HIL
43910494 A W) oz Ueyth tsAbe] St dEe vdy AF A4F0=.62, p<0o0l), ¢
AEAT =52, p001), 34 TE2AE3H=34, p( 0019} Frofd o] FaaAE verdct. tsAL
FAPAT TG T frofd JFeddezs HEH AF AF, dATAR, ARG FHem vEhk
O W (F=11.24, p{.001), A= oF 42 2%},

AE: YNEALY] BAKINERE P A vBA AT 9P, PABARES FAAI] AB
Foly WAL TIPS Adstel 1 ES JIAR AL AW wF 4 FEEAR AHE 5
SIS PAAS wHBY ohet Wl AUeld AL vk FRG WAl olFold £ Y= o}

Zrow welsjol @ Zolt}.
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EQIQYUAIE COVID-19 & AlLE: MAX iz

A7 L BA: WA GFo] YA olFolALoE EFT HS COVID-19 ATHre 53
AaPAH Yaa FHOR ofds] Azd e WAL gk kakw A sekyR Aw AT B3
o5 o B% ZTMATIE, BAAAS dst PFe eld u Ay B 890 Bk A
D5Aolth, = QPN LA OALR COVID-19 #al AdES 9L uA: d9ede A
oz WA, o2 YaA 5F, AH FE, A $E Al A Gold BHGIA S

Mo i

A7HHH: PRISMA 7hol=g}elol| ulgl PubMed, Embase, CINAHL, Web of Science, Scopus 57¢]
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Holze| mAE TS stekst] 0T A& Aol 20259 49 25U%E 59 25U7HA B
A 23t AT 1329 FHHHA ZFee Y Eo] 7iE o), wF S5A olste] AUE G
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A7 A3 A & 2EdA 2391038H @A TR, 478 FHES 271106863 WA, A
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2t 7FEF 7HE 9(=2.92, p=.040), AHW7ITHEF=5.79, p=.004), LFAEF] HZ=(F=7.29, p=.001)°]A
F o3k zpolzb Tt AFolqhL B (=615, p(.001), 7FEAA (=570, p<.001)¢} o3 A2 A
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SoEEs} £e BASH 477 HsAESEN 152 AT BAelT,
REARE thpsta Batd a4 3

Agpol Awste] g4 259 wxE Agetl, Wy 49 A
Ae] AF 5o 24 B BFUN BAe] AL EFAAL BA HAS WA A fel

A AFs T3sloF

AT QP BuAke A DE APl 5L Aestn BEARAR, welHeln 4, 2
WeaelEas) BAS Flat Aolch

A7 A& o AMAFEA A AP ol oY AF TEE AKEAL e
AL 172795 ALRHYT. 718 RB 591 F J=oF KF Ao 2Alstar 20228 A4 37t 12 55
< W2 7o) s delA 2025 29 244RH 3Y 1497HA] ARE FHIIL Kang¥ Oh(2020)¢9] &
224 7139% A7197F &7, Yeun 5(2005)¢ 713 HAEAFA ©F, Shin 5(2015) &84 ol 24 &
T, 8]l31 Hwang?} Park(2014)2] HYg2lEst AEAE A0, 39 A5+ IBM SPSS Statistics
24 TS AP FEA e 9EH s HAEAH, SE¥elw A € ydaEEs 1 AudAE
Pearson’s correlation coefficient® H2A13Ic}.

AT A3t 89.5%7F ool vele Hd 47.3(F12.5) 4101k kel 93.0% YRt
WEold 273aL 80.8%e Eut kAL Ao 73.8%e &l olirel #F w55 w2 AEol U
o F AdEe FHd 150E108)01903 ad AES HH 695 Hdol. &EA TP
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3.18(+0.32)/4- 019, &4 A 3144, &8 A 3074, &84 JAEATH A9 3.228, &
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Atz ol4r 1.008 01, HY&E3E 3.84(10.50)/58 010 T2 A 3984, et #A 3.8274,
FElAtel BA 413", LG BA 3.67", drket A 3.658S JUehith &84 s oFge Y =
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AT EA: Wilsond} Cleary(1995)9] 113#d 4to] 2 2l M3 a7 2As e, P A 84

O N rH ol o)

AT 20249 79 119%H 99 129714 A7 &4 Adish Y Fdua HE 2 oJefelr] X
e YA #HY FA 2008E e R TEEY ATE AAEAT ATEILS 3709 AuS(9F
ohd, AHEA AR, I F FFH7IRHeE o] WANS(ES3EE, AV, AZE A8, 373ad
el A)E FAsAAL, £8€ ASE IBM SPSS 29.03% AMOS 27.0 Z2a @& o]&a FRYAFARY

B4 A3

AFAY: AFRFL H¥r A<¢(Normed x°=2.16, Standardized Root Mean-square Residual=.05,
Root Mean Square Error of Approximation=.08, Comparative Fit Index=93, Tucker-Lewis Index=.92,
Normed Fit Index=90)ellA &5 8 7}sd FEo Hlen, 12709 7 T 10747} AA=HAS. S
BdoAE AR AA(B=-25, p=.003), FH F(F=-20, p=.025), I F FH77H(B=.18, p=.006) &
o8 #FoF IFS mFLAEEY 22%), AZ|B s FF HF(B=33, po0DT ARA AR (B=.24,
p=009)7F st FFE WX vbH, SR PL frolstAl k(@Y 23%). AZE 7 dE el AL
317 AA(=45, p<.001), A7|#](B=19, p=018), Y& PJ(B=18, p=045) wo=2 EF FoF JF
<= m3em @y 45%), AAdE o Hels 94 3 (B=.40, po0DF AL3H A A|(B=37, p{.001)
7b Frold 9% mFou, ARE A EE FoskA SR E 51%).
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