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paradigm of intelligent agent medicine - also discussing the formation of the

discipline system of intelligent agent medicine
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Progress and prospects of Al intelligent agents empowering the diagnosis and treatment of pulmonary nodules

. 1234
Bai Chunxue

1. Department of Respiratory and Critical Care Medicine, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Shanghai Respiratory loT Medical Engineering Technology Research Center, Shanghai 200032, China
3. Shanghai Institute of Respiratory Diseases, Shanghai 200032, China
4. Fudan University Affiliated Zhongshan Hospital Al+Lung Cancer Prevention and Treatment Center, Shanghai 200032, China
[Abstract] Lung cancer remains the leading cause of cancer—related mortality worldwide and poses an especially severe
burden in China. Low—dose computed tomography (LDCT) screening has significantly improved the detection rate of early—stage lung
cancer; however, it has also introduced major challenges, including increased false—positive findings, overtreatment, difficulties in
long—term follow—up, and regional disparities in healthcare resources. In recent years, the rapid development of artificial intelligence
(AI), large language models (LLMs), the medical Internet of Things (MIoT), and Metaverse Medicine has driven the evolution of Medical
Al Agents from simple imaging—assistance tools into novel digital medical entities capable of perception, reasoning, decision—making,
execution, feedback, and continuous learning. Pulmonary Nodule Agents represent a new generation of digital medical systems built
upon multimodal data integration, medical GPT technologies, knowledge graphs, and continuous digital healthcare frameworks. These
systems can perform risk identification, dynamic stratification, pathway recommendation, long—term follow—up, and closed—loop
management for pulmonary nodules, thereby enabling precision control of lung cancer risk throughout the entire clinical pathway.
Currently, AT has evolved from traditional computer—aided detection (CAD) systems toward multi—agent collaborative architectures and
is increasingly being integrated into advanced clinical scenarios, including digital multidisciplinary team (MDT) management, Hospital
at Home, digital twins, and Metaverse Medicine. Drawing upon international research, consensus guidelines, and the BAIMGPT and

PNapp 5A framework proposed by Professor Chunxue Bai’ s team, this article systematically reviews the concepts, technological

[ EE]  2026-04-05 [#ZHH] 2026-05-30
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foundations, core architectures, clinical applications, real-world challenges, and future development trends of pulmonary nodule

agents. Particular emphasis is placed on the role of Al in pulmonary nodule detection, risk stratification, multimodal integration,

continuous follow—up, grassroots healthcare empowerment, and real-world governance. Evidence suggests that pulmonary nodule

agents are not merely managing “nodules on imaging,” but rather the dynamic future risk of lung cancer in individual patients. In the

future, such intelligent agents are expected to transform pulmonary nodule management from a paradigm of “detecting nodules” to one

of “precision risk management,” ultimately advancing the vision of “preventive medicine by renowned physicians and universal

healthcare enabled by metaverse medicine.”
[Key Words]

multimodal integration
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[Abstract]  Asthma management is shifting from the traditional model based predominantly on intermittent outpatient
assessments toward a precision management model centered on continuous monitoring, dynamic early warning, stratified intervention,
and outcome tracking. The Respiratory Internet of Things (Respiratory IoT), leveraging intelligent inhalers, home pulmonary function
testing, pulse oximeter, wearable devices, environmental sensors, mobile terminals, and cloud platforms as its primary components,
creates an integrated service network connecting hospital wards, outpatient clinics, community settings, and home environments.
Research conducted by Professor Bai Chunxue’s team on metaverse medicine, new—quality productivity in medicine, and BAIMGPT
(Bai’ s Medical GPT) provides a theoretical and technical framework with distinct Chinese contextual characteristics, supporting the
workflow of "multi-source sensing, intelligent analysis, digital human interaction, quality control, and closed—loop execution. "This
paper systematically reviews the application of the Respiratory loT in inpatient asthma monitoring, chronic disease management, and
hospital-community—home collaboration, summarizing research progress, practical challenges, and future directions for precision
monitoring and closed—loop management in asthma, with the aim of informing the development of a continuous and integrated care
system for respiratory diseases.
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The potential and prospects of Al empowering grassroots doctors in case analysis and reporting
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[Abstract] Case analysis reporting is an important approach for general practitioners to transform clinical practice, diagnostic
reasoning, follow—up observations, and reflective learning into sharable medical knowledge, with substantial clinical, educational, and
research value. High—quality case analysis reporting can improve first—contact recognition, referral decisions, chronic disease
management, and regional quality improvement, while also serving as an effective vehicle for case—based teaching, young physician
training, and real-world evidence generation. However, in routine practice, general practitioners often face multiple barriers, including
limited consultation time, incomplete data collection, weak diagnostic reasoning frameworks, insufficient standardized writing skills,
difficulty in evidence retrieval, and low research conversion efficiency. Recent advances in generative artificial intelligence, large
language models, natural language processing, multimodal Al, ambient clinical documentation tools, knowledge graphs, Internet of
Things, and metaverse medicine have created new opportunities for empowering case analysis reporting in primary care. Al can support
history taking, structured data extraction, reconstruction of disease timelines, problem representation, differential diagnosis prompting,
evidence retrieval, case—based educational design, case repository development, and research transformation, thereby improving the
completeness, standardization, interpretability, and reusability of case reports. Current studies suggest that Al has shown promising

performance in complex diagnostic reasoning, clinical text generation, medical education, and documentation assistance. Nevertheless,
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real-world implementation in primary care remains constrained by hallucinations, bias, privacy risks, unclear accountability, limited

external generalizahility, and the potential erosion of clinicians’ independent reasoning ability. Looking forward, Al empowerment in

primary care case analysis reporting should follow the principles of human—Al collaboration, physician leadership, factual verifiability,

auditability, and gradual scenario—based deployment. The ultimate goal is not merely to help physicians write faster, but to build an

intelligent case ecosystem that integrates clinical care, education, research, quality assurance, and regional knowledge sharing.
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Intelligent agent empowers correction of pathologically overlooked early lung cancer cases in nodule reporting
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[Abstract] The management of pulmonary nodules is gradually shifting from traditional "single image judgment" to
"continuous risk management" mode, especially in the fields of ground glass nodules and microinvasive lung adenocarcinoma. The
importance of artificial intelligence (AI) and medical GPT assisted decision—-making is becoming increasingly prominent. This case
presents a typical case where postoperative pathology was successfully corrected through BAIGPT pulmonary nodule intelligent agent
evaluation. The patient is a 67 year old female with no smoking history. She visited Professor Bai's AT clinic in July 2025 due to mixed
nodules in the left lung. The Al system evaluation showed that the probability of malignancy of the nodule was as high as 88%.
Although the first postoperative pathological report indicated "no evidence of malignant tumor", after Al assisted pathological review
and molecular testing, it was ultimately confirmed to be microinvasive lung adenocarcinoma. This case suggests that pulmonary nodule
intelligent agents not only have the ability to "detect lesions", but are also entering a new stage of "cognition reasoning error correction
closed=loop follow—up", which has important clinical value in reducing missed diagnosis of early lung cancer.

[Key Words] pulmonary nodule; pathology; agent
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Digital humans, virtual experts, and patient education and management: a new model for respiratory health

communication

Yang Li', Cai Qinyi***, Bai Chunxue***
1. Department of Respiratory and Critical Care Medicine, the First Affiliated Hospital of Chongqing Medical University, Yuzhong
District, Chongqing 400016, China
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China
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[Abstract] Chronic respiratory diseases are characterized by prolonged courses, fluctuating symptoms, complex care pathways,
and a substantial reliance on out—of—hospital management, placing high demands on patients’ disease understanding, operational
skills, self-monitoring, and long—term adherence. Patient education and management are the core determinants of symptom control,
exacerbation prevention, rehabilitation participation, and improvement of long—term outcomes. Recent advances in artificial
intelligence, medical large language models, digital humans, virtual experts, the Internet of Things, and metaverse medicine, are
reshaping respiratory health and management from one-time in—clinic instruction toward a model that is continuous, individualized,
contextualized, and interactive. In chronic respiratory disease management, these technologies of digital humans and virtual experts
have shown promise in disease cognition building, inhaler instruction, interpretation of written action plans, pulmonary rehabilitation

training, remote follow—up, and long—term health support, creating new opportunities for integrated hospital-community—home care.
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Nonetheless, current evidence remains constrained by substantial heterogeneity, a lack of hard clinical endpoints, limited adaptation for

older adults and people with low health literacy, insufficient algorithmic transparency, and unclear boundaries of responsibility. The

concepts of metaverse medicine, medical GPT, and BAIMGPT proposed by Professor Chunxue Bai and colleagues provide important

theoretical and technical support for localized practice in this field. Therefore, this study aims to integrate recent international reviews,

landmark studies, consensus guidelines and research from Professor Bai’s group, and systematically review the theoretical foundation,

core applications, technical system, challenges and future directions of digital humans, virtual experts and patient education in

respiratory health communication, so as to inform innovative strategies for chronic respiratory disease management.

[Key Words]

management; chronic respiratory disease
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Metaverse medicine and innovation in respiratory education: from the classroom to immersive clinical training
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[Abstract] Medical education is moving beyond a model dominated by classroom teaching and opportunistic bedside exposure
toward one characterized by contextualization, interactivity, continuity, and competency—based learning, driven by the rapid
development of extended reality, artificial intelligence, digital humans, virtual patients, digital twins, and the Internet of Medical
Things. Metaverse medicine should not be understood as a single device or software platform; rather, it represents an integrated
educational and clinical ecosystem built on immersive interaction, virtual-real fusion, real-time connectivity, and data—driven
learning. Respiratory education is particularly well suited to this transformation because it involves complex knowledge structures,
dynamic monitoring, procedure—intensive training, and strong reliance on teamwork and workflow coordination. Current evidence
suggests that XR/VR/AR, virtual patients, simulation—based education, and large language model-assisted teaching can improve
knowledge acquisition, procedural performance, learner engagement, and clinical reasoning, although stronger evidence is still needed

regarding long—term transfer, real-world clinical outcomes, and cost—effectiveness. In respiratory education, digital human teachers,
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virtual cases, virtual wards, bronchoscopy and EBUS simulation, immersive training for respiratory failure recognition, and mechanical

ventilation education appear to be the most practice-relevant and immediately actionable scenarios. In parallel, concepts proposed by

Professor Chunxue Bai’ s team—including metaverse medicine, medical GPT, and BAIMGPT—provide an important localized

theoretical foundation and implementation pathway for the intelligent upgrading of respiratory education in China. This review

summarizes the theoretical basis, major application scenarios, educational value, practical challenges, and implementation strategies of

metaverse medicine in respiratory education, with the aim of informing future educational reform and talent development in respiratory

medicine.
[Key Words]
training; BAIMGPT
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Current applications and development strategies of metaverse innovation models in otolaryngology clinical practice and

education
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1. Department of Otorhinolaryngology and Head and Neck Surgery, Zhongshan Hospital, Fudan University, Shanghai 200032, China
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[Abstract] With the advancement of metaverse technology and the successful commercialization of head—mounted displays, the
application prospects of the metaverse in medical education are increasingly prominent. This article systematically reviews the latest
advancements in the application of the metaverse in otolaryngology and head and neck surgery, and proposes ideas for specialty
construction. VR surgical simulators, 3D printing combined with VR technology, can significantly improve trainee assessment scores
and operational confidence, optimizing hand-eye coordination and spatial perception abilities. AR microscope systems enable
contactless interaction through gesture recognition, enhancing surgical efficiency. AR navigation platforms demonstrate real-time 3D
visualization advantages in craniofacial surgery, and VR and 360° video training effectively improve the anterior nares packing skills of
junior doctors. VR—-assisted teaching for peritonsillar abscess drainage significantly enhances medical students’ structured clinical

examination scores, operational confidence, and engagement. Integrating 3D virtual models and image overlay technology in transoral
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robotic surgery provides practical value for image—guided surgery. VR technology can effectively alleviate pain and anxiety in patients
undergoing otolaryngological surgery, improve satisfaction, and serve as a non—pharmacological intervention to reduce opioid use. VR
combined with wearable devices can reduce postoperative opioid consumption, and VR vestibular rehabilitation training can enhance
treatment compliance and quality of life for patients with otolith disorders. VR has become an innovative component of ENT digital
teaching, demonstrating equivalent or even superior effects compared to traditional methods in anatomy, physiology, and pathology
teaching. Based on these advancements, this article proposes the idea of relying on the "Fudan Zhongshan Huisheng Zhiyu" metaverse
platform to build a specialized teaching system for otolaryngology: constructing high—fidelity 3D digital twin models and a structured
case resource library, forming a tiered training path covering institutional education, post—graduation education, and continuing

medical education, promoting the dissemination and sharing of high—quality teaching resources, and driving the innovative

development of otolaryngology medical education in China.
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Design concept for a neurology metaverse teaching system based on the Fudan Zhongshan “huisheng intelligent education”

platform
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1. Department of Neurology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
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[Abstract] Specialty education in neurology faces structural bottlenecks including insufficient training in low—frequency, high—
risk clinical scenarios, unequal opportunities for performing key procedures, difficulty in replicating ethically sensitive communication
situations, and a weak cross—stage evaluation system. Based on the “Huisheng Intelligent Education” metaverse platform of Zhongshan
Hospital, Fudan University, this paper proposes a conceptual framework for building a neurology—specific metaverse platform targeting
full-cycle medical education, training, and management. Using extended reality (XR) and artificial intelligence (AI) as the
technological foundation, and focusing on core teaching scenarios such as neurological examination, emergency decision—making in
stroke, status epilepticus management, long—term care of Parkinson ‘s disease, and breaking bad news, the platform constructs four
major modules: a neurology knowledge ecosystem, immersive virtual teaching scenarios, a specialized teaching intelligence system, and
a full-cycle teaching management hub. The platform supports cross—campus synchronous teaching and process tracking, aiming to
establish a new paradigm of specialty education characterized by “scenario—based training — formative evaluation — personalized
guidance — governance closed loop”. Taking the “acute ischemic stroke thrombolysis decision—making metaverse teaching unit” as an
example, this paper demonstrates the feasible approach of the platform in scenario design, task chain organization, and technical
implementation. This paper provides a replicable engineering framework and design reference for the systematic construction of
metaverse teaching in neurology, with future effectiveness validation to be conducted based on actual operational data.

[Key Words] neurology; metaverse in medicine; full-cycle medical education; immersive training; thrombolysis decision—

making; competency evaluation

Mz AR B RO R R B R R B TR RS B0 i SR A A AR i SCE 153
S R R A B AR A R o RIS R B L GO0 R A S 2 ORI R i 1 IR T R

[ EE]  2026-04-03 [#ZHH] 2026-06-01
[MEE®N] ERH, 1, FIAEN; E-mail: mao.lingyan@zs—hospital.sh.cn
"l A5 /E#H (Corresponding author). T i, P, 2AEEEJili; E-mail: ding.jing@zs—hospital.sh.cn



128 Metaverse in Medicine, 2026,Vol. 3, No. 2 JCFRE2E 2026 4F 6 5 3 &5 2 1)

55 WS BT IR AP VA 38, A 2 PN R B A SR A g v
MR 5 A 17 58 A RS AL I 4 5 52 2% 7 3l
(S AT o AR, 5 i P 8 P R BB 22 3
B A IR LA 5 R (1) X8I R A 5 2 e
HAE PRI 2 AN, AR B M A (8] 58 e B B i) 27
DSBS W 5 (2) 2R OR MV 3 4 48 P
S PN A X LT S PR PP B B i 5 (3) MR 2
BUMESS LB ARSEHCE BIONIE RE T A R DB LR |
] R PR A T 5 (4) U BT 5 AR AL N BT
TRk ME LA S O PR BB I 25

UTAFER U T BRI DR A AT B A o
i B IR 2 P DM SR A3, IEAEHE S B2 2 i 1A
AMEM S FRBEHTIR L TR Bl A
BIOOUT G, W A W A R TR
FRAES R R MECA R e Ber B ek 2
JEL 3 2 A B P AR DY R R 2R I AE 2 B 22
FHRAE T AT AT S B BE X PRI RE ) TR
fifi b ARSCHE— R R RE DR P UL R L N A
BRI £ 1 A 22 R BT T F B i R
5, LASYI O [ P e N R 19 R ALl R S
A HFEE S AR At T S A A g R T 5

1 #HEAMTFHEEENEEREA

MANPITT G IF AR S B, WA
CEHPIIEAEE TG R E ST AL, 2
FOR 2B IE e AL G| 3 5 H0 A TP A, 7 I
ilh b L B E S R R SIEM AL, B
PRZRAEATS Sy U AR R
11 Mk—AZARALTHFRRESELE AW
B A AU S SR B g — al e )R] 2k
SRR R POR IR . AR ASUR R T, B S T
S ) i G R R AR R (AR XS B Sk i CT L CT
148 38 5 L CT I AR W IR A5 B K07 el
IR, LU HIPE > 3% (40 56 [ [ 57 A F 5%
B 2 v e A 7R B R IE S (R Rankin i3
Essen 2% i1 KUBS IF 43 L 48— WA 4 2% 9% P i
Hoehn-Yahr 7334 ) o [F] ik 24 A [ N SMSURLAE S
55 R A A5 Crp 2 i i PR i A R 2 IR 4R )
e TRl s N AT P U 15 SR S 12 10 98 1 ) CE 42 2%
T2 T8 B ) A, DL N 25 Ak B A S 451
o A2 AL SRAE ) 75, 5 R A 285 5 A B
A N TR BB R, S BLTR B Y A S
T R A0 R 0 3 A B B RE 2R B, LA B ARAE
WA SR SR fa 8 by ek AL
i, o b3 R PN A R O R B UL 37 R R

CHNRBOTT RS B EIES I S B e
FH DT B 1 280 P 25 B o 1 L — S0k S T Rk
HAEETT

12 M= . WZ2AHEMETZH T EZ FBILEMH
25 INFF 4 A B 35 i SR WA O AT ) AR B
WIFME T — RIVMA BB E 5 (£ 1), Xk
Yoo w5 7 NEE B BE B 5 AR I R DL R i 24
ST A9 40 P 25 FR G0 R b A A A 2 A
i AR L B Bl e A v B VAR TR SR 5 e ) 7 A
T 2R S B B R 2 e RS a5
HESCATIE I IS 0 0 28 A A 45 2 SR S0 b 28 0 11
IR B A S0 5 W7 BT BRI RIS, DA 4 %
95 1 3 B U7 b 0 32 Bl 5 AR B s e IR 25 A TR AR A
FLrp A 28 i 45 4 AR 4 5 3 AU 2 20 3 1 i
I RE A TG B BRI R I 5 VR B R, DA
T UL I & Chn g il A Sk R ) 19 1R 5 5 b
B TE A 0 R I S ) RO A S AR AP R Y S
B2y 5 5975y o B — 5 ks AR5 — IR 2
BETHRLIE , BRI AT 55 AR OC B P 3R i 547 MBI >R
£ BV RO A — R B RR . AT S A B A T
25 H AR5 WU AT R AR s A o O 5 54T MLl
RAERH] [ il S ) B A IR AR i
P& B E A2 HE TR TE TR 5 O S R s RIS B D AR
55 0 A B3 57 25 AR AR R WP B T4 el
UL AR T SRR ) F RN A F IR
5REFTE Mg i 2 R BA Bk 5 Ll U 1 3
R ok, NI R w2 N EHE BEHRE 1 R Gefk  A)
AR T RS H R IR

13 M=z ARsHEHRE AN
ZEA U AR S AR B 3K B # 1
OB, 2 BRI I e R AT B E M AL, B 3h
KA ) HAEA G b i 2 4L AT B B
5 G BEPC R A BR BRAE DT A B AT S5
J Y BSF B] Y 6 | )38 e G Bl R O DA %
TR T AR A R B X AR O A R L S
T 2 38 32 45 1 b A8 2 Ak A ml kb 1 20 48 o
TEBL IR T 8 BB S A5 A il 2T & 1Y LR BE )
1%, LIk B X B A w2 A R RE T L &
RO R RE ) AR R AR A LI AR ) e LR
F5 LA KOs I3 S R 6 Y FE R YR K. B
ERHIET ZA G545 LR A R RA Il
1B EE LR R R AR A R B 25 H R AR ARSI A
AL S22 T RE R iR AL 2= ) Bk R 4 ) A R
J3 G ) R AR S S IR, R IR L [ s R R X
PE AN RN AT 55



JCTFRES 2026 4 6 A% 3 4% 21 Metaverse in Medicine, 2026, Vol. 3, No. 2 129

£1 MEANTEEANESL LSS
Y f B BT & B FAR B
W Rt TARAKT M8 2 3R S A B e/ VR TR
BRI PR R IR IR R e R e AR/MRS 2
e AR NTHSS B %08 3 4 R
T e L OARHITE GRRDIRARRAE VR+AL KL %
FIE 1518
BRSNS AN R S Lo ARMRECE A
YR 2 (VLSS S B L) SHARE M%) {525 [ BUR 16 g VR+Z 5 Z i
UPDRS #4325 ¥ I8 % Ak iz s iE Ak g &
4 2 01 T 5 i WO AR AR SR SR g ATHHR 5L %

/S

iGN, 52 2] 35 ARV R UL SR (R 2 2 AT 45
F I T I IR O AN 7 B AR TR O A 35t e 4 R R
RGN N FLAN T 3 AN ) A8 S5 28 A A epofg 81 i 4
Yk, LASR AL HoAE A8 S5 55 R i o S e R BE /1 .
VR R T2 AL 25 A S e
PRSI T N GE— b B0 ] AR A B A2 1 5 7%
0 F T TN BB X S R0R
14 REw. 2R FEE PR 2R E
B PO BT T AT A G B 2 R TR TR By B2 J]
SOEAEITE IR I s =l N S = B S
SLECE YN L 7E B Y BB BT hACK 2
B BEAE B 24 R B B 1 i 46 2R G AR 4, B4
B 1= Ui B 31 Ak 55 11 B BE 1) 2 Pk AR v e SR I 5, -3
LRk I AL Ak 55 DI B BE A I P8 T ) R AR I
W U 2, AR — L G5 2] R 58, I 58 B
ICSR AR KBTS R A& T
WA e %, AT ST A SR S K R FE Nl
TN 7] HE 8037 55 o 0 58 B0 P 3 P SR TE A 2
Yo V38 Vo3 45 AR SR b, SCRF B0 S S
K IS H Ik sl 5 v S R, 1 fivh & 2
SR IEACTRES . i O B B 0 A E D 5]
B, HAR g — 2 B A X B RE AR S A UEHL ]
W27 2 B A R AE T AT R e s T 85 R AR
N TTEE /TR vi ol o 0 T S M\ & 7 NI ) i -
B XN R BT 1 AT AE A s T DL &
P AL BN AL T R S B R Bl #E B b 2 R
L PR T 26 56 5K Sl 1) TE 98 9K B DB B
45 1) 42 JE A R

2 PHASEK-SMROEMEFBRRRTFHEE

FHIT

20 #EFEAD A HIUI ) A28 N RHE B B (5
34F) R L RREE A I FEAE S i M A P R
4.5 h N 5E PR IEAG R R R KR YA

W SCHARR N AR T . ZY R LGRS
o B[] BOER e TR XU K R B A 28 R s AR R
2ot LR T 2
22 BFARLXBERRE R VRLE D
IR PC o E A AR 202 B L A5 18], 7E 0 L 1Y A
6] R 3 T 4% DL AT 55 8 254 (LA R Bk 2 500h
A SF B AT AR BE o T R TR L B R A I R
TH5E)
22.1 BV H BT B, BRURE RN R
R EEAW AT T, K& R R 2.5 he
2 DT 8 RS BT AE B 2R 0T 4 5 55 [ [ S P A B
FEBEA i RV OR B TP B 43 12 43 ) , Pk
SR ) RE BN LA .
222 BHRAE ERENENS SRS LI
TR IR B AR . B0, Sk /i CT F 43 HE Bk i,
CTA A WK L4 ] 9 , CTP {78 A7 75 Bl 1l 2 K54
V- A] R iy A S AR R AR A (A0 Rl 4 AT 2K
TCF WS LAY ZE A [R) g S B
223 BEHRE FHLGANNE EBE¥ERAS
A SAEPEAN AR 25 5 XU, P A r-PA . 7l
HORE T 2 S BE BE - 0 R 185/110 mmHg (7556
R I Ak B ) il 2.8 mmol/L(55 2 1E ), LI 25 %) %
P AR SUE ) SR o S BRI 5 v mT R AR i L I
W B I 1 S S8, A R 2 R A I e 19 A A
224 FBEWA AVERAEIEERERAHE
ik IR IE RSB ) e AN 4 L (o B8 47 28 S g
FER ] B Ry 1A DR G AR AE) . BT TR
B 4 T I B T 2k IR T B XU R R S
225 WBEREHRE FLIEEHEMRICEE, MERIC
SR 2 s R ) S R R 0, O 58 R L AE
-5 PR AR v A AR AR, ] AF S 4 AR [ B LA 4 A%
A .

DL b BE SR R PR AR AT, BE 25 A2 T Il DR R 5 1) v



130 Metaverse in Medicine, 2026,Vol. 3, No. 2 JCFRE2E 2026 4F 6 5 3 &5 2 1)

PR, AR AL T B ) A 35 A BA UM SR
BT B BB S EL, 7 5 AT AR R A [ 0
FE B R PR 55 W R 00 R I I 2R 7 K

23 BAREALIRGR VFHERMW T WHEEEXH
PR, S 42 BR 22 B e bl B B (R ) 5 43 B
P I A B ) 2 ) A0 R AT o 4% BiE XA A B B2 U
A [ BF A ] — i 0025 i), 2] 2 5 A g g o
Y e WU 255 52 45, DT R A S ] 6 i 27 B3 45 52 [)
HARMEFNESEM . IS BT, RS
FKHSAMB+LERZETF N5 4R
il VB L HE H B AR A B RECFE AN AL
X e B Bl B AR ME AR HE SRR 58 N BOR AR
BN PR I M) SE R B AR . SRR RGN AT G
SRR SR A () G R A5 RS B R I S R Y SR
Ak PRGNS 5 K& (078 38 7 B8 17 A gl 4T
SCSAT R IE S, IR AEAT 55 45 S AR BUE Bt i
Wi o M AR PR R R | b 2 LA R R
(0 220 W i Fe G 18 B 5 3 s # ) 1A 2 DG BB 2 1R
A2 3SR G W I 4R R BV, 8 2 BRI A ]
X LG5 A E DTS BRI 2 S st R TR ) 2 )
ZIEZ S

3 % i

A B U B AR
LTHEFHFRIEE T ILEMNE AL R
S, HAB I E AR BAE 242 10 (1) F & 1L e sl i
22 NRE o L2 O ) b E AL AT T e
B B g bR A W 2 AR T H
it B PR 2 B O3, BIF S 3 I T AL A4 1% DI RE A8
g ) 3 SR AR AE R A AL 23 L2 o e R4 B 3R
WA W 53697 B BIF , OF 3 25 vh J0h vh 2 5 B
577 SEARMA: 1 U A Ik 3 8 BRI 2 ] 4 e A
RO A e 2 2 I ) SR Sl PR BRI
HR 28 AR G S AT R 1R B AR Y B
RIFEFRMA L. A Gl s R &
PR R BRSO AL TR RE ORI 1 A G R
FeA ol B A n] A Al i HE LI ZRAT 55, Bt B
WIRE AT 2R /N R R G I b R [R5 e 24 B2 22 ]
DR 31 5 DR A B R B I Ll 22 5+ (2)F B
LS BN 2 B AT 1) E 5 5K 2 ) R O B
BIERTT o —IAL & 30 WWFSE (1 560 %2 5 #H 1Y &
GrLrid IR W, J0 T BORTE B A B0 P A R
B3 2L Rk, 2B RE TR AR T
YNGR IA) 457 06 LA K 2 2] 246 55 45 0 i 1 ik o i B
HE D037 5% o i R R 1 SR AR S L R RE T imi 4

(3 25 A B, AP 5 B BRI A B A R
A — YR BT, 56748 O D58 B B 7 Sl U A0 5
PR SRS AN AL o (3)°F G 3T b SR B e X
LR 552 4, 2 B IX BEIBRAR T 5EF R 22
PR R 2 () T A e 4t mT 9 M By T A i R T
(4)F 5 00k o 4 Jo] 300 B 30 %) 0 % 4 4%, B 2 A B
R BT B B 22 2R e A RN S, B Be B2 iR
AU B ity 7= rp oS I 2, 7 210 % ) B i R Ak
F )N B By i 48 T4 E 5 2R WA I g5, B 4k
SR A R W B IA B AR 0 BN 2k, LA S
B 22 N RE A B BN 1) 1574 55 R ) 3

TEE PR L, B A B 0T 78 3R 3R DL 3 R
BT NRHECE o I, A AR R
AN G B2 2 ) A PR R PR AR BE T, AT B
FE R AR A B8 5 T ORI R A5 R0 A I T AL
— I 77 PRISMA i B f 5 ST 28 38 % o0 1 B AR
TERPZAMBE 28 N RESORTHRE R P R BEAT
T VAL, DA 420 5 SRR b 3 1 24 AN 3, R
B A 22 AR T DA RE 0L A8 B R AR AR L A B TR T
WL . TEA h B U, — T A 59 IURT5E
f 35 Bl 25 08 R GEM B T 246 v BB 2 A T 5
AR, e B 22 BT 7 IR AR T I 4 TRy AR R R
UL, 1 RE 1 PPAl 4k 22 207 UL S s B 3t (i
H B 1R ) 7 1A AR IR R e AR, b
NS AN R N R i N E S SRR UL i UES
L s E S e R IRE R MR A TR B B
TR A MELUE IR G i i BB EH
PR TT 58 o TEMEME S R A B AR B RE U T, A
BFFE O S R IR A 92 5 Y i B S BOR ST AER I
TE A, 1 28 PN R G5UER F) 0T T 4 07 o Ak T R D B
B, m oK W MR AR 2 R R VR REVE M 5 A
J A BT — R L B G E . S BUA DR
P A SR 3R R B R (s (D) R
MR RGE T E BRI AR T E RS
PEAT B ] BRAIE TR R EOE S IR 2
H—2E; QWA LRI RGN, E s T AR
MR £ B8 2 52 % D3R N B 1 AR B 1 A B
ME A H A 24 B 18 1 58 B BE 13 & 5 (3) IEM
5 B RCHE P BE e o A B R L BE O m R S
YA T2 il , SEBL 1 2 h sh Y ATl AT iE
i RSERES 4Gl

AT FE FA 24 R B R S R
AIATPERE , AR TR BRIE . ASCHRE TR A
NI P & RSO BB 500 2 i &2, BT
T3kt FF 6 5 2 5 N BB Be . EbR e 5 AT



JLT R

2026 4F 6 %5 3 555 2 W] Metaverse in Medicine, 2026, Vol. 3, No. 2 131

(VA e T TI N TR 75 el TR D B N O R A 1
T LA R 5 rp 0 S ) (5] J5i A At AT 5 ok — 2l it
ZHLRIEREIIA . RRBETOR 55 FISE 345 11
JETF - ()BT I 940 2 0 BE LG B S, BT
T O T A G/ BRSO B
UL {91 DR 3R T W 3 LA K o o) T RS ROR S5 T T Y
2e 5, N WA R B A v A5 B IE 4 5 (2) B
G E AN Z R NI, St [ i e 2 Rk
JLTH HOE B G AR P AR B A iR
JE A Sl AT L AR HE B R, AR AN TR ATLA ) 4 552 it
ST 5 (3) 78 7™ K 04 Ko 1l 4 55 48 L HE AT 4R T
RV 5BERE T I RG], TR E
AN 25 R B3 B 2 RAT 0 9 R BIE 5, Bk o 57
I ZR BT > 15 B RE 1 2 R BES A AT 8 2= L PR AR
BB HZ A DT SE SR ] ] E SRR O AT
BT E AT AE Y 25

LRI AT E B INELEE T LT
WAL R T ENROTT A g B iR
B IR SRR 1 L 2 M R A b U e DO
BT AR B . P Bl M IRAE S R
SNV b e e A N Rl RS e
HAR AR DU R R P ) 028 ST R R R e
518 BRSSO bR AL RTE R RPN 2R, S
Fris be X R B fe e 5 e W RE B 8 . % &
iz N R BEEE S O ARBCT A R R A T AT
S A AR AE SR, A7 B Bl 22 B I 2
M S 1] RO B Bl R i P ER Y o o K

CEER K.

FIZEMR ARSI R 5 0P %

EETH BRSO 58S /0 8 U IR
5B 8 SCHERE &5 K5 IR B8 SUE RIS & KT

5| A

KM - S S8 T e SO BT 5B .

2% 30k
(1] Wabsfh. soF W ESENEFEF W] JUFWEY,

(2]

(3]

(4]

[5]

(6]

[7]

[8]

[9]

[10]

2024,1(2):33-38.
Huh Y J, Shin J S, Yoon N, et al. Metaverse—based objective
structured clinical examinations: an exploratory approach to
advancing clinical competency assessment [J]. Korean J Med
Educ, 2026, 38(2): 139-148.

Liu J YW, Yin Y H, Kor P P K, et al. The effects of
immersive virtual reality applications on enhancing the learning
outcomes of undergraduate health care students: systematic
review with meta—synthesis[J]. J Med Internet Res, 2023, 25:
€39989.

sk S2Lsk G By, A AR I E A E IS
By B AR O TR P B R S R S R
[J]. JEFH B3, 2026,3(1):47-51.

Singla L, Jamal F, Abu A, et al. Sim and learn: simulation
and its value in neurology education [J]. Fed Pract, 2025, 42
(11):430-436.

Li Q, Duan H, Zhou X X, et al. The use of metaverse in
medical education: a systematic review[ J]. Clin Med, 2025, 25
(3): 100315.

Maltby S, Mahadevan J J, Spratt N J, et al. Implementation
and sustainment of virtual reality stroke workflow training for
trainees  at stroke

physician comprehensive

BMC Med Educ, 2024,

cenlres: a
quantitative and qualitative study [J].
24(1): 1494.

Lemmon M E, Strowd R E 3rd. Right Brain: Breaking bad
news: Communication education for neurology trainees [J].
Neurology, 2016, 87(24): e285-287.

Luisa E, Joseph D, Rishi M, et al. NeuroMetaverses for
neurology, neurosurgery and psychiatry [ C]/NeuroMetaverses
for Neurology, Neurosurgery and Psychiatry. BM]J Publishing
Group Ltd, 2024: A78. 3-A79.

Roehr M, Wu T, Maykowski P, et al. The feasibility of virtual
reality and student-led simulation training as methods of lumbar
Med Sci Educ, 2021, 31 (1) :

puncture instruction [J].

117-124.

TR, & W0k XF ET REPLEEEFTFERMENBTTH AR RWEBRALT]. TFH K, 2026,3

(2):127-131.

Mao L Y, Yu Q, Zhang W, et al. Design concept for a neurology metaverse teaching system based on the Fudan Zhongshan
“huisheng intelligent education” platform[J] . Metaverse Med,2026,3(2) :127-131.



132 Metaverse in Medicine, 2026,Vol. 3, No. 2 JCFRE2E 2026 4F 6 5 3 &5 2 1)

DOI:10.61189/0985500mimvp

ET'EEhLELEEE ' TFHFEEaNPAENRE
“IEAR” B ER R R B FMR IR A8

¥

k ETERRMLBEAL,REFL,R LB ML ELEIMF,
-

BRZEME B E A, 1 200032

ERERHE il BE B P B /iR TG g A R, B 200032

3
2

1.2
2.2

[(FEZE] DG B P LA B Be 2 B h 9 R 45 & A A B35 4 2 h R g g A 7k UM 2 7 B AT B A Ak S P B
TS EOR . B RIAEBE Ll AR S [ GRS — At o v P B R AR B el B, EARHE B L Ll A LT P
GBI 6 B AL B2 B — 5 R F  E — IR S R AR 1 2 RS . e e mt b B IR T & R RS R
SRR G PG 2 vp B Rk G R v B v AR R A v B 24 AR B  rh T B R R AR ) B 3R D5 SRR SR I ) B AL v s 2
LR FF I ZRARFE T T B HVE R R G T T i B BIECE Y o L85 20 R BE RN & R B 0% 45 B b i 4
NV B, B4 L B TAEZR T T w BeE i h i E U R B S rh i R BG4 Fr/ 2 A FHg 7 g v =
I EHAR S5 FEUGAEIEATIAT  TAE IR T VE — 1 12 P R i — 1 205 (9] 193 [ ke 56 — 338 B0 43 R g ) 1) 34 8k 32
Bk HE—25 DL DT A T R E O TAE = 0T T BUE SR R ), FARSR BRI A BCE o A R R AR SR AL R A
FEVT O 0 B A A . RO B A P pe IS R R] A R B 1 T R 2 A% AR AR B B RO AL 5 P R B AR R 4R
BT ) S BB AR

[RgiE] & EPl SR T 0 PG EE P A B B8 B 5 v B8 25 15 AR B3 5 2 b

[FESZES] R 2-031 [XHkiREB/] A

A conceptual framework for constructing an innovative teaching module for traditional chinese medicine inheritance in a
collaborative “flagship” hospital integrating chinese and western medicine based on the “huisheng intelligent education”

metaverse platform
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1. Department of Education, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Department of Traditional Chinese Medicine/Integrated Traditional Chinese and Western Medicine, Zhongshan Hospital, Fudan
University, Shanghai 200032, China

[Abstract] The construction of collaborative “Flagship” hospitals integrating Chinese and Western medicine has placed higher
demands on talent cultivation in integrated medicine, inheritance of the experience of renowned veteran TCM experts, innovation in
collaborative diagnostic and therapeutic models, and information—based support. As one of the first batch of national pilot institutions
for collaborative “Flagship” hospitals integrating Chinese and Western medicine, Zhongshan Hospital, Fudan University, has already
established a full-cycle framework spanning undergraduate medical education, postgraduate medical education, and continuing
medical education based on the “Huisheng Intelligent Education” metaverse platform. On this basis, an innovative teaching module for
Traditional Chinese Medicine (TCM) inheritance is proposed to address the current gap whereby the existing platform primarily serves
modern medical education and provides insufficient support for Western medicine physicians receiving TCM training and senior TCM

physicians in the cultivation of TCM inheritance and innovation as well as collaborative Chinese—Western medicine competencies.
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Relying on the four existing platform foundations—namely the metaverse medical knowledge ecosystem, metaverse virtual teaching
scenarios, comprehensive teaching intelligent agents, and the full-cycle teaching management hub—the module is designed around
four core components: a metaverse teaching module for renowned veteran TCM experts’ studios, a virtual outpatient module for
collaborative Chinese—Western medicine practice, a collaborative ward-round/MDT module integrating Chinese and Western
medicine, and a TCM appropriate techniques and situational training module. Together, these form a continuous teaching chain of
“inheritance resource accumulation—outpatient collaborative training—complex case collaborative decision—making—application of
appropriate techniques.” Furthermore, taking the metaverse teaching module for the studio of Shanghai Famous TCM Expert CAI
Dingfang as an example, this paper illustrates the specific design for knowledge resource integration, reconstruction of teaching
scenarios, intelligent-agent support, and process—based management and evaluation. This module is expected to provide a new

practical pathway for the digital transformation of TCM inheritance and innovative collaborative training models in the context of

collaborative “Flagship” hospitals integrating Chinese and Western medicine.
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[Abstract] In the context of the ongoing advancement of precision medical education, governance in medical education within
teaching hospitals has gradually shifted from traditional experience—based management to data—supported management. However,
current approaches still largely remain at the stages of educational evidence—chain construction, profiling analysis, and risk prediction,
with relatively limited capacity to support intervention consequence simulation, governance strategy comparison, and system-level
optimization. Against this background, the concept of the medical education governance digital twin (MEGDT) is proposed. By
integrating digital twin theory, data governance practices in teaching hospitals, and international frontier cases, this paper discusses the
conceptual connotation, implementation framework, and governance value of MEGDT. The potential value of MEGDT lies not only in
enhancing the dynamic perception, simulation, and feedback capabilities of medical education governance, but also in providing
decision support for teaching hospitals to achieve a better balance among educational effectiveness, resource input, organizational
efficiency, and educational equity. At present, MEGDT remains at the stage of conceptual proposal and pathway exploration. Future
work should prioritize minimum viable prototype studies in scenarios such as postgraduate medical education, while also addressing
data quality, model credibility, privacy and security, and cost—effectiveness balance.
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Research on the construction of metaverse-based immersive training system and teaching modes for postoperative coronary

artery disease patients

Zhao Weilin', Zhang Wen®, Yu Qing”
1. Department of Rehabilitation Medicine, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Education Department, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[Abstract] Standardized rehabilitation training for patients with coronary artery disease following coronary revascularization
surgery is a core therapeutic strategy to improve postoperative cardiac function, boost exercise tolerance and optimize long—term
prognosis. However, mainstream cardiac rehabilitation methods currently suffer from three prominent limitations: monotonous training
scenarios, poorly individualized regimen titration, and poor adherence to home-based exercise regimens. In recent years, alongside
iterative advances and technical maturation in artificial intelligence (AI), the Zhongshan—specific metaverse platform featuring virtual—
physical integration has offered novel insights into overcoming bottlenecks in cardiac rehabilitation training. Leveraging metaverse—
based immersive interactive technology and wearable dynamic electrocardiogram (ECG) monitoring technology, this study aims to
develop an integrated intervention system tailored to standardized cardiac rehabilitation for coronary artery disease patients post
coronary revascularization. It further defines the system’ s implementation workflow, risk control protocols and clinical eligibility
criteria. The research adopts four methodological approaches: system architecture development, scenario—based modular design,
alignment with evidence—based clinical guidelines, and hierarchical competency—based teaching modeling. The postoperative cardiac

rehabilitation framework consists of three core functional modules: virtual reality (VR) immersive exercise training, wearable real-time
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dynamic ECG data acquisition, and Al-powered ECG risk early warning. Rehabilitation phases are stratified according to patients’

postoperative functional capacity. On this basis, we established individualized immersive rehabilitation scenarios, graded exercise

intervention thresholds, a tiered judgment system for ECG abnormalities, and standardized emergency response workflows. Meanwhile,

to meet clinical teaching demands in cardiac rehabilitation departments, this study explores a sustainable specialty teaching

transformation model supported by the Fudan Zhongshan Huisheng Intelligent Education platform. The findings will provide a

comprehensive theoretical framework, technical roadmap and empirical evidence for the large—scale clinical translation of this

innovative cardiac rehabilitation protocol.
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