Agent Hospital

Yang Liu
Institute for Al Industry Research (AIR)
Tsinghua University



Challenges Facing Healthcare NEZS

¢ Tsinghua University

® The current healthcare system 1s confronting multiple complex challenges.

Workforce Shortages Aging Population

Lack of healthcare professionals Growing elderly demographic
to meet demand requiring more healthcare

Health Disparities Rising Costs

Unequal access to healthcare Increasing expenses impacting
among different groups affordability



Al Develops Rapidly

Tsinghua University

® The past decade has witnessed the rapid development of artificial intelligence.
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Small Models

Train one small
model for a

specific task

SVM

(1995)

-

Big Models

Train one big
model for

multiple tasks

GPT
(2017)

World Models

Autonomous

agents evolve

1n a world

Smallville
(2023)
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Tsinghua University

® Autonomous agents have the potential to explore the world like humans.

ﬁ
[ Environment ] ﬁ @

( %&‘ i

Look at the sky,
do you think it

will rain tomorrow? Storage
m If so, give the Memory : Kppyvledge
' umbrella to me. H —~
1 —
1

°
b Y

Reasoning from
the current weather
conditions and the
eather reports on
the internet, it is
likely to rain
tomorrow. Here is
your umbrella.

Summary| | Recall Learn| |Retrieve
y

Decision Making

“. Planning
/ Reasoning
— Text o —{ Tools }—

Calling API ...

=
=
og D
=
-
aamD
-
\
Generalize / Transfer

-

La®--




Road to Becoming a Physician CNEEE

Tsinghua University

® Becoming a doctor 1s a long journey, which can be divided into two phases.

Acquiring knowledge | Acquiring expertise
by studying in schools | by practicing in hospitals
I
Kindergarten = Primary Middle High Medical Residency Continuous
School School School College I Program Practice
I

(3 years) (6 years) (3years) (3 years) (8 years) (3 years) (X yearsi

| J | |
, e
Foundation Medical | Medical
LLMs LLMs . Agents



Evolvability of Agents

%< Tsinghua University

® Agents can evolve 1n a complex environment over a long timespan.

Features

Environment Static Dynamic Static Dynamic
Data Limited Unlimited Limited Unlimited
Supervision Direct Indirect Direct Indirect
Lifespan Limited Unlimited
Inheritance Gene duplication Model parameter copying

Al evolves faster than human.






Tsinghua University

Agent Hospital @ %17

® Goal: To enable Al doctors to evolve over time by building a virtual world.
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Roles in Agent Hospital

A simulacrum of
human doctor in the
virtual world. He can
chat with patients,
make decisions,
reflect to gain
experience, and use
external tools.

A simulacrum of
human patient in the
virtual world. She can
communicate with the
doctor: describe the
symptoms, ask for
advice, etc.

Patient Agent Doctor Agent



Patient Agents O NEES

Tsinghua University

® We propose constructing synthetic medical agents using LLMs.

® The pipeline decomposes patient generation into a four-stage causal chain.
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® A dual-track cognitive memory mechanism is introduced to support coherent dialogue:
semantic (static) and episodic (dynamic) memory.

10



Doctor Agents — Medical Inquiry

Tsinghua University

® We propose Doctor-R1, an RL-based self-evolution method for medical inquiry.

® The doctor agent
learns by interacting

with virtual patients.

® Medical reasoning,
empathy, and safety
are all taken 1nto
consideration.

® Each doctor agent
accumulates 1ts own

private experience.

4 ,Journey starts here 5) Reward Model

4 v

1) Dynamic Interactive Environment ‘ Y ,=}~’,
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Consultation Evaluator

=& IV \ y

Ib ﬁW %) ‘ Two-tiered Reward
Complex Clinical Scenarios 7 A) Process Reward for Questions
A 4 : + Hierarchical Veto System

. « Skill D li fety, E hy, etc.
Simulated Patient Agent P, ‘ Skill Decoupling (Safety, Empathy, etc.)

| B) Outcome Reward for Diagnosis

Enter Multi-turn Inquiry Session S,

v v

Policy Update

2) Turn t of lnquiry Session S,

~

Store good experiences
E{s.a.r}to
Experience Repository if

Tt > Treward

Doctor Reward score r, for
Patient N
Agent’s action a; by
Qucry
response Consultation
(Action a, ) Evaluator

Action a, ( question / diagnosis )

Think: The patient is a 68-year-old woman with osteoarthritis, and she mentions that
climbing stairs is strenuous. First, | should confirm if this is the only symptom or if there are
others. Maybe she has joint pain or stiffness. But she didn't mention those yet. Also, I should
ask about the specific joints affected. So, the next step is to ask about the specific joints
affected and any other symptoms

Action: [Question| Are you experiencing pain, swelling, or stiffness in specific joints, such
as your knees or hips?

3) Actor Model
[% Observe . Select Respond
Retrieve . .
State . Action to patient
m Doctor dial Experience ia Poli e
Agent (dialogue) via Policy query
Generate Action
4) Experience Module
2,
2% Retrieve “Good” Experience from

Experience Repository E

Stage 1: Candidate Selection top-N q"iik selection
top-k reranking
Stage 2: High-Fidelity Reranking o +

% update dynamic

e Stage 3: Novelty and Reward Filtering k2 : th reshlold

v
filter out the
best experiences !

Retrieved: Best top-x Experience -7

A Experience Repository E
stores experience tuples {s,, a, r;}

1. Ey{sy, ay.ry: { 542 Istill experience a burning sensation ... , a;:
The patient has a history of reflux esophagitis and Barrett's ...
Action: [Question] Have you been tested for H. pylori

infection? ..., r;: 0.72

2. Ej{sy,ay,ryp: {8522 ..., apt ..., Tpt ...

* Remarks: s, a;,r; are state (patient query), action (doctor s
response) and reward score at turn i respectively.
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Tsinghua University

® The medical treatment plan can also be iteratively refined by self-evolution.
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1S US ed tO (& ﬁne the Output . Therapy: N-acetylcysteine 600 evidence-based elements but... as memory
mg orally three times daily .. TheraJudge - Evalutation Score (Sg): 77.1 My
® st J
The refinement process == . .
_ Multi-Dimensional Scoring Evaluation Report

DB (RAG) Completeness N NMNE 5.0
Info Accuracy MM 50 _

. . y Clinical -
continues until no further Gridelines &2 Consensus  MUMIMIMC 40 /i

CoT Reasoning MmN ] 30

improvement can be achieved.

5 Real Case Reasoning | Targeting HEEEN 40
Examples & Analysis | Harm Control w1 ][] 2.0 Aggregrate Score and
(Few-shot) =  Content Bias N 4.0  Reasoning Summary |
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Tsinghua University

® Doctor agents keep learning by treating patient agents, either successfully or not.
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Effect of Evolution

Tsinghua University

Examination Diagnosis Treatment

98
95
94
66

before after before after before after
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Applications

%  Tsinghua University

® The use of patient and doctor agents may lead to various applications.

Al Human Medical Education
Human Al Health Consultation Assistant
Al Al Public Health Event Simulation

Human + AI  Human + Al Healthcare Ecosystem
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Medical Training with Patient Agents | N(EET

Tsinghua University

Al patient

Medical background,
Personal lifestyle,
Character traits, etc

Force value,
Location value

Medical students

Ask questions
Perform palpation

Close-loop learning

Performance report

16



Tsinghua University

® Agents could bring transformational changes to the healthcare ecosystem.

Virtual Al Hospital
patient Al . Al doctor
avatar  _ patient 2 doctor avatar
agent [ agent £ agent agent
v \ ‘A
offline services @ ﬁ online services
Physical Al Hospitals
_ = ukty .
L o000 oo gg = m=|m I:rﬁ:
m|(() oo| /7 |oo — m mn =
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Redesigning Medical Services NEES

¢ Tsinghua University

Patient

18



Redesigning Medical Services NEES

¢ Tsinghua University

Patient Agent Doctor
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Redesigning Medical Services CONEEE

Tsinghua University

Human Patient Avatar Doctor Avatar
Patient Agent Agent
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Redesigning Medical Services

Tsinghua University

Human Patient Avatar Doctor Avatar
Patient Agent Agent
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System Client: Patient

Tsinghua University

® Patients can use mobile phones to access high-quality services conveniently.
< In Pre-Consultation <

% Al Doctor

Al Analysis Result < Health Record Analysis Feedback

@ Folder updated. Click for overall analysis

Hello! | am Dr. Lin Xueyang from
the Department of Respiratory
Medicine. It's a pleasure to help
you.

Al Generated (D

% Al Doctor

To enable the doctor to
understand your condition more
effectively and comprehensively, |
need to conduct a brief pre—
consultation with you before the
formal medical consultation.

Al Generated ()

% Al Doctor

Are you experiencing any
discomfort at present?

Al Generated (O

Patient i

| have had an intermittent cough
over the past two years, which
has worsened significantly in the
last three days.

Al Doctor

May | agicifvaurcaughisiry or

I h e b e sk

- a x4
L et rieaplent-tedd g

Patient Profile: 29-year—old Female

Primary Findings: Chest CT shows extensive
disease in both lungs, including Pneumoconiosis
with large shadows, Pulmonary Bullae, and
Emphysema.

Symptoms: The patient reports a dry cough
without phlegm, which matches the lung findings.

Overview

This patient is a young female (29 years old). The
CT scan shows diffuse disease in both lungs. The
primary diagnosis is Pneumoconiosis (lung
disease caused by inhaling dust), combined with
pulmonary bullae (air pockets) and emphysema.

a Matn: Danmimnananinaio in ealathnbs caes in o~

Updated: March 21, 202

Current Health Risk Level: Medium

G () GEE R

Lov Mediul High Extreme

Assessment Criteria

Based on your medical records and key health
indicators, the primary health risks are
concentrated in abnormal findings from your
lung imaging. These include increased,
thickened, and disordered lung markings in
both lungs, as well asBBE enlarged lymph
nodes in the mediastinum (the area in the
chest between the lungs). These signs
suggest potential chronic inflammation or
other underlying lung conditions. While some
blood test results were abnormal, they had
less impact on this specific assessment.
Overall, your current health risk is assessed as
medium.

Potentially Affected Body Systems
1. Respiratory System: The lung imaging

View Folder Upload

Yuanyuan Fang

Pre-consultation Analysis Alert 22



System Client: Doctor

® Avatar agents help doctors reduce workload and improve efficiency.
Take a Tour  Virtual m @ @Log Out

Workstation ~ Consult  Medical Records

{ SEHIAIERR

i)
Agent Hospital My Al Avatar @

Training Data My Orders

v Qiao Qiao (Male, 33) [In-person Consultation]

e

In Progress (2) i ) L A
J g::éﬁgl <C'Reason &, Download & Synchronize (O History Allergles o feeleailons @F {Eaus
W&z [ 3 Qiao Qiao (Male, 33)
18:00-22:00 Over Examination ~ Treatment  Follow-Up @ s L
Qiao Qiao No significant past medical or surgical history. No

Chief Complaint : family history of hereditary diseases. | am allergic

to Penicillin.

13:00-13:30 (R)
Dry cough for 2 years, aggravated for 3 days, accompanied by

. dyspnea and chest tightness.

Pending (0) ¥sp 9
History of Present lliness : Are you currently taking any medications, including %

prescription drugs, over—the—counter medications,

or supplements?

@ Qiao Qiao (Male, 33)

No, | am not taking any medications.

The patient began experiencing a dry cough without sputum
production 2 years ago. The cough has worsened over the past 3
days, accompanied by dyspnea. The dyspnea occurs at rest and is
associated with a sensation of chest tightness. The chest tightness
is intermittent. The patient works as a dental ceramic worker with
exposure to dust in the work environment.

Past Medical History : Have you visited a hospital for this condition g’
i ?
No past medical history previously? If you have any test results, please
upload them.

Family Medical History:

No family medical history

@ Qiao Qiao (Male, 33)

Allergy History: | haven’t been to a hospital for this.

Allergic to Penicillin.

Understood. Thank you for your cooperation. | have ?
T 5 o : i

noted your basic information. A physician will

subsequently provide you with more specialized

recommendations based on this information. We

wish you a speedy recovery.

Pregnancy/Lactation
Weight (kg):
95

Physical Examination:

Auxiliary Examination:

[3 Collapse Chat

() End Consultation

Reasoning

Key Information Analysis

Patient male, 33 years old, chief complaint of dry
cough for 2 years, aggravated in the past 3 days,
accompanied by intermittent chest tightness and
dyspnea (occurring at rest). The patient is a dental
ceramic worker with long-term occupational dust
exposure. No previous history of diseases,
surgeries, or family genetic diseases. Allergic to
penicillin. No other discomforts such as fever,
fatigue, or weight loss. No recent medication or
medical visits, and no examination results are
available yet.

Recommended Examinations

Chest CT Plain Scan

To clarify lung lesions and assess the origin of dry
cough, chest tightness, and dyspnea symptoms
(e.g., pneumoconiosis, interstitial lung disease,
etc.). 1

Pulmonary Function Test Battery
Comprehensive evaluation of lung ventilation
function, restrictive or obstructive lesions, aiding in
the identification of pulmonary function
impairment related to occupational dust exposure
diseases.

Blood Gas Analysis + Lactate + lonized Calcium
To assess whether the patient's dyspnea is
accompanied by hypoxemia and acid-base
balance disorders.

The patient has long—term occupational dust
exposure, a 2-year history of dry cough, and
recently worsened dyspnea. Focus on excluding
occupational lung diseases, pneumoconiosis, or
other interstitial lung diseases; select imaging,
functional tests, and blood gas analysis for
differential diagnosis and condition assessment.

Diagnostic Recommendations

Tsinghua University
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System Client: Doctor N EEE

Tsinghua University

® Doctors can train and manage their own avatar agents.

( SHAIERR Workstation Consult Medical Records My Al Avatar @ Training Data My Orders Take a Tour Virtual m @ ﬂ Log Out

Agent Hospital

Please Enter Avatar’s Name 4 (F
\' ) Zhang Jin’s Avatar sﬁ 4
Q) Avatar Description: No Description \r
Current Level: (L1 295/500
C—
Consultation  Med Record  Diagnosis Examination  Treatment Follow-Up Learned Training 27
11100 Lt 27 Lt 27 11100 11209 11100 Upload medical records to level up
Learning The Al Avatar is learning in batches. Each batch takes about 40 minutes. Refresh the View Training Data Uniead
page to see the latest results.
Avatar’s Learned Diseases Al v

Otitis media and upper

eelEleny tEs Asthma and asthmatic bronchitis 140/500
infection E——
Chronic airway Diagnosis L 65/100  Treatment 40/100 D
obstruction disease
Hospital 1 56.4%
Examination 27/100  Follow-Up 27/100 ol ?
Asthma and asthmatic Hospital 2 43.6%
bronchitis
. 6 diagnoses learned in “Asthma and asthmatic bronchitis” View Training Data >
Respiratory system
infection/inflammation
Cough variant asthma 166/300
Other diseases of
head, neck, ear, nose, Diagnosis L2 Treatment
pharynx, mouth Allergic . Allergic
rhinitis with Cough variant ast 40/100 40/100 :glal bronchial
EEE Examination Follow-Up i
40/100 40/100

24



System Client: Hospital

® Hospitals can connect to the virtual world and manage their avatars.

0 . % .

Home Schedules

@
[El  Hospital Info

Schedule List Schedule Plan

Departments

iy
Date Pleas. pct the date 8 Doctor et the doctor v
@& Doctors
& C Reset
B  Schedules Department Please select the department v
S Appointme:
O Appointme & Bulkimport  Slot Release Time: Weekly , 08:00
&  Users
c Itati oy Registration F: Hospital C: Itati
onsultation istration Fee lospita onsultation
Date Session Time Slot Number °9 Doctor Department e Action
@ Settings v Type (CNY) Campus Location
of Slots
201 Outpatient
Room, 2nd Floo
Video Consult Respiratory De -
03/20/2026 Morning 2:00 PM - 6:30 PM 5 80.00 Li yaoqi Main Campus r, Department o View Edit D
ation partment
f Respiratory M
edicine
201 Outpatient
Room, 2nd Floo
Text & Image . Respiratory De R . = _
03/20/2026 Morning 2:00 PM - 6:30 PM 5 80.00 Li yaoqi Main Campus r, Department o View Edit
Consultation partment =
f Respiratory M
edicine
201 Outpatient
Room, 2nd Floo
In-person Con Respiratory De &
03/20/2026 Morning 200 PM - 6:30 PM 5 80.00 Liyaoqi Main Campus r, Department o View Edit
sultation partment R
f Respiratory M
edicine
2017 Outpatient
Room, 2nd Floo
8:00 AM - 1130 A In-person Con Respiratory De
03/20/2026 Morning < 5 80.00 Li yaoqi Main Campus r, Department o
M sultation partment
f Respiratory M
edicine
8:00 AM - 11:30 A In-person Con
03/20/2026 Morning A P 10 1.00 T WA 1 View Edit Delete ®
= M sultation
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System Testing NLEESE

Tsinghua University

® The system is being tested at 8 hospitals in Bejing and Guangxi.

Feedback on Patient Client

“It has continuous, easy access to personalized

health insights and follow-up care, and that is what | 11 ] % £ ¥ T,
we want the most. This 1s a feature traditional TY HOSPITAL
hospitals seldom offer.” Hy | 1@;5&11%?&55 oL
: ». e hiciay %H@& -

---- Patient surnamed Wang i . )

7
2

Statistics at Doctor Client

The average number of edits that human doctors
made to the suggested decisions of avatar agents
reduced from 9.00 to 4.67, indicating that avatar

agents had kept evolving. System testing at Tsmghua Umver51ty Hospital
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Paradigm Shift LEZS

Tsinghua University

® Al Hospital has the potential to revolutionize the healthcare industry.

Physical Hospital Internet Hospital Al Hospital

(1000-2000) (2000-2024) (2024-)
Define Break Reshape
the Basic Form Space-Time Limits Underlying Logic
Patient: Human $ Patient: Human $ Patient;: Human + Al
Doctor; Human Doctor;: Human Doctor: Human + Al
Service: Offline Service: Offline + Online Service: Offline + Online
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