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The concepts and background

» The development of Al + medical
» The application of Al in medical fields

> Al medical devices




- “Artificial Intelligence in Medicine”

-, Artificial intelligence in medicine (AIM) is based on the Internet, through

the construction of infrastructure and data collection. Health organizations
have accumulated vast data sets. Al technologies are well suited to analyze
A this data and uncover patterns and insights that humans could not find on

their own. With deep learning, healthcare organizations can use algorithms
L to help them make better clinical decisions, improve the service quality and
better solve the problem of shortage of medical resources and aging

e population.

Al was bornin 1956 1960s-1970s clam period 1990s- multi-development period

1970s-1980s renewal period

—
oo AlIM 1970s emergence | | 1980s rapid development 21%tcentury a new stage
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. Benefits of AIM
The current health care industry

« Serious imbalance between supply and demand;

Lack of excellent medical care;

Imbalance between urban and rural distribution;

Relatively low medical efficiency.

""" AIM were created to solve such supply-demand conflicts
v Al will be a good healthcare providers’ assistants;
v Improve the professional ability of healthcare providers;

v Improve medical efficiency and standardization of
diagnosis and treatment;

N v' Enjoy the benefits of technological progress.
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.: Basic Yirtual cell technology, _ . I
research macromolecular configuration prediction

Intelligent diagnostic system —

s biagnosis pathology, imaging, ultrasound, endoscopy

Treatment

- s ==

Expert/ health management systems, wearable devices,l
surgical robots

_—__,

'Inference of causal association I

_ ' Prediction of disease I Artificial
Epidemiology] , _ - intelligence
Genome wide association I medical devices

CdeC . Spatial epidemiology I Tan Xianglong, 2020; Zeng Mei, 2017



. Key concept

Al medical devices: based on "medical device data"and using artificial
intelligence technology to achieve their intended use (i.e., medical use).
Medical device data:

* Objective data generated by medical device, such as

o medical image data (X ray, CT, MRI), physiological

N parameter data (ECG, EEG), in vitro diagnostic data

R (pathological images, microscopic images) , etc;

* Objective data generated by general equipment (non-
regulated objects), such as skin photos taken by digital
cameras for skin disease diagnosis, ECG data collected
by health electronics for heart disease warning, etc.;

e Based on medical device data: including the generation
and use of medical device data, Such as patient
complaint information, lab examination report,
electronic medical record, etc.
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Key concept

Al medical devices: based on "medical device data" and using artificial
intelligence technologyto achieve their intended use (i.e., medical use).

Artificial intelligence:

* The ability of a machine to exhibit behavior related to
human intelligence, is computer software or systems that
perform reasonable actions to achieve desired goals by
perceiving the situation around them.

* Machine learning refers to Al related to human learning
behavior, computer software or systems performance
were improved by using existing data and/or capture new
data.

e Although machine learning is a subset of artificial
intelligence, it is the core field of Al, and the two have
the same meaning for medical devices.

L
Cd Isc https://image.baidu.com/search/detail?ct=503316480&z=0&ipn=d&word
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Current Situation and Development

» Research and approval of artificial intelligence medical devices




Annual trends in Al medical device published articles
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Relevant regulatory guidelines
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SRR |\VIDRF 2021.9
¢ N 20177
S DA 2019.2

{ AAMUBSI 2019

i AAMI/BSI 2020

| NHFPC 2017.2

CMDE 2019.7
CMDE 20203
[CMDE |

CMDE 2021.7

CMDE 2022.3

AIMDICP 2021.11
NI 2N A7A NN 2022.7
NMPA YYIT [RAA%S]
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The guidelines of Al medical device or software
e |

Machine Learning-enabled Medical Devices -A subset of Artificial Intelligence-enabled Medical Devices: Key Terms and Definitions
Digital Health Innovation Action Plan
Proposed Regulatory Framework for Modifications to Artificial Intelligence/Machine Learning (AI/ML)-Based Software as a Medical
Device (SaMD) - Discussion Paper and Request for Feedback
Aurtificial Intelligence/Machine Learning (Al/ML)-Based: Software as a Medical Device (SaMD) Action Plan
How is the FDA considering regulation of Artificial Intelligence and machine learning medical devices
Good Machine Learning Practice for Medical Device Development: Guiding Principles
Artificial Intelligence and Machine Learning - the Emergence of Artificial Intelligence and Machine Learning Algorithmsin Healthcare:
Recommendations to Support Governance and Regulation
Machine Learning Al in Medical Devices: Adapting Regulatory Frameworks and Standards to Ensure Safety and Performance
AL EEHBZHRAEENE (BRHELX (2017) 75)
AT & s AR AR A REEHER (BRHEL (2017]) 75)
AT EaHEBaTEAEERENE (B2hELX (2017) 75)
AT &g iHBar BRI KK A REEHER (BRAEL (2017]) 75)

(REFIHWRRETFMRGFETER) (QVOFETSES

(B CT WM 225 TERGFITES GRX17) ) (202066 585)

(ANILERERREH~RIEXFERSEN) (0215 F47530)

(ANILEEETRMIMEETIESEN) (20224 K8%)

CET AR R R A A8 PR R AL ) B Toe 22 AR B R 3R 7= dm M BE R AR A 1K 75 5% )

CET R BB CT /Y i 25 15 52 1R 5 BN R R 7= fa M BE Fa AR A0 MK 75 5%)
AL EREETRMREBZRMTNELRR S : KiE
AL E s ETTSMREERMTNE2B S : BIWEBRAEK
AL ERETRMREBZRMITNEI RS : BWIROTBERER (ERELRE)
A LEReETr R mMAmEt 2 B 2t i B A M RENK A& (ERKERRD
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3l Data and algorithm requirements for registration (China)

> Guideline
> Al classification of medical devices
» Lifecycle of Al medical devices

» Algorithm research report




"+ Published guideline
Qe A R AT ) 5
‘. ® Center For Medical Device Evaluation . NMPA

AAadlal: 2022-03-09

gtk LSRR B L, [ R LA T O LA AT SRR AT A4 SR, BT A
srriSnees HEELI

o PiHF: A TR BERE ST R A A S CRED
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Guide the applicants to establish the lifecycle of Al medical devices and prepare the
application documents for registration. Meanwhile, standardize the technical evaluation
requirements and provide inspection reference of Al medical devices.
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Applicable conditions

Application for registration of Al medical devices, including category Il and
lIl Al Software As a Medical Device (SaMD) and Al Software in a Medical
Device (SiMD) (includingin vitro diagnostic medical devices);

It is applicable to the registration of self-developed software, and software
components, not applicableto the external software environment;

It can also be used as reference for inspection of Al medical devices.
Quality management software that uses Al may also refer to this
guidelines.

cdisc
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Classification of Al medical device

Assistant triage,
Soft | Al SaMb l detection, diagnosis,
SRENI Al SiMD | and treatment

Assistant decision |

Usage |

Non-assistant decision (Il ESEINEEERE]
simplify imaging,
diagnosis and

Conduct treatment process

Function | Control

Al medical devicel;

Safety Supervised learning |

Algorithm  §§ Learning strategy (g Unsupervised leaming |
\ Learning method | Model-based |
Interpretability | Data-based |
White box algorithm |
Black box algorithm |
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Maturity | Mature |
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" Lifecycle of Al medical devices

Taking supervised deep learning gﬁgﬁ;g |

as an example, the quality

control requirements for the life- Update | Data |
R . control | .collection |

cycle process of Al medical

devices includes the following
five stages : Ve“a r‘,’é‘“"” | Algorithm |
. validation &, design |
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Lifecycle of Al medical devices

1. Demand analysis:

Based on user requirements, risks and in combination with the intended
use, usage scenarios, and core functions of the product, regulations,
standards, users, products, data, functions, performance, interfaces,
network security, and warnings are comprehensively considered, focusing

on data collection, algorithm performance, and usage restrictions.
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" Lifecycle of Al medical devices

2. Data collection:
To ensure data quality
re and control data bias

distribution Scientificand plausible

Compliance, adequacy,
and diversity

Adequacy, validityand
accuracy




Lifecycle of Al medical devices

2. Data collection:

| Data
acquisition

|
Data clean

Data label

'Dataset build

Quality control requirements such as acquisition

equipment, acquisition process and data desensitization

should be considered, and SOP should be established.

» Collection device includes compatibility (name, model,
manufacturer, and performance) and collection features
(method, protocol, parameters, and accuracy).

» Collection process includes personnel management
(selection, training and assessment of collectors and
auditors), collection process (responsibilities, steps,
results review), collection quality (evaluation personnel,
methods, indicators, criteria, and recording evaluation
results).

» Desensitization should be conducted to protect patient
privacy (types, rules, methods and the determination
basis).




Lifecycle of Al medical devices

2. Data collection:

| Data
acquisition

|
Data clean

Data label

'Dataset build

» Raw dataset: considering data cleaning (rules,
methods, results), data preprocessing (methods,
results), software tools (name, model

specifications, full version, manufacturer, operating

environment)

» Basic dataset: sample type, total sample size and
its reference, sample distribution etc.
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=+ Lifecycle of Al medical devices

;% 2. Data collection:

Data label SOP is the key point of supervised learning

data quality control

» Labeling resource managementincludes personnel

.o . Data management (selection, training and assessment of label

acquisition personnel, reviewers and arbitrators) and infrastructure

management (site, environmental conditions and software).
Data clean » Labeling process includes personnel responsibilities, labeling

rules, procedures, disagreement handling, traceability.

Data label » Labeling quality evaluationincludes evaluation personnel,
methods, indicators, guidelines, and record the results.

|
Dataset build The requirements and risk considerations of the labeled dataset are
the same as those of the raw and basic dataset.




=+ Lifecycle of Al medical devices
;% 2. Data collection:
Sk > Training set (algorithm training), tuning set (algorithm hyperparameter
tuning) and test set (performance evaluation) will be constructed based
on labeled dataset, clarifying allocation method, basis and ratio.

- ' Data » Sample distribution: balanced distribution of training set, and actual
acquisition distribution of test set and tuning set; these set should have no
LA intersection.

Data clean * training set and tuning set V

* testsetX

» The object, range, method, and multiple of amplification should be

Data label
clearly defined, and the risk of data bias should be considered.

' Dataset build » Comparing the differencesbetween the amplification dataset and the
labeled dataset in sample size and distribution (indicate the
amplification multiple) to confirm the adequacy and rationality of the
amplification dataset.




Lifecycle of Al medical devices

3. Algorithm design

 Algorithm selection: the name, type, structure, input and output data types,
flow charts, algorithm programming framework, operatingenvironmentand

other basic information of the algorithm used, and the basic principles of
algorithm selection.

 Algorithm training: evaluationindicator, method, objective, tuning method,
training data and evaluationindexcurve should be considered.

 Algorithm performance evaluation: an important part of software validation.
Evaluatingthe result of the algorithm based on the test set, considering false
negative/positive, repeatability and reproducibility, robustness etc.

cdisc .



Lifecycle of Al medical devices

4. Verification & validation

» Software verification: Confirming that the output of software meets the
input requirements, including software verification test and review to ensure
the safety and effectiveness of software is the basis for software validation.

» Software validation: Confirming that the software meets user needs and
expected purposes by providing objective evidence, including software
validation test, clinical evaluation, review etc.

* In principle, non-auxiliary decision-making and auxiliary decision-making
medical devices with new functions, algorithms and uses need to be clinically
tested.
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Lifecycle of Al medical devices
5. Update control

In case of algorithm and software updates,

v" Verification and validation should be carried out in accordance with
the requirements of the quality management system.

v' Risk management and traceable analysis should be carried out
throughout the whole update process to form records for system
verification.

cdisc
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Algorithm research report

Baslc lsk unreme ata quallt
informatlo manageme peclflcatlo contro

Algorithm researchreport
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Summary




Summary

» The development of AIM is soaring, as well as
that of Al medical devices;

» o « Paying attention to relevant guidelines can
improve R&D efficiency;

.7« The registration review focuses on the
o characteristics of Al,

 Algorithm is the core of Al;

* Clinical trial content is slightly less,
concentrating on verification and validation.
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