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Syllabus

1. Introduction to artificial intelligence

2. Introduction to data science and Machine Learning
3. Neural networks

4. Computer vision

5. NLP and GenAl
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What is artificial intelligence?

How would you define Artificial Intelligence?



What is artificial intelligence?

«Artificial Intelligence (Al) is a branch of computer science focused on creating
systems capable of performing tasks that typically require human intelligence.
These tasks can include learning, reasoning, problem-solving, understanding

language, recognizing patterns, and even making decisions.

Al seeks to simulate or mimic human cognitive functions using algorithms, data,
and computational power.»

ChatGPT, 6/03/2026




Types of Al

Narrow Al (Weak Al):
Definition: Al systems designed to perform a specific task, such as facial
recognition, language translation, or playing chess. They do not possess
general intelligence.
Example: Virtual assistants like Siri or Alexa, Netflix recommendations,
Instagram algorithm, chatbots, autonomous vehicles.

General Al (Strong Al, AGl):
Definition: A hypothetical form of Al that would have the ability to understand,
learn, and apply intelligence across a wide range of tasks, much like a human.
Example: This type of Al does not yet exist. It would involve machines capable
of reasoning and adapting to new situations independently.




Everyday examples of artificial intelligence

At Home )
Amazo” Google Apple Baidu Smart Thermostats
Echo Home Homepod DuerOS

Voice Assistants

Smart cameras Robotic Vacuum cleaners
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Everyday examples of artificial intelligence

On our phones [

B0
L~
Face ID

. Facial recongnition

3 YouTube

Personalized recommendations

Photos classification Photos Enhancement
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Everyday examples of artificial intelligence

And much more

Work and productivity




Key areas in Al

Machine Learning

Al algorithms that allows computers to learn from
data.

Example: Netflix or Youtube recommendations,
Instagram algorithm, Spam filters, Google Maps

Natural Language Processing (NLP)

Al algorithms that understand, interpret, and respond to
human language.

Example: Chatbot, Google Translate, Voice Assistants

M\ e

Rco}

Q NETFLIX
2 YouTube @

o3



Key areas in Al

Computer Vision
Al algorithms that interpret and process images.
Example: self-driving cars, vision for health diagnosis,
face ID, social media filters

Robotics
Robots + Al algorithms for autonomous decision-making
In real world environment.
Example: Robots in manufacturing or medical
surgeries, robotics arms in factories, drones
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Key areas in Al

Expert systems / Decision systems

Al algorithms that mimic human decision-making based
on sets of rules or learned data.

Example: medical diagnosis tools, smart home

automation
Generative Al -
Al algorithms capable of creating new content — text, J png

images, music, code, etc. @ Genii
Example: ChatGPT, Copilot, Canva, Midjourney,

Gemini, Nano Banana
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Wrap up

Type of Al

@ Machine Learning (ML)
& Natural Language Processing (NLP)

@& Computer Vision
&/ Robotics

(® Expert / Decision Systems

@) Generative Al
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What It Does

Learns from data to predict or make decisions
without being explicitly programmed.

Understands, interprets, and generates human
language (text or speech).

Enables computers to “see” and interpret images
and videos.

Combines Al with machines to perform physical
tasks.

Uses rules or learned data to mimic human
decision-making.

Creates new content — text, images, audio,
video, or code.

Everyday Examples

- Netflix or Spotify recommendations- Email spam filters-
Smart thermostats (Nest)- Fraud detection in banking

- Siri, Alexa, Google Assistant- Autocorrect & predictive
text- ChatGPT & chatbots- Google Translate- Grammarly

- Face ID on phones- Self-driving car cameras- Snapchat
filters- Security camera motion detection- Google Photos
face recognition

- Robot vacuums (Roomba)- Delivery drones- Factory
robots- Al prosthetics- Service robots in hospitals or
restaurants

- Medical diagnostic tools- Credit scoring systems- Smart
home automation (“if motion, turn on lights”)- Car
maintenance alerts

- ChatGPT writing text- DALL-E or Midjourney creating
images- Al photo editing (object removal, enhancement)-
Al music generation- Canva or PowerPoint design
suggestions
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History

of artificial intelligence
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History of artificial intelligence

1950 — Alan Turing: Published “Computing Machinery and Intelligence”, introducing
the Turing Test to assess machine intelligence.

A. M. Turing (1950) Computing Machinery and Intelligence. Mind 49: 433-460.

COMPUTING MACHINERY AND INTELLIGENCE
By A. M. Turing

1. The Imitation Game

i i . I I I propose to consider the question, "Can machines think?" This should begin with
T he I m Itat ion Ga me. teSt | nVOIVI ng a definitions of the meaning of the terms "machine" and "think." The definitions might be
h uman | nte rrog ato r commun | Catl N g Wlth framed so as to reflect so far as possible the normal use of the words, but this attitude is
dangerous, If the meaning of the words "machine" and "think" are to be found by
I I - examining how they are commonly used it is difficult to escape the conclusion that the
a h uman a nd a maCh In€ via teXt based meaning and the answer to the question, "Can machines think?" is to be sought in a
I I statistical survey such as a Gallup poll. But this is absurd. Instead of attempting such a
In p u tS ' If th €l nte rrog ato rcann Ot definition I shall replace the question by another, which is closely related to it and is
distinguish the machine from the human expressed in relatively unambiguous words.

based on their responses, the machine
passes the test.
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History of artificial intelligence
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History of artificial intelligence

1956 — Dartmouth Conference (organized by John McCarthy, Marvin Minsky, Claude
Shannon, and Nathaniel Rochester) was a Summer Workshop were it has been
coined the term “Artificial Intelligence” — considered the official birth of the field.

1956 Dartmouth Conference:
The Founding Fathers of Al

L .:r -‘?’..'.

IN THIS BUILDING DURI! IMER, OF 1956,

JOHN McCARTHY (DARTMOUTH-COLLEGE), MAVR'VIN. L. MINSKY. (MIT)
NATHANIEL ROCHESTER (IBM), AND CLAUDE SHANNON (BELL LABORATORIES)
CONDUCTED

THE DARTMOUTH SUMMER RESEARCH PROJECT §
ON ARTIFICIAL INTELLIGENCE

FIRST USE OF THE TERM “ARTIFICIAL INTELLIGENCE”

John MacCarthy Marvin Minsky Claude Shannon Ray Solomonoff Alan Newell

FOUNDING OF ARTIFICIAL INTELLIGENCE AS A RESEARCH DISCIPLINE

“To proceed on the basis of the conjecture
that every aspect of learning or any other feature of intelligence
can in principle be so precisely described that a machine can be made to simulate it.”

IN COMMEMORATION OF THE PROJECT’S 50th ANNIVERSARY
JULY 13, 2006
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Herbert Simon Arthur Samuel
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History of artificial intelligence
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History of artificial intelligence
1960s-1970s - Early Optimism and Symbolic Al

1974-1980 — First Al Winter: Decline in funding and interest due to limited
computing power, unmet expectations, and overpromised resulits.

Research slowed dramatically during these periods.

1980-1990 — Rebirth: Expert Systems and Machine Learning

1986 — Backpropagation popularized by Rumelhart, Hinton, and Williams — revival
of neural networks.
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History of artificial intelligence
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History of artificial intelligence

1997 — On May 11, 1997, chess grandmaster Garry Kasparov resigned after 19 moves in a
game against Deep Blue, a chess-playing computer developed by scientists at IBM.
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History of artificial intelligence

2012 — AlexNet wins the ImageNet competition using deep convolutional networks
— huge leap in computer vision.

It’s the birth of deep learning and AlexNet
modern Al. CONVOLUTIONAL NEURAL NETWORK
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History of artificial intelligence

Generative Al and Foundation Models era (2020s—present)

2020 — GPT-3 (OpenAl) demonstrates large-scale language modeling and few-shot
learning.

2022 — Stable Diffusion, DALL-E 2, Midjourney popularize Al image generation.

2022-2025 — ChatGPT & GPT-5.2 revolutionize natural language interfaces and
public adoption of Al.

... to be continued...
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Al patents exponentially increased in last 15 years

Europe

European patent applications — Areas of artificial intelligence

Computing arrangements based on biological models
Image or video recognition or understanding
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Al is a worldwide phenomenon

Total patent applications @ epo.org/patent-index2024

in computer technology

13370

Top applicants 2024

w— Total
w—— EPO states

— S

1097
Artificial intelligence — Countries of origin PN -

2 O 2 4 (Cz%uzr:::is’s“:fa?:dgir;fZ%rzEBl;ropean patent applications -

2500
EPO states +5.9% 436
2028 15.7% computer Us +11.4% m

i 1854 technology is w 101

the new top
1 500 teChnicaI ﬁeld P.R.China -6.6% e

in 2024 .

Japan -7.4%

Surge of over 25% in last five
1000 years, in part driven by Al. @
The US and Europe lead. Others -6.2%

500

Number of European patent applications

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year of filing

MEerC M P.R. China M Japan R. Korea mus M others https://hai.stanford.edu/ai-index/2025-ai-index-report

European Patent Office 2025
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Someone is getting rich

NVIDIA stocks value also exponentially increased
208,06 +7,03 (+3,50%)

NVIDIA Corporation (NVDA)
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Someone is getting rich

All Big Tech market values are increasing.

MNasdaqGS - Masdag Real Time Price « USD MasdagGS - Nasdaq Real Time Price « USD

Microsoft Corporation (MSFT) + Analyze with Al ) @ rmcwnwusiz  Apple Inc. (AAPL) + Analyze with Al ) @ Time to act on AAPL?
529,927 -12.28 (-2.27%) 271.33 +1.63 (+0.61%)

As of 9:40:00 AM EDT. Market Open. As of 9:40:36 AM EDT. Market Open.

$H MSFT Q12026 earnings call Replay the call for the latest insights. (E! Read transcript) (-m- Play can) ) AAPL Q4 2025 earnings call Today at 5 PM EDT
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Someone is getting rich

All Big Tech market values are increasing.

NasdagGS5 - Nasdag Real Time Price - USD

Meta Platforms, Inc. (META) + Analyze with Al )
662.99 -88.68 (-11.80%)

As of 9:38:58 AM EDT. Market Open.

B META Q3 2025 earnings call Replay the call for the latest insights.
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NasdagGS - Nasdaq Real Time Price « USD

@ Time to buy META? Alphabet Inc. (GOOG) +Ana|yzewiﬂ:\
281.67 +6.50 (+2.36%)

As of 9:39:12 AM EDT. Market Open.

(E Read transcript) <-|||- Play call) b GOOG Q3 2025 earnings call Replay the call for the latest insights.
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Al impact in industries

Al is the most transformative technology of the 21st century.

S NN

s

INDUSTRY 4.0 Industries already experiencing

. | INDUSTRY 3.0 disruption due to Al technologies:
INDUSTRY 1.0 "
i ol 2% 53% B Telecom & Communication
Mechanizati_on, steam Automation, computers pyber Physical Systems, " Service Providers
power, weaving loom and electronics internet of things, networks 49% 48% - .
I [l Banking & Insurance
Oil & Gas
> Sae Retail & Consumer Product Goods
Media & Entertainment
) m Healthcare & Life Sciences
Manufacturing & High-Tech
-— Travel, Hospitality & Transportation
Public Sector
1784 1870 1969 TODAY
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Al impact in manifacturing industry

Al is the most transformative technology of the 21st century.

Al IN MANUFACTURING INDUSTRY

Impact of Al in the Manufacturing Industry

Safer
Operational
Environment

Digital Twins Quality 4.0

| 3 UNIVERSITA mentc
il |2 | DEGLI STUDI di Ingegneria Gestionale
3 DI BERGAMO dell'informazione e della Produzione

Precedence Artificial Intelligence (Al) in Manufacturing Market Size
RESEARCH 2023 to 2034 (USD Bi"lon)
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Source: https://www.precedenceresearch.com/artificial-intelligence-in-manufacturing-market
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Al predominant also in healthcare

Number of Al medical devices approved by the FDA, 1995-2023
Source: FDA, 2024 | Chart: 2025 Al Index report
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Global Al in medical devices market size

1) US$ 22.29 billion in 2024,

2) grew to US$ 32.21 billion in 2025,

3) projected to reach around US$ 886.39 billion by 2034.

The market is expanding at 44.53% rate between 2025
and 2034.

UNIVERSITA Jipartimentc
DEGLI STUDI di Inge ria Ge a
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Towards . . . . .
" Healthcare Al in Medical Devices Market Size 2024 to 2034 (USD Billion)
O
$886.39
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$613.29
$424.33
$293.59
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D -
$22.29 $32.21 G i
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Source: www.towardshealthcare.com
32



Why Al is important in medicine?

v" Artificial Intelligence is reshaping healthcare at every level—from research to

bedside.

v Massive clinical data, powerful models, and new computational paradigms enable

smarter, faster, and more personalized medicine.

v Healthcare generates vast multimodal data: imaging, genomics, clinical notes,

Sensors.
v" Clinicians cannot process this scale of information unaided.

v Al enables pattern discovery and predictive insight across modalities.
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Precision and Personalized Medicine Pz

» Al tailors therapy to individual profiles
(genetic, clinical, behavioral).

» Predicts disease risk, drug response,
and optimal treatment.

» Example: Deep learning in genomics
identifies patient-specific mutations.

TnANs | UNIVERSITA entc
1 )2 | DEGLI STUDI | diingegneria Gestionale
2l n ni’ DI BERGAMO dell'informaziont jella Produzione

S\ N
A n th em
<2
How is Al Changing the Future of
o o [ ] [ ]
Precision Medicine?
Identifying Potential Identifying
Drug Targets ® Causal Genes
Real-Time Monitoring Phenotypic & Genetic
of Patient Health ® W L B ® Heterogeneity
Al-Powered .
Early Detection @ @ Changing RC.’"? of
of Diseases Physicians
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Clinical Decision Support

» Al augments—not replaces—
physician judgment.

» Applications: disease diagnosis

Image interpretation, triage
systems.

» Example: DeepMind'’s retinal

analysis system detects over 50
eye conditions.
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Patient with DR
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Imaging and Diagnostics £/
Anthem

» Computer vision models outperform humans in select

imaging tasks. Predicted covid label
Predicted healthy label
: True label
» Examples: cancer detection — e oS 7o

(pathology), chest X-ray analy<jg
dermatology screening.

» Al enhances accuracy,
consistency, and speed in
iInterpretation.
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Predictive and Preventive Medicine

» Al anticipates disease onset,
enabling early intervention.

» Predicts hospital readmission,
sepsis, or cardiac arrest risk.

» Supports population-level health
strategies.

H : | DEGLISTUDI | dilng
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FR— ' i intelligence :

Explained prediction

Risk stratification
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Drug Discovery and Biomedical Research

7 Ways Al is Transforming
Drug Development

) Accelerating Clinical Trials

> Tradltlo n al R&D ta keS 1 0_1 5 yea FS, AI ‘ 7 Target Identification & Validation
a CCGl e rateS eve ry Step . 3 & Prediction of Drug Properties

(@) Drug Dosage Optimization

Pre Clinical Testing

Processes Genomic Data

» AlphaFold solved the protein-folding (3) Identitying Potential Side Effects
problem.

» Generative models design new drug FEEi4 ‘ e
candidates and predict molecular %‘Z [m S [.f"’f‘@]

binding.
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Automation and Efficiency

What is EHR Process?

Patient Clinical
Registration Documentation

Data Security Order
& Privacy Entry

Data Storage & % g anl )\ Clinical Decision
Maintenance Y/ ‘an\ 2 \, Support

> Al automates repetitive administrative and o e . i
clinical tasks.

Billing and — Patient Monitoring &
Coding > B Diagnostics

» Electronic Health Records (EHR) Features osfyglt:mvered EHR
summarization, medical coding, and
Workﬂow Optlmlzat|on Integration with Enhanced

Wearable Devices Interoperability

2 <8
Al-Driven = 8 Predictive
Personalized Analytics for

» Frees clinicians’ time for patient-centered Treatment Plans patient Outcomes
Voice Recognition

for Natural Language
Documentation Processing (NLP)

Clinical Decision Automated
ooy Support (CDS) Administrative
/ﬁ/\g\ ‘ UNIVERSITA | Dipartmerc . Enhancements Tasks
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Case studies

» Al-assisted robotic surgery.

s
%
%
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The rise of robotics and Al-assisted surgery in modern healthcare
Jack Ng Kok Wak

Received: 16 May 2025 / Accepted: 10 June 2025
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Abstract
The integration of robotics and artificial imelligence (Al) in surgery represents a ransformative advancement in modern
, ising eanhancesd precision, elliciency, and palient owlcomes, Recenl sludies indicate a rapad adoplion of Al
assisted robotic surgery across various surgical specialties, driven by improvements in sccuracy and reduced complication
rates. The research synthesizes fadings from 15 recenl peer-reviewed studies (2024-2025) an Al-driven robolie surgery.
Sy review aml meta-analyses were Tocusing on clinical elficacy, surgical precision, complication rates,
and eeonnmie impacts. Quantitative data were extracted lrom retrospective rials, cobort stadies, and systematic reviews
b evalusle sulcomes compared 1o manusal surgical lechnigues. Al-assisted robols: susgeries demonstzated a 259 reduction
in operative lime and 3 30% decrease in inlraoperalive complications compared 1o manual methods. Surgical precision
simprovied by 40, rellected in enhanced largeling accuracy diring lumee reseclions and implanl placements. Patienl recovery
times were shorlened by an average of 15%, with lower postoperative pain scores. Additionally, studses reported an average
20% iscrease in curgeon workilow efficiency and 2 105 reduction in healtheare costs over the conventional procedures.
Al-enhanced robolic surgery significantly improves surgical oulcomes through higher precision and elliciency, supporting
widespread clinical sdaption. Despits upfront casts snd ethical concerns, comtinued inmovation and inlegration promase sub-
stantial benedits for patienl salely and bealthcare resource optimization. Future research should focus en long-term patsent

outcomes and addressing ethical and irsining challenges.

Keywords Al-driven robolic surgery - Smart surgical
video analysas - Minimally invasive robotie systems

Introduction

The integration of robotics and artiicial mielligence (Al is
reshaping modern surgery, oflering levels of precision_ con-
trol, and intelligence once beyond reach. Robolic-assisted
susgery (RAS) inbially improved visualization and dexter-
iy, making minimally invasive procedures more accessible.
Mow, Alis taking it further ensbling real-time decision sup-
port, predictive analylics, and even semi-auonomous actions
it the operating roamm [ 1]. Al-driven systems ase already
powering surgical innevations like digital twin smulations
[2], image-based tissue segmentation [8], and vision models
capable of aslonomous suturing [15]).
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- Digital isted procedures - ntr ive Al

Witk global healthesre under pressure from aging popu-
lations, clinician shortages, and rsing costs, Al-assisted
robolic surgery presenls a promising path lorward. 1
enhances surgical capabilities_ reduces varsability, and may
ultimately broaden secess 1o kigh-guality cxre [14]. Eco-
nomic stues also suggest these technologees can be cost-
ellective, particularly when accounting for beiter oulcomes
and shorter bospital says [ 18], Together, these developmsnts
reflect 2 paradigm shift in surgical practice, ane increasingly
by intelligent

Tesmes and gaps: Despile its promise, several bartiers are
showing the widepread adoption of Al-assisted surgery. A
major isste is data quality. Most machine learming mod-
els require diverse, annataled surgical datasets, bul cusren)
resources ane limited and often loo narrow lo ensure gener
alizability (8, 13). Ethical and legal questions slso remain
uresobved particularly sround accountability in cases of Al
error, the rmspanency of Al decisions. and informed patien)

41 Springer
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REVIEW

Clinical applications of artificial intelligence in robotic surgery
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Abstraet

Artificial intelligence (Al} 15 revolutivnizing nearly every aspect of modern life. In the medical field, robolic surgery i the

seclor with soare of the most inmovalive and impactiul sdvancements. In this narralive review, we oullie recent coniributions
ol Al'to the field of robotic surgery with a particular [ocus on inlrasperative eshancement. Al modeling is allowing surgeons

b have advanced mlrsoperalive melrics such as force and tactile measurements, enbasced detection of positive surgical
marging, and even allowing for the complete antomation of certain feps 1o surgical procediares. Al s also Query revolwtzon-

peing the feld of surgical education. Al modaling applied 1o intraoperalive surgical video Feeds and instrument kinematics
data 1% allowing for the generatvon of automated skills assessments. Al also shows promise for the generation and debivery ol
highly specialized inlrsoperative surgical leedback For traming surgeons. Although the adoption and integralion of Al show
proamise in robal: surgery, il rases importanl, complex ethical questions. Frameworks for thinking through ethscal dilesmmas

raised by Al are oullmed in 1his review. Al enbancements in robolic surgery 15 some ol the most groumsdbreaking research
happening Locday, and the stodies oullined m this review représent some al the most exciling innovalions in recenl years.

Keywords artificial imelligence - robotic surgery - robot-assisted surgery - inlraoperative enhancement - climcal

mmpravemenl - ethical considerabions of Al

Introduction

Bince s inception and widespreasd adoption, anificial miel-
ligence (Al bas revolutonized nearly every aspect of human
life. Al ixibe sty amd development of algorithms that give
machines the abality 1o reason and perlorm cognatve fumc-
tons such as problem-solving and decision-making [1].
From linance W agriculiure, manulsciuring o education,
Al has Jundamentally altered our alality e understand and
respond o complex problems. Pechaps the maost impactul
adoplion of Al on human life 15 in the leld of medicize
where Al s being ussd o help physicians make more pre-
cige decigions and predict patient oulcomes with a higher
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umar, ghaffar cshs.org
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! Keck School of Madscine, Universay of Somhem Califomsa,
Lis Angeles, LSS
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degres of certainty. Within the medical field, surgery has
experienced one of the largest mpacts with the adoption of
Al as more and mose surgerses are perlormed using robotic
assistance. Current surgical robats are comtrolled by a “mas-
ter-slave™ dynamic where the robod nsell does not have any
sty il does not have a human eperator. However,
recenl advances 1o Al and machine learning (ML) seek 10
expaml the capabilities of surgical robots and augment the
surgical experience m the operaling room. Surgical obols
rely oo data caplured through sensors and images o operate,
and thas plethora of data caplure 15 the key driver behand Al
iamavalsms in rabolic surgery [1].

In this review, we locus on the recenl advancemenls
that Al brings 1o the world of robolic surgery with a par-
ticular emphasis oo intraeperalive applications. We also
outline impartanl elhical congiderations [or the incorpa-
ration of Al into robaotic operations. Broadly, iatraopera-
live enhancements provided by Al can be classilied mlo
two calegories: robolic autonomy and surgical assess-
mealTeedback . Advances in each ol these calegories ane
Tocused on creating eavitonments for sale, data-iaformed
surgecal decision-making and enhancing surgical educa-
lon (Fig. 1). Robatic surgery’s continued mlegration af

@ Springer
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Case studies

» Artificial Pancreas helps T1DM patients managing their desease.

INSULIN PUMP CONTROL ALGORITHM

Small computerized device
programmed to deliver insulin
into the fatty tissue under the
skin via a thin cannula, which

is inserted into the skin

Infusion set Continuous
glucose sensor

e

Regulates the delivery of insulin
based on measured blood
glucose and other information

GLUCOSE

Insulin Glucose
delivery level
Continuously monitors
| ,l interstitial glucose levels using
Modulati a small sensor that inserted
ulation Sensing . .
(control der th tient's skin
 eon (CGM) under the patient's ski
gorithm) _
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Case studies

» Adaptive Deep Brain Stimulation in Parkinson’s desease.

Adaptive vs. Conventional Deep Brain Stimulation: One-Year

Subthalamic Recordings and Clinical Monitoring in a Patient with Data Flow & Collection
Parkinson’s Disease

by Laura Caffi 1.2.3 | Luigi M. Romito 4t | Chiara Palmisano 1.2.t, Vanessa Aloia 5, Mattia Arlotti 5,

Lorenzo Rossi 5, Sara Marceglia 6.7 ', Alberto Priori 7 '“, Roberto Eleopra 4, Vincenzo Levi 8,
Alberto Mazzoni 3.2 and loannis U. Isaias 1:2" &

1 Parkinson Institute of Milan, ASST G.Pini-CTO, 20126 Milano, Italy

2 University Hospital of Wiirzburg and Julius Maximilian University of Wiirzburg, 97070 Wirzburg, Germany

3 The BioRobotics Institute, Sant'’Anna School of Advanced Studies, 56025 Pisa, Italy

4 Parkinson and Movement Disorders Unit, Foundation IRCCS Istituto Neurologico Carlo Besta, 20133 Milano, Italy
5

6

7

WebBioBank

N
S
S

Newronika S.p.A., 20093 Milano, Italy
Department of Engineering and Architecture, University of Trieste, 34127 Trieste, Italy b

Department of Health Sciences, Aldo Ravelli Research Center for Neurotechnology and Experimental
Neurotherapeutics, University of Milan, 20122 Milano, Italy
8 Functional Neurosurgery Unit, Foundation IRCCS Istituto Neurologico Carlo Besta, 20133 Milano, Italy P VAP
9 Department of Excellence in Robotics and Al, Sant'/Anna School of Advanced Studies, 56127 Pisa, Italy A » —
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Case studies

vOL ¢, D 3, 1028

HORS, PUBLISHED BY ZLSEVIER ON DENALY OF THE AMERICAN

GY TOUNDATION. THIS 15 AN OPEN ACCESS ARTICLE UNDES

ORIGINAL RESEARCH

> Apple’s Al heart diseases detection. Electrocardioaram for Attal Fibrilation

Reuters World v Business v Markets v  Sustainability v Legal v Commentary v Technology v Investigations A Systematic Review and Meta‘AnalySiS

Sufyan Shahid, MEBS,” Minahil Igbal, MBBS,” Humza Saeed, MB8S,” Sara Hira, MBBS,” Amna Batool, MBES,*
Salman Khalid, MD,” Nacem Khan Tahirkheli, MD*

Apple used Al to uncover new blood
BA (ECG) Is the gold standard for the diagnosis of atrial Sbrilation (AF). Recently,

pressure notification feature in Watch

By Stephen Nellis — — —
‘ ] ‘ ‘ Aa ‘ < ‘ smartwatches ke the Apple Watch have emerged 35 3 promising, user-friendly device for rapid detection and diagnosis
S ) S of AF, but the rellabiity and diagnostic accuracy still reman controversial.

September 19, 2025 7:16 PM GMT+2 - Updated September 19, 2025

OBJECTIVES The purpose of this study was 1o perform 3 systematic review and disgnostic test accuracy meta-anslysis
ng the dagnostic per % of the Apple Watch ECG in detecting AF

METHODS The literature search was conducted on PubMed, Embase, and Cochrane Library through Apek 2024 for
studes companing the diagnostic accuracy of Apple Watch to standard 12-lead ECG. Statistical analygs was performed
using R Software version 4.4.0 and OpenMetalAnalyst). Pooled analyses of sensithvity, specificity, and area under the
recelser ourve were along with thelr 95% Cls. The quality of studies was analyzed
using the QUADAS-2 tool.

Research Briefing Published: 14 November 2022
Al detection of cardiac dysfunction from consumer S0 s i T s dd T ol o S

O4.8% (95% O 91.7% to 96.8%; I¥ « 67%) and 95% (95% C1) B8.6% to 97.8%; I* « BHX), respectively. The ares under

watch ECGrecordings U rcee opatigchrceitc cave s 096 B5% . 092097,

CONCLUSIONS The Apple Watch ECG camries high acouracy In detecting atrial fibwillation, providing a
e _ . * : convenient dlagnostic option for patients. (JACC Adv. 2025:4:301538) © 2025 The Authors. Published by Etsevser on
Nature Medicine 28, 2478-2479 (2022) | Cite this article PR sl R e bt L

(Petpe)/ creativecommons orgAcenses/by/4.0/).

6987 Accesses | 6 Citations | 57 Altmetric | Metrics

arrhythmia characterized by an irregular  37% after 55 years of age.' AF usually presents with
rhythm, which is evident on an electrocar-  symptoms like palpitations, fatigue, lightheadedness,

11/2] Thie sartes 1! Apipl e eatch sits on cisplny ax theAppla Stone in blew Tork Clty, LS, Seplemiier 19, 2025 To enable large-scale screening for Ie& ventricular dysfunction —a serious and under- diogram (ECG) due to the loss of coordinated atrial  and fainting and can also be asymptomatic

REUTERS/Shannon Stapleton Purchase Licensing Rights (%

Q wrial Mbeillation (AF) is a prevalent cardiac  contractility. The risk of developing AF I3 around

detected cardiac disease — we applied artificial intelligence to electrocardiograms

Froem the "Department of Caediclogy, Ktuewaps Mubaremad Safdss Medical Colbge, Sslbot, Fakian, “Departrent of Candialagy,
Allarsa ighal Viedical College, Labase, Paktstan; ‘Departmeat of Covdiclegy, Rawayendl Medical Urnveratty, lawalpindl, Pakisan;

recorded by patierlts U.Sil'lg their own Apple watchesina prospe‘:tivel digitall remote “Departmen of Candhabagy, Fatins Mereoral Hospital, Laboos, Pakistare and the "Department of Cardiology, Ckdaboma Heart

Moapital, Oklaboerm, USA

study. We found that patients engaged with the system and that the watch The mriers sttt they 10s  conphsacs with burman tuies commMoes ] il welfars rgitions o the ssthory

nsatumons a0d Foed and Diug Adminkstration guidelines. InCuAng patient comseat where appropmate. For more nformanon,
visk ™e Auther Centes

ele‘:trocardiogams eﬁe‘:tive]y screened for the disease' Manuscript recerwed September 20, 2024; tevised MaNESop! seceived Novernbes 11, 2004, acoepied Decembder 2, 2024
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Case studies

» Google’s Al breast cancer detection.

O
\ 17

m Imperial College
London

We are working with Imperial College London and three NHS trusts to
understand whether the research model can act as a “second independent
reader” in UK double read screening systems and allow radiologists to focus
on high priority cases while improving consistency and quality of screening.

Go gle for Health About Empowering individuals Advancing Al  Working collaboratively

Al IN MAMMOGRAPHY

Improving breast
cancer screening with
artificial intelligence

We're working with clinicians, patients, and partners to build an Al system
for mammography, which could help radiologists detect breast cancer
more accurately, quickly, and consistently.

M Northwestern
Medicine

We've worked with Northwestern Medicine to research how the research
model can help prioritize high risk cases and shorten time to diagnosis for
screened individuals.
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Screening mammography aims to identify breast cancer at earlier stages of the
disease, when treatment can be more successful’, Despite the existence of screening
programmes worldwide, the interpretation of mammograms is affected by high rates
of false positives and false negatives’. Here we present an artificial intelligence (A1)
system that is capable of surpassing human expertsin breast cancer prediction. To
assessits performance inthe clinical setting, we curated a large representative dataset
from the UK and alarge enriched dataset from the USA. We show an absolute
reduction of 5.7% and 1.2% (USA and UK} in false positives and 9.4% and 2.7% in false
negatives. We provide evidence of the ability of the system to generalize fromthe UK.
tothe USA.L In an independent study of six radiologists, the Al system outperformed
all of the human readers: the area under the receiver operating characteristic curve
{AUC-ROC) for the Al system was greater than the AUC-ROC for the average
radiologist by an absolute margin of 11.5%. We ran a simulation in which the Al system
participated in the double-reading process that is used in the UK, and found that the
Alsystem maintained non-inferior performance and reduced the workload of the
second reader by 88%. This robust assessment of the Al system paves the way for
clinical trials to Improve the accuracy and efficlency of breast cancer screening,.

Breast cancer is the second leading cause of death from cancer in
women', but early detectionand treatment can considerably improve
outcomes'*, As a consequence, many developed nations haveimple-
mented large-scale mammography screening programmes, Major
medical and governmental organizations recommend screening for
all women starting between the ages of 40and 50° % Inthe USA and UK
combined, over 42 million exams are performed sach year™”,

Despite the widespread adoption of mammography, interpretation
oftheseimages remains challenging. The accuracy achieved by experts
in cancer detection varies widely, and the performance of even the
best clinicians leaves room for improvement'™™. False positives
can lead to paticnt anxiety™, unnecessary follow-up and invasive
diagnostic procedures. Cancers that are missed at screening may
not be identified until they are more advanced and less amenable to
treatment™.

Al may be uniguely poised to help with this challenge. Studies
have demonstrated the ability of Al to meet or exceed the performance
of human experts on several tasks of medical-image analysis®™ ",

Asa shortage of mammography professionals threatens the availability
and adequacy of breast-screening services around the world™ ™, the
scalability of Al could improve access to high-guality care for all.
Computer-aided detection (CAD) software for mammography was
introduced inthe 19905, and several assistive tools have been approved
for medical use™. Despite early promise™=, thi ationof software
failed toimprove the performance of readersin real- world settings™ =%,
More recently, the field has seen a renaissance owing to the success
of deep learning. A few studies have characterized systems for breast
cancer prediction with stand-alone performance that approaches that
of human experts™ . However, the existing work has several limita-
tions, Most studies are based on small, enriched datasets with limited
fallow-up, and few have compared performance to readers inactual
clinical practice—instead relying on laboratory-based simulations of the
reading environment. So far there has been little evidence of the abil-
ity of Al systems to translate between different screening populations
and settings without additional training data®. Critically, the pervasive
use of follow-up intervals that are no longer than 12 months™=%=
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Case studies

» DeepMind’s AlphaFold revolutionized biology.
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( HYDROGEL PILOT DATA SET MACHINE LEARNING

Vo FORMULATIONS ALGORITHM
Anthem \ .

Extracellular matrix (ECM) design of ;.ﬁ;_,’ &
biomimetic hydrogels tailored on ceammm
rheological properties, for regenerative |
medicine and 3D bioprinting. |

_ i SMARTPHONE
-
Sclected and experimental velves @ and G of DA hydrogels predicted USER - FRIENDLY INTERFACE
Selected Predicted formulatons Experimental
values values INPUT VALUES
G G" Hyaluronic Gelatin 4arm- G [l
G and G values of DA hydrogel formulations obtained through amplitude Pl (Pl acid[mg  [mg  PEGMA [Pl  [Pa] Storage modulus (G') 69 Pa
Eweeps teats. [mg]
Loss modulus (G") 0,74 Pa
T wom o omo zmom = o
=l =l (mg/ml) [Pa] Pl DP3 50 10 16 251 g2 37 0o FORMULATION PREDICTION
ol 3.0 27.0 150 251 19
0 20 280 150 234 20 Selected and experimental values G' and G" of SPAAC hydrogels predicted HA 1 64 m
D3 37 263 100 am4 39 formulations. . : g
D4 a7 280 108 16.8 24 Selected Predicted formulations Experimental GELAT'N 2861 mg
D5 3.0 27.0 100 147 21 values values .
D& 13 w7 10.0 &0 13 G G" Hyaluronic Gelatin 4arm- G' G" CrOSSIInker' 477 mg
D7 20 280 10,0 6.9 15 [Pa] [Pa]  acid [mg] [mg] PEG- [Pa] [Pa] Hyperparameters for SPAAC and DA models for the firet and second neural network models.
Dg 20 280 50 37 1.1 DBCO Hyperparameter First neural nerwark model Second neural network model
Dg 13 187 100 30 08 (mg] = Vales
SP1 2500 1.0 2.4 18.0 7.6 133.7 0.9 B e ol o
sP2 690 07 16 28.6 4.8 489 0.7 Hhaten apersize v
SP3 39.0 0.6 1.4 22.7 5.0 31.6 0.6 Leaning rate 0.0001, 0.001, 0.005 0.0001, 0.001, 0.005, 0.01, 0.1
SP4 18.0 0.5 1.6 19.6 3.2 15.6 0.8

The ML models developed allow hydrogel formulations to be predicted and customized based on
desired rheological properties, eliminating the need for time-consuming trial and error testing
procedures in 3D bioprinting.
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