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e Strategy for developing a new field

* The role that surgeons play
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Surgical Revolutions (in the

Surgery — 1860s
 Endoscopic Procedures — 1960s

« Cognitive Computing — 2010s
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gorithms that improve automatically through data
ysis and experience

Computer Vision: Machine understanding of images and videos

Source: KPMG

——— 1. Bellman R. (1978).
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Reality - IBM and Tesla
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General and Super Al
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Conceptually Al could
develop Consciousness.



What is happening in the Operating Room now ?
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OR Data Generation



Data sources and Analytics
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Evolution of surgery
v RACE TEAMS COMBINED TO GENERATE OF DATA FROM THEIR VEHICLES

AT THE 2014 U.S. GRAND PRIX IN AUSTIN, TX.
243 TERABYTES OF DATA COMPARED TO ...

Past

Present » CAPACITY OF 10 TWITTER DATA PER IRS TAX RECORDS GLOBAL INTERNET U.S. LIBRARY OF
D HUMAN BRAINS WEEK LAST 10 YEARS TRAFFIC 1994 CONGRESS
Single-patient & e &8 .
JINEIo-patic = EQUIPPED WITH , F1 CARS PROVIDE A STREAM OF DATA THAT'S
Q’); ANALYZED AWAY IN NEAR REAL-TIME
& .170secs : .300secs : .600secs : 1.923secs

Round trip for race data +  Round trip for race data &  Difference between 1st i World record fastest
to transfer between UK @  totransfer between UK 3  and 2nd placeat 2014 i F1 pitstop, set by Red

and U.S. E and Australia : Spanish Grand Prix E Bull in Austin 2013
Single-patient : : !
Future
gj‘ g RACE FANS GENERATED MORE THAN OF AT&T MOBILE DATA DURING THE
L g - o U.S. GRAND PRIX BY SHARING PHOTOS AND SENDING TWEETS, LESS THAN 1% COMPARED

TO THE RACING TEAMS.

PRACTICE, OCT. 31 QUALIFYING, NOV. 1 RACE, NOV. 2

150GB - = QUALIFYING - RACESTANTS

120GB -

90GB -

60GB -

Surgical data science

30GB -

0GB ’
BAM 11AM 2PM 5PM B8PM BAM 11TAM 2PM 5PM BPM 8AM 11AM 2PM 5PM  8PM

SOURCES Infins Red Bull Ancng, ATET, Litbrary of Congress, Twitter FORBES MEDIA
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The global market size of artificial intelligence in healthcare was estimated at USS 11.06 billioRNin2021

and is expected to surpass around USS 187.95 billion by 2030, growing at a CAGR of 37% during the forecast
period 2022 to 2030.

ARTIFICIAL INTELLIGENCE IN HEALTHCARE MARKET SIZE, 2021 T0 2030 (USD BILLION)

$187.95
$136.79

$99.63

[ 2022 | 2023 | 2024 [ 2025 W 2026 W 2027 | 2028 W 2029 | 2030 |

Precedence Research - Artificial Intelligence (Al) in Healthcare Market Size 2022-2030
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Deloitte Healthcare in 2065

Patient centred healthcare: Everything from diagnosis, drugs to devices will be
custom designed to seamlessly integrate into a patient’s daily life.

Wearables at the forefront: Always on and constantly collecting data, these
peripherals are the basis of the medicalised quantified self.

Digitised and decentralised doctors: Improved connectivity and miniaturised
diagnostic technology means accessibility and convenience for future medical
consultations.

Rise of the machines: Medical robots and artificial intelligence create more
efficient healthcare platforms that are powered by the insights of data analytics.

Evolved healthcare provision: Services will now be consumed continuously
lending itself to a subscription based business model that focuses on high
productivity and asset light strategies.
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Researchers from
Oxford University and
Yale predict that all
industries, including
healthcare, could
become significantly
more reliant on
machine intelligence by

the middle of the

century — and that Years fom 2016
machines may be able Pl AtgmatonfLaor

to automate all human |

High Level Machine Intelligence
(All Human Tasks)

Math Research

jobs in less than 120
years

Putnam Math Competition

Milestones

Write New York Times Best-Seller

Retail Salesperson

MASSACHUSETTS Go (Same Training as Human)
@ GENERAL HOSPITAL



Scientific publications

PubMed_Timeline_Results_by_Year

Search query: Artificial intelligence surgery

Year
2023
2022
2021
2020
2019
2018
2017
2016
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Artificial Intelligence in Surgery: Promises and Perils.

Hashimoto DA, Rosman G, Rus D, Meireles OR.

TEXT AVAILABILITY Ann Surg. 2018 Jul;268(1):70-76. doi: 10.1097/SLA.0000000000002693.

PMID: 29389679 Free PMC article. Review.
[ ] Abstract

OBJECTIVE: The aim of this review was to summarize major topics in artificial intelligence (Al),

[_] Free full text including their applications and limitations in surgery. ... Their current and future applications to

D Full text surgical practice were introduced, including big data ...
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FDA APPROVALS FOR ARTIFICIAL INTELLIGENCE-BASED
DEVICES IN MEDICINE

201611 -+ Arterys CardioDL [@] software analyzing cardiovascular images from M

201703. —+M EnsoSleep

20171l —  ArterysOncology DL medical diagnostic application el

201801 - 1dx

201802, —  ContaCT stroke detection on CT B
—+ OsteoDetect X-ray wrist fracture diagnosis

201803, — Guardian Connect System predicting blood glucose changes

20180S. —+ EchoMD (AEF Software) echocardiogram analysis

201806. —+ DreaMed managing Type 1 diabetes.

201807. —+ BriefCase triage and diagnosis of time sensitive patients

—+  ProFound™ Al Software V2.1 breast density via mammogprahy =

CEdoeo@@gso0oeee

201808. —  Arterys MICA liver and lung cancer diagnosis on CT and MRI

201809. —  SubtlePET radiology image processing software =
—~+  AI-ECG Platform ECG analysis support

201810. —  Accipiolx acute intracranial hemorrhage triage algorithm
—+ icobrain MRI brain interpretation i

201811 ——I FerriSmart Analysis System

201803 — cmTriage mammogram workflow —

201904, — Deep Learning Image Reconstruction CTimage reconstruction TR

201805, —+ HealthPNX chest X-Ray assessment pneumothorax |

201906, —  Advanced Intelligent Clear-1Q Engine noise reduction algorithm =

201807. —+ SubtleMR radiology image processing software

—+ Al-Rad Companion (Pulmonary) CT image reconstruction - pulmonary -

ERjeelcgEicEic ECENE

201908 —+ Critical Care Suite chest X-Ray assessment pneumothorax |
201909, —+ Al-Rad Companion (Cardiovascular) CT image reconstruction -ourdwuscu!a: -
201911 —+ EchoGo Core quantification and reporting of results of cardiovc
201912, —+ TransparaTM mammogram workflow T
202001 — | QuantX radiological software for lesions suspicious for can
~+  Eko Analysis Software cardiac Monitor

N

TYPE OF FDA APPROVAL

510(K) PREMARKET NOTIFICATION

DE NOVO PATHWAY

®|®|E

PMA

4!7 CARDIOLOGY 4}—

ENDOCRINOLOGY
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Al + Big DATA = Cognitive Augmentation

Information, Guidance, and Intervention






CNN Clinical Application

129,450 clinical images

2,032 different diseases

Tested performance against 21 board-
certified dermatologists on biopsy-proven
clinical images.

The CNN achieves performance on par with all tested experts across both tasks,

demonstrating an artificial intelligence capable of classifying skin cancer with a level of competence comparable to dermatologists

Esteva A, Kuprel B, Novoa RA, et al. Dermatologist-level classification of skin cancer with deep neural networks. Nature 2017; 542(7639):115-118.
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Computer Vision and Endoscopy

Cadens - Imagia - Satis
© 2016 - all rights reserved

| Al4Gl Video and copy ri%s
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Research :

Intraoperative
decision support

* Shrinking data for surgical
training

* Technique that reduces video
files to one-tenth their initial size
enables speedy analysis of
laparoscopic procedures.

SAIIL-— MGH - MIT




Surgery & Al Projects Work with us Team SAlIL-Net SAIIL-MGH Sponsorship . 4

MASSACHUSETTS
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Surgical Artificial Intelligence and Innovation Laboratory

4 J

Established in 2017, Boston, USA
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Real Time Phase Detection

Ground truth

Port placement |.
Fundus retraction
Release GB peritoneum
Dissection of Calot's triangle
Checkpoint 1 |
Clip Cystic Artery
Divide Cystic Artery EStl matlon |
Clip Cystic Duct I
Divide Cystic Duct
Checkpoint 2
Remove GB from liver bed
Bagging
Other step

)
=
©
-
)
v
©
¥
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i | : GT: Release GB peritoneum
364 728 Estimate: Release GB peritoneum

Current timemme®

Surgical Artificial Intelligence & Innovation Laboratory - Massachusetts General Hospital
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Experimental Phase

Artificial intelligence prediction of cholecystectomy operative course
from automated identification of gallbladder inflammation

Thomas M. Ward' © . Daniel A. Hashimoto' - Yutong Ban'? - Guy Rosman'? - Ozanan R. Meireles’

What explains intra-operative
variability in cholecystectomy?

Surgeon + Inflammation

Bayesian Multilevel Models ﬂ’ ' J#r et E
{ i + | ' : l

Gallbladder : Critical View
: Duration
Injury of Safety

Increased injury Average 17, and No effect _
' ndoffsa _|95%Cl |
probability by 11%, up to 31.3, Pps
and up to 28%, per  minutes added Al Model 0.71 0.65-0.77
case 2"d Surgeon 0.82 0.75-0.87

10 20 30
Added time to case (minutes)
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Experimental Phase

Surgical Fingerprint — POEM
/W poentnet ’
Probability
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Analysis of intraoperative video

Experimental Phase

Detecting Deviations

Normal range —

Deviation
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Deviation Analysis and Detection

Op: G22516, Frame 3900 (130s), Surgical phase: 1, Log-probability:-0.51651, Confidence: 10.8765

/I sLEEVERet

burgical Artificial Intelligence & Innovation Laboratory - Massachusetts General Hospital
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Surgical Fingerprint — Sleeve Gastrectomy

Case A Case B

MASSACHUSETTS % HARVARD
GENERAL HOSPITAL Q@ MEDICAL SCHOOL



Analysis of intraoperative video
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Analysis of intraoperative video

MASSACHUSETTS /I K % HARVARD
GENERAL HOSPITAL | | | A MEDICAL SCHOOL




Potential applicati

operation.

Mortality meetings
certification
* Hospital credentialing and recredentialing

* Tele-mentoring

e Establish automated communication link to human mentor when error is
predicted or identified.

» Battlefield and Rural Areas support, to medical staff who may not have the
necessary specialty specific knowledge
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Al and Mechanical Automatios

Experimental Phase

Autonomous Robot Surgery

Performing Surgical Subtasks without Human Intervention

P

Adithyavairavan Murali, Siddarth Sen, Ben Kehoe, Animesh Gar
Seth McFarland, Sachin Patil, W. Douglas Boyd, Susan Lim,

Pieter Abbeel, Ken Goldberg

Autonomous Robot Surgery

Performing Surgi 1[’HT1 thot H\m:llur ntion

P

Adithyavairavan Murali, Siddarth Sen, Ben Kehoe, Animesh Garg,

Seth McFarland, Sachin Patil, W. Douglas Boyd, Susan Lim,
Pieter Abbeel, Ken Goldberg

Ken Goldberg
Professor, Industrial Engineering and Operations Research
William S. Floyd Jr. Distinguished Chair in Engineering, UC Berkeley

UNIVERSITY OF CALIFORNIA
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* “Robots find the difficult things easy and the easy things difficult”

Moravec’s Paradox

e “Contrary to traditional assumptions, high-level reasoning requires
relatively little computation power, whereas low-level sensorimotor skills
require enormous computational resources”
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https://en.wikipedia.org/wiki/Reasoning
https://en.wikipedia.org/wiki/Sensory_processing

* Brittleness

* Embedded Bias

* Catastrophic Forgetting
* Explainability

* Quantifying Uncertainty
* Common Sense

* Math

MASSACHUSETTS % HARVARD
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2) Embedded Bias

* https://spectrum.ieee.org/ai-failures



HANDS ON THE WHEEL —

Another Tesla with Autopilot crashed

into a stationary object—the driver is
suing

Fail: Microsoft's Al Chatbot Corrupted by Twitter Trolls

Google Home outage hits users, ‘100 percent
failure rate’ reported

Apple's Face ID Defeated by a 3D Mask

IBM’s Watson supercomputer
recommended ‘unsafe and incorrect’

cancer treatments, internal documents
show

MASSACHUSETTS 3%“ HARVARD
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Obstacles and Limitati

e Limited exposure
ctivity pressure * |nnovation pressure

e Culture

Industry. o Patient

* Privacy
* Healthcare pressure
* Clinician relationship

ystemic biases

* Market pressure
e Culture
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Solution

e Annotation v
e Data Structure and Use V'
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e Video Data Acquisition Framework v
e Management through data lifecycle

e Scientific Research ¥
e Education V¥
e Cultural Transformation

e Governance Policies, Regulations, and Oversight
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DATA collection
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Surgical DATA

ealthcare ystems
nments

es
ommittees
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Consensus Recommendations on an Annotation Framework for Surgical Video

Surgical Endoscopy (2021) 35:4918-4929
https://doi.org/10.1007/500464-021-08578-9

CONSENSUS STATEMENT

Check for
updates

SAGES consensus recommendations on an annotation framework
for surgical video

Ozanan R. Meireles' - Guy Rosman'2 - Maria S. Altieri® - Lawrence Carin* - Gregory Hager® - Amin Madani® -
Nicolas Padoy’® - Carla M. Pugh® - Patricia Sylla'® - Thomas M. Ward' - Daniel A. Hashimoto' © - the SAGES Video
Annotation for Al Working Groups

Received: 25 April 2021 / Accepted: 26 May 2021/ Published online: 6 July 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Background The growing interest in analysis of surgical video through machine learning has led to increased research
efforts; however, common methods of annotating video data are lacking. There is a need to establish recommendations on
the annotation of surgical video data to enable assessment of algorithms and multi-institutional collaboration.

Methods Four working groups were formed from a pool of participants that included clinicians, engineers, and data scientists.
The working groups were focused on four themes: (1) temporal models, (2) actions and tasks, (3) tissue characteristics and
general anatomy, and (4) software and data structure. A modified Delphi process was utilized to create a consensus survey
based on suggested recommendations from each of the working groups.

Results After three Delphi rounds, consensus was reached on recommendations for annotation within each of these domains.
A hierarchy for annotation of temporal events in surgery was established.

Conclusions While additional work remains to achieve accepted standards for video annotation in surgery, the consensus
recommendations on a general framework for annotation presented here lay the foundation for standardization. This type of
framework is critical to enabling diverse datasets, performance benchmarks, and collaboration.
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Annotation Framework o
Hierarchical Structure with Expandable Granularity aPEs)

vents

Anatomic region

Step (procedure- specifi -
4 Specific anatomy

Task (generic) Bl ~ General anatomy

Action (generic) Tissue characteristics
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DATA Use and Struct

Objective: Establish a frame
proposed me esearch

SAGES Surglcal Vldeo Data Summit 2021

MASSACHUSETTS
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Surgical Operating System FrameworKk

* Open Access Model to Prc

Annotation
 Data Structure

* Clear Policies and Regulations

* Transparency and Oversight

e Address Ownership Issues
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SurglcaIAI Gove nance
Regulations, Policies ar

overnment

officials
Industry ‘

’ Hospitals
Malpractice \’

Insurance Payers
~companies
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Education and Training

icated Fellowships
e.g. SAIIL

Medical School

] Publications
Curriculum

MASSACHUSETTS / /I K ‘% HARVARD
GENERAL HOSPITAL A MEDICAL SCHOOL




Surgery & Al Projects Work with us Team SAllL-Net SAIIL-MGH Sponsorship . 4

Welcome to SAIIL Public

At the Surgical Artificial Intelligence and Innovation Laboratory (SAlIL), we are committed to fostering a collaborative and open research

At th earch

G, . community. We understand the value of sharing resources, datasets, tools, and insights with other researchers, students, and individuals e
interested in the field of surgical Al. To accelerate innovation and improve patient care worldwide, we are in the process of gradually making

these resources available to the public.

Education and
Tra " N | ng Meetings e.g. SAIIL Curriculum

L Dedicated )
Scientific Fellowships Medical School

Publications




Professional Preparation

Computer SCi

Work force
Training

Credentialing

Simulations . (36)
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Cultural Transformation

@ &

SHARING DATA SHARING KNOWLEDGE CULTURAL DIFFERENCES
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Ethical considerations

What should the self-driving car do?

. &- &08

| Sy
| e

http://moralmachine.mit.edu

Awad et al. 2018. Nature
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Ethical according to whom?

Preference
for inaction

Spad

; It

Pighe, s 23?’
Us

Western [] Eastern [] Southern

http://moralmachine.mit.edu

MASSACHUSETTS Awad et al. 2018. Nature 4, HARVARD
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Other Considerati

, Payor

Who gets the blame?

How do you explain Al-driven decisions to patients?

Chnyoucha”engethededﬂon?

—
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SAIIL Team

Faculty and Fellows

L

Ozanan Meireles, MD Guy Rosman, PhD Daniela Rus, PhD
Director, MGH SAIIL Assoc Director, Engineering Director, MIT CSAIL

YW @MGHSAIIL

Yutong Ban, PhD
Postdoctoral Fellow

Jennifer Eckhoff, MD
Al & Innovation Fellow
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Alumni

o

Daniel Hashimoto, MD MS
Former Fellow

Thomas Ward, MD
Former Fellow
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Thank you!

www.SAllL.org

Ozanan Meireles Il  OzMeireles@MGH.Harvard.edu

GET INVOLVED @mghsaiil
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