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Revolutionizing Healthcare:
Introducing the Concept of a Surgical
Operating System ( =~ OS )

A Blueprint for the Future of Medicine



The Era of Technological ChatGPT

D . t .
Capabilities Limitations
Remembers what user said May occasionally generate
earlier in the conversation incorrect information
Allows user to provide follow- May occasionally produce
up corrections harmful instructions or biased

content

ined to decline inappropriate

requests Limited knowledge of

Innovation and Safety

“Technology is altering the landscape across
various sectors. and the future is unfolding
before our eyes."
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F1 Safety Evolution over the last 30 years and beyond
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Surgical Disruptions (in the

gery — 1860s
 Endoscopic Procedures — 1960s

« Cognitive Computing — 2010s
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What is happening in the Operating Room now ?
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Data sourc
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AT THE 2014 U.S. GRAND PRIX IN AUSTIN, TX.
Present SN 243 TERABYTES OF DATA COMPARED TO ...
- i -
Single-patient ‘E' =
’ 235TB
CAPACITY OF 10 TWITTER DATA PER IRS TAX RECORDS GLOBAL INTERNET U.S. LIBRARY OF
HUMAN BRAINS WEEK LAST 10 YEARS TRAFFIC 1994 CONGRESS
: EQUIPPED WITH , F1 CARS PROVIDE A STREAM OF DATA THAT'S
Domain ANALYZED AWAY IN NEAR REAL-TIME
Single-patient Devices knowledge : : :
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Surgical data science

The average hospital produces roughly 50 petabytes of data every o j :

year. That’s more than twice the amount of data housed in the Library

of Congress, and it amountsto 13/ tera bytes per day e — =
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https://www.weforum.org/agenda/2019/12/four-ways-data-is-improving-healthcare
https://info.cobaltiron.com/blog/petabyte-how-much-information-could-it-actually-hold
https://info.cobaltiron.com/blog/petabyte-how-much-information-could-it-actually-hold

* Recent study reviewed 2,800+ inpatient
records from 11 U.S. hospitals.

e ~25% of records had at least one adverse
event, preventable or not.

e 7% of all admissions had at least one
preventable event.

* 1% had events of serious severity or
higher.

Bates DQ, Levine DM, Salmasian H, et al.
The safety of inpatient health care. New
Engl J Med. 2023;388(2):142-
153. 10.1056/NEJMsa2206117

o » Before skin incision

CONFIRM ALL TEAM MEMBERS HAVE
INTRODUCED THEMSELVES BY NAME AND
ROLE

SURGEON, ANAESTHESIA PROFESSIONAL AND
NURSE VERBALLY CONFIRM

e PATIENT

e SITE

s PROCEDURE

ANTICIPATED CRITICAL EVENTS

SURGEON REVIEWS: WHAT ARE THE CRITICAL
OR UNEXPECTED STEPS, OPERATIVE
DURATION, ANTICIPATED

BLOOD LOSS?

ANAESTHESIA TEAM REVIEWS: ARE THERE ANY
PATIENT-SPECIFIC CONCERNS?

NURSING TEAM REVIEWS: HAS STERILITY
{INCLUDING INDICATOR RESULTS) BEEN
CONFIRMED? ARE THERE EQUIPMENT
ISSUES OR ANY CONCERNS?

HAS ANTIBIOTIC PROPHYLAXIS BEEN GIVEN
WITHIN THE LAST 60 MINUTES?

YES

NOT APPLICABLE

HAS THROMBOPROPHYLAXIS BEEN ORDERED?
YES
NOT REQUIRED

IS ESSENTIAL IMAGING DISPLAYED?
YES

NOT APPLICABLE

Ih Organization Surgical Safety Checklist by the Royal Australasian College of Surgeons in consultation
iCollege of Ophthalmologists, the Royal Australian and New Zealand College of Obstetricians and Gynas
if the New Zealand Nurses Organisation; it is not intended to be comprehensive, additions and modificat

0 ol A B R R R

Before patient leaves operating room

NURSE VERBALLY CONFIRMS WITH THE
TEAM:

THE NAME OF THE PROCEDURE RECORDEI

THAT INSTRUMENT, SPONGE, NEEDLE AND
OTHER COUNTS ARE CORRECT

HOW THE SPECIMEN IS LABELLED
(INCLUDING PATIENT NAME)

WHETHER THERE ARE ANY EQUIPMENT
PROBLEMS TO BE ADDRESSED

SURGEON, ANAESTHESIA PROFESSIONAL
AND NURSE REVIEW THE KEY CONCERNS
FOR RECOVERY AND MANAGEMENT

OF THIS PATIENT



Healthcare, specially in surgery is a sector
where technology's promise has not been
fully realized.

“We have advanced machinery and data analytics,
but the operating room still relies heavily on human

judgment, sometimes leading to inefficiencies”
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.OS is a conceptual framework that aims to

' seamlessly integrate surgical teams, operating
rooms patlent data and dewces

Standardlzatlon
_Efficiency

Safety



Preparation, Creation, and Implementation
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e Annotation |V

e Data Structure and Use |V
e Governance Policies, Regulations, and Oversight

e Video Data Acquisition Framework [~

e Creation of a Community (Vv
e Management through Data Lifecycle

e Scientific Research (v

e Education |V
Cultural Transformation
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* Open Access Mode

N T

ATIoN
 Data Structure

* Clear Policies and Regulations

* Transparency and Oversight

e Address Ownership Issues
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Surgical DATA

ez are Systems
nments
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DATA Use and St

Objective: Establish a frame
proposed me esearch

SAGES Surgical Video Data Summit 2021
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Annotation Framework Ol
Hierarchical Structure with Expandable Granularity o

vents

=

Anatomic region

Step (procedure- specific -
4 Specific anatomy

k. o
Task (generic) “ 7 General anatomy
‘1:'1;.‘ e r}/ =

Action (generic) Tissue characteristics
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5. OS Features

User Interface
Integration & Experience
Security &
Access Control
Analytics & Utilities &
— Monitoring Special Features

Communication
& Collaboration

HARVARD

¥%  MEDICAL SCHOOL
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Process
Management

* Orchestration Surgical Procedures

* SOS could manage the scheduling
of surgical teams, rooms, and
monitor surgery in real-time.

(i
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Resource Allocation

* Maximizing Efficiency
Allocation and Reallocation

e Staff
* Equipment
* Room

Leadership

People and @ from the top
Processes

i OKR<
o D I -tt



Device Management
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GENERAL H



Data Management

Present

M =0

om0 |

Surgical data science

Organizing Critical Information

Companies targeting the electronic health record market
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Intuitive

" 163 B ®46 0 "

Customizable

User Interface

UX /U




o * X %
Security and Access * i

Control * GDPR %

Ensuring
Data
Integrity

M Sep,
6-_\\\ ' &
5 _/C U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
} Office for Civil Rights
'M“':Hl




Other Features

/O Operations

Networking

System Monitoring




Utilities and Apps .

 Specialized software tools

* Pre-operative checklists
q

* Real-time patient vitals monitoring

* Intra-operative guidance

* Billing

* Documentation




ilities and Apps

FDA APPROVALS FOR ARTIFICIAL INTELLIGENCE-BASED ————
DEVICES IN MEDICINE =
[E]  s10(K) PREMARKET NOTIFICATION
DE NOVO PATHWAY
201611 | Arterys Cardio DL ki
20703 -
20171l —- Arterys Oncology DL medical diagnostic application - [ SRRSO
201801 1 Idx
201802. —  ContaCT stroke detection on CT .
—L OsteoDetect X-ray wrist fracture diagnosis
201802 —+ Guardian Connect System predicting blood glucose changes —{— ENDOCRINOLOGY —1‘*
201805. —+ EchoMD (AEF Software) echocardiogram analysis
201806, —+ DreaMed managing Type 1 diabetes.
- I raDIOLOGY ——————
201807. i BriefCase triage and diagnosis of time
—t ProFound™ Al Software V2.1 breast density via mc o¢ -

|

Edgg@gBogee e

201808 —+  Arterys MICA liver and lung cancer diagnosis on By ERE ==
201809 I SubtlePET radiology image pro 1 . V11 F &
—+  AI-ECG Platform ECG analysis support I I. ' : : e_
201810, | Accipiolx acute intracranial hemorrh 1! ;| H%
—- icobrain MRI brain interpretation \ ," t; ; /
201811 —«—-I FerriSmart Analysis System ' '/ / // o
201903 | cmTriage mammogram workflow ) g / vt NEUROLOGY |
201904, — Deep Learning Image Reconstruction / [ —_ e
201905 —+  HealthPNX : // :/ ‘ ' | TS
201906, —+ Advanced Intelligent Clear-1Q Engine A \
201907. — SubtleMR |9 ! ' { lﬁ'— OPHTHALMOLOGY ﬁ
—+ Al-Rad Companion (Pulmonary) ‘ 4 | d
201908 -+ Critical Care Suite ’ . [ N ERCENCHNEOCINE _+—
201908, —+ Al-Rad Companion (Cardiovascular) . % A - !
20181l  —+ EchoGo Core - ' [ ONCOLOGY
201912, —+ TransparaTM Y s
202001 —+ QuantX
—L Eko Analysis Software cardiac Monitor .
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Research :

Intraoperative
decision support

e Shrinking data for surgical
training

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

SAIIL - MGH — MIT



Computer Vision and Endoscopy

Cadens - Imagia - Satis
© 2016 - all rights reserved

Al4Gl Video and copy riﬂs
MASSACHUSETTS /l k HARVARD
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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

)
£
©
c
)
v
©

¥

a

1 | i GT: Release GB peritoneum
364 728 Estimate: Release GB peritoneum

%y Time (s)

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

k

Bayesian Multilevel Models

e el §)) 9 1 v f

Gallbladder : Critical View ' | A .
: Duration
Injury of Safety 3

Gl e Noeflet W [Krppendoffsa _|osxa |
probability by 11%, upto 31.3, ppendoff's a

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

0 10 20 30 40
Added time to case (minutes)

g 7L
4'\* MEDICAL SCHOOL

Compatibility
Intervals

B sox

80%
95%




Experimental Phase

Surgical Fingerprint — POEM
7 poewner '
Probability

Submucosal Injection m 1.00
Mucosotomy 0.75
0.50

Submucosal Tunnel
0.25

O
ul
M
I
O
L=
D
. =
e
-
O
L=,

Myotomy 0.00

Mucosotomy Closure

2000 4000 6000 O 2000 4000 6000
Time (s)
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Deviation Analysis and Detection

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

_f/mkSLE EVEnet

burgical Artificial Intelligence & Innovation Laboratory - Massachusetts General Hospital
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Analysis of intraoperative video —
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o
-0.001

Real-time Analysis and Deviation Detection

-0.002

-0.003

Experimental Phase

Detecting Deviations

-0.008

-0.009

-0.01
0

Normalized Cumulative log Probability

Normal range -

Deviation

= MASSACHUSETTS %, HARVARD
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Surgical Fingerprint — Sleeve Gastrectomy

Case A Case B

@ MASSACHUSETTS . HARVARD
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Potential applicati

e operation.

and Mortality meetings

rd 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

MASSACHUSETTS /l k 2% HARVARD
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Knowledge Graph in Surgery

which can be used for

® Interactions of objects
INn surgery
o Tool-action-tissue
Interactions.

e Relations of abstract

concepts
o Parkland scale
and its
components

Concept Graph Neural Networks for Surgical Video Understanding
Y. Ban J. Eckhoff, T. M. Ward, D. A. Hashimoto, O.R. Meireles, D. Rus, G. Rosman
Under revision to IEEE Transactions on Medical Imaging 2022
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Utilities and Apps
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Al and Mechanical Aute

Autonomous Robot Surgery Autonomous Robot Surgery

[-".‘-r"fm‘x'u‘;;; Suraical Subtasks without Human Intervention Performin | Surgical Subtasks without Human Intervention

£ - £ .|

L4 L4

Adithyavairavan Murali, Siddarth Sen, Ben Kehoe, Animesh Garg, Adithyavairavan Murali, Siddarth Sen, Ben Kehoe, Animesh Garg,
Seth McFarland, Sachin Patil, W. Douglas Boyd, Susan Lim, Seth McFarland, Sachin Patil, W. Douglas Boyd, Susan Lim,
Pieter Abbeel, Ken Goldberg Pieter Abbeel, Ken Goldberg
A v 1 1
x »n o Berkele Sa— Derkele S~ ”

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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Error Handling and Recovery

Oracle Data Platform - Race Strategy

Data Sources, Connect, Ingest, Transform Persist, Curate, Create Analyze, Learn, Predict
Discovery

Real-Time and Analytics and Model
.| Modelled Data Visualization
(ADW, Race Strategy (Tyre, Safety Car
eather, Fuel Burn)

Ingestor
intainer Engine —
For Kubernetes)

Trackside .
Car Telemetry Batch Processing
SRR A Data Flo

l——————»| DataScience and
Al Services
Data Reviey

b

Data Sandboxes)

3" Party Data

eather Data

Streaming Ingest

(OCI Streaming)

B v

Governance

w— Data

""" Metadata

Measure,

ORACLE




Surgical Event Real Time Precietion

port placement
fundus retraction
release gb peritoneum
dissection of calot's triangle
checkpoint 1
clip cystic artery
divide cystic artery
clip cystic duct
divide cystic duct
checkpoint 2
remove gb from liver bed
bagging '
-15 -10 -5 0 5 10 15
Time (s)

)
=
©
o
(<))
0
©
£
o

SUPR-GAN: SUrgical PRediction GAN for Event Anticipation in Laparoscopic and Robotic Surgery
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Analysis of intraoperative video with Decision Support .

Conceptual Phase

ase 3 — Preventing Complication

~~~~~~

.'.*__.C:;’/ " o X
- Normal range

- ——— - R R R R R S R S S R R S R S S S

Deviation
Warning!
MASSACHUSETTS -"i;’ HARVARD
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= Cognitive Augmentation

Information, Guidance, Safety, and Operational Efficiency







“Robots find the difficult things easy and the easy things difficult”

/]
M oravecs Pa rda d OX e “Contrary to traditional assumptions, high-level reasoning requires
relatively little computation power, whereas low-level sensorimotor skills
require enormous computational resources”

= MASSACHUSETTS -“;*?{;’ HARVARD
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https://en.wikipedia.org/wiki/Reasoning
https://en.wikipedia.org/wiki/Sensory_processing#Sensorimotor_system

* Brittleness

* Embedded Bias
 Catastrophic Forgetting
* Explainability

e Quantifying Uncertainty
* Common Sense

* Math

= MASSACHUSETTS -";i? HARVARD
1811 GENERAL HOSPITAL & MEDICAL SCHOOL

2) Embedded Bias

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



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 -“;’g HARVARD
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Obstacles and Limitatio

e Limited exposure
uctivity pressure * |nnovation pressure

e Culture

Industry o patient

* Privacy
* Healthcare pressure
* Clinician relationship

ystemic biases

 Market pressure
e Culture

% HARVARD

¥%  MEDICAL SCHOOL
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Surgical DATAuSTaReaLds

ez
N

\\

0 mmittees{

|
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Surgical Al Gove nance
Regulations, Policies ar

overnment
HIEIS

Industry ‘
Malpractice l

Insurance | Payers
~ companies

MASSACHUSETTS /l k
GENERAL HOSPITAL

, Hospitals =
2023/24
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it » S v i

Computer Vison Multi-institutional Academia and Standards for Validation Studies Promote Diversity
Challenges collaborations Industry partnership Publications
m] 5 5 [
-———H X

% HARVARD
% MEDICAL SCHOOL

MASSACHUSETTS /l k
GENERAL HOSPITAL




Education and Training

icated Fellowships

e.g. SAIIL

Medical School

_ Publications
Curriculum

MASSACHUSETTS 2% HARVARD
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Computer SCI

Work force
Training
Credentialing

Simulations

MASSACHUSETTS
GENERAL HOSPITAL
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Cultural Transformation

@ &

SHARING DATA SHARING KNOWLEDGE CULTURAL DIFFERENCES

MASSACHUSETTS % HARVARD
GENERAL HOSPITAL A MEDICAL SCHOOL




Other Considerati

, Payor

Who gets the blame?

How do you explain Al-driven decisions to patients?

Can you challenge the decision ?

7//; ——

e —
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Surgical Al




rom Nnow .....
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At your local hospital.

Initializing D ... /

A Blueprint for the Future of Medicine
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GENERAL HOSPITAL *%  MEDICAL SCHOOI



SAIIL Team

Faculty and Fellows

L

Guy Rosman, PhD Daniela Rus, PhD

Ozanan Meireles, MD
Director, MIT CSAIL

Director, MGH SAIIL Assoc Director, Engineering

YW @MGHSAIIL

Yut Ban, PhD .
thons =8 Jennifer Eckhoff, MD
Postdoctoral Fellow )
Al & Innovation Fellow

MASSACHUSETTS
GENERAL HOSPITAL

Alumni

‘v ‘
Daniel Hashimoto, MD MS
Former Fellow

Thomas Ward, MD
Former Fellow

%%, HARVARD
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Thank you!

www.SAllL.org

Ozanan Meireles | OzMeireles@MGH.Harvard.edu

GET INVOLVED @mghsaiil
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