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Surgery: a stage for vital collaboration

« Team effort: Surgeons,
anesthesiologists, and nurses
collaborate actively

 Critical, complex and stressful
situation
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Surgery: a stage for vital collaboration

Surgical errors are affected by situation awareness (SA) and collaboration
(A. A. Gawande, 2003) .

- Stress, mental workload (33% surgical errors)

- Collaboration issues (43% surgical errors)
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Collaboration and SA

Feedback on state of the environment

Situation awareness (SA)

- Comprehension Projection Decision Action

“The perception of the elements in the environment within a volume of
time and space, the comprehension of their meaning, and the projection of
their status in the near future” (M. Endsley, 1995)
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Collaboration and SA

In the operating room (OR):

- Responsibilities and knowledge of the situation are shared B.m.
Gillespie, 2013)

- Team processes (coordination, communication) to integrate
information and knowledge about the environment and
situation of each team member (N.J. Cooke, 2001).
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Collaboration and SA

In the operating room (OR):

- Responsibilities and knowledge of the situation are shared B.m.
Gillespie, 2013)

- Team processes (coordination, communication) to integrate
information and knowledge about the environment and
situation of each team member (N.J. Cooke, 2001).

=» Quantifying the situation using multimodal data to reduce errors
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Research questions

(RQ1) How to manage ethical and technical challenges in OR multimodal
data collection?
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Research questions

(RQ1) How to manage ethical and technical challenges in OR multimodal
data collection?

(RQ2) How to quantify situation awareness and collaboration in surgical
teams?

(RQ3) How to create dashboards for effective surgical data analysis?
(RQ4) How to turn data insights into actions for safer surgeries?

(RQ5) How to build Al that predicts errors and adverse events in surgery?
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(RQ1) Collaborative tasks are complex
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(RQ1) Too many modalities
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(RQ1) Too many modalities
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VERBAL

PHYSIOLOGICAL

Speech Participation
Audio Features
Content of conversations

Heart Rate

Breathing Rate
Neural Activity
Electrodermal Activity
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(RQ1) Too many modalities
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GAZE Gaze direction
Fixation/Saccades

Pupil Dilation

HEAD Facial Expression
Head Movement
Head Orientation
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(RQ1) Too many modalities

BODY Hand Gesture
Location
Body Language

ACTION Writing
Task-Related Action

®
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(RQ1) Many OR constraints

 Need a non-invasive and
comfortable setup

* Must comply with sterility
constraints

* Not allowed to use the power
sockets in the OR

OR n°3 Centre Hépato-Biliaire Paul Brousse
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Machine-readable

Wearable sensors

Physiological
E garment

E] Tracking tag

"Il Lavalier microphone ||

Audio transmission
system

Wi-Fi router

Computer
(Microsoft PSI)
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Machine-readable

Wearable sensors

"Il Lavalier microphone

Physiological
E garment B

K} Tracking tag 6 |

Audio transmission
system

Wi-Fi router

Computer
(Microsoft PSI)

Human-readable

Operatlng room sensors

OR n°3 Centre Hepato Biliaire Paul Brousse

Surgical Ceiling
PTZ cameras [EJ camera 9] microphone
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(RQ2) How to quantify? (in progress)

I—Nnitial conditions Input parameters Age, sex, personality, background,

profession
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(RQ2) How to quantify? (in progress)

P> nitial conditions Input parameters Age, sex, personality, background,
profession
P 0CeSS Blackbox of collaboration Stress, communication (speech, body),

synchrony (physiological), self-
regulation

15 IC MI 2023 Allemang--Trivalle 2023



4 nd

IMT Atlantique
Loire

MAX FF‘LANCK INSTITUTE

OR INTELLIGENT SYSTEMS

(RQ2) How to quantify? (in progress)

P> nitial conditions Input parameters Age, sex, personality, background,
profession

D0 CESS Blackbox of collaboration Stress, communication (speech, body),
synchrony (physiological), self-
regulation

—Outcome Performance of the task Errors, adverse events, speed
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(RQ2) How to quantify? (in progress)

Questionnaires

Get to know the people:

* Background: e.g., age,
gender, job, role, experience

« Conditions: e.g., quality of
sleep, time since last meal

* Relationships: familiarity
with other team members
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(RQ2) How to quantify? (in progress)

Get to know the people: Speech
* Background: e.g., age, H Physiological J [
gender, job, role, experience data } . [
Localizati
* Conditions: e.g., quality of H Locatization =

sleep, time since last meal

-E- Team

. Rglationships: familiarity Speech flow Overlapping
with other team members speech
+ Stress and mental ) .
workload * Physiological
synchrony
* Proximity to areas o
of interest * Proximity to

team members

16 IC MI 2023 Allemang--Trivalle 2023



4 nd

IMT Atlantique
Bretagne-Pays de la Loire
eeeeeeeeeeeee élécom

MAX PLANCK INSTITUTE \

OR INTELLIGENT SYSTEMS

(RQ2) How to quantify? (in progress)

Questionnaires m Surgical context

Get to know the people: Annotations made by surgeons

Speech )
. q using ELAN:
* Background: e.g., age, Physiological )
gender, job, role, experience 2 data } . [ *  Surgical steps and phases:
e.g., incision, suture, ligation,
B Localization ]

intraoperative ultrasound

m Team * Errors: e.g., cognitive error,
communication error,

« Conditions: e.g., quality of
sleep, time since last meal

*  Relationships: familiarity Speech flow Overlapping technical error, teamwork
with other team members speech error
+ Stress and mental Phvsiolodical
workload syrz/chrongy *  Adverse events: eg,
+ Proximity to areas o bleeding injury, thermal
of interest * Proximity to injury, ischemic injury

team members
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(RQ3) Augment surgical context (future)

How do you identify moments of interest?

Current OR black box interface (Caresyntax)
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(RQ3) Augment surgical context (future)

How do you identify moments of interest?

Current OR black box interface (Caresyntax)

Augmenting the timeline

Stress A A A A A
Voice

D vy HEEENEEE
Activity

level @@ 000

(motion)
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(RQ4) Actionable feedback (future)

For learning

Share relevant findings: e.g., nurses
who continue to communicate
verbally under high-stress conditions
enhance patient outcomes in x% of

scenarios
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(RQ4) Actionable feedback (future)

For learning

Share relevant findings: e.g., nurses
who continue to communicate
verbally under high-stress conditions
enhance patient outcomes in x% of

scenarios
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During surgery

*Report anomalies: e.g., team
member who does not react to

changes in situation
*Suggest actions: e.g., the team is

overwhelmed; it is recommended to

replace X
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Model training

m Al model

Manual
annotations

Surgical context
and collaboration
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Inference (during surgery)

Al model
&)

Metrics

Predicted
annotations

Surgical context
and collaboration)
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Phase

Design of the data collection platform and metrics (RQ1, RQ2)

RQ1 - Setup

Lavalier microphone Audio transmission system

E Physiological garment B Wi-Fi router

. Computer
EJ Tracking tag 6] (running Microsoft PS [4])

RQ2 - Metrics (in progress)

Speech 1
(ECG and respiration)

(position and orientation)

+ Speech flow
+ Stress and mental workload
+ Proximity to areas of interest

E Physiological data V*’ N
il A

Localization =7

Team

* Overlapping speech
« Physiological synchrony
« Proximity to team members

Future work - Augmented insights on the surgical situation (RQ3, RQ4, RQ5)

RQ3 - Augment surgical context

How to use the metrics to facilitate reviewing
surgery? To detect

= Surgical steps and phases: e.g., incision, suture, ligation
= Errors: e.g., cognitive error, communication error
+ Adverse events: e.g., bleeding injury, thermal injury

Proposed solution - Augmenting the timeline

Stress A A A A A AA A
Voice activity . . . . .. .. .

Activity level
(motion) .

RQ4 - Actionable feedback

For learning

Share relevant findings: e.g.,
nurses who continue to
communicate verbally under
high-stress conditions enhance
patient outcomes in x% of
scenarios

RQ5

Model training

Metrics
Al model
Manual
annotations

During surgery

* Report anomalies: e.g.,
team member who does not
react to changes in situation

+ Suggest actions: e.g., the
team is overwhelmed; it is
recommended to replace X

-Al

Inference (during surgery)

Metrics

Al model

Predicted
annotations
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 Software:

. Microsoft PSI: https://github.com/microsoft/psi
. ELAN: https://archive.mpi.nl/tla/elan
. Caresyntax: https://caresyntax.com/

 |llustrations:

. [ihorvsn] /Adobe Stock
. The Mount Sinai Surgical Film Atlas: Carotid Endarterectomy, Icahn School of Medicine, Youtube
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