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* Intro to TBI and the need for big data

 MRI: Technology and Future

* Device Data Collection: Problems and solutions

* Integration of other data: EMR, Imaging, Biomarkers
 Trends: FDA panel, etc.

* Clinical examples of utility

* Future
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To P ICS ICU Solutions

* |ntro to TBI and the need for big data
— Sheila story, TRACK TBI, etc.
— We need better data

 MRI: Technology and Future

— Challenges to getting that data (devices, standards, databases, etc.)
* Device Data Collection: Problems and solutions

— Challenges
* |ntegration of other data: EMR, Imaging, Biomarkers
 Trends: FDA panel, etc.
* Clinical examples of utility

— Cases (Brandon)

* Future
— and DOD project
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There are a couple of weeks left till the start of the International Summer Institute on Network Physiology (ISINP-2019) in Como.

Could you please send PDFs of your lecture(s) at your earliest convenience. We would need to have them latest by July 25.

The PDFs form the package of materials for the ISINP participants and will be made available only to the participants.

Lectures duration is 30 min plus 5 min for questions.

Please note that lectures present diverse topics, and there is very little or no overlap in the background and expertise of speakers.
Participants are Ph.D. and M.D. students, postdoctoral fellows, university faculty, physicians and industry researchers with diverse
backgrounds in medicine, neuroscience, exercise physiology, computer science and applied mathematics, physics, and biomedical
engineering.

Correspondingly, each lecture should provide clear definitions, background, general concepts, results, and vision for the future in a way
that is understandable for non-specialized audiences.

Note that although the general focus of ISINP is Network Physiology, the meeting is not a narrowly specialized workshop or conference
-- it is intended as an institute/school where experts across fields learn from each other. Talks given at conferences to peers in your
specific fields may not be quite suitable for this meeting.



Goals of Talk lMgEEBG

* Describe the need for comprehensive, high-resolution data in
critical care

— We will use the care of acute brain injury as an example

* Describe the challenges of collecting data in a usable form

— We will describe the state of medical device connectivity and data
interoperability

* Describe progress to overcome the challenges
— We will use our work (and others) as examples

* Describe the future with “Smart ICUs”
— We will show examples of what can be done
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* Describe the need for comprehensive, high-resolution data in
critical care

— We will use the care of acute brain injury as an example

* Describe the challenges of collecting data in a usable form

— We will describe the state of medical device connectivity and data
interoperability

* Describe progress to overcome the challenges
— We will use our work (and others) as examples

* Describe the future with “Smart ICUs”
— We will show examples of what can be done



State of Brain Injury legEtEsRG

We know a lot
But compared to other areas of medicine
we don’t even know what we don’t know
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Variability in Traumatic Brain Injury ICU Solutions

Kevin Pearce — snowboarder
Fall on half-pipe — severe TBI
26 days ICU, 5 months rehab
Slight memory & visual loss

High variability in TBI

Sarah Burke — skier outcomes due to the
Fall on half-pipe — severe TBI extreme complexity of
9 days ICU the brain

Died

Sara Hall - arborist, runner
Jogger vs. bicycle — mild TBI
6 days ICU, 6 months rehab
Slight hearing & memory loss




Complexity of Traumatic Brain Injury lII(YlIJcS)oEtEE.RG

Injury
Acute Subacute
biomarkers biomarkers Chronic biomarkers
.’_‘/\ﬁ s — N e 3

/

Biomarker concentration in blood

A\
-

o I
%"\0 Hours Days Weeks Months/years

— Neuronal or axonal injury (eg, UCH-L1), BBB damage (eg, S100B)
— Gliosis or glial injury (eg, GFAP) —— Apoptosis (eg, SBDP120), demyelination (eg, MBP)
— Neurodegeneration or CTE (eg, P-tau) —— Autoimmunity (eg, autoAb-[GFAP])
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Complexity of Traumatic Brain Injury ICU Solutions

Neuronal Death
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Complexity of Traumatic Brain Injury
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‘Impact Cellular Network
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TBI Management at a Crossroads ICU Solutions

After 30 years of failed trials, we realize we can’t
treat the brain the same way as the heart or liver or
ith one guideline or drug

approac
- Better definition of T

- Better endpoints
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\ Prediction and Data lMOBERG

We can predict the weather because we have massive amounts of localized data.

e Satellite imaging

* Localized temperatures,
barometric pressure,
wind speed & direction,
humidity, dew point, etc.

* Sophisticated models




Current State of Data in the Neuro ICU
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Predicting changes in neurocritical care today is like trying to forecast the national weather

with only an hourly temperature from Kansas City.

Temp =72°

ICP =8 mmHg
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Defining the Disease — Observational Trials BMOBERG

80 sites, 21 countries
5,400 subjects

67 TRACK-TBl 11 sites

Iransfo B b 30d Clinical Knowled H
U 3,000 subjects




Bookend Projects

ICU Solutions

BMOBERG

On Admission
Better Definition of TBI

Glasgow Coma Score

Imaging
Biomarkers
Genomics

Proteomics

More Accurate
End Points

Glasgow Outcome
Score

Psychometric
Testing

Eye Tracking

Biomarkers



Bookend Projects

ICU Solutions

BMOBERG

On Admission
Better Definition of TBI

Glasgow Coma Score

Imaging
Biomarkers
Genomics

Proteomics

Overlooked

How was the patient
managed?

Physiology
Blood Pressure
ICP

Seizures

Brain oxygen

This is what we need

But this is difficult to get

More Accurate
End Points

Glasgow Outcome
Score

Psychometric
Testing

Eye Tracking

Biomarkers



Disparate Data

ICU Solutions

BMOBERG
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Combined, Time-synchronized Data ICU Solutions

BMOBERG

The data tells a story when consolidated and time-synchronized
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Goals of Talk lMgEEBG

* Describe the need for comprehensive, high-resolution data in
critical care

— We will use the care of acute brain injury as an example

* Describe the challenges of collecting data in a usable form

— We will describe the state of medical device connectivity and data
interoperability

* Describe progress to overcome the challenges
— We will use our work (and others) as examples

* Describe the future with “Smart ICUs”
— We will show examples of what can be done



Medical Device Connectivity - Problems lIICleJg)EtE\sRG

* Device Communications
— No widely adopted communication standard
— No widely used nomenclature

— “Quirks” in every device
* We had to compensate for the bad designs of others

* Low Resolution Data
* Device Adapters

— Several attempts, none widely adopted
e Systems of Devices

— Time synchronization
— Regulatory - Who is liable in a “closed loop system”



Standards — Communication Protocols, Nomenclature lII(YlIJgEtEmRG

e Standards organizations

— Lots of them....they all want to get into each others domains

— DICOM (started as imaging standard) and LOINC (started as lab data
standard)...each are growing into the other’s territory
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Nomenclature — No Standard BMOBERG

* |ntracranial Pressure
— What we have IEEE 11073-10101
— What we need (location, etc. — other metadata)



Problem: Lack of Standard Nomenclature lII(YlIJg)EtE\sRG

Pupilometer Medical Record

Glucose
Reactivity Blood Gases

Heart Rate
Size — == =—=>  Sjze ??

Blood Pressure
Symmetry Urine Output
Medications
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Problem: Label Confusion ICU Solutions

No internal
labels for PbtO2



Problem: Inadequate Device Protocol lII(YlIJ(S)oEtEwsRG

33°C

91.4

33

Mirrors the display
No units sent with the data!!

91.4°F

BLANKETROL I oot



Problem: Adherence to Specifications lII(YlIJg)EtEmRG

Lacked protocol specification documents? IgH
Deviated from the specifications? 00
Exhibited a behavior different from what... B8R 8
Exhibited undocumented behaviors? SN
Exhibited error conditions not... [§

Lacked protocol version field in the... I3

0% 20% 40% 60% 80% 100%
BYES = NO



Problem: No Standard Communication Protocol lII(YlIJg)EtEERG

One way to do this

What we want

Common data
output protocol

ij Data Aggregator ij Data Aggregator

Plug and Play Device
Just like your PC Adapters
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Solution: Device Adapters BMOBERG

Licox Common
Protocol Protocol

e But.....there was no commercial
market for an adapter

— Unless the market scaled up

e So....it was cheaper for us and
for us to write a software driver
and for customers to buy just a
cable

Digital Device Adapter



Lack of Definitive Guidelines
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Traumatic Brain Injury
Management Algorithm
Consensus Conference
Seattle, Washington
April 5-7, 2019

Still debating what to monitor
and how to manage TBI.

RCTs hard to do.

Lack of good evidence.

So reverting to consensus
conferences.
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Intracranial Pressure in the Medical Record vs. Reality

Medical

Record

Reality

Courtesy Daiwai Olson, PhD
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Medical Record vs. Continuous Monitoring

Total from 34 Patients with Severe TBI

Incidence of Incidence of Incidence of Incidence of

intracranial intracranial cerebral cerebral

hypertension hypertension hypoperfusion |hypoperfusion
(SCM / EMR) (CNS Monitor) |(SCM / EMR) (CNS Monitor)

23.4 63,020.4 22.2 703.0
15 23,553 9.5 264

Courtesy Brian Appavu, MD



Problems with Electronic Medical Records lII(YlIJg)EtE\sRG

Data in the EMR can be inaccurate, missing, or difficult to obtain.
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KAISER HEALTH NEWS HEALTH LAW AGING INDUSTRY INVESTIGATIONS Search

The U.S. government claimed that turning American medical charts into electronic
records would make health care better, safer and cheaper. Ten years and $36:billion
later, the system is an unholy mess. Inside a digital revolution that took a bad turn.

By Fred Schulte and Erika Fry, Fortune « MARCH 18, 2019




Data Chaos BVOBERG
Data is not collected in a way that enables further use
4 ) /Medical Record \ /Other Physiology\

Imaging




Information Technology lIICleJg)EtE\sRG

The biggest problem we have is dealing with the Information
Technology (IT) groups at each hospital



Information Technology lMgEtEBG

The biggest problem we have is dealing with the Information
Technology (IT) groups at each hospital

What we need...

The Apple TV
for Hospital IT




Goals of Talk lMgEEBG

* Describe the need for comprehensive, high-resolution data in
critical care

— We will use the care of acute brain injury as an example

* Describe the challenges of collecting data in a usable form

— We will describe the state of medical device connectivity and data
interoperability

* Describe progress to overcome the challenges
— We will use our work (and others) as examples

* Describe the future with “Smart ICUs”
— We will show examples of what can be done



Current Data Management Tools lII(YlIJ(S)oEtEmRG
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Group the Technologies
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Data
Aggregation

CNS Monitor

| Analytics
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Visualization
Guidance

Archiving &
Reporting

CNS Envision
CNS CarePath

Multimodal
Database

Envision
Reports
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Data Aggregation ICU Solutions
Data : Visualization Archiving &
i | Analytics i .
Aggregation Guidance Reporting
: ek Multimodal
- v Database
Apps
CNS Envision m
e CNS CarePath
®
{ ¢ Envision
Reports

\ CNS Monitor /




Strength - Device Data Collection BVOBERG

Vital Signs EEG Perfusion ICP Brain Oxygen
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Opportunity - Expanding Data Aggregation

ICU Solutions

BMOBERG

Supported by a grant from
the Department of Defense

Time synchronized
physiological data

Imaging

, Standards
descriptors

Nomenclature
Archiving formats
Annotations

Phenotypic mb
data

Databases
Database
Common Data Elements
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Analytics ICU Solutions
Data : Visualization Archiving &
i | Analytics i .
Aggregation Guidance Reporting
Tt Multimodal
" e Database
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CNS Monitor

CNS Envision
CNS CarePath

Epic

Envision
Reports



Opportunity — Informatics/Analytics BYOBERG

Prediction and detection algorithms based on
real-time and retrospective data

CloudConnect m

Apps
Data cleaning
Even detection

Neuroworsening

Prediction z \-.,L
Classification J S -
Machine learning

. Data mining

BT

CNS Envision




Analytics - Example

ICU Solutions

BMOBERG

Multi-state Predictive Models of Neuroworsening

d
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Courtesy Eric Rosenthal, MD, MGH



ICU Solutions

Visualization and Guidance lMOBERG
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Visualization

Medical Record Using Comprehensive Data
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Threat Mitigation - Burden Scores BVOBERG

Normalized ICP & PbtO2 Plus Burden (Shaded = Outside Range)
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Example Dashboard BVOBERG

The Problem:
e 72 bed pediatric ICU

* 12 of those patients have neuro P W e e (s W IR s parienT
issues | 83 | T
. . . | .19 " m103 Sarah Connor
* Pediatric neurologist has to s dack Torance
individually click into Epic for Jack Torrance s WS
A Toart P #1107 Louise Sawyer
each patient to get the status .30 azm~100 100_ um -
" 174/83" - 0| _
The Solution o J = Blanche DuBois

s Andy Dufresne

114 Elle Driver

* Separate neuro dashboard for
subset of patients

 Connects to Epic for some data

* Bypasses Epic for patient review
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Floorplan Dashboard ICU Solutions

Analytics determine patient state. Circles (size and color) show those requiring urgent care.
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Interesting reports — using Big Data Tools BMOBERG

Radial heat map showing daily correlations of ICP burden.

Burden Heap Map By Day Circle
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CarePath

Clinical Pathway

EE THE s
¥ NEUROLOGICAL
INSTITUTE 3
Primary Evaluation
This Module applies ONLY to the comatose head-injured patient
Record or Perform Post-Resuscitation GCS & Neuro Exam

Mannitol 1.0 -1.25gm/kg bolus x 1
Hyperventilate fo PaCO, 28-30mmHg

Posturing or unequal
pupils?

Problems Addressed by CarePath

No

Can get
immediate CT?

= Cranial CT
= C spine films, CT protocol

Surgical lesion
on CT?

No

Emergency Surgery
Module

Compliance to Guidelines/Pathways
Consistency of Care across Providers
Continuous Learning in the ICU
Compiling a Record of Actions

Craniotomy

* Signs of Unsalvageability:

+ Al four findings (GCS=3, no pupil
reaction, age =45yo, severe
coagulopathy), or

= Severe brainstem lesion on
neuroimaging studies

Unsalvageable*
patient?

= Licox CMP Monitor (PbtOz, ICP, Brain temp)

- « \entricular catheter (Neurosurgical discretion)
Counsel family about .
withdrawing TBI !t'rreatment; * gogsuig JLT_g%i; b}il{? tath:ter
Contact Gift of Life v e "1 oat 5 lo AU mmhg

Maintenance:
1. Minimize external stimulation
2. Confrol body temp. Consider Normothermia Profocol
3. Meds: continuous
a. Analgesic — Fentanyl or Morphine drip
b. Sedation — Propofol (24 to 48 hours) then
Lorazepam. c. Paralytics (pancuronium) only if
shivering or bucking wentilator
. -
Reviewed/Approvea: November 2006 Brain Hypm:.ia Treatment

Module




What Does CarePath Do? BMOBERG

ICU Solutions

Clinical Pathway

CarePath drives you through a muw
clinical pathway based on . N
changes in a patient’s “state”.

Record or Perform Post-Resuscitation GCS & Neuro Exam

Mannitol 1.0 -1.25gm/kg bolus x 1
Hyperventilate fo PaCO, 28-30mmHg

Posturing or unequal
pupils?

Can get
immediate CT?

Emergency Surgery
Module

Patient [Crantamy |
State * Signs of Unsalvageability:
= All four findings (GCS=3, no pupil

reaction, age =45yo, severe
w.

coagulopathy), or
= Severe brainstem lesion on
neuroimaging studies

» Licox CMP Moenitor (PbtOz, ICP, Brain temp)
Counsel family about . thqwhr catheter (Neurosurgical discretion)
. - . = Consider Jugular bulb catheter
withdrawing TBI treatment, PaCo2 Goal- 35 to 40 mmH
Contact Gift of Life . 2 boak mmhg

'

Maintenance:
1. Minimize external stimulation
2. Confrol body temp. Consider Normothermia Profocol
3. Meds: continuous
a. Analgesic — Fentanyl or Morphine drip
b. Sedation — Propofol (24 to 48 hours) then
Lorazepam. c. Paralytics (pancuronium) only if
shivering or bucking wentilator
-
Brain Hypoxia Treatment
Module




What Does CarePath Do? lII(YlIJcS)oEtEE.RG

Clinical Pathway

e <
NEUROLOGICAL

CarePath drives you through a It provides
clinical pathway based on v s SO , instructions along
changes in a patient’s “state”. the way

Mannitol 1.0 -1.25am/kg bolus x 1
Posturing or unequal Hyperventilate to PaCO, 28-30m|
pupils?

No

Can get
immediate C

Emergency Surgery
Module

Patient [Crantamy |
State * Signs of Unsalvageability:
= All four findings (GCS=3, no pupil

No
reaction, age =45yo, severe
N coagulopathy), or
Unsalvageable = Severe brainstem lesion on
patient? i i I
neurcimaging studies
No
Yes

» Licox CMP Moenitor (PbtOz, ICP, Brain temp)
Counsel family about « \entricular catheter (Neurosurgical discretion)

withdrawing TBI treatment; . gggi‘”g"‘:f—";?;ﬂ“%’ "'a“;f‘e‘
Contact Gift of Life * 2 boak mmFg

'

Maintenance:
1. Minimize external stimulation
2. Confrol body temp. Consider Normothermia Profocol
3. Meds: continuous
a. Analgesic — Fentanyl or Morphine drip
b. Sedation — Propofol (24 to 48 hours) then
Lorazepam. c. Paralytics (pancuronium) only if

shivering or bucking wentilator
Reviewsd/Approved: *
’ " : 2006 Brain Hypoxia Treatment

Module
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What Does CarePath Do?

Clinical Pathway

CarePath drives you through a o It provides

clinical pathway based on O R , instructions along

changes in a patient’s “state”. ves KMW the way

Patient
State T It provides

* reaction, age >45yo, severe N~ .
 Embia 7| T annotations on
e RN what was done

» Licox CMP Moenitor (PbtOz, ICP, Brain temp)
« \entricular catheter (Neurosurgical discretion)

Emergency Surgery
Module

_Counsel family about « Consider Jugular bulb catheter
withdrawing TBI treatment; PaCoz2 Goal 35 to 40 H
Contact Gift of Life . 1 oat mmig

Maintenance:
1. Minimize external stimulation
2. Confrol body temp. Consider Normothermia Profocol
3. Meds: continuous
a. Analgesic — Fentanyl or Morphine drip
b. Sedation — Propofol (24 to 48 hours) then
Lorazepam. c. Paralytics (pancuronium) only if

shivering or bucking wentilator
Reviewsd/Approved: *
’ " : 2006 Brain Hypoxia Treatment

Module
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CarePath: BOOST3 Protocol lII(YlIJ(S)oEtEmRG

BOOST3 Clinical Pathway

Setup
Monitors

—>
High ICP Low PbtO2 High ICP Low PbtO2
BOOST Protocol Tier 1 Tier 1 Tier 1
High ICP Low PbtO2 High ICP Low PbtO2
Tier 2 Tier 2 Tier 2
High ICP Low PbtO2 High ICP Low PbtO2
Tier 3 Tier 3 Tier 3
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CarePath: Detecting a Patient State BMOBERG

PbtO2

211CP [Mean] (mmig) imetnvehs

Coupler

Type A: ICP <22 PbtO2>20
Type B: ICP >22 PbtO2>20
Type C: ICP <22 Pbt02<20
Type D: ICP >22 PbtO2<20
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CarePath: Detecting a Patient State BMOBERG

20

e 21.4
“#/ v e - . mmHg
10

32] . ) i .

25 1EP TMean] {mmHg) fntettivasels T e P W e e ) L .

30.0

204 mmHg

16
9] :

9 3
6

Coupler

\ :2 PbtO2 (mmHg) (Licox
e ey ant T4l i

Type A: ICP <22 Pbt0O2 > 20

ne B: ICP>22 PbtO2>20
ICP<22 PbtO2 < 20
e D- ICP > 22 PbtO2 < 20



Summary Display

== CNS Reader

Cursor Time

Display Display Display Display Off Off off L High © e
HENEN L TS a = L] | M 2 LT

1: Summary l]’ IZ' Events / Annotations =

ritter by: |

Goal: EpiSOde Interventlon Time A Event / Annotation o

ICP £ 22 mmHg PbtO2 < 20 mmHg Required
PbtO2 > 20 mmHg 5 min

BOOST
PROTOCOL

4: Trends 2 hours Montage EI; 112: g (9 M

E = v (None)
g 20 ) -
S ICP [Mean] (mmHg) (nteliivue)
104 ?
L
+ " mmHg
_10_
PbtO2
120 )
ABP [Mean] (mmHg) (ntellivug)
| .
mmHg
60
431 Tcore (°C) (IntelliVue)
42.54 ?
404 (
°C
37.51
35+
13:30 14:00 14:30
2019 Mar 17
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CarePath: Where Am | in the Pathway lII(YlIJ(S)oEtEwsRG

BOOST3 Clinical Pathway

Setup

Monitors

High ICP Low PbtO2 High ICP Low PbtO2
Tier 1 Tier 1 Tier 1

High ICP Low PbtO2 High ICP Low PbtO2
Tier 2 Tier 2 Tier 2

High ICP Low PbtO2 High ICP Low PbtO2
Tier 3 Tier 3 Tier 3
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From the BOOST Protocol

A

1: CarePath 4 =

Tier 1 Steps to Raise PbtO2: Select in any order Pathway Steps
Tier 1 Raise Pbt02

Tier 1 Adjust Head of Bed

Setup
Monitors

Active Cooling

Go To Tier 2 Optimize CPP

High ICP Low PbtO2 High ICP Low PbtO2
Tier 1 Tier 1 Tier 1

Treatment must be initiated within 15 minutes of the start of the

- ) episode, as detected by the continuous ICP recording.
Optimize Hemodynamics

Choose therapies from the list in any order, based on individual
Adjust FiO2 patient characteristics and local protocols.

RETURN

The bedside treatment team has the option to progress to higher
tiers as rapidly as they feel is clinically indicated.

Adjust PEEP

High iCP Low PbtO2
Tier 2

High ICP Low PbtO2
Tier 2 Tier 2

High ICP Low PbtO2 High ICP Low PbtO2
Tier 3 Tier 3 Tier 3

Pulmonary Toileting Move to Tier 2 therapies (press button) if desired and at least one
intervention from Tier 1 has been used.

Adjust Cardiac Output

Seizure Prophylaxis
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1: CarePath B’ E

Tier 1 Steps to Raise PhtO2: Select in any order Pathway Steps

Tier 1 Raise PbtO2

Tier 1 Adjust Head of Bed

Active Cooling

Optimize CPP

Go To Tier 2 s .
Treatment must be initiated within 15 minutes of the start of the

episode, as detected by the continuous ICP recording.

Optimize Hemodynamica

e therapies from the list in any order, based on individual
t characteristics and local protocols.

RETURN

Adjust FiO2

The bedside treatment team has the option to progress to higher
tiers as rapidly as they feel is clinically indicated.

Adjust PEEP

Pulmonary Toileting Move to Tier 2 therapies (press button) if desired and at least one
intervention from Tier 1 has been used.

Adjust Cardiac Output

Seizure Prophylaxis
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Tier 1 Steps to Raise PbtO2: Select in any order

Tier 1

Go To Tier 2

RETURN

Adjust Head of Bed
Active Cooling
Optimize CPP
Optimize Hemodynamics
Adjust FiO2

Adjust PEEP

Pulmonary Toileting

Adjust Cardiac Output

Seizure Prophylaxis

Pathway Steps

Optimize Hemodynamics

Optimize hemodynamics through any of these options:

- Resuscitation: Address hypovolemia to achieve clinical
euvolemia with volume augmentation per local protocol.

- Diuresis: Avoid hypervolemia, consider furosemide or other
agent for diuresis.

Press button if you
optimized

hemodynamics -
during this step. Diuretics

Volume Augmentation

From the
BOOST Protocol
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Tier 1 Steps to Raise PbtO2: Select in any order

Tier 1

Go To Tier 2

RETURN

Adjust Head of Bed
Active Cooling
Optimize CPP
Optimize Hemodynamics
Adjust FiO2

Adjust PEEP

Pulmonary Toileting

Adjust Cardiac Output

Seizure Prophylaxis

Pathway Steps

Optimize Hemodynamics

Optimize hemodynamics through any of these options:

- Resuscitation: Address hypovolemia to achieve clinical
euvolemia with volume augmentation per local protocol.

- Diuresis: Avoid hypervolemia, consider furosemide or other

agent for diuresis.

Press button if you
optimized
hemodynamics
during this step.

Volume Augssestation

Diuretics
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A

1: CarePath @ E Events / Annotations

Tier 1 Steps to Raise PbtO2: Select in any order Pathway Steps Fitter by: |

Time A Event / Annotation A

Optimize Hemodynamics

[CP] Viglume augmentation

Tier 1

Adjust Head of Bed

Active Cooling

Go To Tier 2 Optimize CPP Optimize hemodynamics through any of these options:

Optimize Hemodynamics - Resuscitation: Address hypovolemia to achieve clinical
. euvolemia with volume augmentation per local protocol.

RETURN Adjust Fi02

- Diuresis: Avoid hypervolemia, consider furosemide or other
agent for diuresis.

Adjust PEEP

Pulmonary Toileting

Adjust Cardiac Output

Press button if you
Seizure Prophylaxis optimized
hemodynamics

Volume Augmentation
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BMOBERG

Events / Annotations

o
Filter by: _

Time A Event / Annotation

[CP] Velume augmentation

A “high resolution” nursing record _

Machine learning
Clinical trials
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G Od I S ICU Solutions

Compliance to Guidelines/Pathways
Consistency of Care across Providers
Continuous Learning in the ICU
Compiling a Record of Actions



Archiving and Reporting

ICU Solutions

BMOBERG

Data :
| Analytics

Aggregation

Probability of DCI {
2_;
o
E oy
3
“=3E
’ oS %
» -]
i
i3z

CNS Monitor

Visualization
Guidance

CNS Envision
CNS CarePath

-

~

Archiving &

Reporting

\_

Multimodal
Database

Envision
Reports

J




Threat Mitigation - Multimodal Database

@ Phenotypic data
M’i@éﬁﬁﬂ:ﬁ In NINDS Common Data — »
Elements format

-~

CNS Archive

Collect Comprehensive _ .
Data from CNS Monitor _ High Resolution

@ Data from Multiple CNS Multimodal
’ Patients Database



Goals of Talk lMgEEBG

* Describe the need for comprehensive, high-resolution data in
critical care

— We will use the care of acute brain injury as an example

* Describe the challenges of collecting data in a usable form

— We will describe the state of medical device connectivity and data
interoperability

* Describe progress to overcome the challenges
— We will use our work (and others) as examples

* Describe the future with “Smart ICUs”
— We will show examples of what can be done



ICU
Next steps , M Cockpit
artificial intelligence

for neurointensive care

Ig- ~ data

collection

| development

online streams ™, __&" - of algorithms

i

\ validation

& tests
Risk prediction & therapy support
real time

University of
Zurich™

U s Universitats
Spital Zirich
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Two Projects ICU Solutions

* Project for Precision Management of TBI
* Multi-center Trial: BOOST3



BMOBERG

Project: Precision Management of TBI ICU Solutions

* Project

— A More Meaningful Medical Record for the Brain to Enable Precision
Management of TBI

— Three year, DOD-funded, collaborative project

e Goals:
— Standards: nomenclature, annotations
— Architecture: Standardized data pathways, API

— Define what should be in the medical record (and monitoring) that makes
it useful for managing brain injury

A 93.0

v

* Organizations: e —y
. . . S ~—— 2.00
— Moberg Research, MGH, U Cincinnati 20

e R g-g.g.-:"’
T T 324
15.3..

293
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— Large group of collaborators and stakeholders
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Project: BOOST3 — A Multicenter Trial
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BOOST-3 Clinical Trial

* > 1000 Patients

* ~46 Participating Sites

* Compare TBI Treatment Strategies
e |[CP-only vs. ICP + PbtO2
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Baylor College of Medicine

Harvard Medical School

University of Maryland

University of Cincinnati

Columbia University Medical Center

Duke University Medical Center

Emory University

University of North Carolina School of Medicine
Henry Ford Health System

Indiana University (IU Health Methodist Hospital)
Medical College of Wisconsin

University of Chicago

Regions Hospital (Sub-Hub for U of Minnesota)
University of Montreal

North Shore University Hospital

Oregon Health & Science University

University of Rochester Medical Center

Ohio State University Wexner Medical Center
Penn State Hershey Milton S. Hershey Medical Center
University of Pittsburgh

Riverside Methodist Hospital - OhioHealth
Stanford Medical

Kings County

Cooper University Hospital

Washington Hospital Center/Georgetown University
University of Texas Health Science Center at San Antonio
University of Texas Health Sciences Center at Houston
St. Michaels- University of Toronto

Maine Medical Center

UC Davis Medical Center

University of California, Los Angeles

Queen's Medical Center, HI

University of California, San Francisco

University of Massachusetts

University of Pennsylvania

University of Utah

Parkland Hospital

University of Washington

Wayne State University

University of New Mexico Hospital

Medical University of South Carolina

West Virginia University

Thomas Jefferson University Hospital

University of Florida

University of Colorado School of Medicine

ST-3

Ramon Diaz-Arrastia, MD, PhD

@ Penn Medicine

https://siren.network/clinical-trials/boost-3



https://siren.network/clinical-trials/boost-3

Two Projects
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GBOOST-3

Develop a standardized
platform for data used in
precision management

Collect
comprehensive Test the
data from 1,000 platform

TBI patients

Develop a new medical
record for the brain

Collect outcomes
from 1,000 TBI
patients



The Data Pathway for BOOST3
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Cloud Storage
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Data Collection
Device
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Hard Drive
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The Data Pathway for BOOST3 — Ancillary Projects
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Imaging
Biomarkers

- - Outcomes
: EMR Data

Other Physiology

|ICP

/

PbtO02

Encrypted
Hard Drive PC

Data Collection
Device

IBM Cloud Storage

v
IBM Watson Studio

\
\
\
\
\
\
\

v
Medical
Record for
the Brain



A More Meaningful Medical Record for the Injured Brain BEMOBERG
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We need to collect data in a way that enables further use

/ Electronic \

Medical Record

Medical Record .n.._w — u
A
2
Reports \
C ieunl gyl 240
We need to e
stop throwing

data away \ /




A New Medical Record for the Brain — Data Collection BMOBERG

ICU Solutions
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Transform Image Data to a Usable Format ICU Solutions

BMOBERG

Max Wintermark
Stanford

Automated Medical
Image Description

Argonne’s IBM Blue
Gene/Q Supercomputer
U.S. Dept of Energy



A New Medical Record for the Brain — Data Collection BMOBERG
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4 Imaging ) / Electronic \
— Medical Record
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Medical Record
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Transform Data to a Usable Format

ICU Solutions

BMOBERG

EERERE S0 B I I I

Database

MIMIC/PhysioNet

National treasure
30 years of funding

Automatic
Detection of
Significant
Descriptors

L]
%B@ST-z Critical Care EEG Monitoring Research Consortium

=)

Ancillary Study %DICOM

Digital Imaging and Com

Multimodal Neuro Database

Start to develop annotated
multimodal neurotrauma
database with BOOST data
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A New Medical Record for the Brain lMOBERG
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EMR Connectivity RMOBERG

ICU Solutions

Redox
. FHIR ADT
W Medications
Lab Data

Nursing Interventions



A New Medical Record for the Brain
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Brain
Medical Record
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Our Approach BEMOBERG

Contextual Data Patient State Determination Guidance

Data cleaning

Even detection

ﬁ Prediction Visualization
Classification Guidance
Machine learning
Data mining

CNS Envision
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Multi-state Predictive Models of Neuroworsening ICU Solutions
a b
= = Neuroworsening
T e | [ e
= true positive
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; Low Baseline Risk __Medium Baseline Risk ____High Baseline Risk
@ 08
% 0.6
:ﬂ.d
g 0.2
ﬂﬂ 3 10 15 200 5 10 15 200 3 10 15 20
Days after Injury Days after Injury Days after Injury

Courtesy Eric Rosenthal, MD MGH
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Automated Comprehensive Reports lII(YlIJg)EtE\sRG .

Patient info (Epic)

Cloud ——— Procedure info (tech)
Analytics _
EEG clips \E
and report
EEG
: Report gree—— | M0 MM C“pS
@ Generator ] ' and report [
=
Critical Care
- Predictive
Analytics

Multimodal Data Day Two



Threat Mitigation - Semi-automated Reports - Physiology MJQ,EEBG

BACKGROUND: MULTIMODAL DATA:

1. Normal features: None.

2. Abnormal features: The background activity is poorly organized, with no discernable posterior dominant
rhythm.  Eye blinks are absent. The EEG 1s not reactive.

SLEEP FEATURES: Rudimentary sleep architecture is present.

1.

ABP: ABP was also affected by the spreading depolarization, as levels can be seen to rise shortly after the

event.

ABP was found to be above 85 mmHg for 73.1% of the shift, while it remained increased for 71.3% of the
total measurement time

Combined multimodal
physiology and cEEG.

ATTENUATION: None 2. ICP: ICP averaged 5.9+/-3.8 mmHg. The ICP waveform demonstrated P2~P1. ICP was monotonous with
very brief (<15 min) spikes to 30 mmHg at 16:00, 17:00, 20:15. There were scattered very low-amplitude b-

SLOWING: Mild generalized slowing is present. waves with no platean waves.

HYPERVENTILATION: None ICP measurements were averaged per minute. Each average measurement was compared to the goal range
of <20 mmHg. In total, 86% of measurements were above 20 mmHg. while the current period had 85.8% of

PHOTIC STIMULATION: None the ICP measurements above 20 mmHg, indicating that the patient’s status is critical. . .

TECHNOLOGIST'S IMPRESSION: None 3. CPP: The CPP averaged 78.2+/-8.5 mmHg. There were no sustained periods of hypoperfusion (CPP<60) N e u rOWO rS e n I n g I I I et r I C S
throughout the recording. There was reciprocal decrease in CPP with ICP spikes described above transiently

EPILEPTIFORM DISCHARGES, RHYTHMIC OR PERIODIC PATTERNS: as low as 50 mmHg. However, ICP remained stable across a range of CPP. However, PbtO2 and CBF

1. Abundant spikes, most prominent in the left fignig-temporal regions. correlated with CPP.
SEIZURES OR CLINICAL EVENTS: 4. pCBF: The PPA remained <2 throughout the recording. During brain fever (=39C) there were no CBF

1. Electrographic seizures: Seizures occurring about 10 times per hour. The majority are subclinical
Clinical: Patient lying in bed. After a minute or two there is right facial twitching followed by head turn and
gaze deviation to the right. There is head twitching to the right and sometimes the entire face right > left
appears to be twitching. Toward the end of the seizure, she has a head tum to the left.

During some of the seizures she will have only facial pulling to the right. No head or eye deviation.

Electrographic: There is rhythmic delta over the left hemisphere. This evolves into leff LRDA+S at 2-2.5z
over the left fionig-centro-temporal region. At times there is left hemisphere fast activity during the seizure
The night hemisphere shows polymorphic slowing during this time. During the clinical seizures there is
muscle artifact that obscures the right = left sided electrodes. Typically. during the clinical seizures after the
muscle artifact ends the electrographic seizure continues for several seconds consisting of LRDA+FS
throughout the left hemisphere that slows from 3Hz to 2Hz.

2. The patient is having frequent left foot jerking which is not suppressible. This has no EEG correlate.
3. Patient exhibits characteristics of spreading depolarization, which indicates a dangerous level of brain

nactivity. Depolarization was observed on EGoG and was found to impact relevant multimodal
measurements at the time of the spike / compression.

" 10 mmHg
0
90
.\ g 59.0
30 L - - - s )
100 . .
75 Perfusion (ml/100g/min) Bewman) y 36,6
50 Nttt AR A mi/100g/min
25 P e st et e pAe

readings 2/2 technical limitations of the probe. CBF initially related to sedation and was as low as 6
ml/100g/min; after temperature was controlled overnight (after 22:00), the CBF ranged from 15-40
ml/100g/min and was correlated with CPP and linked by sedation. K value gradually increased from 4.99 at
insertion to 5.10 at the end of the recording. consistent with <75% brain water content.

40

ICP [Mean] (mmHg) intellivue) ., O
) ‘ I, § [PUPTSR AP W P
ja T e L | et S T E ; .




Threat Mitigataion - Semi-automated Reports - Quality MOBERG

BACKGROUND:
1. Normal features: None.

* el e el e o il deemi i How well did nursing meet the target?
SLEEP FEATURES: Rudimentary sleep architecture is present.

JE—— What improvements have we achieved?

SLOWING: Mild generalized slowing is present.
HYPERVENTILATION: None

PHOTIC STIMULATION: None
TECHNOLOGIST'S IMPRESSION: None

EPILEPTIFORM DISCHARGES, RHYTHMIC OR PERIODIC PATTERNS:
1. Abundant spikes, most prominent in the left fignig-temporal regions.

SEIZURES OR CLINICAL EVENTS:
1. Electrographic seizures: Seizures occurring about 10 times per hour. The majority are subclinical
Clinical: Patient lying in bed. Afier a minute or two there is night facial twitching followed by head turn and
gaze deviation to the right. There is head twitching to the right and sometimes the entire face right > left
appears to be twitching. Toward the end of the seizure, she has a head turn to the left.

During some of the seizures she will have only facial pulling to the right. No head or eye deviation.

Electrographic: There 1s thythmic delta over the left hemisphere. This evolves into left LRDA+S at 2-2.5z
over the left fionto-centro-temporal region. At times there is left hemisphere fast activity during the seizure.
The night hemisphere shows polymorphic slowing duning this time. During the clinical seizures there is
muscle artifact that obscures the right > left sided electrodes. Typically, during the clinical seizures after the
muscle artifact ends the electrographic seizure continues for several seconds consisting of LRDA+FS
throughout the left hemisphere that slows from 3Hz to 2Hz.

2. The patient is having frequent left foot jerking which is not suppressible. This has no EEG correlate.
3. Patient exhibits characteristics of spreading depolanization, which indicates a dangerous level of brain

inactivity. Depolarization was observed on ECoG and was found to impact relevant multimodal
measnrements at the time of the snike / comnression

Average: Average:
83, . 838
Total g Display 0
1445 Min Abnormal. 720 Min  Abnormal
1031 Min 526 Min
Average: Average:
ICP [Mean] (netivue) 3pg Shift 247
Goal Total 0 720 Min  mmHa
<20 1138 Min  Abnormat: 2015 Jul 2 Abnormal:
mmHg 987 Min 1900 618 Min




