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NASEM: TBI a Roadmap for Accelerating Progress.:

TRAUMATIC
BRAIN INJURY

A ROADMAP FOR ACCELERATING PROGRESS
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Establish and reinforce
local and regional integrated
care delivery systems for TBI.

Create and implement an
updated classification

system for TBI.

Integrate the
TBI system of care with TBI research

into a learning system.

Integrate
acute and long-term
person- and family-centered
management of TBI.
Improve the quality and
expand the range

of TBI studies and study designs.

Reduce unwarranted

variability and gaps
in administrative and clinical care guidance
to assure high quality care for TBI.

Create and promulgate
a national framework and plan

for improvement of TBI care.

Enhance
awareness and identification of TBI

by healthcare providers and the public.

Commissioned by US Dept. of Defense (2022)
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NINDS WORKSHOP

AIMS: This is the next step to leverage the findings over the
past decade to move beyond mild, moderate, and severe TBI

* Produce a more precise framework for TBlI Characterization, which will be
validated and disseminated

« |dentify current gaps and research topics that may inform refinement
and updating of the new framework for TBI Characterization

Development & Implementation of a Global Solution for
Multi-Dimensional TBI Characterization

MOVING US BEYOND “MILD, MODERATE, SEVERE”
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WORKING GROUPS

WG3: Blood-based . WG4: Psychosocial &
Biomarkers _ Environmental Modifiers

WG2: Imaging @ WGS5: Knowledge

Days 1 (CT/MRI) . m — to Practice
& 14 (MRI) ( )

WG6: Retrospective
Classification

WG1: Clinical/ 2.
Symptoms Days 1 & 14 \




WORKING GROUPS

WORKING GROUP CHAIRS

David Menon

Noah Silverberg
Adam Ferguson
Christine MacDonald
Esther Yuh

Jeff Bazarian

Henrik Zetterberg
Lindsay Nelson
Lindsay Wilson

John Corrigan

Mike Alosco

Joukje van der Naalt
Peter Bragg

Molly McNett

WORKING GROUP MEMBERS

David Brody

Ari Ercole

Chris Giza
Claudia Robertson
John Yue

Guoyi Gao
Rebekah Mannix
Fiona Lecky
Anthony Figaji
Elisabeth Wilde

Ann-Christine
Duhaime

Andy Mayer

Pratik Mukherjee
Thijs Vande Vyvere
Yu Chien Wu

Brian Edlow

Inga Koerte

Brad Dengler

Ramon Diaz-Arrastia
Fred Korley, MD
David Arciniegas
Raquel Gardner
Juliet Haarbauer-Krupa
Shannon Juengst
Monique Pappadis
Jennie Ponsford
Keith Yeates, PhD
Ernest Barthelemy
Jennifer Albrecht
Danny Thomas
Jessica Gill

Risa Nakase-Richardson
Corinne Peek-Asa
Alexis Turgeon

Mark Bayley
Maureen Dobbins
Rachel Adams
Breton Asken

Jill Daugherty

Sid Hinds

Anthony Lequerica
Deborah Yurgelun-Todd
Virginia Newcombe
Tim Meier, PhD
Stefania Mondello
Jussi Posti

Ava Puccio

Kevin Wang

David Okonkwo
Gary McKinney
Stephanie Maxfield Panker
Rachel Lazarus
Stephanie Sloley
Sarah Fontaine
Dwayne L. Taliaferro
A.Cate Miller

CAPT Tricia Booker
Matt Breiding

Kasey Mortiz

James (J.B) Phillips
CDR Todd Cesar
CAPT Scott Cota

Lt. Col Tom Bayuk
Eve Valera

Olli Tenovuo
Lucia Li
Andras Buki

Persons with Lived
Experience

Scott Hamilton

Lindsay Caron

Lindsay Simpson

James Sulzer

Melanie Wienhoven
John Del Cato
Organizational support

Infinity Conference Group &
Rose Li and Associates

Heather Cameron
Nancy Tuvesson
Maya Sapiurka
Charlene Thomas
NINDS Support
Alicia Diggs
Claudio Villalobos Dintrans
NINDS Leadership
Walter Koroshetz
Lyn Jakeman
Patrick Bellgowan




CBI-M: Multi-Dimensional Fraework for

Characterization of Acute TBI

NINDS Traumatic Brain Injury (TBI)
k@ ® Anew characterisation of acute traumatic brain injury: Classificationand Nomenélaﬁre v?/r <shop

~ the NIH-NINDS TBI Classification and Nomendlature Initiative January 22: 2880
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Geoffrey T Manley*, Kristen Dams-0'Connor*, Michael L Alosco, Hibah O Awwad, Jeffery | Bazarian, Peter Bragge, John D Corrigan, NEW SYSTEM FO R CHARACTERI ZAT | O N TB |

Adele Doperalski, Adam R Ferguson, Christine L Mac Donald, David K Menon, Molly M McNett, Joukje van der Naalt, Lindsay D Nelson,
Glasgow Coma Scale

Dana Pisicd, Noah D Silverberg, Nsini Umoh, Lindsay Wilson, Esther L Yuh, Henrik Zetterberg, Andrew | R Maast, Michael A McCrea, E—
on behalf of the members of the NIH-NINDS TBI Classification and Nomenclature Initiatives =

Lancet Newrol2025;24:512-23 The clinical severity of traumatic brain injury (TBI) is commonly classified according to the Glasgow Coma Scale
See Comment page 475 (GCS) sum score as mild (13-15), moderate (9-12), or severe (3-8). A new approach is needed for characterising TBI
Jointfirstathor  More accurately. In 2022, the US National Institutes of Health-National Institute of Neurological Disorders and
Stroke launched an international initiative to address this need, with a focus on the acute phase of injury. Six working
tembersarefitedinthe Sr0UPS Of TBI experts, implementation scientists, people with lived experience, and federal partners were established,
appendix (pp7-9)  involving 94 participants from 14 countries. The proposed new framework for the characterisation of acute TBI
NeurologicalSurgery,  incorporates four pillars: a clinical pillar (full GCS and pupillary reactivity); a biomarker pillar (blood-based measures);
Universityof Galfonia, - an imaging pillar (pathoanatomical measures); and a modifier pillar (features influencing clinical presentation and
SanFrancisco, CA,USA o 4 ome; CBI-M). The CBI-M framework provides a multidimensional characterisation of TBI to inform individualised
(Prof GTManleyMD, -, , : O 6 Sl v
clinical management and to improve scientific rigor. Research priorities include validation of the CBI-M framework,

Prof A R Ferguson PhD);
Department of Rehabiltation evaluation of its applicability beyond the acute phase of TBI, and strategies for clinical implementation.

and Human Performance and

APPLICATION IN CLINICAL CARE and RESEARCH

BIOMARKERS

tjoint last author

IMAGING

MODIFIERS




C: CLINICAL PILLAR

Clinical Assessment on Days 1-14 for the Characterization
of Traumatic Brain Injury: Recommendations Basic clinical components Expanded clinical components
from the 2024 NINDS Traumatic Brain Injury Classification GCSscore  GCS components Injury signs
and Nomenclature Initiative Clinical/Symptoms Eye: « Post-traumatic amnesia
Working Group 15 O Spontaneous (4) « Loss of consciousness
David K. Menon,"”* Noah D. Silverberg?™ Adam R. Fergu_son_,s'é‘ Thomas J. Bayuk/ Shubhayu Bhattacharyay? 14 d Tosound (3) « Altered mental state
David L. Brodyf3 Scott A. Cota,'®" Ari Ercole,’ Anthony Flgajl,12 Guoyi Gao,"? Christopher C. Giza,*'° Fiona Lecky,m
Rebekah Mannix,” Ana Mikoli¢,® Kasey E. Moritz,'® Claudia S. Robertson?® Abel Torres-Espin?'2? dTo pressure (2) Standardised clinical assessment
Spyridoula Tsetsou?? John K. Yue?* Hibah O. Awad® Kristen Dams-O'Connor?®?” Adele Doperalski?® 13 =1 D N 1
Andrew |R. Maas??*° Michael A. McCrea;*' Nsini Umoh*? and Geoffrey T. Manley** one ( ) . Symptoms
12 U Untestable (u) - Cognitive function*
( ) Verbal: « Vestibular-ocular function®
GCS<14 ————— GCS =14-15 114 U Orientated (5) « Balance*
104 U Confused (4)
U Words (3)
Assess post-traumatic Qs d J
- ounds (2
amnesia and post- 9 ( ) Ournal Of
Re:assess Ievc-.zlhofGCS concussion symptoms g g LI\JIOHE uz)l NeurOtrauma
consciousness wit ntestable (U)
Frequency depending on clinical
progress (e.g., hourly) 7 - Motor:

UInitial clinical assessment: i | If PTA ongoing, re-assess 6 - Obey§ ;ommands (6)

I Date: Time: : post-traumatic amnesia U Localising (5)

GCS-E =4 3 2 1 o0or U ! Frequency depending on clinical & H

SGCS-V =543 21o0r U : progress (e.g., daily) 5 D Normal ﬂeXIOn (4)

0 B K 2 5 208 l U Abnormal flexion (3)

' Confounds: : '

:Rpupil =___ ornot tested \ 4 D Extension (2)

1L pupil =___ ornot tested :

| PTA: T Never (] Ongoing [ Resolved ! Re-assess post- U None (1)

| (Duration: ___ minutes) \ concussion symptoms 3 D Uﬂtestab|e (U)

1 Symptom scale : RPQ HBI Score: or | 12 ks after TBI

10 Headache Neck pain ! =2 Weelks. aner n r

1 . . 0

IONausea O Sensitivity tolight/noise | Pupillary reactivity score

i Dizziness Fatigue : Q Both il i

------------------------- oth pupils are reactive
FIG. 2. Recommended algorithm for incorporation of pupil, PTA, and symptom assessment into TBI U One pUpil is reactive f B I M
clinical c-are path‘ways. The dash outllr\eq pox provides an example documentation template. PTA, post  Both pUleS are non-reactive o
traumatic amnesia; TBI, traumatic brain injury.
|




B: BIOMARKER PILLAR

Blood-Based Biomarkers for Improved Characterization Basic biomarker components

of Traumatic Brain Injury: Recommendations from the 2024 sampling: op to 24 hafter njury . Curtent nterpretation
National Institute for Neurological Disorders and Stroke ! Upper end of reference range in healthy adus
Traumatic Brain Injury Classification and Nomenclature GFAP value

Initiative Blood-Based Biomarkers Working Group 22_651;9 g CureAforverylow sk of CT-detectable ntracanial oy
Jeffrey J. Bazarian* Henrik Zetterberg? Andras Buki? Bradley A. Dengler* Ramon Diaz-Arrastia; 157-459 pg/mL*

Frederick K. Korley® Rachel Lazarus/ Timothy B. Meier? Stefania Mondello? Kasey Moritz,'° David O. Okonkwo," Upper end of reference range in healthy adults

Linda Papa,'2 James B. PhiIIips,'0 Jussi P. Posti® Ava M. Puccio," Stephanie SIoIey,”' Ewout Steyerberg,15
Kevin K. Wang,®"" Hibah O. Awwad,"® Kristen Dams-O'Connor,'**° Adele Doperalski®® Andrew |.R. Maas'**
Michael A. McCrea? Nsini Umoh?® and Geoffrey T. Manley®?

UCH-L1 value 97-5th percentile

Cutoff for very low risk of CT-detectable intracranial injury
327-400 pg/mLT

0-105 pg/L*
Upper end of reference range in healthy adults

Journal of
Neurotrauma

S100B value 95th percentile

Cutoff for very low risk of CT-detectable intracranial injury

0-105 pg/L
E I*- E. LE Biomarke n
Open camera or QR reader and F‘Eu'ér =X weoed | @veraging Advances in
scan code to access this article y 2 + Stroke
and other resources online. E}!_ﬁ‘* . 'gﬂyltiplf POC TeSting
] HEL R




Neuroimaging Characterization of Acute Traumatic Brain

Injury with Focus on Frontline Clinicians:
I MAG I N G P I L LAR Recommendations from the 2024 National Institute

Basic imaging components

O dlinically not indicated

U No abnormalities detected

Acute imaging studies:
acr
O MRI

of Neurological Disorders and Stroke Traumatic Brain
Injury Classification and Nomenclature Initiative Imaging
Working Group

Christine L. Mac Donald,"™* Esther L. Yuh?" Thijs Vande Vyvere? Brian L. Edlow”® Lucia M. Li® Andrew R. Mayer/
Pratik Mukherjee? Virginia F.J. Newcombe? Elisabeth A. Wilde?'? Inga K. Koerte,'' Deborah Yurgelun-Todd,'2
Yu-Chien Wu,® Ann-Christine Duhaime,* Hibah O. Awwad,”® Kristen Dams-O’'Connor,®'” Adele Doperalski,'®
Andrew IR. Maas,'®'® Michael A. McCrea?® Nsini Umoh,'> and Geoffrey T. Manley?'

Acute TBI pathology:

QO Epidural haematoma

QO Subdural haematoma

QO Traumatic subarachnoid
haemorrhage

O Contusion

QO Intracerebral haematoma

O Traumatic axonal and
microvascular injury

Q Intraventricular haemorrhage

Lesion volume (eg, epidural, subdural, or

intracerebral haematoma):
4 =25mL
Q <25mL

of Artificial
Based on Ischemic Stroke Imaging

Expanded imaging components

Lesion: Skull fracture: N

O Location O Vaultand linear =)

O Volume (quantitative) O Vault and depressed Prediction of
O Basilar Onset Time

Mass effect:

Q Cisternal compression
Q Ventricular compression
O Midline shift

U Herniation

Traumatic subarachnoid haemorrhage:
O Cortical
U Basal or posterior fossa

Classification of

Subtypes

— O Skull fracture

Other:

O Evidence of recent craniotomy
O Penetrating traumatic injury
Q Ventriculomegaly

4 Vascular

Machine |

Mass effect: Learning \

O Contributing factors other than intracranial haematoma . \ /

0 Oedema ¢4 <1\ \.  Ischemic Stroke /

Q swelling (/ I k\ Images
Hemorrhagic Detection of Large
Transformation Vessel Occlusion

Vascular: Risk

O Ischaemia O Traumatic pseudoaneurysm

O Stroke O Venous sinus injury Lane Laugings Model

O Arterial dissection

[ Chronic or incidental lesions

Chronic or incidental lesions: Prediction of outcome Automatic Grading of
i i and Recurrent Ischemic Collateral Circulation

O Brain atrophy . O Non-traumatic haematoma Stroke Risk

O Focal encephalomalacia O Tumour

O Enlarged perivascular spaces 0O Other incidental findings

O chronic subdural haematoma or subdural effusion

Liu Y et al. (2024). Front. Neurol

Leveraging Modern Al Tools & Informatics Platforms in Clinical Workflow



M: MODIFIER PILLAR

Toward More Holistic Early Traumatic Brain Injury
Evaluation and Care: Recommendations from the 2024
National Institute of Neurological Disorders and Stroke
Traumatic Brain Injury Classification and Nomenclature
Initiative Psychosocial and Environmental Modifiers
Working Group

Lindsay D. Nelson,"* Lindsay Wilson? Jennifer S. Albrecht? David B. Arciniegas,’ Ernest J. Barthélemy;

Sarah N. Fontaine® Raquel C. Gardner, Shannon B. Juengst® Monique R. Pappadis; Jennie Ponsford,®
Danny G. Thomas,'' Keith Owen Yeates,'? Kristin Dams-O’Connor,'? Geoffrey T. Manley,* Andrew |.R. Maas,”
Michael A. McCrea,'® Hibah O. Awwad,”” Adele Doperalski,'’ and Nsini Umoh'’

Journal of
Neurotrauma

O
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Open camera or QR reader and - | -
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scan code to access this article ' ‘ L
and other resources online. lﬁ
E L ] - I.I -

Basic modifier components

Injury factors

» Mechanism of injury

« Comorbid extracranial injury
» Secondary insults

» Early post-traumatic seizure
» Stressful circumstances

Patient factors

« Age

. Sex

» Medical history and medication

- Mental health condition

» Developmental history

« TBI history

- Language or communication barrier

Community and
society factors

» Social disadvantage or deprivation
» No or partial health-care insurance

It’s About Injury, Who Comes to Injury, & Response to Injury




CBI-M: REAL WORLD DATA

IMPROVED CHARACTERIZATION OF TBI SEVERITY

Beyond mild, moderate, and severe traumatic brain injury: 2 | 30
. . . . . Info SE
modelling sevfren.ty from clinical, neuroimaging, and T 6CS+PuplsLOCRTAYCTBlomarkers
blood-based indicators 2 - --- GCS+PupisLOCIPTA+CT
Lindsay D. Nelsan,™* Brooke E. Magnus,” John K. Yue," Steve Balsis,” Christopher J. Patrick,* Nancy Tembkin,” Esther L. Yuh,® Ramon Diaz-Arrastia, - & - GCS+PUp|IS/LOC/PTA
!éhn' Ry}u, ) Andr31;J IR Ma:ls: Dngrd Kf Menon, Lrn.‘dsay L‘l"HSDI:I, !Clﬂd Geo?fr;y T Murﬂéy, thejTRLACK-%BFthesr}guto;s‘_‘ on behalf ;thhs J c 0 GCS 120
CENTER-TBI Participants and Investigators g 15 i
@
ltem response theory (IRT) to g
w104
develop a hew method for £ 10
quantifying TBI severity using 24 ‘]
clinical, head CT, and blood-based _
biomarker variables familiar to L .
- 3 2 -1 0 f 2
clinicians and researchers. Low T8I Severity (SD Units) High

ADDED VALUE OF MULTI-DIMENSIONAL CHARACTERIZATION OF TBI

Joaig paepuels



CBI-M: REAL WORLD DATA

DIAGNOSTIC
CHARACTERIZATION
& PROGNOSTIC
UTILITY:

Associations
Between CBI Pillar
Components in
CENTER-TBI and
TRACK-TBI

Clinical (GCS)
Biomarkers (GFAP)
Imaging (CT)

Clinical & Functional
Outcome

Blood-based biomarkers and imaging N

Median scaled
GFAP level

CENTER-TBI 3115 % | per score
anial injury 6326 los
0.0

-0.3

Percentage
with endpoint
Major cranial surgery within 72h 680¢ per score

Clinical outcomes at 6 months ! ;ZO
50
25
0

GCS Score

Foundational utility of GCS, Enhanced by Biomarkers & Imaging



CBI-M: REAL WORLD DATA

ADDED PROGNOSTIC VALUE
Discriminatory Performance (AUC) of CBI-M for TBI Endpoints

DIAGNOSTIC/CARE PATH CENTER-TBI TRACK-TBI

FULL MODEL FULL MODEL
CT Abnormalities 0.90 0.88
ICU Admission 0.94 0.92
ICP Monitoring 0.83 0.94
Major Intracranial Surgery 0.93 0.98
ourcowe |
Mortality 0.92 0.95
Unfavorable Outcome (GOSE<5) 0.89 0.91

UNPUBLISHED DATA; DO NOT COPY OR DISTRIBUTE



CBI-M: REAL WORLD DATA

~
o

IMPROVED OUTCOME
PREDICTION

General neurology

Original research

[}
o

[$)]
o

Relative Contribution (%)
w B
o o

Long-term prediction of traumatic brain injury o
outcome using the CBI-M framework ’
Gershon Spitz @ ,"*3 Marina Downing,"* Megan Carty,’ Jennie L Ponsford .
CBI-M framework predicts -
functional and vocational |,
outcomes up to

10 yrs post-TBI. )

69.9%

32.7%

A. Major Pillars - Relative Contribution
(mean importance per feature)

Pillar
I Clinical
B Imaging
[ Modifier

64.5%

24.0%
17.8%
12.2%

11.5%

GOSE Employment

Outcome Category

C. Major Pillars - Absolute Contribution
(sum of feature importance)

Pillar
I Clinical
= Imaging
[ Modifier

50.8%

41.6%

9
25.7% 27.3%

GOSE

21.9%

Employment
Outcome Category

35

30

- n N
(5} o o

Relative Contribution (%)

o

35

30

25

20

Contribution (%)

(&)

12.0%

10.3%

B. Modifier Sub-Pillars - Relative Contribution

Sub-Pillar
I Demographics
[ Extracranial

15.8%

B Injury
== Mental Health
N Social
16.4%
14.0%
13.1%
11.0%
7.0%
5.7%
7 4.4%
GOSE Employment
Outcome Category
D. Modifier Sub-Pillars - Absolute Contribution
Sub-Pillar

[ Demographics
=3 Extracranial
[ Injury

3 Mental Health
I Social

16.9%

13.4%

11.4%

7.0%
0.0% 5.6%
3.6%
2.4%

GOSE

Employment
Outcome Category

ADDED VALUE OF MULTI-DIMENSIONAL CHARACTERIZATION OF TBI



CBI-M: IMPLEMENTATION STRATE

& TACTICAL PLANNING

Starting with the End in Mind: Recommendations Legacy and

to Optimize Implementation of.a Nc?vel TBI Classification Prospective
from the 2024 NINDS TBI Classification and Nomenclature , _ _
Workshop’s Knowledge to Practice Working Group Validation Studies

Peter Bragge, ™ Molly McNett? Mark Bayley? Maureen Dobbins; Risa Nakase-Richardson; Corinne Peek-Asa’
Alexis F. Turgeon,”® Hibah Awwad; Kristen Dams-O’Connor,'”'" Adele Doperalski'* Andrew Maas, '

Mike McCrea,” Nsini Umoh,'* and Geoff Manley'® Strategi es & Ta Ctica |

Journal of LOOKING TO Planning for Clinical
Neurotrauma ENGAGE Implementation

LEADERS IN TBI
CARE & Ongoing Refinement,
RESEARCH Optimization

-

Open camera or QR reader and
scan code to access this article
and other resources online.




The Framework of Policy Transition in TBI: From GCS to CBI-M

Transition Methodology & CBI-M Framework Overview

(NIH-NINDS TBI Classification and Nomenclature Initiative)

Phase I: Mapping Legacy Classification to CBI-M Domains

LTI Conceptual Additive Integratlon

{ J/‘f{l ) Traditional TBI Communy
g —p | Classification
N (GCS-based) & Backward
GCS Compatibility Chmcal Biomarkers Irnaging Modifiers

(U] ™)

(9. 319) Translate conceptual domains into acuonable chmcal processes.

Phase II: Operational Integration & Staged Workflow Adoption

»
i
09
5 =
Q.
(/]
e Clinical (C) & Tiered & Incremental Advanced Technok:zy
O Start: Modifiers (M) domains Adoption Imaging (1) & Biomarker
;(;) (Tier 1) Institutional readiness assessment (B?domams (Tier2)
o Staged adoption
é '23{:22:% AZZig;n:]Zit based on resoJrces Refinement
g Targeted Readiness Assessment ¢ ‘
Education (Documentation, Rehabnln &
g Workflow Impact, Access
=
g Phase lIl: Governance & Routine Audit
System-Level Accountability. Fg-lFeedbaclb(
Embedding, Structure Sustainable W “Retmemeny Sca:::g
Evaluation & = Ttpl _ inb;izmw
scalin assification A
9 Registry System " Performance Institutions
Integration A Metrics
(Data stewardship, P (Learning heaith
temporal record) w— system)
Msheik et al.,

Neurocritical Care (20206)

Operational Transition Across the
Trauma Care Continuum

TIME (Acute to Post-Acute)
[ - - : Operative & Transition to
Prehospital = Early Imaging = Biomarker Neurocritical  Post-Acute Care
& Early ED & Diagnostic Integration Care & Discharge

Prehospital
& EarlypED | (Acute to Post-Acute)
o Standardized Dynamic
Q, GCS+ reclassification,
Confounders (C) serial data (C, 1, B, M)
Early Imaging
& Diagnostic
Structured Imaging Context- Dynamic Cognitive status,
Descriptors driven reclassification, ' social support, rehab
activated (B) testing (B) testna (B) access (M)
Biomarker

Dynamic Reclessification, Serial Imaglnf
Modifier Updates, Distributed Responsibility

Integration @

where available

Operative & Assuming increasing
Neurocritical Modifiers Domain: Individualized care plans, prominence Hecharge
Care Cognitive status, Mental health, Social support, Rehabilitation access. planning
Transition to = @ —> O = m —> @
Post-Acute Care gyr/ep mp Radiologist = Lab/MD (B) Surgeon/ Social Work/
& Discharge (©) m Intensavm (C,1,B) Rehab (M)
JF . 3
Maintaining \Ty \T? @ T3 (13.)
Longitudinal ' ]
Consistency Treating CBI-M Profiles as Longitudinal Records T e 9
(Not institution-specific, preserving temporal narrative) Research
Neurocrit Care

https://doi.org/10.1007/512028-026-02564-6



CBI-M: A NEW ERA IN TBI f
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Moving Beyond the
Limitations of
“Mild, Moderate, Severe”
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