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Examining TBI as a Chronic Condition 

Session 2: Neuropathophysiological Mechanisms Underlying 
TBI as a Chronic Condition 

Session Objectives:
• Examine the state of the evidence on the biological basis for TBI as a 

chronic condition.
• Identify research gaps or barriers to advancing understanding of the 

lasting health effects of TBI.

UPMC Rehabilitation 
Institute



Session Overview
• Overview central features of chronic TBI pathology observed with moderate to severe TBI 

and/or repetitive TBI

• Address key functions of, and communication between, the systemic immune system & 
the CNS

• Describe the host response to TBI as a whole-body injury
• impacts on CNS dysfunction and repair
• multi-organ system dysfunction/resilience to subsequent illness and chronic conditions.

• Discuss the potential long-term biological impacts of the host response to TBI 
• accelerated biological aging and effects on longevity, 
• Pathological basis of cumulative comorbidity burden as one “ages with their injury”

• Delineate the capacity for biomarkers-based research
• To reflect TBI pathology over time
• To capture how inflammatory and other injury mediators can be linked to function
• To inform risk for secondary chronic conditions, 
• To prognosticate recovery
• To identify relevant treatment targets.  





Considering Chronic TBI Associated Pathology in the 
Context of Health, Chronic Conditions & Function

• Health Defined 
• Health is historically defined in the medical model as the absence of any chronic 

disease (i.e. chronic health conditions)
• The definitions associated with chronic disease/health condition definitions vary, but often 

symptoms and pathology persist >3-12 months

• Function is a leading indicator of health, and assumptions about health are based on 
level of function

• Health in the context of chronic TBI its associated chronic conditions and pathology
• Is a state of balance where individuals function in their social and physical environments with 

variable degrees of success.

• Translational Research Thesis: Understand the underlying biological effectors of 
chronic TBI pathology, and its impact across body systems and multiple domains of 
function, using a biomarkers-based approach

• may inform individual recovery trajectories, prognostication, and treatment approaches that 
improve function.





Environment
Family Supports, Access to 

Rehab Care, Financial, Habits

Personal Factors 
Sex, Age, Education, GCS, ISS, Pre-

morbidity, Risk taking behavior

Health & Function 
(TBI Associated Chronic Conditions)

Activity 
(Limitation)

FIM, DRS Scores

Participation 
(Restrictions)
PART-O, MPAI

Body Systems/Structure 
(Impairment) 

Cognition, Mood, Neuroendocrine
Neurological, Musculoskeletal

Rehabilomics: Mapping Biomarkers to the WHO-ICF

Rehospitalization, Repetitive Injury, Late Effects 

Life Quality
Recovery

ICF: Bridging the Taxonomy Gap Between Disease, Disability, Health & Function… 

Personal Biology
Genetics

Epigenetics
Blood Based 
Biomarkers



Rehabilomics Exemplar Assessing Inflammation and Cognition – using ILS
 Cognitive impairment post-TBI is a central component to survivor outcomes such as the ability to return to 

work, live independently, and participate in leisure activities.

 Used weighted inflammatory load score, as measure of inflammatory burden on cognition in a cohort 
with msTBI.

 Overall cognitive composite scores were created as an average of normalized mean T-scores from 
neurospsychological test measures representing the following cognitive domains: verbal fluency, memory, 
attention/ processing speed, and executive function 
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ILS Associations Pushing through the ICF: Functional 
Cognition and QOL

Functional Independence Measure
• Comprehension
• Expression
• Social Interaction 
• Problem Solving 
• Memory
Models adjusted for: age, sex, 
education, GCS, depression

Inflammation influences other  functional endpoints through its 
impact on cognitive performance deficits



6-Month Inflammatory, Autoimmune, Vascular,& 
CNS Damage Marker Matrix:

CDMRP: W81XWH2211089; W81XWH-21-1-0913
W81XWH-22-2-0056; HT9425-24-1-1120
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Overall, our long-term vision is for a scalable, integrated Point-of-Care Biomarker and telehealth technology 
suite for chronic, community-based care for individuals living with chronic TBI that provides Personal Biology 
readouts for risk stratification and clinical decision making over time to personalize approaches to chronic 
care in populations dealing with the long-term and late effects of TBI. 

mHealth Technology

Long Term Vision for Biologically Grounded, 
Personalized, Community-Based Care for Chronic TBI



Session 2:  Discussion Period
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Trauma 
Presentation

Injury Mechanism
And Mechanics
1ᵒ CNS Injury
Extracerebral

Trauma Complex

Innate Factors 
Environment

Age/Sex
Education

Pre-morbidity
Personal Biology

Lifestyle/Exposures

ICU 
Pathophysiology

Secondary Injury Response
Acute Care Complications

Systemic Immune Response
Acute infection
SNS/HPA/NNOD

Rehabilitation 
Rehab Setting/Duration

Rehab Intensity/Modalities
Pt/Family Education

Rehabilitation Interruptions
Transitions of Care

Social/Family Supports
Care Advocacy, Access & Coordination

Equipment & Resources

TBI Conditions & Recovery
2ᵒ Conditions

Cognitive dysfunction
Depression

Neuroendocrine Dysfunction
Post-traumatic Epilepsy

Neurodegenerative Disease
Recovery 

Global Outcome
Participation Life/Satisfaction

Temporal Perspectives on TBI As a Chronic Condition
Prognostic and Treatment Opportunities Across the Continuum of Care

GOAL: operationalizing TBI biomarkers to capture the interplay over the care continuum 
between TBI damage processes, injury and recovery course, and TBI repair that affect function.
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