Concussion and mTBI:
Advances in Science & Practice

Michael McCrea, PhD, ABPP

Professor and Vice Chair
Co-Director, Center for Neurotrauma Research (CNTR)
Department of Neurosurgery
Medical College of Wisconsin
Clement Zablocki VA Medical Center



Translational Research in

Concussion & TBI
What are the Effects of Concussion

Evidence-informed Approach to
Diagnosis, Assessment, Management
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Aim Toward Precision Medicine in
TBI

STRATIFICATION THERAPEUTICS MEASUREMENT

Characterization, Targeted Intervention Response to Treatment,
Classification, (if any treatment at all) Functional Qutcome

Phenotyping
L What Factors Influence _)

Recovery, Follow-up, Outcome
R Risk




Classical TBI Classification

Glasgow Coma Scale
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1Bl Diagnostics &
Stratification:
“Blunt Precision’

A Critical, But Incomplete Distinction



Advanced Diagnostics In
TBI

From Blunt to Precision



Advanced Diagnostics in

Toward Enrichment, Phenotyping & Stratification
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Effects on Brain Structure & Function

¢ Human Brain Mapping 00:00-00 (2016) ¢

Acute and Subacute Changes in Neural Activation during
the Recovery from Sport-Related Concussion

Acute White Matter Changes following
Sport-Related Concussion: A Serial Diffusion
Tensor and Diffusion Kurtosis Tensor Imaging Study

Thomas A. Hammeke,' Michael McCrea,? Sarah M. Coats,” Matthew D. Verber,* Sally Durgerian,5
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Original Investigation

Recovery of Cerebral Blood Flow Following
Sports-Related Concussion

Timothy B. Meier, PhD; Patrick S. F. Bellgowan, PhD; Rashmi Singh, PhD; Rayus Kuplicki, PhD;
David W. Polanski, MS, ATC, LAT; Andrew R. Mayer, PhD

Prospective Assessment of Acute Blood Markers
of Brain Injury in Sport-Related Concussion

Timothy B. Meler” Lindsay D. Nelson,”* Daniel L Huber!
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Correlation with Clinical Effects &




Acute Cognitive Effects & Recovery

Journal of the International Neuropsychological Society (2016), 22, 24-37.
Copyright © INS. Published by Cambridge University Press, 2015.
doi:10.1017/S1355617715001101

Prospective, Head-to-Head Study of Three Computerized
Neurocognitive Assessment Tools (CNTs): Reliability and Validity
for the Assessment of Sport-Related Concussion

Lindsay D. Nelson,] Ashley A. LaRoche,l Adam Y. Pfaller,] E. Brooke Lerner,l Thomas A. Hammeke,]'2
Christopher Randolph,3 William B. Barr,* Kevin Guskiewicz,> AND Michael A. McCrea'
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Bolded p < .05 after adjustment for multiple comparisons.
Negative values reflect worse performance in the concussed

group.
Effect Sizes: 0.2 Small,
0.5 Medium, 0.8 Large

< 0.3: large overlap b/n patients and control group

Does Clinical Recovery =
Brain Recovery?

Cohen’s d BL 24-hour Day 8 Day 15 Day 45

SCAT3

Symptom -.07 -1.53 -41 -.13 22

Score

ANAM
Composite -7 -.84 -.33 -.30 -.21
SRT -.04 -.58 -18 -12 -10
CDS -.06 -.61 -.26 -17 -.19
PRO -.32 -.68 -.35 -.26 .03
MTH -.19 -.19 -.02 -.22 -.09
M2S -.32 -.89 -47 -40 -.36
CDD .06 -.66 -.10 -.16 -.36
SR2 .08 -.64 -.27 -.15 -.02
GNG -13 -.30 -.22 .03 .18

Mean - 12 -.60 -.25 -.19 -.13

Axon
PS Speed -.07 -.53 -12 -1 -.03
AT Speed -.09 -72 -41 -.22 -.08
LN Acc. -.22 -.51 -.39 -12 -.28
WM Speed -.07 -.51 -.25 .01 .00

Mean -.11 -.57 -.29 -.11 -.10

ImPACT
VERM .02 -.76 -40 -18 -18
VISM -.21 -.76 -17 -.21 -.26
VMS -.27 -.80 -.31 -.29 -.21
RT .08 =70 -24 =23 -.18




Leveraging Technological
Advances

White Matter Integrity (DTI/ Functional Connectivity (rs-

Increased connecti
compared to controls

Decreased mean diffusivity & increased
axial kurtosis at 24 hour injury time point

a suayod

Regions of increased susceptibility at 24 hours postinjur

Quantifying Effects of Injury & Recovery using Advanced
Imaging



Sharper Image: Advanced MRI &
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Multi-modal MR Imaging of Pathophysiology



MRI & TBIl: Not So
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ORIGINAL ARTICLE

Magnetic Resonance Imaging Improves
3-Month Outcome Prediction in Mild
Traumatic Brain Injury

Esther L. Yuh, MD, PhD,"? Pratik Mukherjee, MD, PhD,"? Hester F. Lingsma, PhD,?
John K. Yue, BS,"* Adam R. Ferguson, PhD,"4 Wayne A. Gordon, PhD,”
Alex B. Valadka, MD,®° David M. Schnyer, PhD,” David O. Okonkwo, MD, PhD,?
Andrew |. R. Maas, MD, PhD,? Geoffrey T. Manley, MD, PhD,"* and the
TRACK-TBI Investigators

Objective: To determine the clinical relevance, if any, of traumatic intracranial findings on early head computed
tomography (CT) and brain magnetic resonance imaging (MRI) to 3-month outcome in mild traumatic brain injury
(MTBI).

Methods: One hundred thirty-five MTBI patients evaluated for acute head injury in emergency departments of 3
LEVEL | trauma centers were enrolled prospectively. In addition to admission head CT, early brain MRl was
performed 12 * 3.9 days after injury. Univariate and multivariate logistic regression were used to assess for
demographic, clinical, socioeconomic, CT, and MRI features that were predictive of Extended Glasgow Outcome
Scale (GOS-E) at 3 months postinjury.

Results: Twenty-seven percent of MTBI patients with normal admission head CT had abnormal early brain MRI. CT
evidence of subarachnoid hemorrhage was associated with a multivariate odds ratio of 3.5 (p = 0.01) for poorer 3-
month outcome, after adjusting for demographic, clinical, and socioeconomic factors. One or more brain contusions
on MR, and >4 foci of hemorrhagic axonal injury on MRI, were each independently associated with poorer 3-month
outcome, with multivariate odds ratios of 4.5 (p = 0.01) and 3.2 (p = 0.03), respectively, after adjusting for head CT
findings and demographic, clinical, and socioeconomic factors.

Interpretation: In this prospective multicenter observational study, the clinical relevance of abnormal findings on
early brain imaging after MTBI is demonstrated. The addition of early CT and MRI markers to a prognostic model
based on previously known demographic, clinical, and socioeconomic predictors resulted in a >2-fold increase in the

explained variance in 3-month GOS-E.
ANN NEUROL 2013;73:224-235
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FIGURE 1: Incidence of computed tomography (CT) versus
magnetic resonance imaging (MRI) traumatic brain injury com-
mon data element (CDE) abnormalities in 135 study partici-
pants. For MRI evidence of contusion and MRI evidence of
hemorrhagic axonal injury, progressively darker shades of red
indicate larger numbers of lesions (gray legend). Study partici-
pants with CT evidence of brain contusion had, in most cases,
evidence of 1 or 2 hemorrhagic contusions, with no CT demon-
strating >3 convincing brain contusions. CT showed evidence of
hemorrhagic axonal injury in 3 of 135 study participants, all
with 1 to 3 foci of injury. [Color figure can be viewed in the
online issue, which is available at www.annalsofneurology.org.]

Implications for Predicted Recovery &
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O Acute White-Matter Abnormalities in SRC:
A DTI Study from the NCAA-DoD CARE Consortium

S. Mustafi, J. Harezlak, K.M. Koch, A.S. Nencka, T.B. Meier, J.D. West, C.C. Giza, J.P. DiFiori, K.M. Guskiewicz,
J.P.Mihalik, S.M. LaConte, S.M. Duma, S.P. Broglio, A.J. Saykin, M.McCrea, T.W. McAllister, and Y.C Wu
J Neurotrauma. 2018 Nov 15;35(22):2653-2664.

ACUTE DIFFUSION MRI (24-48
Concussed vs. Co'?ﬁﬁcﬁ’ IQJOntroI Concussed vs. Non-Contact Control

Corrected p < 0.05, Location: Anterior and posterior corona radiata and corpus callosum

Widespread elevations in mean diffusivity relative to controls



OL Acute White-Matter Abnormalities in SRC: O
A DTI Study from the NCAA-DoD CARE Consortium

S. Mustafi, J. Harezlak, K.M. Koch, A.S. Nencka, T.B. Meier, J.D. West, C.C. Giza, J.P. DiFiori, K.M.
Guskiewicz, J.P.Mihalik, S.M. LaConte, S.M. Duma, S.P. Broglio, A.J. Saykin, M.McCrea, T.W.
McAllister, and Y.C Wu
J Neurotrauma. 2018 Nov 15;35(22):2653-2664.
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Post-Injury Changes in Functional Connectivity: rs-
fMRI
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MRI Biomarkers of Injury & Recovery

STRUCTURAL FUNCTIONAL
CHANGES CHANGES

CraddocklAtTa}=“. e ‘A’M+ %

- R
»:Q M't\-

Pathophysiological Hypotheses:
axonal strain/injury, glial injury, white matter integrity,
O_ dysregulation of CBF, changes in brain metabolism/ O
energy, altered neurotransmission, inflammation,



Diagnostic & Prognostic Biomarkers
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Clinical Utility of Biomarkers

Measurement of the Glial Fibrillary Acidic Protein
and Its Breakdown Products GFAP-BDP Biomarker
for the Detection of Traumatic Brain Injury
Compared to Computed Tomography
and Magnetic Resonance Imaging

Paul J. McMahon, David M. Panczykowski! John K. Yue? Ava M. Puccio! Tomoo Inoue,?
Marco D. Sorani? Hester F. Lingsma,* Andrew |.R. Maas® Alex B. Valadka® Esther L. Yuh?
Pratik Mukherjee?® Geoffrey T. Manley? and David O. Okonkwo' and TRACK-TBI investigators including:
Scott S. Casey? Maxwell Cheong;? Shelly R. Cooper? Kristen Dams-O'Connor,” Wayne A. Gordon,
Allison J. Hricik! Kerri Lawless! David Menon® David M. Schnyer? and Mary J. Vassar?®

Abstract

Glial fibrillary acidic protein and its breakdown products (GFAP-BDP) are brain-specific proteins released into serum as part of
the pathophysiological response after traumatic brain injury (TBI). We performed a multi-center trial to validate and charac-
terize the use of GFAP-BDP levels in the diagnosis of intracranial injury in a broad population of patients with a positive clinical
screen for head injury. This multi-center, prospective, cohort study included patients 16-93 years of age presenting to three level
| trauma centers with suspected TBI (loss of consciousness, post-trauma amnesia, and so on). Serum GFAP-BDP levels were
drawn within 24 h and analyzed, in a blinded fashion, using sandwich enzyme-linked immunosorbent assay. The ability of
GFAP-BDP to predict intracranial injury on admission computed tomography (CT) as well as delayed magnetic resonance
imaging was analyzed by multiple regression and assessed by the area under the receiver operating characteristic curve (AUC).
Utility of GFAP-BDP to predict injury and reduce unnecessary CT scans was assessed utilizing decision curve analysis. A total
of 215 patients were included, of which 83% suffered mild TBI, 4% moderate. and 12% severe; mean age was 42.1 £ 18 years.
Evidence of intracranial injury was present in 51% of the sample (median Rotterdam Score, 2; interquartile range, 2). GFAP-
BDP demonstrated very good predictive ability (AUC=0.87) and demonstrated significant discrimination of injury severity
(odds ratio, 1.45; 95% confidence interval, 1.29-1.64). Use of GFAP-BDP yielded a net benefit above clinical screening alone
and a net reduction in unnecessary scans by 12-30%. Used in conjunction with other clinical information, rapid measurement of
GFAP-BDP is useful in establishing or excluding the diagnosis of radiographically apparent intracranial injury throughout the
spectrum of TBI. As an adjunct to current screening practices, GFAP-BDP may help avoid unnecessary CT scans without
sacrificing sensitivity (Registry: Clinical Trials.gov Identifier: NCT01565551).
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FIG. 1. Box plots showing median levels of GFAP-BDP mea-
sured on admission in two groups of patients. Boxes show inter-
quartile ranges. and I bars represent highest and lowest values.
CT, computed tomography;:GFAP-BDP, glial fibrillary acidic
protein and its breakdown products.
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FIG. 3. Receiver-operating-characteristic curves for various cut-
off levels of GFAP-BDP in differentiating presence or absence of
intracranial injury on CT. Curves for GFAP-BDP alone and after
adjustment for known predictors of injury and severity (age, GCS,
pupillary reactivity, and ISS). AUC, area under the receiver op-
erating characteristic curve; CI, confidence intreval; CT, com-
puted tomography; GCS, Glasgow Coma Scale; GFAP-BDP, glial
fibrillary acidic protein and its breakdown products: ISS, Injury
Severity Scale.
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DOI: 10.1089/neu.2017.5046

Prospective Assessment of Acute Blood Markers
of Brain Injury in Sport-Related Concussion

Timothy B. Meier,? Lindsay D. Nelson,® Daniel L. Huber!
Jeffrey J. Bazarian? Ronald L. Hayes® and Michael A. McCrea'*

Abstract

There is a pressing need to identify objective biomarkers for the assessment of sport-related concussion (SRC) to reduce
the reliance on clinical judgment for the management of these injuries. The goal of the current study was to prospectively
establish the acute effects of SRC on serum levels of S100 calcium-binding protein beta (S100B), glial fibrillary acidic
protein (GFAP), and ubiquitin C-terminal hydrolase-L1 (UCH-L1). Collegiate and high school football players were
enrolled and provided blood at pre-season. Injured athletes participated in follow-up visits at ~6 and 2448 h following
documented SRC (n=32). Uninjured football players participated in similar follow-up visits and served as controls
(n=29). The median time between injury and blood collection was 2h (6 h visit) and 22.5h (24-48 h visit) in concussed
athletes. Concussed athletes had significantly elevated UCH-LI levels at the 6h visit relative to pre-season levels
(2=2.22, p=0.03) and levels in control athletes (Z=3.02, p=0.003). Concussed athletes also had elevated S100B at 6 h
relative to pre-season (Z=2.07, p=0.04) and controls (Z=2.75, p=0.006). Both markers showed fair discrimination
between concussed and control athletes (UCH-L1 area under receiver operating characteristic curve [AUC] [95%
CI]=0.74 [0.61-0.88], S100B AUC=0.72 [0.58-0.87]). Percent-change of UCH-L1 and S100B at 6h relative to pre-
season also showed fair discrimination (AUC =0.79 [0.66-0.92] and AUC =0.77 [0.64-0.90]). GFAP levels did not differ
between groups or in concussed athletes relative to pre-season. This study provides prospective evidence of significant
increases in serum levels of UCH-L1 and S100B during the early acute period following SRC, and lays the foundation for
future studies examining the clinical potential for blood-based biomarkers in the early detection of concussion.
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CLASS OF EVIDENCE
7.0+

Acute elevation of serum inflammatory markers " 0.5-
~
. 3 -
predicts symptom recovery after concussion E 6 . Conol
~ 3 DDA
Morgan E. Nitta, MS, Jonathan Savitz, PhD, Lindsay D. Nelson, PhD, T. Kent Teague, PhD, James B. Hoelzle, PhD, Correspondence bD E
Michael A. McCrea, PhD, and Timothy B. Meier, PhD Dr. Meier Q. ~
® ) tmeier@mcw.edu - oT0}
Neurology® 2019;93:e497-¢507. doi: 10.1212/WNL.0000000000007864 < 6.0 o g5
24 il
Objective — O
To test the hypothesis that acute elevations in serum inflammatory markers predict symptom ~_] —
recovery after sport-related concussion (SRC). = 5.5 c -1.0-
E o
Methods
High school and collegiate football players (n = 857) were prospectively enrolled. Forty-one 5.0 15

athletes with concussion and 43 matched control athletes met inclusion criteria. Serum levels of BI_ 6h 4 8h 8 d 1 5 d 45 d BL 6h A 8h 8 d | 5 d 45 d

interleukin (IL)-6, IL-1p, IL-10, tumor necrosis factor, C-reactive protein, interferon-y, and IL-
1 receptor antagonist and Sport Concussion Assessment Tool, 3rd edition (SCAT3) symptom
severity scores were collected at a preinjury baseline, 6 and 24-48 hours postinjury, and

approximately 8, 15, and 45 days following concussion. The number of days that athletes were A. Discrimination of athletes with concussions from controls

symptomatic following SRC (i.e., duration of symptoms) was the primary outcome variable. 1 IL-TRA 10. IL-6
Results
IL-6 and IL-1RA were significantly elevated in athletes with concussion at 6 hours relative to 0.81 081
preinjury and other postinjury visits, as well as compared to controls (ps < 0.001). IL-6 and IL-
1RA significantly discriminated concussed from control athletes at 6 hours postconcussion (IL- 2 0.61 0.6 1
6 area under receiver operating characteristic curve 0.79 [95% confidence interval (CI) 2
0.65-0.92], IL-1RA AUC 0.79 [95% CI 0.67-0.90]). Further, IL-6 levels at 6 hours post- %
concussion were significantly associated with the duration of symptoms (hazard ratio for o 041 &5
symptom recovery = 0.61 [95% CI 0.38-0.96], p = 0.031).
0.2 0.2-
Conclusions
Results support the potential utility of IL-6 and IL-1RA as serum biomarkers of SRC and 0.0 . ' ' . . 0.0 . ' ' l ‘
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

demonstrate the potential of these markers in identifying athletes at risk for prolonged recovery

after SRC. 1 - Specificity 1 - Specificity



TBI Outcome Measurement
Glasgow Outcome Scale — Extended (GOSE)

1 Dead
Vegetative State Condition of unawareness with only reflex responses but with periods of spontaneous
2 (VS) eye opening

Severe Disability — Dependence on daily support for mental or physical disability or both.
Lower (SD—) If the patient can be left alone for more than 8 hours at home, it is upper level of SD; if

. . not, then it is low level of SD
Severe Disability —

Upper (SD+)

Moderate Disability Patients have some disability such as aphasia, hemiparesis or epilepsy and/or deficits of

5 — Lower (MD—) memory or personality but are able to look after themselves. They are independent at
home but dependent outside.
6 Moderate Disability f they are able to return to work event with special arrangement it is upper level of MD; if
— Upper (MD+) not then it is low level of MD.

Good Recovery — Resumption of normal life with the capacity to work even if pre-injury status has not been
Lower (GR-) achieved. S.o.me patlents. hav.e minor n.e}JroIoglcaI or psycholc.)glc?al dgflClts. >
If these deficits are not disabling then it is upper level of GR; if disabling, then it is lower

Good Recovery - level of GR.
Upper (GR+)




Outcome Measurement:
Can We Do Better?

JOURNAL OF NEUROTRAUMA 34:3158-3172 (November 15, 2017)
© Mary Ann Liebert, Inc.
DOI: 10.1089/neu.2017.5139

Validating Multi-Dimensional Outcome Assessment
Using the Traumatic Brain Injury Common Data Elements:
An Analysis of the TRACK-TBI Pilot Study Sample

Lindsay D. Nelson! Jana Ranson? Adam R. Ferguson? Joseph Giacino? David O. Okonkwo?
Alex B. Valadka® Geoffrey T. Manley” Michael A. McCrea, and the TRACK-TBI Investigators

Abstract

The Glasgow Outcome Scale-Extended (GOSE) is often the primary outcome measure in clinical trials for traumatic brain
injury (TBI). Although the GOSE’s capture of global functional outcome has several strengths, concerns have been raised
about its limited ability to identify mild disability and failure to capture the full scope of problems patients exhibit after
TBI. This analysis examined the convergence of disability ratings across a multi-dimensional set of outcome domains in
the Transforming Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) Pilot Study. The study
collected measures recommended by the TBI Common Data Elements (CDE) Workgroup. Patients presenting to three
emergency departments with a TBI of any severity enrolled in TRACK-TBI prospectively after injury: outcome measures
were collected at 3 and 6 months post-injury. Analyses examined frequency of impairment and overlap between im-
pairment status across the CDE outcome domains of Global Level of Functioning (GOSE), Neuropsychological (cog-
nitive) Impairment, Psychological Status, TBI Symptoms, and Quality of Life. GOSE score correlated in the expected
direction with other outcomes (mean [M] Spearman’s rho=0.21 and 0.49 with neurocognitive and self-report outcomes,
respectively). The subsample in the Upper Good Recovery (GOSE 8) category appeared quite healthy across most other
outcomes, although 19.0% had impaired executive functioning (Trail Making Test Part B). A significant minority of
participants in the Lower Good Recovery subgroup (GOSE 7) met criteria for impairment across numerous other outcome
measures. The findings highlight the multi-dimensional nature of TBI recovery and the limitations of applying only a
single outcome measure.

TRAGK-TBI

Transforming Research and Clinical Knowledge
in Traumatic Brain Injury

International Traumatic Brain Injury Research Initiative

MEDICAL

COLLEGE
OF WISCONSIN

NEUROSURGERY




Multi-Dimensional Assessment of TBI

Outcome
Collaborative Effort of TRACK-TBIl and TED

lobal
Function Glasgow Outcome Scale — Extended
Level (GGSE)

Clinical : :
Ph t Cognitive Neurobehaviora Psychological Life Physical
E"o )I,pe Domain | Domain Health Domain Participation Function
eve B - h -

Judgment Impulse | Mood | | Anxiety | Social

Attention
Skill/ |
Life Disinhibitio | PTSD | | Psychosi | Recreat’| Sexual Percept Mobility
Function | 5
Impairmen Language Vis-spat | Personality | | PCS Sx’s | Financial Transport
t | I
LCevel Intelligence Resilience Other

NINDS TBI Common Data Elements (CDE):

A multifaceted system for measuring outcomes
across a wide variety of functioning

McCrea, Giacino, Dikmen, Manley 2015
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Good vs. Not So Good
6 Month Symptg'nlll!&gmﬁGood Outcomes
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Percentage of TBI Patients Endorsing Symptoms on RPQ
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Nelson et al, 2017
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Outcome Prediction
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* Neurobiological
Evidence of organic

Disability Caused by Minor Head Injury

Rebecca W. Rimel, R.N., N.P., Bruno Giordani, M.A., Jeffrey T. Barth, Ph.D., Thomas J. Boll, Ph.D., and
John A, Jane, M.D., Ph.D,

Departments of Neurosurgery (R.W.R., J.A.J.), Neurology (B.G.), and Psychiatry (J.T.B.), University of Virginia Medical Center, Charlottesville,
Virginia, and Department of Psychiatry (T.J.B.}, University of Health Sclences—The Chicago Medical School, Chicago, Hlinois

The authors studied 538 patients who had sustained minor head trauma, which was defined as a history of unconsciousness
of 20 minutes or less, a Glasgow Coma Scale score of 13 to 15, and hospitalization not exceeding 48 hours. Of these
patients, 424 were evaluated 3 months after injury. The follow-up evaluation included a history of events since the
accident, assessment of subjective complaints and objective measures such as employment status, a neurological exami-
nation, a psychosocial assessment designed for estimating life stress, and a neuropsychological test battery to measure
higher cortical function. Of these 424 patients, 79% complained of persistent headaches, and 59% described problems with
memory. Of the patients who had been gainfully employed before the accident, 34% were unemployed 3 months later.
Comparisons were then made between the employed and the unemployed groups. Three explanations for the high rate of
unemployment were examined. (a) Evidence of organic brain damage: Although the neurological examination was
completely normal in nearly all patients, neuropsychological testing demonstrated some problems with attention, concen-
tration, memory, or judgment in most of the 69 patients evaluated. (b) Psychological responses to the injury: Emotional
stress caused by persistent symptoms seems to be a significant factor in the long term disability of these patients. (c)
Litigation and compensation: These factors have a minimal role in determining outcome after minor head injury. In
conclusion, the most striking observations of these studies are the high rates of morbidity and unemployment in patients
3 months after a seemingly insignificant head injury and the evidence that many of these patients may have, in fact,
suffered organic brain damage. (Neurosurgery 9:221-228, 1981)

brain damage

* Psychological:
Response to injury

 Social/
Environmental

It’s About Injury & Who Comes to Injury



Outcome Prediction after
TBI
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Outcome Prediction after Mild and Complicated

Mild Traumatic Brain Injury: Acute Clinical Predictors of Symptom Recovery
External Valdation of Existing Models in Emergency Department Patients with Uncomplicated Mid
and Identification of New Predictors AN o
Using the TRACK-TBI Pilot Study Traumatic Brain Injury or Non-Traumatic Brain Injuries

Hester F. Lingsma, John K. Yue?3 Andrew |.R. Maas* Ewout W. Steyerberg! Geoffrey T. Manley* I 12 w w -3 4
A indsay D. Nelson, “ Robyn E. Furger; Jana Ranson, Sergey Tarima; Thomas A. Hammeke
and the TRACK-TBI Investigators including: Shelly R. Cooper*® Kristen Dams-O'Connor® / : Y o | OTGEY ’ ’

Wayne A Gordon? David K, Menon? Praik Mukheriee 5 David O. Okorkwo” Ava M. Puccio” Christopfer Randolph? Willam B. Ban® Kevin Guskiewicz! Christopher M. Olsen?
David M. Schnyer? Alex B. Valadka'® Mary J. Vassar® and Esther L. Yuh®® E. Brooke Lemer’ and Michael A. McCrea®?

Injury and non-injury factors
predict outcome



Neurobiopsychosocial Model of TBI:
Multidimensional Prediction of Recovery, Outcome
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We Call it “Neuropsychology” for a Reason
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Post-Hospital Follow-up After
mTBI

JAMA :
Network ‘ Open Key Points

Question Do patients with mild

traumatic brain injury (mTBI) receive
Original Investigation | Emergency Medicine adequate levels of follow-up care?

Assessment of Follow-up Care After Emergency Department  rindngs inaconortstudy uing dataor
Presentation for Mild Traumatic Brain Injury and Concussion ~ ®2'petients with miBipresenting to

the emergency department at1of 11

ReSU|tS From the TRAC IK-TBI StUdy level | trauma centers across the United

States, 42% of patients reported
receiving educational material at

Seth A. Seabury, PhD; Etienne Gaudette, PhD; Dana P. Goldman, PhD; Amy J. Markowitz, JD; Jordan Brooks, BA; Michael A. McCrea, PhD;

David O. Okonkwo, MD, PhD; Geoffrey T. Manley, MD, PhD; and the TRACK-TBI Investigators
discharge and 44% reported seeing a

physician or other medical practitioner

: . . ] A
Table 2. Proportion of Patients Reporting Follow-up Care After Injury within 3 months after injury. Among

Patients With No patients with 3 or more moderate to
Patients With Lesion  Lesion Detected or severe postconcussive symptoms, only
All Patients Detected or Suspected Suspected on CT Scan — d havi -

Type of Follow-up Care (N =831) on CT Scan (n = 236) (n=595) ..fo-reporte aving S’f“‘en a pr‘acj‘tltloner
Received TBI educational material at discharge, 353 (42) 110 (49) 243 (46) within 3 months following the injury.
No. (%)® Meaning A large proportion of patients
Hospital called to follow up by 2 wk, No. (%)® 209 (27) 55(24) 154 (28) with mTBI do not receive follow-up care
Saw a practitioner by 2 wk, No. (%) 343 (41) 132 (56) 211 (35) after injury even when they experience
Saw practitioner by 3 mo, No. (%) 367 (44) 144 (61) 223 (37) ongoing postconcussive symptoms.

It’s Tough to Get Precision Care with No Care



