The incidence of post-traumatic epilepsy
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Traumatic Brain Injury: 2019

A Complex and Heterogeneous Disease

Clinical Assesment Outcome Sequelae
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Post-traumatic Epilepsy: Outcome

Year 5 Why is it important to diagnose and treat PTE?
LPTS Non-LPTS

DRS score?® SHy=eze [ » Patients with TBlI and PTE perform worse across
FIM Cognitive subscale score® 29.7 £5.2 31.7 £ 3.7 Y N
FIM Motor subscale score 83.7+12.5 879 +5.0 Several performance and CllnlCal metrICS-
FIM Total score 1141 £ 156.7 118.1 & 8.0 ° |ndependence
SRS score .

Independent 29/56 (52 %) 46/75 (61 %) « Cognitive Assessments

Unsupervised overnight 18/56 (32%) 26/75 (35%) .

Supervised overnight 9/56 (16%) 3/75 (4%) ”Ieg_al dryg usg .
llegal drug use 16/79 (20%) 10/82 (12%) - Satisfaction with life
Arrests 5/80 (6%) 5/84 (6%) . \ . . .
Attempted suicided 2/73 (3%) 2/79 (3%) « Patients with PTE are significantly more disabled,
e Ry e dmemm oo independent and prone fo higher rates of
SWLS score® e Yo mental illness (depressions, addiction, etc)

Bushnik, et al (2012), J Head Tr. Rehab'

 Bottom-Line: Preventing PTE will improve
outcomes following TBI.

How likely is PTE after TBI?
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Post-traumatic Epilepsy: Incidence

Why is it important to know the
incidence of PTE?

20 e ey e 2.8 million TBIl/yrin US
* Mild injury . « 20% symptomatic epilepsy from trauma?

s 157 « Understanding the incidence, risk

- factors, and mechanisms for PTE has

£ 0l major public health implications

QO

3

g . What do we know?
« Best incidence data over 20+ yrs old.
 Relation between injury severity and PTE

o *  “mild TBI” incidence 0.7% at 5 years
Year after Brain Injury « PTE incidence goes up linearly to 30 yrs
Annegers, et al (1998), NEJM? . 2.1% at 30 years

What is our approach?
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IRAEK_'[BI Prospective longitudinal Precision Medicine Study

Transforming Research and Clinical Knowledge - 3000 SUbjECtS inCIuding Controls

in Traumatic Brain Injury

International Traumatic Brain Injury Researc h Initiative

-Across the spectrum from concussion to coma

TRACK TBI Goals PTE Study Goals
1. Improve TBI diagnosis and classification/taxonomy > 1. | Sequelae: who develops PTE?
2. |Improve TBI outcome assessment » 2. How does PTE affect outcome?
3. Identify the health and economic impact of Mild TBI > 3. PTE as a cause of seizures.
4. Create a “Information Commons” to promote . 4. Predictive models/risk calculators
collaboration and acceleration of TBI research _of_developing PTE at time of
injury.

. TBI
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Methods: NINDS PTE screening questionnaire

Hav&le you had or has anyone ever told you that you had any of the following?
. a Uncontrolled movements of part or all of your body such as twitching, jerking, shaking, or going limp,
- 2,698 TRACK TBI patlentS » lasting about 5 minutes or less?
___No
___ Yes
- At 6- and 12-month follow up, patients e — S
. . . n unexplained change in mental state or level of awareness; or an episode of “spacing out” whic!
g ven . an e p I I € pSy screenin g o you could not control, lasting about 5 minutes or less?
questionnaire e
___ Yes
____Unknown
_ B ase d on res u |tS Of fo ur “tri g g e r” 55¢. | Any other type of repeated unusual attacks or convulsions lasting about 5 minutes or less?
questions, patients were asked —
additional questions to verify PTE " Unknown
cases.
56. | Has anyone ever told you that you have seizure(s) or epilepsy?
___No
. . Yes
- Trigger questions based on NINDS __ Unknown
PT E screen | N g q u eStl onna | e If 1 or more of questions 55a, 55b, 55c or 56 = yes then ask questions 57 — 62. If 55a — 56 are each =
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Results: Response to “triggers”

« Detecting heterogeneous pathology

. . e concussion syndrome
PTE Trigger Response Questions

| [ ws: * nausea/vomiting, vertigo manifesting as
13 ] 2m “unusual attacks”
[ « Sensitive not specific

* |ncreased incidence at 6 months
* not expected based on Anneger’s data
« possible increased vigilance

PERCENTAGE (%)

All Trigger Unctrld Mvmnt space Out Unusual Attack Ep Dx ¢ Far above basellne epllepsy rate

« also should the cohort of patients who
seized and fell
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Results: PTE across TBIl spectrum

- full incidence of PTE depends on
the severity of presentation

- dramatic increase in PTE risk in
GCS 3-8

- higher rate at 12 months indicates
iIncreasing seizure development

- GCS 13-15
- non-trivial (~1%)

-  What is combined rate of PTE for
GCS 13-15 cohort?

PERCENTAGE OF PATIENTS PTE+ (%)
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Results: PTE after TBI (GCS 13-15)

- Seizure in less severe TBI (GCS 13-15)
Is 1.4% at 12 months
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12 months

- 6 months
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- Higher than the rate quoted in Anneger’s
et al (largest retrospective study to
date, 0.7%)

—
N
|

PERCENTAGE OF PATIENTS PTE+ (%)
[
|

0.8F
0.6
- Indicates less clinically severe TBI 0.4
confers an additional seizure risk even at 0.2k
12 months 0
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Prediction |

- Ultimate goal is to predict who is at risk of
PTE, and enter them into an aggressive
seizure monitoring/treatment protocol

- One strategy is to use all clinical variables

In a mu_ltivariate classifier, to maximize
prediction accuracy.

- Very good results
- prediction > chance (0.75 > 0.5)

- When we looks at the weights initial GCS
Is the most predictive variable

- Caution: What is driving this effect?

Coefficient Weight
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Prediction |l

- First results suggest GCS is best predictor

Double the risk of PTE at 12 months when
GCS <12

10 x the risk for all GCS <=8

Simple rule: all patents with GCS 12 or less
should be monitored closely with intensive
PTE screening

- GCS 13-15: where prediction algorithms
are needed the most

Large number of patients, few get PTE
More challenging to predict
- AUC = 0.555 is still significantly > 0.5

Future classifiers should incorporate use of
serum biomarkers, imaging, clinical data:
Precision medicine approach
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leltatlons

- m Severe i |n]ury

Three major limitations in this analysis " Hoderote
ild injury .
1. Follow-up s
 Anneger’s data suggest that there is a £
. . . o)
linear increase in PTE rate up to 30 years g
12 month follow-up means we are mis- &
classifying PTE patients .
2 DiagnOSiS 0 5 10 15 . - 20 25 30
- Year after Brain Injury
y Epllepsy ShOUId be dlagnosed by an Havéyou had or has anyone ever told you that you had any of the following?
e p | I e pto I Og |St 554, | Uncontrolled movements of part or all of your body such as twitching, jerking, shaking, or going limp,
. lasting about 5 minutes or less?
« We need more accurate seizure work-up o
and assessments —e
55b. An;explained change in mental state or level of awareness; or an episode of “spacing out” which
you could not control, lasting about 5 minutes or less?
__No
_ Yes
___Unknown
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Overview of TRACK-TBI LONG

N = 3300 TBI and Control Subjects

TRACK-TBI EPI

- All subjects in TRACK-TBI

- contacted via phone 5 years
after index TBI

- Subjects with positive NINDS
screen = evaluated in clinic

- EEG/epileptologist evaluation
- repeat psychological evaluation

follow up/screening and

AIM 1 | Telephonic long-term
D consent for brain donation

@ AIM 2 | Imaging biomarkers

(Q AIM 3 | Biofluid biomarkers

- _MRI/blood biomarker evaluation _
O b L/ TBI
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Limitations

Three major limitations in this analysis

1. Follow-up 1 avC 0.555
 Anneger’s data suggest that there is a ol S
linear increase in PTE rate up to 30 years 0'8_ AN
* 12 month follow-up means we are mis- 30'7_
classifying PTE patients go.s-
2. Diagnosis Fo.sf
* Epilepsy should be diagnosed by an ;,‘M-
epileptologist Ho.3f
« We need more accurate seizure work-up 0.2}
and assessments 0.1}
3. Prediction models % 0oz o0s o0& o8 1

False positive rate

* Ripe for predictive analytic approach

 Blood biomarkers, imaging, clinical,
genome...
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Conclusions and next steps

PTE is a common complication of TBIl and
cause of epilepsy

: . : Symptoms
Development of effective anti-epileptogeni
treatments will require a sophisticated Imaging
understanding of the clinical, imaging, o
neurophysiologic, and molecular features Clinical
of epileptogenicity resulting from TBI Proteome
A Precision Medicine approach to PTE Genome

- Clinical risk factors
- Imaging and blood-based biomarkers

- Genetics
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