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Disclosures	  

•  I	  have	  no	  financial	  disclosures	  per3nent	  to	  this	  
talk	  



Concussion	  

•  Defini3on:	  
–  Complex	  pathophysiological	  

process	  affec3ng	  the	  brain,	  
induced	  by	  trauma3c	  
biomechanical	  forces	  

•  Common	  symptoms:	  
–  Headache	  
–  Dizziness	  
–  Confusion	  	  
–  Altera3ons	  in	  consciousness	  
–  Mood	  changes	  
–  Cogni3ve	  changes	  



Concussion:	  Loss	  of	  Neuronal	  Metabolic	  Integrity	  
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Why	  does	  this	  Maaer?	  

•  Concussion	  is	  a	  Neurologic	  condi3on	  
–  Subtle	  neurologic	  abnormali3es	  may	  be	  the	  only	  sign	  
–  Neurologists	  are	  trained	  to	  iden3fy	  subtle	  neurologic	  
abnormali3es	  

•  Concussion	  	  
•  Headache	  is	  the	  most	  common	  symptom	  of	  
concussion	  
–  Headache	  specialists	  are	  trained	  to	  differen3ate	  PTH	  from	  
primary	  headache	  disorders	  

–  Headache	  specialists	  are	  trained	  to	  treat	  PTH	  



Concussion	  and	  TBI	  

•  Epidemiology	  
– Sports	  related	  concussion	  

•  44M	  children	  each	  year	  in	  organized	  sports	  
•  170M	  adults	  engaged	  in	  physical	  ac3vi3es/sports	  
•  1.7-‐3.8M	  sports	  related	  TBIs	  per	  year	  
•  Children	  and	  adolescents	  recover	  slower	  
•  Females	  more	  suscep3ble	  

–  Lower	  repor3ng	  in	  males	  
–  Biomechanical	  differences	  

Daneshvar	  DH,	  et	  al.	  Clin	  Sports	  Med	  2011;	  30:1-‐17	  



Trea3ng	  USAF	  Pilots	  

•  Unique	  issues	  with	  pilots	  
–  Underrepor3ng	  of	  illness	  
–  Underrepor3ng	  of	  baseline	  
health	  status	  

–  Pressure	  to	  prematurely	  	  return	  
to	  duty	  

–  Premature	  return	  to	  duty	  may	  
result	  in	  prolonged	  recovery	  and	  
other	  medical	  complica3ons	  



Concussion	  in	  Sports	  

•  Unique	  issues	  with	  athletes	  
–  Underrepor3ng	  of	  injuries	  
–  “Sandbagging”	  of	  baseline	  
cogni3ve	  tests	  

–  Pressure	  to	  prematurely	  	  return	  
to	  play	  

–  Technological	  advances	  in	  safety	  
equipment	  indirectly	  leading	  to	  
more	  concussions	  	  



Baseline	  Tes3ng	  

•  Baseline	  tes3ng	  is	  a	  fundamental	  necessity	  
•  Inexpensive	  
•  Easy	  to	  do	  
•  May	  iden3fy	  unrecognized	  abnormali3es	  
•  May	  prevent	  further	  (perhaps	  permanent)	  
injury	  



Sideline	  evalua3on	  of	  Concussion	  

•  Emergency	  management	  
•  Sport	  Concussion	  Assessment	  Tool	  (SCAT	  3)	  

– Maddocks	  score	  
–  Graded	  symptom	  checklist	  	  
–  Standardized	  assessment	  of	  concussion	  (SAC)	  
–  Balance	  error	  scoring	  system	  (BESS)	  

•  “Other”	  sideline	  evalua3on	  tools	  
•  Serial	  monitoring	  
•  No	  same-‐day	  return	  to	  play	  for	  concussed	  athletes	  

McCrory	  P,	  et	  al.	  Consensus	  statement	  on	  concussion	  in	  sport.	  Br	  J	  Sports	  Med	  2013;47:250-‐258	  
Broglio	  SP,	  et	  al.	  Na3onal	  Athle3c	  Trainers’	  Associa3on	  posi3on	  statement.	  J	  Athl	  Train	  2014;49:245-‐265	  
Giza	  CC,	  et	  al.	  Summary	  of	  evidence-‐based	  guideline	  update:	  concussion	  in	  sports.	  Neurology	  2013;80:2250-‐2257	  



SCAT	  3	  

•  Symptom	  checklists	  
–  Sensi3vity	  64-‐89%	  
–  Specificity	  91-‐100%	  

•  Subjec3ve	  

•  Unreliable	  
–  Self-‐directed	  vs.	  Provider-‐assisted	  



SCAT	  3	  
•  Standardized	  assessment	  of	  

concussion	  (SAC)	  
–  Sensi3vity	  64-‐89%	  
–  Specificity	  76-‐91%	  

•  Four	  neurocogni3ve	  domains	  
–  Orienta3on	  
–  Immediate	  memory	  
–  Concentra3on	  
–  Delayed	  recall	  

•  Time	  intensive	  
•  2-‐4	  point	  threshold	  for	  detec3ng	  

significant	  change	  

	  



SCAT	  3	  
•  Balance	  Error	  Scoring	  

System	  (BESS)	  
–  Sensi3vity	  34-‐64%	  
–  Specificity	  91%	  

•  Highly	  subjec3ve	  
•  Baseline	  performance	  

highly	  variable	  
•  3-‐6	  point	  threshold	  for	  

detec3ng	  significant	  
change	  



SCAT	  3	  

•  Balance	  Error	  Scoring	  
System	  (BESS)	  
–  Poor	  baseline	  
performance	  makes	  
post-‐injury	  assessment	  
difficult	  and	  inaccurate	  
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King-‐Devick	  Test	  

•  Less	  than	  2	  minutes	  to	  administer	  
•  Prac3cal	  for	  sideline	  and	  office	  use	  
•  Captures	  abnormali3es	  associated	  with	  
concussion:	  
– Aaen3on	  
– Language	  
– Processing	  speed	  
– Eye	  movements	  

Galeaa	  KM,	  et	  al.	  Neurology	  2011;76:1456-‐1462	  



King-‐Devick	  Test	  

•  Lack	  of	  prac3ce	  effect	  
•  High	  inter-‐rater	  and	  
test-‐retest	  reliability	  

•  Accurate	  and	  easy	  to	  
administer	  for	  lay-‐
person	  

•  Assess	  for:	  
–  Speed	  
–  Accuracy	  

Leung	  DF,	  et	  al.	  J	  Sports	  Med	  Phys	  Fitness	  2013;54:70-‐77	  



King-‐Devick	  Test	  

•  Accurate	  for	  iden3fying	  
head	  trauma	  	  
–  (59.1s	  ±	  7.4s	  vs.	  41.0s	  ±	  6.7s,	  

p	  <	  0.0001)	  

•  Greater	  worsening	  
with	  LOC	  

•  Good	  correla3on	  with	  
MACE	  scores	  

•  Decrement	  of	  ≥	  5s	  is	  
significant	  

Galeaa	  KM,	  et	  al.	  Neurology	  2011;76:1456-‐1462	  



King-‐Devick	  and	  SCAT	  2	  

•  SCAT2	  SAC	  performance	  correlates	  to	  KD	  
performance	  

•  KD	  more	  accurate	  than	  SAC	  in	  iden3fying	  
concussion	  

Moster	  SJ,	  et	  al.	  Abstract,	  North	  American	  Neuro-‐
ophthalmology	  Society	  2013	  Annual	  Mee3ng	  
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King-‐Devick	  and	  SCAT	  3	  

•  Accuracy	  of	  combined	  tes3ng	  
in	  iden3fying	  collegiate	  
athletes	  with	  concussion	  
–  KD	  abnormal	  in	  79%	  
–  SAC	  abnormal	  in	  52%	  
–  KD	  +	  SAC	  abnormal	  in	  89%	  
–  KD	  +	  SAC	  +	  BESS	  abnormal	  	  	  	  	  	  	  	  
in	  100%	  



Computerized	  Concussion	  
Assessment	  Tool	  (CCAT)	  

•  Computerized	  Cogni3ve	  
Assessment	  Tool	  (CCAT)	  
–  Validated	  for	  ages	  as	  young	  

as	  5	  years	  old	  
–  Can	  be	  taken	  anywhere	  	  	  

there	  is	  internet	  access	  
–  Tests	  

•  Learning	  
•  Memory	  
•  Processing	  Speed	  	  
•  Accuracy	  

–  Rela3vely	  inexpensive	  
–  10	  min	  dura3on	  
–  “Athlete-‐centric”	  



ImPACT	  
•  Immediate	  Post-‐Concussion	  Assessment	  and	  
Cogni3ve	  Tes3ng	  (ImPACT)	  
–  Industry	  standard	  
–  Validated	  
–  Tests	  

•  Aaen3on	  span	  
•  Working	  memory	  
•  Sustained	  and	  selec3ve	  

	  aaen3on	  3me	  
•  Response	  variability	  
•  Non-‐verbal	  problem	  solving	  
•  Reac3on	  Time	  

–  Rela3vely	  expensive	  
–  20	  min	  dura3on	  



McCrory et al Br J Sports Med 2004 

“Stable”	  at	  14-‐15	  

“Annual”	  Baseline	  
updates	  record	  of	  
best	  performance	  

Matura3onal	  Effects	  on	  
Cogni3ve	  Func3on	  
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2001-‐2004	  
n=1015	  players	  
88	  concussions	  

At	  7	  days,	  18%	  
s3ll	  have	  abN	  
computer	  tests	  
	  
Computer	  test	  
recovery	  lags	  Sx	  
&	  DSST/TMT-‐B	  
by	  2-‐3	  days	  

CCAT	  deficits	  
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Concussion:	  Imaging	  Altered	  	  
Brain	  Metabolism	  

Vagnozzi	  R,et	  al.	  	  Neurosurgery	  2008;62:1286-‐95	  

All athletes reported complete  
symptom resolution at day 3 

Double	  concussion=	  2nd	  within	  10-‐13	  days	  aYer	  1st	  



Concussion:	  Imaging	  Altered	  	  
Brain	  Structure	  



Pre-‐Season	   In-‐Season	  

The	  Impact	  of	  Sub-‐Concussive	  Hits	  
fMRI	  in	  Athletes	  Without	  Concussion	  

Talavage	  T.M.,	  et	  al.	  J	  Neurotrauma	  2010	  
	  



What	  if	  there	  is	  no	  Baseline	  for	  post-‐concussion	  
comparison?	  
	  
•  You	  Can	  watch	  3me-‐recovery	  curve	  un3l	  it	  plateaus,	  and	  then	  
determine	  residual	  impairment	  likelihood	  
	  

•  Complex	  medical	  decisions	  are	  required	  especially	  when	  
“gues3ma3ng”	  pre-‐injury	  abili3es	  
	  

•  May	  need	  expert	  assistance	  with	  neurological	  and/or	  
complete	  neuropsychological	  evalua3ons	  

Axer-‐injury	  Tes3ng	  



Emergency	  Department	  and	  Office	  
Evalua3on	  of	  Concussion	  

•  Axer	  injury	  evalua3on	  should	  include:	  
– Medical	  assessment	  including	  comprehensive	  
history	  and	  detailed	  neurological	  exam	  

•  Mental	  Status	  
•  Cogni3ve	  func3on	  
•  Gait	  and	  balance	  

– Determina3on	  of	  clinical	  status	  	  
– Determina3on	  of	  the	  need	  for	  neuroimaging	  



Emergency	  Department	  and	  Office	  
Evalua3on	  of	  Concussion	  

•  Addi3onal	  inves3ga3ons	  to	  consider:	  
– Neuroimaging	  
– Objec3ve	  balance	  and	  ves3bular	  assessment	  
– Neuropsychological	  assessment	  
– Autonomic	  studies	  
– QEEG	  
– ERP	  



Concussion	  Management	  

•  Physical	  and	  possibly	  cogni3ve	  rest	  
•  Graded	  return	  to	  play	  and	  “return	  to	  learn”	  
•  Management	  of	  symptoms	  
•  Avoidance	  of	  triggers	  



LEVEL	  1:	  Physical	  and	  cogni3ve	  rest.	  No	  physical	  ac3vity	  or	  school.	  No	  reading,	  computers,	  	  
video	  games,	  or	  text	  messaging	  	  un3l	  symptom	  free	  at	  rest.	  	  

LEVEL	  2:	  Light	  aerobic	  exercise	  (walking,	  sta3onary	  bike).	  No	  resistance	  training.	  	  
Abbreviated	  school	  aaendance.	  May	  read	  20%	  of	  normal,	  some	  TV	  

Level	  3:	  Sport-‐specific	  exercises.	  No	  resistance	  training.	  May	  read	  40%	  of	  normal	  volume.	  	  
No	  video	  games	  

LEVEL	  4:	  Non-‐contact	  prac3ce.	  Resistance	  training.	  May	  read	  60%	  of	  normal	  volume.	  	  
No	  video	  games.	  	  

LEVEL	  5:	  Full	  contact	  prac3ce.	  May	  read	  80%	  of	  normal	  volume.	  Some	  video	  games.	  

LEVEL	  6:	  Return	  to	  unrestricted	  compe33on	  and	  school	  ac3vi3es	  

Student	  Athlete	  Post-‐Concussion	  Return-‐to-‐Ac3vi3es	  



Post-‐concussion	  	  	  
Return	  to	  Play	  

•  Determina3on	  of	  academic/athle3c	  
responsibili3es	  and	  risk	  of	  subsequent	  injury	  
– Completely	  asymptoma3c	  
– Off	  all	  medica3ons	  which	  can	  mask	  symptoms	  
– Normal	  neurologic	  exam	  	  
– Return	  to	  baseline	  cogni3ve	  and	  physical	  status	  	  



Return	  to	  Play	  Considera3ons	  

•  Age	  
•  Sex	  
•  Sport	  
•  Posi3on	  
•  Symptom	  severity	  
•  Dura3on	  of	  recovery	  
•  Previous	  history	  of	  concussion	  
•  Threshold	  for	  repeated	  injury	  



Texas	  House	  Bill	  2038	  
Natasha’s	  Law	  

•  Signed	  into	  law	  2011	  
•  Concussion	  educa3on	  for	  

coaches	  and	  trainers	  
•  Clearance	  by	  a	  physician	  

before	  return	  to	  play	  



Concussion	  Laws	  by	  State	  

•  50	  states	  and	  DC	  have	  adopted	  
concussion	  laws	  
–  47	  require	  removal	  from	  play	  for	  suspected	  
concussion	  

–  47	  states	  require	  medical	  clearance	  for	  return	  to	  
play	  

–  26	  states	  mandate	  training	  for	  coaches	  
–  39	  require	  distribu3on	  of	  informa3on	  to	  coaches	  
–  43	  require	  distribu3on	  of	  informa3on	  to	  students	  
–  46	  require	  distribu3on	  of	  informa3on	  to	  parents	  
–  0	  mandate	  baseline	  tes3ng	  

lawatlas.org 
childrenssafetynetwork.org 



Key	  Points	  on	  Baseline	  Tes3ng	  

•  It	  is	  a	  tool	  
– Does	  not	  prevent	  concussion	  
– Should	  accompany	  a	  comprehensive	  general	  and	  
neurologic	  evalua3on	  

•  Tes3ng	  is	  a	  must	  for	  any	  athlete	  	  
•  Should	  be	  repeated	  every	  year	  
•  Several	  op3ons	  are	  available	  



Key	  Points	  on	  Axer-‐Injury	  Tes3ng	  

•  To	  be	  used	  only	  as	  a	  tool	  
– Does	  not	  diagnose	  or	  treat	  concussion	  
– Should	  accompany	  a	  comprehensive	  general	  and	  
neurologic	  evalua3on	  

•  Should	  never	  be	  the	  sole	  determinant	  of	  
fitness	  for	  return	  to	  play	  

•  Should	  s3ll	  be	  performed	  even	  in	  the	  absence	  
of	  baseline	  tes3ng	  

•  Use	  graded	  return	  to	  play	  guidelines	  



Thank	  You	  


