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DEFINITION OF TRAUMATIC BRAIN INJURY(TBI)

• Traumatic brain injury is defined as a traumatically induced
physiological disruption of brain function and/or structure resulting
from the application of a biomechanical force to the head, rapid
acceleration and/or deceleration, or blast-related forces.
Management of Adults With Traumatic Brain Injury
Edited by David B. Arciniegas, M.D.; Nathan D. Zasler, M.D.; Rodney D. Vanderploeg, Ph.D.; Michael S. Jaffee, M.D.; T.
Angelita Garcia, M.B.A.

Classification of Traumatic Brain Injury (TBI)
• SEVERITY

• Clinical findings at time of injury/presentation

• PATHOANATOMIC

• Type of injury (hemorrhages, DAI, etc.)

• OUTCOME
• PROGNOSIS

ACUTE BRAIN INJURIES

Classified by type/pathoanatomical

• Subdural Hematoma (SDH)
• Probably the most common cause of death and disability from an acute injury
in boxing

• Diffuse Axonal Injury (DAI).
• Cerebral Contusions.
• Subarachnoid Hemorrhage (SAH)
• Cerebral Edema/Perturbed Cerebral Vasomotor Autoregulation
• Concussion (at microscopic level)

Heterogeneity of severe traumatic brain injury (TBI)

SAATMAN ET AL: .JOURNAL OF NEUROTRAUMA 25:719–738 (July 2008)

ACUTE BRAIN INJURIES
Classified by Severity

• Two commonly used scales
• Glasgow Coma Scale (GCS)
• Mayo Classification System for Traumatic Brain Injury Severity

• Post-traumatic amnesia (PTA)
• PTA of greater than 24 hours is one parameter that is often used to classify a a
TBI as moderate as opposed to mild.

ACUTE BRAIN INJURIES
Classified by Severity

• Glasgow Coma Scale (GCS)
• Assesses eye opening, verbal response and motor responses
during the acute phase of the TBI
• Mild (13-15)
• Moderate (9-12)
• Severe (3-8)

Public Domain

ACUTE BRAIN
INJURIES
(classified by
Severity)

ACUTE BRAIN INJURIES
Classified by Severity

• Mayo Classification System for Traumatic Brain Injury Severity
• Three main classifications:
• Definite moderate-severe TBI
• Probable Mild TBI (MTBI)
• Possible TBI

Was devised to address the poor reliability of certain TBI severity indicators as well as the
incidence of missing documentation in medical records.
For classifying severity, The Mayo system was far better than any single indicator for
moderate to severe TBI
• Sensitivity-89%
• Specificity-98%

Malec JF, et.al. Journal of Neurotrauma. 2007:24(9):1417-24.

Public Domain
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ACUTE BRAIN INJURIES
Classified by Outcome

• Many ways and multiple scales can be used, e.g.:
•
•
•
•
•
•
•

Glasgow Outcome Scale (GOS)
Glasgow Outcome Scale Extended (GOSE)
Neuropsychological functioning
Psychological state
Challenging behavior
Community participation
Neuropsychiatric difficulties

Tate, Robin L. (2010). A compendium of tests, scales, and questionnaires: The practitioner's guide to
measuring outcomes after acquired brain impairment. New York, NY: Psychology Press.

ACUTE BRAIN INJURIES
Classified by Outcome

Tate, Robin L. (2010)

ACUTE BRAIN INJURIES
Classified by Prognosis

Nakase-Richardson, R, et.al. Journal of Neurology, Neurosurgery & Psychiatry, 82(5), 494–499.
https://doi.org/10.1136/jnnp.2010.222489

ACUTE BRAIN INJURIES
Classified by Prognosis

• Post-Traumatic Amnesia (PTA)

• 0-14 days: Moderate TBI
• 15-28 days: Moderately severe TBI
• 29-70 days: Severe TBI

Nakase-Richardson, R, et.al. Journal of Neurology, Neurosurgery & Psychiatry, 82(5), 494–499.
https://doi.org/10.1136/jnnp.2010.222489

ACUTE BRAIN INJURIES (classified by prognosis)

Nakase-Richardson, R, et.al. (2010)

ACUTE BRAIN INJURIES
Practical Classification

• Mild Traumatic Brain Injury (MTBI)

o Unconscious for no more than thirty minutes
o PTA is not greater than 24 hours
o Normal Neuroimaging

• Moderate to Severe Traumatic Brain Injury
o If any of the above criteria for MTBI are not met the TBI will
probably be in the moderate to severe category

Convulsions following TBI
• Impact: within seconds
• Concussive Convulsions (CCs)
• [Immediate: within the first 24 h after TBI]

• Early: 1-7 days after TBI*
• Late: > 7 days after TBI*
*Early and late post-traumatic seizures frequently indicate structural brain damage

and may transition to chronic, post-traumatic epilepsy.

TREATMENT

Guidelines for the pharmacologic treatment of neurobehavioral
sequelae of traumatic
brain injury. J Neurotrauma. 2006;23(10):1468–1501.
Pharmacotherapy for the treatment of aggression after TBI:

• Insufficient evidence for standards
• Guideline-level evidence supporting β-blockers (propranolol and pindolol)
• Option-level evidence for:
•
•
•
•
•
•
•
•

Methylphenidate,
SSRIs
Valproate
Lithium
Tricyclic Antidepressants
Buspirone
[Cranial Electrical Stimulation (CES)]
[Homeopathy]

Guidelines for the pharmacologic treatment of
neurobehavioral sequelae of traumatic
brain injury. (J Neurotrauma. 2006;23(10):1468–1501.)
Times Cited Counts
228 in All Databases
217 in Web of Science Core Collection
85 in BIOSIS Citation Index
4 in Chinese Science Citation Database
0 data sets in Data Citation Index
0 publication in Data Citation Index
6 in Russian Science Citation Index
3 in SciELO Citation Index

Guidelines for the pharmacologic treatment of neurobehavioral
sequelae of traumatic
brain injury. (J Neurotrauma. 2006;23(10):1468–1501.)

Beta blockers
“The major side effects of beta-blockers when used to treat aggression
are a lowering of blood pressure and pulse rate.
Because peripheral beta receptors are fully blocked in doses of 300–
400 mg/day, further decreases in these vital signs usually do not occur
even when doses are increased to much higher levels.
Despite reports of depression with the use of beta-blockers, controlled
trials indicate that it is a rare occurrence.”

Treatment

Treatment

Hammond, FM et.al. (2014)

Treatment

“These results suggest that combined treatment with metacognitive rehabilitation
(MAAT) and pharmacotherapy (MPH) can improve aspects of attention, episodic and
working memory, and executive functioning after TBI.”

Neuropsychopharmacology (2017) 42, 1766–1775

Treatment
 Compared with placebo only MPH was
associated with significant improvement
in cognitive complaints at all time points
through 12 weeks.
 On secondary outcomes, significant
improvements were seen with MPH on
attention, post-concussion symptoms,
and PTSD symptoms.
 GAL significantly improved episodic
memory.
 Both improved depressive symptoms.
Persistent Cognitive Symptoms in PTSD and TBI: Possible Pharmacotherapy
Jonathan Silver, MD reviewing McAllister TW et al. Neuropsychopharmacology
2015 Sep 11. For NEJM Journal Watch

Dopaminergic abnormalities following traumatic brain injury
Jenkins P, et.al.

BRAIN 2018: 141; 797–810

Authors Conclusions
• One third of the DaT scans were reported as abnormal with reduced
striatal dopamine (particularly affecting the caudate).
• This is consistent with the pattern of nigrostriatal tract damage produced
by axonal injury.
• Cognitive impairment was greater in patients with marked reductions in
caudate DaT
• Similar cognitive impairments may respond to dopaminergic treatments
(e.g. dopaminergic therapies in Parkinson’s disease may ameliorate at least some of the
associated cognitive impairments, Cools et al., 2002; Mattay et al., 2002)

• Therefore, DaT abnormalities following TBI may assist treatment selection
after TBI.

Chronic Traumatic
Encephalopathy (CTE)

CTE- Key Questions
1. Is there a relationship between repetitive
concussive/subconcussive head trauma and the development
of the Chronic Traumatic Encephalopathy (CTE)?
2. What is the actual prevalence?
3. What is the relationship to exposure ( “dose-response”)?
4. What are the susceptibility factors?
5. Is CTE an inevitably progressive disorder similar to other
degenerative dementias?

Relationship Between CTE and Concussive/Sub-concussive
Exposure in Contact Sports (Background)

• Traumatic brain injury (TBI) has been recognized to
be a risk factor for dementia for some time.
• Recently there has been increased awareness of
“Chronic Traumatic Encephalopathy” (CTE) in
athletes exposed to repetitive “head injury”
• To a great extent this has come from well publicized
reports of the neuropathological changes observed
in the brains of ex-NFL players.

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• Although Dementia Pugilistica (DP) or CTE had been fairly well
documented and accepted as a disorder affecting ex-boxers there
was little interest in better understanding the disorder until more
recently.
• There is now significant “interest” as the result of case reports &/or
highly selected case series of :
– Former participants in “collision” sports other than boxing
– Military personnel
– Others involved in non-sports related repetitive head injuries

– General population with history of

A MULTISTAGE DISEASE MODEL OF SHORT
& LONG-TERM CONSEQUENCES
FOLLOWING REPETITIVE HEAD TRAUMA

Koerte, Inga K IK (2015). A review of neuroimaging findings in
repetitive brain trauma.. Brain pathology (Zurich, Switzerland). ,
25 (3), p. 318 - 349

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• What have we learned from studies of professional boxers.
• NEUROPATHOLOGY

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• 1954- first detailed case report of neuropathology associated
with “CTE” by Brandenberg and Hallervorden
• Next two decades – only 8 cases reported by various groups
• Although many or these reports described shared
neuropathological features there was still a question as to
whether the neuropathological features were the result of
boxing.

Relationship Between CTE and Concussive/Subconcussive Exposure in Contact Sports (Background)

• However, these concerns were more or less eliminated with the
publication of the “landmark” case series:
– Corsellis, J. A., Bruton, C. J. & Freeman-Browne, D. The aftermath of boxing.
Psychol. Med. 3, 270–303 (1973)

“This report remains the seminal neuropathological description of the
sequelae of repetitive TBI.”

Nature Reviews Neurology (2013) APRIL 2013 | VOLUME 9 , Smith, Douglas H., Victoria E. Johnson, and William Stewart.

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• Many subsequent case reports/studies have added to a more complete
understanding of the neuropathology associated with repetitive head
injuries
• The human pathology of survival from TBI is best described as a
‘polypathology’, featuring amyloid-β, tau and TDP-43 pathologies,
together with white matter degradation, neuronal loss and
neuroinflammation
– Smith, Douglas H., Victoria E. Johnson, and William Stewart. "Chronic neuropathologies of single and repetitive TBI:
substrates of dementia?." Nature Reviews Neurology (2013).

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)
In Sum:
• The reported neuropathological changes in more recent reports of CTE are
consistent with what had been described years ago in ex-boxers and called
‘dementia pugilistica’ (DP)
• On occasion similar neuropathological changes have been described in
some individuals years after just a single moderate to severe TBI.
• The mechanisms involved in the development of these neuropathological
changes remains an area of active investigation.
Smith, D. H. et al. Nat. Rev. Neurol. 9, 211–221 (2013); published online 5 March 2013; doi:10.1038/nrneurol.2013.29

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• What have we learned from studies of professional boxers.
• CLINICAL

“Punch drunk”
Punch drunk. JAMA
91:1103–1107, 1928
Martland, H (1928) -First to
introduce the term Punch Drunk
into the medical literature

“Dementia
Pugilistica” (DP)
Millspaugh, 1937

Punch-drunk syndromes:
the chronic traumatic
encephalopathy of
boxers. In: Hommage à
Clovis Vincent. Paris.
Critchley, M (1949)
“Chronic Progressive
Traumatic Encephalopathy
Of Boxers” was the term
used in his 1957 paper:

Medical aspects of
boxing, particularly from
a neurological standpoint.
Br Med J 1957; 1: 357
Critchley, M (1957)

“cuckoo”, “goofy”, “cutting
paper dolls”,
“slug nutty”

Sonnes cloches (ringing bells)
Weiche birne (soft pear)
Suonato come unacampana
(ringing like a bell)

“Up to date, my own neurological experience has comprised a series of 69 cases of chronic neurological
disease in boxers. Many of these-perhaps the great majority-should be looked upon as examples of
punch-drunkenness, either early or well established. In only a comparatively few cases does legitimate
doubt occur about the possibility of there being some coincidental and non-related nervous or mental
disease -for example, epilepsy; psychopathy; presenile dementia; cerebral arteriopathy.”
Medical aspects of boxing, particularly from a neurological standpoint. Br Med J 1957; 1: 357

BRAIN DAMAGE IN BOXERS
A.H. ROBERTS, 1969
London, Pittman Medical and Scientific Publishing

• The only truly randomly selected study of
chronic brain damage in ex-professional boxers.
• Examined 224 former boxers drawn from a
population of 16,781 registered from 1929 –
1955.
• Selection was based on records from the British
Boxing Board of Control

A.H. ROBERTS, 1969

• In this the only truly randomized study of ex-professional
boxers the frequency of clinically apparent “traumatic
encephalopathy” was 17%.
• Clinically moderate or severe dysfunction was relatively
rare (6% of the total sample)
• Occupational exposure was a risk factor for development
of the syndrome.
• A 10% frequency for progression in this study differs
significantly from observations made by Critchley and
Johnson.
• Isolated neurologic signs and symptoms are much more
common.

Is CTE an inevitably progressive neurodegenerative
disorder similar to other degenerative dementias?

ROBERTS (CONTINUED)

PROGRESSION OF SYNDROME


CLINICAL PROGRESSION INDEPENDENT OF AGING
NOTED IN

10%
•

PARTICULARLY WITH RESPECT TO EXTRAPYRAMIDAL DYSFUNCTION

PROGRESSION OF SYNDROME
• “ MORE OFTEN THAN NOT”
• 47% (8 OF 17 CASES)

CRITCHLEY, 1957

JOHNSON, 1969

BOTH OF THESE STUDIES WERE COMPROMISED BY SAMPLING BIAS

PROGRESSION OF SYNDROME
• Is CTE an inevitably progressive disorder similar to other
degenerative dementias?
• “Given the comparatively small numbers of cases examined and
potential case-selection bias in these autopsy-based studies, with
limited data available for clinicopathological correlation,
meaningful insight into hierarchical distribution and, in particular,
the potential progression of tau pathology in CTE, must remain
speculative”
Smith, Douglas H., Victoria E. Johnson, and William Stewart. "Chronic neuropathologies of single and repetitive TBI: substrates of dementia?." Nature Reviews Neurology (2013).

Is CTE an inevitably progressive disorder similar to other degenerative dementias?

 The Joint Programme-Neurodegenerative Disease Research (JPND), the largest global research initiative aimed
at tackling the challenge of neurodegenerative disease describes neurodegenerative diseases as:
“.... incurable and debilitating conditions that result in progressive degeneration and/or death of nerve cells…
To avoid confusion the term "neurodegenerative changes" is best used for describing specifically defined
neuropathological changes to not conflate with “neurodegenerative disease."
The National Institute of Environmental Health Sciences (NIEHS)neurodegenerative diseases are described as:
“Neurodegenerative diseases occur when nerve cells in the brain or peripheral nervous system lose function over
time and ultimately die. Although treatments may help relieve some of the physical or mental symptoms
associated with neurodegenerative diseases, there is currently no cure or way to slow disease progression.”

Is CTE an inevitably progressive disorder similar to other degenerative dementias?


"Chronic traumatic encephalopathy (CTE) is a neurodegeneration characterized by the abnormal
accumulation of hyperphosphorylated tau protein within the brain. Like many other
neurodegenerative conditions, at present, CTE can only be definitively diagnosed by post-mortem
examination of brain tissue.” (McKee et al., Acta Neuropathol (2016) 131:75–86)

 The term "neurodegeneration," when used without context, is ambiguous.
• However, "neurodegenerative conditions" as used by the McKee et al. indicate they view CTE
as a neurodegenerative disease
• It is important to understand the difference between identifying "neurodegenerative
pathological changes" and diagnosing a degenerative neurological disease that may contain
these pathological changes to avoid misunderstandings and misdiagnoses.
• The term “neurodegeneration" may be ambiguous without context. Przedborsk et al. (J. Clin.
Invest. 111:3–10 (2003). doi:10.1172/JCI200317522.) add clarity: "neurodegeneration corresponds
to any pathological condition primarily affecting neurons. In practice, neurodegenerative diseases
represent a large group of neurological disorders with heterogeneous clinical and pathological
expressions affecting specific subsets of neurons in specific functional anatomic systems; they
arise for unknown reasons and progress in a relentless manner."

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

Operational criteria used to make a Clinical Diagnosis of CTE.

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact
Sports (Background)

• The actual number of purported CTE cases reported in the
literature is limited with only a few “groups” reporting most of
the cases.
• There has been no generally accepted operational criteria used
to make a clinical diagnosis of CTE.
• Although there have been proposals:

Neurology 81 September
24, 2013

“Conclusions: This suggests there are 2 major clinical presentations of CTE, one a
behavior/mood variant and the other a cognitive variant. “
Neurology 2013;81:1122–1129

CLINICAL SYNDROME
•A variable combination of:
o Cerebellar Signs- balance difficulties, slurred speech
o Extrapyramidal Signs- rigidity, difficulty with
initiation and speed of movements, tremor, postural
instability

o Pyramidal Signs- stiffness/spasticity, weakness
o Cognitive Impairment- difficulties memory,
language, skilled movement, recognition, planning,
organizing, integrating information

o Personality/Behavioral Changes
o AT TIMES PROGRESSIVE

Adapted from Jordan BD.: Chronic traumatic brain injury associated with boxing.
Semin Neurol., 2000; 20(2): 179-85.

Clinical Criteria for CTE*

* Adapted from Jordan BD.:

Chronic traumatic brain injury associated with boxing. Semin Neurol., 2000;
20(2): 179-85.

• PROBABLE:
– Any neurological process characterized by two or more of
the following conditions:
• Dementia
• Cerebellar dysfunction
• Pyramidal tract dysfunction
• Extrapyramidal dysfunction
• Behavioral Changes
– That is clinically distinguishable from any other disease
process and consistent with the clinical description of CTBI.

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

Clinical Criteria for CTE*

* Adapted from Jordan BD.:

Chronic traumatic brain injury associated with boxing. Semin Neurol., 2000;
20(2): 179-85.

• POSSIBLE:
– Any neurological process that is consistent with the clinical
description of CTE, but can potentially be explained by
another neurological disease.
• IMPROBABLE:
– Any neurological process that is inconsistent with the
clinical description of CTE and can be explained by a
pathophysiological process unrelated to trauma.

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

•

Most of the reports on the neuropathological changes and clinical
syndromes associated with CTE involved individuals exposed to multiple
concussive or subconcussive head traumas
• Participating in collision sports or
• Working in occupations at risk for repetitive head traumas from
either direct or indirect forces.

• However, there have been reports of similar neuropathological changes
following single severe trauma
• As well as in an individual with no history of head traumas.
Lili-Naz Hazrati et al. Chronic Traumatic Encephalopathy-like Neuropathological Findings
Without a History of Trauma. International Journal of Pathology and Research, March 2017

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

Lili-Naz Hazrati et al. Chronic Traumatic Encephalopathy-like Neuropathological Findings Without a History of Trauma. International Journal of
Pathology and Research, March 2017

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

Relationship Between CTE and Concussive/Sub-concussive Exposure in Contact Sports (Background)

Chronic Traumatic Encephalopathy-Like Abnormalities in a
Routine Neuropathology Service



A prospective study during routine medicolegal autopsies of 111 brains (age 18–60 years) were
examined for the presence of tau-immunoreactive deposits, staged according to published
criteria and correlated with the medical history:
CTE-like changes:
72/111 cases were negative for CTE-like changes
34/111 were CTE stage <1
3/111 were CTE stage 1
2/111 were CTE stage 2

Conclusions:
•

Thirty-Five percent of the adult population <60 years old that have at least minimal CTE-like changes
–

•

Usually (but not always) associated with histories of head injury and/or substance abuse.

This broadens the susceptibility to CTE beyond athletes and military personnel toward the general population.

• It does not help to address the question of whether CTE-like changes represent early features of a
neurodegenerative disease.
J Neuropathol Exp Neurol Vol. 75, No. 12, December 2016, pp. 1145–1154

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis
of Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86
The first consensus workshop occurred in Boston on February 26 and 27, 2015.

Report from the First NIH Consensus Conference to Define the Neuropathological
Criteria for the Diagnosis of Chronic Traumatic Encephalopathy
Acta Neuropathol (2016) 131:75–86

• The first consensus workshop occurred in Boston on February 26 and 27,
2015.
• Discussions led to refinements in the provisional neuropathological criteria for
CTE, as well as “best practice” recommendations for neuropathologists
examining brains for evidence of CTE.

Required criteria for pathological diagnosis of CTE:
 Regional distribution of tau aggregates.
 The pathognomonic tau lesion in CTE is an abnormal perivascular
accumulation of tau in neurons, astrocytes, and cell processes in an
irregular pattern at the depths of the cortical sulci.
 This feature is considered the most specific for CTE, and the one
that distinguishes the disorder from the other tauopathies.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy (Acta Neuropathol (2016) 131:75–86)

 It was pointed out that many other abnormalities have been observed,
particularly in more severely affected brains including:
Frequent evidence of TDP-43-immunoreactive neuronal cytoplasmic
inclusions
Amyloid pathologies
Severe hippocampal neurofibrillary degeneration, including
extracellular tangles best seen with silver stains.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Supportive criteria for a diagnosis of CTE:

(The group also defined supportive pathological features that were frequent in CTE brains, particularly in the more severely affected
cases. These include):

1. Macroscopic abnormalities in the septum pellucidum
(cavum, fenestration), disproportionate dilatation of
the 3rd ventricle or signs of previous brain injury
2. Abnormal tau immunoreactive neuronal lesions
affecting the neocortex predominantly in superficial
layers 2 and 3 as opposed to layers 3 and 5 as in AD
3. Abnormal tau (or silver-positive) neurofibrillary lesions
in the hippocampus, especially in CA2 and CA4 regions,
which differ from preferential involvement of CA1 and
subiculum in AD

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Supportive criteria for a diagnosis of CTE (continued):

4. Abnormal tau immunoreactive neuronal and astrocytic
lesions in subcortical nuclei, including the mammillary
bodies and other hypothalamic nuclei, amygdala,
nucleus accumbens, thalamus, midbrain tegmentum
and substantia nigra
5. Tau immunoreactive in thorny astrocytes in subpial
periventricular and perivascular locations

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Exclusions to the diagnosis of primary CTE:
1. CA1 predominant neurofibrillary degeneration in the hippocampus in
association with amyloid plaques, as seen in AD
2. Cerebellar dentate cell loss, prominent coiled bodies in
oligodendroglia, and tufted astrocytes as seen in PSP
3. Severe involvement of striatum and pallidum with astrocytic plaques in
cortical and subcortical structures as seen in CBD.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy
Conclusions:
•

“The criteria described above constitute the first step… However, it was noted that, thus far, this pathology has only
been found in individuals exposed to brain trauma, typically multiple episodes. How common this pathology occurs
at autopsy and the nature and degree of trauma necessary to cause this neurodegeneration remain to be determined.”

•

“… the investigators identified numerous … areas that need to be addressed”:

– questions about the involvement of spinal cord, neuronal cell loss, gliosis, inflammation, hemosiderin deposition, specific
pathologic stages of the disorder, further characterization of amyloid and TDP-43 pathologies, etc. “

•

“It is also especially important for the community to understand that it is not yet possible to correlate clinical symptoms or
future brain health with the signature pathologic feature of CTE. NIH, again with funding from the Foundation for NIH Sports
Health Research Program, issued a solicitation for teams of clinical and imaging investigators to address this important issue
in persons with neuropsychiatric symptoms and history of multiple concussion to attempt to determine the core clinical
symptoms of CTE and how they progress over time.”

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Reminder: Required criteria for pathological diagnosis of CTE:
 Abnormal tau immunoreactivity in neurons and glia
 In an irregular, focal, perivascular distribution
 At the depths of cortical sulci

Report from the First NIH Consensus Conference to Define the Neuropathological
Criteria for the Diagnosis of Chronic Traumatic Encephalopathy
Acta Neuropathol (2016) 131:75–86

• The first consensus workshop occurred in Boston on February 26 and 27,
2015.
• Discussions led to refinements in the provisional neuropathological criteria for
CTE, as well as “best practice” recommendations for neuropathologists
examining brains for evidence of CTE.

Required criteria for pathological diagnosis of CTE:
 Regional distribution of tau aggregates.
 The pathognomonic tau lesion in CTE is an abnormal perivascular
accumulation of tau in neurons, astrocytes, and cell processes in an
irregular pattern at the depths of the cortical sulci.
 This feature is considered the most specific for CTE, and the one
that distinguishes the disorder from the other tauopathies.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

 It was pointed out that many other abnormalities have been observed,
particularly in more severely affected brains including:
• Frequent evidence of TDP-43-immunoreactive neuronal cytoplasmic inclusions
• Amyloid pathologies
• Severe hippocampal neurofibrillary degeneration, including extracellular tangles best
seen with silver stains.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Supportive criteria for a diagnosis of CTE:

(The group also defined supportive pathological features that were frequent in CTE brains, particularly in the more severely affected
cases. These include):

1. Macroscopic abnormalities in the septum pellucidum
(cavum, fenestration), disproportionate dilatation of
the 3rd ventricle or signs of previous brain injury
2. Abnormal tau immunoreactive neuronal lesions
affecting the neocortex predominantly in superficial
layers 2 and 3 as opposed to layers 3 and 5 as in AD
3. Abnormal tau (or silver-positive) neurofibrillary lesions
in the hippocampus, especially in CA2 and CA4 regions,
which differ from preferential involvement of CA1 and
subiculum in AD

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Supportive criteria for a diagnosis of CTE (continued):

4. Abnormal tau immunoreactive neuronal and astrocytic
lesions in subcortical nuclei, including the mammillary
bodies and other hypothalamic nuclei, amygdala,
nucleus accumbens, thalamus, midbrain tegmentum
and substantia nigra
5. Tau immunoreactive in thorny astrocytes in subpial
periventricular and perivascular locations

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Exclusions to the diagnosis of primary CTE:
1. CA1 predominant neurofibrillary degeneration in the hippocampus in
association with amyloid plaques, as seen in AD
2. Cerebellar dentate cell loss, prominent coiled bodies in
oligodendroglia, and tufted astrocytes as seen in PSP
3. Severe involvement of striatum and pallidum with astrocytic plaques in
cortical and subcortical structures as seen in CBD.

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86
Conclusions:
•

“The criteria described above constitute the first step… However, it was noted that, thus far, this pathology has only
been found in individuals exposed to brain trauma, typically multiple episodes. How common this pathology occurs
at autopsy and the nature and degree of trauma necessary to cause this neurodegeneration remain to be determined.”

•

“… the investigators identified numerous … areas that need to be addressed”:

– questions about the involvement of spinal cord, neuronal cell loss, gliosis, inflammation, hemosiderin deposition, specific
pathologic stages of the disorder, further characterization of amyloid and TDP-43 pathologies, etc. “

•

“It is also especially important for the community to understand that it is not yet possible to correlate clinical symptoms or
future brain health with the signature pathologic feature of CTE. NIH, again with funding from the Foundation for NIH Sports
Health Research Program, issued a solicitation for teams of clinical and imaging investigators to address this important issue
in persons with neuropsychiatric symptoms and history of multiple concussion to attempt to determine the core clinical
symptoms of CTE and how they progress over time.”

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of
Chronic Traumatic Encephalopathy Acta Neuropathol (2016) 131:75–86

Reminder: Required criteria for pathological diagnosis of CTE:
 Abnormal tau immunoreactivity in neurons and glia
 In an irregular, focal, perivascular distribution
 At the depths of cortical sulci

Report from the First NIH Consensus Conference to Define the Neuropathological Criteria for the Diagnosis of Chronic Traumatic Encephalopathy

Acta Neuropathol (2016) 131:75–86

Tau antibody staining of neurons and neurites in perivascular pattern (arrow pointing to blood vessel)

Lower field photo illustrating the focal nature of the tau staining at depth of sulci (asterisk at bottom of sulcus).

Acta Neuropathol (2016) 131:75–86

Focal epicenters at depth of sulci

Perivascular

From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology and Pathology, VA Boston
Healthcare System Boston University School of Medicine Director of the CTE Center Boston University Alzheimer’s Disease Center

Acta Neuropathol (2016) 131:75–86

Cavum septum pellucidum

From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology and
Pathology, VA Boston Healthcare System Boston University School of Medicine Director of the CTE Center Boston
University Alzheimer’s Disease Center

Acta Neuropathol (2016) 131:75–86

Dilated Ventricles

From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology
and Pathology, VA Boston Healthcare System Boston University School of Medicine Director of the CTE
Center Boston University Alzheimer’s Disease Center

Acta Neuropathol (2016) 131:75–86

Marked
Medial Temporal
Lobe Atrophy
From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology and
Pathology, VA Boston Healthcare System Boston University School of Medicine Director of the CTE Center Boston
University Alzheimer’s Disease Center

Acta Neuropathol (2016) 131:75–86

Pallor of SN

From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology and
Pathology, VA Boston Healthcare System Boston University School of Medicine Director of the CTE Center Boston
University Alzheimer’s Disease Center

Hyperphosphorylated tau protein (p-tau)

Acta Neuropathol (2016) 131:75–86

From: Chronic traumatic encephalopathy: Emerging Concepts, Ann C. McKee M.D.-Professor of Neurology and
Pathology, VA Boston Healthcare System Boston University School of Medicine Director of the CTE Center Boston
University Alzheimer’s Disease Center

Relationship Between CTE and Concussive
Exposure in Collision Sports

Relationship Between CTE and Concussive Exposure in Collision Sports

A Reminder: ACUTE TRAUMATIC BRAIN INJURIES

•
•
•
•
•
•
•

Subdural Hematoma (SDH)
Epidural Hematoma (EDH)
Diffuse Axonal Injury (DAI).
Cerebral Contusions.
Subarachnoid Hemorrhage (SAH)
Diffuse Swelling/Vasomotor Instability
CONCUSSION/SUBCONCUSSIVE INJURY

DEFINITIONS OF CONCUSSION/Mild TBI
• Any trauma induced alteration in mental status that may or may not include
loss of consciousness (AAN).
• Any trauma induced alteration in BRAIN FUNCTION that may or may not
include loss of consciousness (adapted from AAN).
• A clinical syndrome characterized by the immediate and post-traumatic
impairment of neural function such as alteration of consciousness,
disturbance of vision or equilibrium, etc. due to brain stem dysfunction.
(Congress of NS).
• A clinical syndrome characterized by the immediate and transient
posttraumatic impairment of neural function (Congress of NS).
• A trauma induced change in mental status with confusion and amnesia with
or without a brief LOC.

Several important points about concussions
• May be caused by either a direct blow to the head or another
mechanism that results in an “impulsive” force transmitted to the
head.
• It may be associated with neuropathological changes, however the
acute symptoms essentially reflect a physiological as opposed to a
macro-structural injury.
• There are significant microstructural changes.
• Conventional neuroimaging is normal.
• LOC is not necessary for the diagnosis

The Organization for Human Brain Mapping (OHBM)

Cubon et.al., OHBM, 2016

The Organization for Human Brain Mapping (OHBM)

Dettwiler et.al. (2014)

Dettwiler et.al. (2014)

Dettwiler et.al. (2014)

Dettwiler et.al. (2014

PROGRESSION OF SYNDROME
• Is CTE an inevitably progressive disorder similar to other
degenerative dementias?
• “Given the comparatively small numbers of cases examined and
potential case-selection bias in these autopsy-based studies, with
limited data available for clinicopathological correlation,
meaningful insight into hierarchical distribution and, in particular,
the potential progression of tau pathology in CTE, must remain
speculative”
Smith, Douglas H., Victoria E. Johnson, and William Stewart. "Chronic neuropathologies of single and repetitive TBI: substrates of dementia?." Nature Reviews Neurology (2013).

Measure of Sparring Exposure
( in all studies )

• Sparring Index
– (Sessions/week) X (rounds/session) X (intensity)*

• Cumulative Sparring Index (CSI)
– (Sparring index) X (# of years actively training for professional boxing)

*Intensity (1=mild………4=similar to bout)

Sharpened Romberg Test (SRT) scoring
The boxer closed his or her eyes and attempted to maintain the tandem position
for 10 seconds.
0= maintained station without sway on the first trial.
1= maintained station with sway on the first trial.
2= maintained station without sway on the second trial.
3= maintained station with sway on the second trial.
4= maintained station without sway on the third trial.
5= maintained station with sway on the third trial.
The boxer was given up to three trials to successfully maintain the tandem position
for 10 seconds with eyes closed and the test was scored as follows:6= could not
maintain station.
0 or 1 scored as “Normal”

Comparison between Jordan et. al. (1996) and Stiller et. al. (2014) Sparring
Investigations
Jordan et. al. N=42

Stiller et. al. N=237

Mean

Range

Mean

Range

Age

25.6

(19-31)

28.5

(18-41)

Duration Pro.
Career (yr)

9.5

(4-20)

3.0

(0-12)

# of Pro Bouts

10

(0-36)

10

(0-55)

Sparring
Exposure
Index

67.0

(12-160)

56.7

(0-450)

Cum. Sparring
Index
(CSI)

682.2

(60-1440)

177.2

(0-1536)

Findings: Jordan et. al. (1996) and Stiller et. al. (2014) Sparring Investigations

• There was an association between
increased sparring exposure and declining
performance on the neuropsychological
tests

• The neuropsychological findings were
comparable with data on the effects of
closed head injury in the general
population.

• There was an inverse association
between sparring exposure and
performance on both tests of cognition
(SDMT) and balance (SRT).
• There was a threshold effect for only
(i.e. there was little, if any, association
at lower CSI but a strong negative
association at higher CSI).

The Professional Fighters Brain Health Study
Abstract at AAN 64th ANNUAL MEETING
Conclusion:
There may be threshold at which continued
repetitive head trauma begins to produce
measurable changes in cognition, despite
volumetric brain changes that can be detected
earlier.

Sparring and Neurological Function in Professional Boxers
• Sparring is significantly more problematic than formal
competition as a risk factor for the development of chronic
neurological sequelae from professional boxing
• Sparring is often not supervised very well or perhaps not at all
• There is an opportunity to decrease this unnecessary exposure
with responsible supervision by a knowledgeable trainer.

“ Naturally History”/ Temporal Course of CTE
Exposure
History

Repetitive (for the most part
sub-concussive) brain trauma
from
 formal competition

EXTENDED PERIOD with
no obvious Neurological
Sequelae

 sparring

Interventions  Limit number of bouts
 Early retirement

 Monitor sparring
 Educate Trainers

 Pretreat with Antiinflammatories /Probiotics

? Window of Opportunity?

Functional
Impairment/Full
Blown CTE.
Usually after
retirement
Supportive Care
(missed
opportunity/too
late)

A MULTISTAGE DISEASE MODEL OF SHORT
& LONG-TERM CONSEQUENCES
FOLLOWING REPETITIVE HEAD TRAUMA

Koerte, Inga K IK (2015). A review of neuroimaging findings in
repetitive brain trauma.. Brain pathology (Zurich, Switzerland). ,
25 (3), p. 318 - 349

COMMON CLINICAL SYMPTOMS OF CONCUSSION
• Loss of Consciousness (LOC) or alteration of
consciousness (e.g. “dinged”)
• Confusion (inability to think with ones customary clarity, coherence and
speed)

• Amnesia
• Attentional deficits
• Headache
• Dizziness
• Blurred vision
• Nausea

• Delivery of a monoclonal antibody targeting the cis P-tau protein
prevented its aggregation in the brain (i.e. prevented formation of
NFTs)
•

In mice, a rise in cis P-tau levels occurred as early as 12 hours after
TBI, but delivery of a monoclonal antibody targeting the protein
prevented its aggregation in the brain up to a half year later-

• "Our current data provide a direct link from TBI to CTE and
Alzheimer's disease, and suggest that cistauosis is a common early
disease mechanism in TBI, CTE, and Alzheimer's disease,… and that
cis P-tau and its monoclonal antibody maybe useful for early
diagnosis, prevention and therapy for these devastating diseases."

