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Learning Objectives

ÅIdentify the key features of the pathognomonic lesion of CTE

ÅDistinguish CTE from other age -related tauopathies

ÅList common co-morbidities of CTE



Paul Pender

Control

World Champion Boxer
Marine

Severe Dementia 
Clinical diagnosis: AD

p-tau

Paul Pender (1930-2003)
First case of CTE at VA/Boston University 

McKee et al. J Neuropath Exp Neurol, 2009 68(7): 709-735

SEVERE TAUOPATHY with no Aß



Chronic Traumatic Encephalopathy (CTE)
Punch drunk Martland JAMA 91:1103ɬ1107, 1928

Chronic Traumatic Encephalopathy Critchley In: Homage a Clovis Vincent, 
Paris, Malonie, 1949

Chronic Traumatic Encephalopathy in Athletes: 
Progressive Tauopathy following Repetitive Head Injury

McKee et al. J Neuropath Exp Neurol, 2009 68(7): 709-735 



45 year old ex-NFL players

Tom McHale John Grimsley
Lineman, 9 years NFL
Retired from NFL at age32
Age 40: businessfailed,

painkillers, short-term
memory problems, depression,
irritability

Age 45: death from overdose

Linebacker, 9 years in NFL
Retired from NFL at age 32
Age 40: short term 

memory problems, attention
and concentration difficulties , 
poor judgment

Age 45: death from accidental GSW



McKee et al. J Neuropath Exp Neurol, 2009 68(7): 709-735 



VA -BU-CLF Brain Bank, 2008-present
To investigate the long-term consequences of TBI

>1250brain donors
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1928
Martland describes the 
clinical syndrome of
άǇǳƴŎƘ ŘǊǳƴƪέ ƛƴ ōƻȄŜǊǎ

1949
Critchley introduces the 
ǘŜǊƳ άŎƘǊƻƴƛŎ ǘǊŀǳƳŀǘƛŎ 
ŜƴŎŜǇƘŀƭƻǇŀǘƘȅέ

1973
Corsellis et al describe 
the clinicopathological 
features in 15 boxers

2005, 2006 
Omalu et al describe 
CTE in 2 NFL players

2009
McKee et al review 49 CTE 
cases in literature; 3 new 
cases w clinicopathological 
findings/ptau immuno

2013
McKee et al criteria 
for pathological 
diagnosis of CTE and 
a staging scheme

2015 
1st NINDS consensus 
confirms pathological 
criteria,  pathognomonic 
lesion

2017
Mez, Daneshvar et al  
JAMA CPC study of 202 
football players, 99% NFL 
players with CTE 

2019 
Mez, Daneshvar et al. 
Dose-response between 
Years of Football and 
CTE

2020 
Quantitative validation of 
McKee staging scheme
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What is CTE?
Chronic traumatic encephalopathy (CTE) is a 
neurodegenerative disease associated with exposure 
to repetitive head impacts (RHI), including 
symptomatic concussions and asymptomatic 
subconcussive injuries, often incurred during contact 
sports.

CTE has been neuropathologically diagnosed in 
American football, rugby, ice hockey, soccer 
players, boxers, wrestlers, and individuals exposed to 
domestic violence, head banging, and blast injuries. 

CTE can only be diagnosed after death by post-
mortem examination. It cannot be diagnosed with 
certainty during life.
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1. Perivascular p-tau lesion (CTE lesion)

McKee et al, The spectrum of disease in CTE, Brain 2013

Diagnostic features of CTE:



Diagnostic features of CTE:

2. CTE lesions are found at the sulcal depths



Stages of Tau Pathology Age at Death

Stage I

Stage II

Stage III

Stage IV

m age: 28.3 + 13 yrs

m age: 44.3 + 16 yrs

m age: 56.0 + 14 yrs

m age: 77.4 + 12 yrs

McKee et al, 2013, Brain
CTE stage significantly correlateswith age at death and 

total numberof years playing football

The method of staging CTE ptau pathology was based on large hemispheric 50-mm-thick slides immunostained 
as free-floating sections for p-tau


