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Progressive Focal Gray
Matter Volume Loss in a
Former High School
Football Player: A Possible
Magnetic Resonance
Imaging Volumetric
Signature for Chronic
Traumatic Encephalopathy

Cyrus A. Raji, M.D., Ph.D.’,
David A. Merrill M.D., Pbh.D.’,
Jorge R. Barrio, Ph.D.,
Bennet Omalu, M.D., M.P.H.,
Gary W. Small, M.D.

Here a case is presented of a 5 1-year-old former bigh
school football player with multiple concussions, in-
cluding one episode with loss of consciousness. The
patient experienced 6 years of cognitive and mood
decline, and bis wife corroborated increasing memory
loss, attentional difficulties, and depressed mood without
suicidal ideation. He had been unable to maintain full-
time employment because of progressive decline. Based
on his presentation, he bhad been previously diag-
nosed with attention deficit hyperactivity disorder and
bipolar disorder, type II. Neuropsychological tests in-
dicated domain-specific cognitive impairment, and
longitudinal volumetric magnetic resonance imaging
(MRID) of the brain showed progressive brainstem, di-
encephalic, and frontal lobe atrophy. This regional
volume loss correlated with the increased signal seen
on tau and amyloid imaging (FDDNP-PET scan) of a

separate case of suspected chronic traumatic encepba-
lopathy (CTE).Visual assessment of the MRI also showed
evidence of old petechial hemorrbages in the frontal
and temporal-parietal lobe white matter. This case raises
the possibility of distinct quantitative and visual brain
MRI findings in suspected CTE. (Am J Geriatr Psychia-
try 2016; HN:HE-EN)

Key Words: CTE, volumetric MRI, Neuroreader, FDDNP,
brain PET

INTRODUCTION

The relationship between American football and trau-
matic brain injury (TBI) has occupied an increasing
focus in both the scientific literature and public dis-
course. Initial interest dates back almost a century to
the description of the so-called punch drunk
syndrome.' Even comparatively recent literature has
pointed to specific memory deficits in football players
after concussions sustained on the field.? However, it
was only in the last decade where a pathologic basis
for neuropathology related to contact sports—
specifically football—was suggested with the
description of chronic traumatic encephalopathy
(CTE).”* Additional postmortem cases suggest that a
potentially high percentage of professional football
players may have CTE.” Recent evidence also points
to the presence of CTE in college football players, with
at least one pathologically proven case in a 25-year-
old former college football player.® Thus, although CTE
has been predominantly described in former Nation-
al Football League players, the presence of pathology
in nonprofessional football players is largely unknown.

Concurrently, there has been developing interest
in premortem diagnosis of CTE. Imaging has been a

Received May 6, 2016; revised July 6, 2016; accepted July 15, 2016. From the Departments of Radiology (CAR); Psychiatry and Biobehavioral
Sciences (DAM, GWS); Molecular and Medical Pharmacology (JRB), David Geffen School of Medicine at University of California, Los Angeles,
CLA, Los Angeles, CA; and Department of Pathology (BO), University of California Davis Medical Center, Davis, CA. Send correspondence
and reprint requests to Dr. Cyrus A. Raji, David Geffen School of Medicine at UCLA, Department of Radiology, 10751 Wilshire Blvd. Unit

608, Los Angeles, CA 90024. e-mail: cyrusraji@gmail.com
These authors contributed equally to this work.

© 2016 American Association for Geriatric Psychiatry. Published by Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/jjagp.2016.07.018

Am ] Geriatr Psychiatry HIN:HE, HE 2016


mailto:cyrusraji@gmail.com
http://dx.doi.org/10.1016/j.jagp.2016.07.018

Progressive Focal Gray Matter Volume Loss in a Former High School Football Player

particularly powerful application, with positron
emission tomography (PET) scans using 2-
(1-{6-[(2-[F-18] fluoroethyl) (methyl)amino]-2-
naphthyl}jethylidene)malononitrile (FDDNP) revealing
high signals in the brainstem, amygdala, and orbital
frontal cortex.”® These same brain region show high
tau accumulation in autopsy cases of CTE. Diffusion
tensor imaging has also suggested abnormalities in
fractional anisotropy in patients with depression and
anxiety after TBL.” Volumetric magnetic resonance
imaging (MRI) has shown promise in identifying
regionally specific volume loss in TBL'" but no known
case examples are presented in the literature.

MR volumetrics quantify the size of brain struc-
tures. Currently, several U.S. Food and Drug
Administration—cleared algorithms allow rapid, real-
world quantification of clinical cases." One newer U.S.
Food and Drug Administration—cleared algorithm,
Neuroreader (Brainreader ApS, Horsens, Denmark),"
produces volumes of 45 different brain structures and
shows agreement with manual hippocampal segmen-
tation at both 1.5-T and 3.0-T field strengths. Here we
describe the case of an individual with football-
related cognitive and psychiatric symptoms. We applied
Neuroreader to longitudinal scans done 4 years apart.
The imaging and clinical findings are presented here
followed by a contextual review of the literature.

CASE PRESENTATION
Informed Consent

After an initial discussion with the patient and his
wife, the case report was drafted, and the patient and
his wife personally reviewed the contents, offering
feedback for improvement. Subsequently, the patient
met with two co-authors (C.R. and D.M.) to ask
questions about the manuscript submission process
and to review the results of the patient’s imaging,
including the figures used for this report. Then, both
the patient and his wife signed a consent form agree-
ing to the publication of this report with full
understanding that they could retract such consent
before publication. The UCLA Institutional Review
Board was consulted regarding this report; however,
the UCLA Institutional Review Board does not require
approval of retrospective case studies involving less
than three patients.

History of Present Illness

The patient is a 51-year-old married man without de-
velopmental problems or prior psychiatric history who
presented to our cognitive health clinic in 2016 with
an approximately one decade history of problems with
mood lability, attention, and short-term memory. He
also reported increased impulse control issues over this
same period. He described having to “jumpstart” his
brain each morning by playing online chess and/or
exercising to avoid episodes described as “cognitive
voids” during which he cannot think clearly, and it was
hard for him to remember things. His wife corrobo-
rated this history, adding that the patient experienced
increasing difficulty maintaining his job performance
in sales over this time period because of progressive
deficits in concentration. They presented to our cog-
nitive health clinic seeking clarity on the cause(s) of
his symptoms, his diagnoses, and estimation of his
prognosis.

TBI History

The patient played football in high school for 3 years
as a starting running back and defensive end. He was
also a member of the special teams unit. Each of his
three seasons consisted of approximately 10 games, plus
full-contact practice 5 days a week from August through
November (4 months per year). He went to a small high
school; thus, he played “both ways,” starting on both
offense and defense, plus participating in kickoffs and
punt returns. Thus, he frequently played entire games
without rest. During these games, he sustained mul-
tiple repetitive hits. As part of the patient’s high school
football training, he was taught to go “head to head”
in his play, projecting his head forward to absorb
impacts. It was seen as a positive to have “a lot of nicks
on your helmet from the opposing players.” He esti-
mated that, on average, he would sustain half a dozen
noticeable blows to the head per game (for example,
a hard head-to-head hit during a play or hitting the
ground hard when tackled). Each practice included an
average of three hard hits to the head. Thus, an esti-
mate of the total number of head impacts for the patient
across his high school career is about 900 (180 during
games, plus 720 during practices).

At age 17, he had at least one major concussion
leading to loss of consciousness of unknown dura-
tion. This happened during an opening kickoff return.
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He was later told by his teammates that when he re-
gained consciousness in the middle of the field, he got
up and ran to the opponents’ sideline bench by mistake.
Despite this error, he was not taken out of the game
and in fact played the entire game. He recalled expe-
riencing dissociative sensations during the game, as
if he were “watching himself play.” That same week,
the patient experienced headaches and difficulty sleep-
ing but did not see a physician.

Before high school the patient played junior “Pee
Wee” football at age 12 for 1 year but did not recall
any concussive episodes during this time. The patient
also boxed recreationally with friends from ages 11 to
13 years, but he also did not recall any concussions or
loss of consciousness during this activity. After high
school, the patient was on his college team, but al-
though he participated in summer training camps, he
did not start in any college games.

Psychiatric and Medical History

The patient’s first psychiatric contact was in 2004
when he sought treatment after the onset of the symp-
toms described in the history of present illness (see
above). Based on his presentation, he was given diag-
noses of attention deficit hyperactivity disorder and
bipolar disorder, type II. He did not have any child-
hood history of attention deficit hyperactivity disorder,
any history of major depressive episodes or hypoma-
nia, or any history of psychiatric hospitalizations. The
patient has not had any suicidal ideation or suicide at-
tempts. He has a medical history of coronary artery
disease status postplacement of two bare metal stents.

Social History

The patient had normal growth and development
without learning disabilities. He did well in grade
school and high school. The patient achieved 16 years
of education and graduated from college with a degree
in accounting. He has no history of military service.
He had experienced a recent weight gain of 10 pounds
and reported exercising several times per week with
aerobics and strength training. According to the patient
and his wife, he eats salmon two to three times a week,
with flax and chia seeds. He is a nonsmoker and has
no history of drug or alcohol abuse.
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Family History

There was a history of myocardial infarction and
alcohol abuse in his father, who died when patient was
8 years old. The patient’s mother experienced intense
emotional stress after the death of her husband but had
no formal psychiatric diagnosis.

Medications

The patient takes dextroamphetamine/amphetamine
salts for concentration, escitalopram and trileptal for
mood, and memantine for cognition, as well as
atorvastatin and clopidrogrel for coronary artery
disease. The patient also takes vitamin B complex and
omega-3 fatty acid supplements.

Laboratory Measurements

Routine blood work, including complete blood count,
vitamin By,, and thyroid-stimulating hormone levels,
did not show any abnormalities.

Neuropsychology Tests

Computerized neuropsychological testing'® re-
vealed globally normal cognitive function with domain-
specific abnormality of impaired executive function,
including a Stroop test result" in the 16th percentile.
Memory performance was in the normal range (55th
percentile).

Neuroimaging

The patient received two brain MRI scans, one in
2012 and one in 2016. Both scans were acquired with
noncontrast Tl-weighted three-dimensional
magnetization-prepared rapid gradient-echo sequences
on a 3-T MRI scanner. These images were then input-
ted into Neuroreader for volumetric analyses.
Additional sequences included T2-weighted, fluid-
attenuated inversion recovery, and gradient echo
imaging.

Figure 1 shows Neuroreader results with abnormal-
ly low brainstem volumes, approximately two standard
deviations lower than the software control group mean.
Visual inspection of the images indicated areas of T1
hypointense and T2 hyperintense foci of encephalo-
malacia in the midbrain of the brainstem, consistent
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FIGURE 1.

MRI at year 4. Brainstem volume loss on Neuroreader quantitative volumetrics, with brainstem volume at
approximately two standard deviations below the mean. Subtle, but multifocal, encephalomalacia of the midbrain is
seen on T1-weighted images, with corresponding T2, and partial rim of fluid-attenuated inversion recovery (FLAIR)

hyperintensity, seen.

Structures Vol ml Vol/mTIV ratio (%)|95% Conf Interval Z-score
Left Pallidum 1.91 0.09 1.79-2.05 -0.14
Caudate 8.24 0.41 6.46 - 7.75 3.54
Right Caudate 3.97 0.20 3.22-3.86 2.76

Left Caudate 4.27 0.21 3.23-3.90 4.15
Brain Stem 20.63 1.01 20.71 - 22.61 -2.18
Frontal Lobe 418.10 20.54 412.64 - 440.53 -1.22
Right Frontal Lobe 207.16 10.18 205.54 - 219.47 -1.54

Left Frontal Lobe 210.94 10.36 206.96 - 221.21 -0.88

T1 Weighted

T2 Weighted

FLAIR

FIGURE 2. [A] Increased FDDNP signal in the midbrain on
brain PET of an NFL player with suspected CTE.
This correlates to the midbrain volume loss in
the case we present [B], from the year 4 MRI
brain scan of our patient. (Panel A adapted from
Barrio et al., 2015.).

with atrophy. One of the foci on the right showed a
faint crescenteric focus of fluid-attenuated inversion re-
covery signal hyperintensity consistent with an old
trauma. Figure 2 highlights the correlation between this
regional atrophy and the known distribution of ab-
normally high signal on a separate case of suspected
CTE, as imaged with the FDDNP-PET tracer. Figure 3

shows bifrontal volume loss with corresponding de-
creased mean volumes on Neuroreader output. Figure 4
shows blood products from old trauma in the right
deep frontal white matter and basal ganglia (A) and
areas of gliosis in the right superior frontal gyrus and
left gyrus rectus (B and C). Figure 5 shows images of
a cavum septum pellucidum and small foci of volume
loss in the parietal-temporal white matter.

Table 1 shows the longitudinal structural changes
over the 4 years between the two MRI scans. Total gray
matter volume decreased by 14%, with the largest de-
creases seen in the midbrain, ventral diencephalon, and
the frontal lobes. The patient did not have any volume
loss in either the temporal or parietal lobes. No other
areas of abnormally low volumes were calculated.

DISCUSSION

This case documents what may be the first known
example of longitudinal regional atrophy in a former
high school football player with suspected CTE.
Because a definitive diagnosis of CTE can only be made
by autopsy, the patient’s diagnosis remains uncer-
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FIGURE 3. Axial T1-weighed MRI from year 4, showing bifrontal volume loss with matching decreased volumes on quantitative
MRI. Overall, the frontal lobe volumes measure 1.22 standard deviations below the mean.

Structures Vol ml Vol/mTIV ratio (%) |95% Conf Interval Z-score
Frontal Lobe 418.10 20.54 412.64 - 440.53 -1.22
Right Frontal Lobe S 207.16 10.18 205.54 - 219.47 -1.54
Left Frontal Lobe 210.94 10.36 206.96 - 221.21 -0.88

FIGURE 4. [A] Petechial hemorrhage in the right extreme capsule (arrow), seen as a focal area of susceptibility on gradient echo
imaging, from year 4 MRI. Bilateral hemosiderin staining in the posterior limbs of the internal capsule bilaterally are
also suggestive of remote prior trauma. [B and C] Fluid-attenuated inversion recovery signal hyperintensities, most
consistent with old petechial hemorrhage in the right superior frontal gyrus and left gyrus rectus, respectively.

tain, but the history, progressive cognitive and mood
decline, along with longitudinal brain atrophy make
the possibility of CTE likely. Other supportive infor-
mation is the correlation between the most severe
regional volume loss and known areas of increased
FDDNP-PET signal in a separate suspected case of CTE,
which is consistent with multiple other reports, as well

Am ] Geriatr Psychiatry HIN:HE, HE 2016

as regions of tau accumulation in autopsy-confirmed
cases of CTE.”®

The longitudinal progression of atrophy is
also in keeping with knowledge of CTE as a
neurodegenerative process. The fact that hippocam-
pal atrophy was not demonstrated in the patient scan
is reassuring that the patient does not suffer from Al-
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FIGURE 5. [A] Year 4 MRI shows a cavum septum pellucidum and vergae. [B and C] Areas of old white matter damage (red

circles), most likely from old petechial hemorrhages.

TABLE 1. Longitudinal Brain Structural Changes

Volumes* (mL)

Percent
Region Year 1 Year 4 Change
Total gray matter 616.8 530.7 -14
Brainstem 21.1 20.6 -2.7
Ventral diencephalon 12.6 11.3 -10.3
Frontal lobes 418.1 403.5 -3.6
Amygdala 3.23 3.24 +0.3
Hippocampus 9.02 9.49 +5.2

Note: *Average of right and left hemisphere volumes for frontal
lobes, ventral diencephalon, amygdala, and hippocampus.

zheimer dementia.”” The normal temporal lobes are also
strongly suggestive that the patient does not suffer from
frontotemporal dementia." The combination of both
psychiatric and executive function deficits is in keeping
with the known symptoms of CTE'" and matches the
frontal lobe atrophy seen both qualitatively and quan-
titatively in this patient. It is also important to note the
sensitivity of volumetric MRI for detecting atrophy with
longitudinal scans."

An additional MRI finding supporting possible
CTE is a cavum septum pellucidum, a finding that,
although itself nonspecific, has been seen in persons
with CTE with a history of contact sports."” Although
the patient was given a presumptive bipolar disorder
diagnosis, volume loss associated with this disorder
has been reported in the hippocampus and
cerebellum,” both of which showed normal volumes
in this patient. The normal hippocampal volume is
consistent with the patient’s preserved memory func-

tion and healthy lifestyle behaviors, such as fish
consumption and physical exercise.”’ Additionally,
the lack of amygdala atrophy is consistent with
absence of suicidal ideation or attempts, as well as
adequate treatment of psychiatric symptoms from
any concussion-related brain damage. Indeed, prior
research suggests that football-related head trauma
may be potentially reversed with a comprehensive
treatment approach.”

The findings of this one case report are prelimi-
nary. Additional studies, with comparisons with a
control group, are required to see if these MRI find-
ings apply at a group level. Additionally, correlation
with amyloid and tau imaging is important, although
such methods are not part of standard clinical prac-
tice. However, if replicated, these findings may
constitute a specific MR volumetric signature of CTE.
Volumetric MRI is also important for ruling out other
conditions such as Alzheimer disease and frontotem-
poral dementia.

The idea of reform in football is not new. In 1904,
18 college football players died from field play and
159 were seriously injured, leading to new rules
suggested by President Theodore Roosevelt himself
for safer play and the eventual creation of the Nation-
al Collegiate Athletic Association to protect players.”
Ongoing attempts to enact new concussion protocols
are vital in the protection of players at all levels,
from high school to college to the professional level.
Our work, taken together with prior literature, sug-
gests that additional protection for football players at
all levels is critical. Because contact sports such as
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football continue to be played, serious consideration
will need to be rendered regarding applying quanti-
tative imaging, neuropsychology testing, and functional
medical assessments at baseline and follow-up for
contact sport participants to successfully identify and
treat those suffering from TBI and suspected CTE.

Raji et al.
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