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Abstract

The majority of traumatic encephalopathy syndrome (TES) cases have been reported in former contact sport ath-
letes. This is the first case with TES in a 19-year-old male patient with progressive cognitive decline after daily
domestic physical violence through repeated hits to the head for 15 years. The patient presented with a mod-
erate depressive episode and progressive cognitive decline. Tau positron emission tomography (PET) with
220 MBq of ['®FIPI-2620 revealed increased focal signal at the frontal and parietal white/gray matter border.
Brain magnetic resonance imaging (MRI) showed a cavum septum pellucidum, reduced left-sided hippocampal
volume, and a left midbrain lesion. Cerebrospinal fluid results showed elevated total and p-tau. Neurocognitive
testing at admission showed memory deficits clearly below average, and hampered dysfunctions according to
the slow processing speed with a low mistake rate, indicating the acquired, thus secondary, attentional deficits.
We diagnosed the patient with a TES suggestive of chronic traumatic encephalopathy and classified him as
having subtle/mild functional limitation with a most likely transition to mild dementia within the TES criteria.
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This report underlines child abuse as a relevant criterion in diagnosing TES in cases with repetitive hits to the
head. In addition to clinical markers, we show the relevance of fluid tau biomarkers and tau-PET to support
the diagnosis of TES according to the recently published diagnosis criteria for TES.
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Introduction
A causal correlation between child maltreatment and
mental disorders is well known." The long-term effects
of repeated hits to the head gain increased attention be-
cause of the mounting evidence of tauopathies and
neurodegenerative disorders associated with exposure
to repeated hits to the head.” Recently, a consensus
statement on the diagnostic criteria of traumatic ence-
phalopathy syndrome (TES) was published.” Most
reported cases of TES have been found in former con-
tact sport athletes or military veterans.” Chronic trau-
matic encephalopathy (CTE) has previously been
found post-mortem in victims of physical abuse.*
Here, we report the first case with TES suggestive of
CTE in a 19-year-old male patient after daily domestic
physical violence through repeated hits to the head for
15 years until age 16. The patient presented with a
depressive syndrome, progressive failure in profes-
sional and daily activities over the past 12 months, as
well as subjective, progressive cognitive dysfunction
since approximately 3 years. At admission, there were
severe attentional, concentration (onset at age 7), and
memory deficits (onset at age 12), depressed mood,
reduced activity, rumination, feelings of worthlessness,
negative prospects, and insomnia for 3 years. The
patient reported being neglected, emotionally (blaming,
ridiculing, rejecting, threatening, and frightening) and
physically (repeated hits to the head with her hand,
fist, and sometimes with objects such as a wooden wash-
ing spoon) abused daily by his mother for 15 years based
on self-report as well as next-to-kin reports provided by
his father (Supplementary Table S3).

Methods and Results

We performed a tau-PET (positron emission tomogra-
phy) with 220 MBq of ['®F]PI-2620 that showed an
increased focal PI-2620 binding at the frontal and
parietal white/gray matter border (see Fig. 1). Isolated
cortical areas were observed with moderate focally
increased binding (e.g., frontal gyrus superior left).
Significantly increased binding was observed in the
skull, most likely reflecting bone marrow activation.

Brain magnetic resonance imaging (MRI) showed a
cavum septum pellucidum, reduced left-sided hippocam-
pal volume, and a left midbrain lesion (Fig. 2). Cerebro-
spinal fluid (CSF) results showed elevated total and
p-tau (Supplementary Table S2). Neurocognitive testing
at admission showed memory deficits clearly below aver-
age, and hampered dysfunctions according to the slow
processing speed with a low mistake rate, indicating
the acquired, thus secondary, attentional deficits (Supple-
mentary Table S1). Additional clinical details are pro-
vided in the Supplementary Appendix.

Discussion

This case highlights TES as a relevant differential diag-
nosis in such clinical cases with unclear attention defi-
cit disorder or depression with loss of independence in
daily activities and progressive cognitive burdens in the
context of child abuse.

It remains to be shown that next-generation tau-PET
tracers overcome the limited agreement of ['®F]flortau-
cipir binding with post-mortem neuropathological
findings in CTE. Importantly, some next-generation
tau-PET tracers show a strong affinity to 4-repeat
tau, which is predominantly present in mild disease.’
Thus, [**F]PI-2620° may have more potential to detect
tau deposition in mild CTE cases compared to
["®F]RO-948 and ['*F]MK-6240, which did not indi-
cate relevant binding in 4-repeat tauopathies in vivo
or in vitro.

With brain MRI, presence of a cavum septum pellu-
cidum was revealed, which has previously been
reported in persons at high risk for CTE.” The reported
patient demonstrated a significantly reduced volume
of both hippocampi in comparison to an age-matched
cohort, in synopsis to the otherwise normal parenchy-
mal volume in the other brain regions. This may indi-
cate a subtle, beginning atrophy of the medial temporal
lobes, which again is a potential early in vivo imaging
marker to identify patients at high risk for CTE.®

Given that there are no established biomarkers for
CTE, the lumbar puncture is not necessary for the
diagnosis of TES as per the consensus guideline.
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FIG. 1. Tau-PET. Left, static tau-PET/CT image (20-40 min p.i.) as assessed in clinical routine, indicating
focal lesions of increased tracer uptake at the frontal and parietal white/gray matter border (*¥) and elevated
skull uptake (white arrows). Right, parametric semiquantitative tau-PET images derived from the full 60-min
scan (DVR), upon an MRI template (masked extracerebral structures). Upper row shows the patient, lower
row shows a tau-negative control (47 years, male). Semiquantitative comparison confirmed elevated focal
tau-PET signal predominantly observed at the white/gray matter border in the patient. A dynamic 60-min
PET emission was recorded upon bolus (10-sec) tracer injection using a Siemens Biograph 64 PET/CT
scanner (Siemens Healthineers, Erlangen, Germany). A low-dose CT served for attenuation correction.
Imaging data were reconstructed using an iterative OSEM3D algorithm and binned into 35 frames (12 x5,
6% 10s, 3x20s, 7x60s, 4x300s, 3 x600s). Multi-linear reference tissue modeling 2 was performed using the
cerebellum (excluding the dentate nucleus and superior layers) as a reference tissue. For simplified
quantification, the 20- to 40-min SUV was calculated. Parametric data of the patient were visually compared
to a cognitively unimpaired 47-year-old male after projection upon an MRI template. CT, computed
tomography; DVR, distribution volume ratio; MRI, magnetic resonance imaging; PET, positron emission
tomography; SUV, standard uptake value.
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FIG. 2. Brain MRI. Brain MRI showing a left midbrain lesion: an axial 2-mm reformation of the 3D T2 sequence
(A) with a faint crescenteric focus of T2 signal hyperintensity (red oblique arrow). This correlates with the T1 signal
hypointensity (red oblique arrow) of the 3D T1 GRE sequence (B). Further, an axial 2-mm reformation of the 3D T2
sequence (C) revealed the presence of a cavum septum pellucidum (total length, 14 mm; vertical red arrow). The
coronal 2-mm reformation of the 3D T2 sequence (D) shows subtle widening of the temporal horns of the lateral
ventricles bilaterally and a slight reduction in volume of the hippocampi (red oblique arrows). Brain MRI was
performed using the following sequences: 3D T1 gradient echo (GRE); 3D diffusion tensor imaging (DTI); 3D T2
turbo spin echo (TSE); 3D fluid-attenuated inversion recovery (FLAIR); coronal T2-weighted (2-mm slice thickness);
axial T2*; and SWI. Images were assessed using a structured report based on the NINDS Common Data Elements
(CDEs) for traumatic brain injury. Automated volumetric segmentation was performed using the 3D T1 GRE
sequence and the software-tool md.brain v1.1.1, which compares individual values to a normative database
comprised of several thousand persons 18-92 years of age while accounting for age, sex, and intracranial volume.
3D, three-dimensional; MRI, magnetic resonance imaging; NINDS, National Institute of Neurological Disorders and
Stroke; SWI, susceptibility weighted imaging.
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However, obtaining values for biomarkers of neurode-
generation (neurofilament light chain; NfL), in both
CSF and plasma, allowed us to measure both the pres-
ence and have a baseline value to track future develop-
ment of neuronal injury, given that both the absolute

values of CSF and plasma NfL as well as the rate of
change in NfL have been found to be increased in neu-
rodegenerative disorders.” In addition, the increased
CSF tau concentrations suggest central nervous system
tau pathophysiology, which is a defining feature of
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CTE," although the link between tau pathology in CTE
and CSF tau biomarkers has not yet been established.'®

Conclusion

Our findings showed the clinical relevance of the addi-
tional diagnostics, including modern tau biomarkers
and tau-PET, to investigate the suspicion of TES
according to the recently published diagnosis criteria
for TES, given that we found several surrogates of tau
accumulation in the brain even in this adolescent pati-
ent. The value of next-generation tau-PET tracers
should be evaluated in cases of suspected TES, given
that the combination of neuroimaging, fluid biomark-
ers, and monitoring of neurobehavioral symptoms
may strengthen the diagnosis of TES at an early
stage. We encourage clinicians to consider TES as a dif-
ferential diagnosis when diagnosing a patient with
unspecific symptoms and a history of exposure to rep-
eated hits to the head. Further, we suggest expanding
the current version of the diagnostic criteria of TES’
to include repeated hits to the head in the context of
physical abuse.
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CSF = cerebrospinal fluid
CTE = chronic traumatic encephalopathy
MRI = magnetic resonance imaging
NfL = neurofilament light chain
PET = positron emission tomography
TES = traumatic encephalopathy syndrome
o _/
~

Publish in Neurotrauma Reports

Moo = [mmediate, unrestricted online access

Reports

auma . )
= Rigorous peer review

= Compliance with open access mandates
= Authors retain copyright

= Highly indexed

= Targeted email marketing

liebertpub.com/neur



http://www.liebertpub.com/neur

