EDITORIALS

Imaging Studies of Traumatic Brain Injury
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Imaging studies of traumatic brain injury (TBI) have several
major goals: to develop methods that detect neurotrauma-
related brain abnormalities with high sensitivity and speci-
ficity, especially when routine neuroimaging is unrevealing;
to identify prognostic biomarkers, including abnormali-
ties that portend the development of adverse neurological,
neuropsychiatric, and/or functional outcomes; and to ad-
vance our knowledge of task-associated brain function and
dysfunction in a manner that elucidates the pathophysiology
of TBI and its consequences. This quickly expanding liter-
ature, in general, suffers from a lack of consistency of tech-
niques, methods of analysis, and subject exclusion and inclusion.
These inconsistencies make it difficult to determine whether
neuroimaging abnormalities identified in such studies are
attributable to TBI, a co-occurring condition, a preinjury
condition, or some combination of conditions. The cross-
sectional design of most such studies also precludes conclu-
sions about the permanence or transience of the findings, and
at best allows only inference on the meaning of abnormalities
in terms of TBI-induced changes in brain structure and/or
function.

The study by Ponto et al. in this issue of the Journal of
Neuropsychiatry and Clinical Neurosciences is a preliminary
examination of veterans from Operation Iraqi Freedom/
Operation Enduring Freedom (OIF/OEF). Importantly, they
assessed two measures of interest: evaluating a risk factor for
Alzheimer disease (AD) (amyloid deposition) and measuring
cerebral blood flow (CBF) in participants with and without
a history of TBI (8 and 11 individuals, respectively).! They
found that amyloid burden was similar, but those with a TBI
had lower CBF. Assessments of cognition, depression, and
posttraumatic stress disorder (PTSD) did not differ between
groups, and there was no indication of whether those two
groups were symptomatically distinguishable.

Several studies have demonstrated that TBI increases risk
of developing AD. One hypothesized mechanism is that TBI
promotes the deposition or inhibits clearance of amyloid.?
It is important to note that in studies of individuals looking
for risk of AD, many individuals who demonstrate amyloid
on positron emission tomography (PET) of the brain—using
Pittsburgh compound B (PIB), for example—do not have and
may not necessarily develop AD. Amyloid on ["'C]PIB PET
therefore carries a relatively high false positive rate in re-
lation to diagnosing AD or pre-AD status, and the presence
of amyloid after TBI does not necessarily portend AD.> By
contrast, the absence of amyloid on PIB imaging studies may
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be useful as a marker of brain health and, possibly, reduced
risk of AD (i.e., has negative predictive value for AD).

In the Ponto et al. study, [''C]PIB PET was used to
evaluate amyloid burden and the hypothesis that amyloid
burden (and, by implication, risk of amyloid-related neuro-
degeneration) is associated with TBI and time since injury.
Their findings did not support this hypothesis: amyloid
burden did not differ between those with and without his-
tories of TBI, and the extent of amyloid burden was not in
the pathological range in either group. They note that this
finding is consistent with prior studies that failed to support
the hypothesis that TBI is associated with progressive am-
yloid deposition.*® It is noteworthy that a risk factor for
amyloid deposition in general® and after TBI,”"® APOE4
genotype, was not used as a risk stratifier in this study and
may be relevant to the dynamics of amyloid deposition and
clearance after TBI. If the participants in this study under-
represent APOE4 carriers relative to the general population,
it is possible that this may decrease the likelihood of Ponto
et al. finding an association between TBI and amyloid bur-
den. The ["'C]PIB PET study did not show neurotrauma-
related abnormalities and may not provide information that
guides us to predict those that may be more vulnerable to
develop adverse cognitive outcomes. Interestingly, a recent
study demonstrated increased Abeta burden in a group with
moderate to severe TBI using the same PET methodology.”

Ponto et al. also measured cerebral blood flow (CBF)
at rest and under increasing emotional stimuli. We do not
know if these findings would be similar if they used a par-
adigm that involved cognition (of note, the authors state that
CBF with a “driving paradigm” will be published later).
Those with TBI had lower global CBF, but regional CBF
without stimulation was similar. Those without TBI exhibited
a U-shape gCBF response to stress (resting<<low stress>high
stress) while those with TBI had a “flat” response to stress.
The authors interpreted this as a possible indication of im-
paired vascular responsivity after TBI. CBF studies have been
used in the sports concussion literature, demonstrating im-
pairment.'® However, the methodology differs, making com-
parisons problematic. For example, Meier et al. examined rCBF
(not gCBF) during the early post-injury period and “at rest.”
It is difficult to compare the acute effects of a TBI on CBF
with that after several months or more, especially considering
the differing circumstances of the injury.

However, the cerebro-cardiac connection may have signif-
icant implications in terms of physiology, symptoms, diagnosis,

J Neuropsychiatry Clin Neurosci 28:2, Spring 2016


http://neuro.psychiatryonline.org

and treatment.'” 1 The exacerbation of symptoms during
aerobic exercise may be a diagnostic marker of persistent
physiologic concussion, which can be effectively treated by
gradual increase in aerobic exercise with normalizing in
CBF."® " Interestingly, while this is in the “sport” literature,
it has not been formally tested or incorporated in research
studies in the military setting with more chronic symptoms.'®
In this study, no differences in symptoms between the controls
and TBI groups were apparent. Would any persistent symp-
toms experienced by those who suffered TBI during war be
provoked by exercise, and, if so, would an aerobic treatment
protocol®® result in normalization of CBF and amelioration of
symptoms? Could this be added to studies of veterans with
TBI/PTSD as a potential diagnostic methodology with treat-
ment implications? It would be of interest to determine if
these “chronic” changes are amenable to an intervention that
may normalize these differences.

As with many small studies, we are unable to generalize
these findings to a larger group of individuals with TBI (even
in the military) to predict outcome or pathophysiology. One
challenge to comparison with other studies and to general-
ization is the definition of TBI used to guide study inclusion:
a minimum of 30 minutes of posttraumatic amnesia (PTA)
or loss of consciousness (LOC). The American Congress of
Rehabilitation Medicine (ACRM) criteria'® and its progeny,'”
among others, set an upper limit of 30 minutes of LOC for mild
TBI but allow PTA durations as long as 24 hours to remain in
this injury severity category. Limiting PTA duration to 30
minutes includes only those with the mildest injuries to par-
ticipate, whereas allowing LOC durations of up to 30 minutes
permits inclusion of those whose injuries may border on
moderate severity. Future studies of this type will be well served
to ensure that the definition of TBI and its severity classifica-
tions are anchored to the ACRM definition of mild TBL

Further well-controlled longitudinal studies of persons
those with poor versus good outcome after TBI using markers
like those employed by Ponto et al. are also needed to more
clearly address the questions posed in this issue of the Jour-
nal. We are fortunate, then, that there are several federally
funded research efforts that may offer such answers, in-
cluding the NCAA/DOD Grand Alliance Consortium, Trans-
forming Research and Clinical Knowledge in Traumatic Brain
Injury (TRACK-TBI), TBI Endpoints Development (TED),
and Chronic Effects of Neurotrauma Consortium (CENC).

For any study, it is important to consider multiple factors
such as context (military, civilian, sports), multiple versus
single TBIs, and time since injury. It is hoped that these
collaborations will be a fertile ground for both finding po-
tential negative prognostic indicators and examining whether
assessment and treatment of mild TBI should be similar in
many respects no matter what the setting and mechanism.

J Neuropsychiatry Clin Neurosci 28:2, Spring 2016

EDITORIALS

AUTHOR AND ARTICLE INFORMATION

Consulting Editor, The Journal of Neuropsychiatry and Clinical Neuro-
sciences; New York University School of Medicine, New York.

Accepted February 2016.

J Neuropsychiatry Clin Neurosci 2016, 28:72-73; doi: 10.1176/appi.
neuropsych.16020030

REFERENCES
1. Ponto LLB, Brashers-Krug TM, Pierson RK, et al: Preliminary
investigation of cerebral blood flow and amyloid burden in vet-
erans with and without combat-related traumatic brain injury. J
Neuropsychiatry Clin Neurosci 2016; 28:89-96
2. Johnson VE, Stewart W, Smith DH: Traumatic brain injury and
amyloid-B pathology: a link to Alzheimer’s disease? Nat Rev Neurosci
2010; 11:361-370
3. Zhang S, Smailagic N, Hyde C, et al: 11)C-PIB-PET for the early
diagnosis of Alzheimer’s disease dementia and other dementias in
people with mild cognitive impairment (MCI). Cochrane Database
Syst Rev 2014; 7:CD010386
4. Chen XH, Johnson VE, Uryu K, et al: A lack of amyloid beta plaques
despite persistent accumulation of amyloid beta in axons of long-term
survivors of traumatic brain injury. Brain Pathol 2009; 19:214-223
5. Kawai N, Kawanishi M, Kudomi N, et al: Detection of brain am-
yloid B deposition in patients with neuropsychological impairment
after traumatic brain injury: PET evaluation using Pittsburgh
Compound-B. Brain Inj 2013; 27:1026-1031
6. Liu CC, Kanekiyo T, Xu H, et al: Apolipoprotein E and Alzheimer
disease: risk, mechanisms and therapy. Nat Rev Neurol 2013; 9:106-118
7. Willemse-van Son AH, Ribbers GM, Hop WC, et al: Association be-
tween apolipoprotein-epsilon4 and long-term outcome after traumatic
brain injury. J Neurol Neurosurg Psychiatry 2008; 79:426-430
8. Gatson JW, Stebbins C, Mathews D, et al: Evidence of increased brain
amyloid in severe TBI survivors at 1, 12, and 24 months after injury:
report of 2 cases. J Neurosurg (Epub ahead of print, Nov 27, 2015)
9. Scott G, Ramlackhansingh AF, Edison P, et al: Amyloid pathology
and axonal injury after brain trauma. Neurology 2016; 10.1212/
‘WNL.0000000000002413
10. Meier TB, Bellgowan PS, Singh R, et al: Recovery of cerebral blood
flow following sports-related concussion. JAMA Neurol 2015; 72:
530-538
11. Kozlowski KF, Graham J, Leddy JJ, et al: Exercise intolerance in in-
dividuals with postconcussion syndrome. J Athl Train 2013; 48:627-635
12. Tan CO, Meehan WP 3rd, Iverson GL, et al: Cerebrovascular regulation,
exercise, and mild traumatic brain injury. Neurology 2014; 83:1665-1672
13. Leddy JJ, Baker JG, Kozlowski K, et al: Reliability of a graded
exercise test for assessing recovery from concussion. Clin J Sport
Med 2011; 21:89-94
14. Leddy JJ, Cox JL, Baker JG, et al: Exercise treatment for post-
concussion syndrome: a pilot study of changes in functional magnetic
resonance imaging activation, physiology, and symptoms. J Head
Trauma Rehabil 2013; 28:241-249
15. McCulloch KL, Goldman S, Lowe L, et al: Development of clinical
recommendations for progressive return to activity after military
mild traumatic brain injury: guidance for rehabilitation providers.
J Head Trauma Rehabil 2015; 30:56-67
16. Kay T, Harrington DE, Adams RE, et al: Definition of mild trau-
matic brain injury. J Head Trauma Rehabil 1993; 8:86-87
17. Management of Concussion/mTBI Working Group: VA/DoD
Clinical Practice Guideline for Management of Concussion/Mild
Traumatic Brain Injury. J Rehabil Res Dev 2009; 46:CP1-CP68

neuro.psychiatryonline.org 73


http://neuro.psychiatryonline.org

