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Traumatic brain injury: 

Radiology
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Epidemiology of Mild TBI

• Public Health Problem

• Clinical Definition

2

• Acute and long-term sequelae

(Gfeller et al., 1994)

(McCullagh et al., 2001)

(Masson et al., 1996; Hillier et al., 1997; 

Olver et al, 1996)

• Objective neurological/neuropsychological findings vs.

subjective experience of mental fatigue

1
Razarian, et al. (2005) ; 

2
Tasaan (1996)



Clinical features of mTBI

•Common causes

•Natural hx

•Post traumatic amnesia

•GCS



Clinical features of mTBI



Cognitive Fatigue

3,4

3
Krupp, et al. (2000); 

4
Schwid, et al. (2003)



Cognitive Fatigue



Cognitive Fatigue

(Piper et al., 1989)



Cognitive Fatigue

•Mild Traumatic Brain Injury

5

6

3

5
van Zomeren, et al. (1994);

6
Chaudhuri, et al. (2000)



Hypotheses

1. During a cognitive task (PASAT), participants 

with mTBI will demonstrate a relatively greater 

increase in rCBF compared to healthy controls, 

demonstrating “cognitive inefficiency.”

2. Cognitive inefficiency demonstrated by SPECT 

imaging will correlate with a greater decline in 

performance on PASAT in mTBI compared to 

normal controls.

3. Cognitive inefficiency demonstrated by SPECT 

imaging will show greater perceived mental 

effort in mTBI compared to normal controls.



Methods

• Participants

• Recruited from a neurology clinic

• mTBI

• >18 years of age

• Post-injury >1 month

• Complaints of cognitive fatigue

• Normal brain MRI imaging

• Exclusions



Demographics

mTBI (n=11)

Normals (n=15)7

Mean Age: 44.4 (SD = 8.35)

Education: 16.87 years (1.55)

Gender: 20% male; 80% female

7
Schmaling, K., Lewis, D., Fiedelak, J., Mahurin, R., & Buchwald, D. (2003).  Single-

photon emission computerized tomography and neurocognitive function in 

patients with chronic fatigue syndrome.  Psychosomatic Medicine, 65, 129-136.



Procedures

• Paced Auditory Serial Addition Test (PASAT)

• Sensitive measure of information processing 

speed and divided attention

• PASAT targets cognitive functions affected by mTBI ie 

sustained attention and processing speed with a high 

level of intensity & difficulty => cognitive fatigue



Paced Auditory Serial Addition 

Test (PASAT)

4    6    3    1    9    5…

“10”  “9”  “4”  “10”  “14”…



Procedures

• Brain SPECT Acquisition

• Tracer injected 1
st

trial, 11
th

digit of PASAT

• SPECT scan started 45 minutes after injection of radio-

image

• Phillips ADAC Dual Genesys (Phillips Medical Systems)

• NEUROSTAT (Dept. of Internal Medicine, University of Michigan, Ann Arbor, MI)



Results

•mTBI & Healthy Controls

• Right insula

• Right medial frontal 

cortex

•Healthy Controls

• Left dorsolateral prefrontal 

cortex

• Right superior temporal 

gyrus

• Left posterior 

thalamus/fornix

• Right cerebellum

•mTBI

• Left medial frontal gyrus

Corresponding Cognitive 

Function

Actively attending to 

and processing digits 

presented auditorily

Actively processing 

string of digits while 

retaining each 

immediate one in short-

term memory



Results



mTBI

Healthy controls

Active (PASAT) SPECT



Healthy Controls (N = 15)



Mild Traumatic Brain Injury ( N = 11)



Discussion

•mTBI lack of activation in the cerebellum suggests 

dysfunction of verbal working memory and/or 

inability to efficiently process & verbally respond 

to verbally presented information, needed to 

complete PASAT

•Normals’ activation of regions responsible for 

inhibition of automatic responses, spatial 

mapping, & verbal working memory = multitude of 

cognitive functions & brain regions needed to 

successfully complete the PASAT



Discussion

•Dissimilarity of activated regions and fewer 

recruited regions, as well as the lack of cerebellar 

activation by mTBI patients suggests inefficient 

and disconnected neural processing which may, 

in turn, lead to feelings of cognitive fatigue



Discussion



Discussion



Study Limitations

•No measure of headache or pain in place

•Normal SPECTs completed on different 

scanner, different study

•Temporal limitation of SPECT vs. (i.e., 

fMRI) – PASAT within-trial repetitious-in-

nature



Conclusions



Future Directions

• Include “non cognitive fatigue” 

mTBI patients to assess presence   of cerebellar 

lack of activation

• 3-arm study:



Future Directions


