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Injury of the dorsolateral prefronto-thalamic tract
in a patient with depression following mild
traumatic brain injury

A case report
Sung Ho Jang, MD?, Ji Hyun Yi, MD®, Hyeok Gyu Kwon, PhD?"

Abstract

Background: Depression, a prevalent psychiatric disorder, is associated with abnormality in the prefrontal cortex, particularly the |

left dorsolateral prefrontal cortex. In this study, we report on a patient with severe depression who showed injury of the dorsolateral
prefronto-thalamic tract following mild traumatic brain injury, which was demonstrated by diffusion tensor tractography (DTT).

Methods andresults: A 63-year-old female patient suffered an in-car accident. The patient lost consciousness for approximately
10 minutes and experienced posttraumatic amnesia approximately 30 minutes from the time of the accident. Her Glasgow Coma
Scale score was 15. No specific lesion was observed on the conventional brain magnetic resonance imaging. Since the onset of head
trauma, she had shown continuous depression and on 32 month evaluation, she exhibited severe depression (Beck Depression
Inventory-Il: 42 [full score: 63 score] and Patient Health Questionnaire-9: 24 [full score: 27 score]).

Results: On 32-month DTT, partical tearing of the dorsolateral prefronto-thalamic tract was observed in the right hemisphere and
thinning in the left hemisphere.

Conclusion: Injury of the dorsolateral prefronto-thalamic tract was demonstrated in a patient with depression following mild
traumatic brain injury, using DTT. We believe that injury of the dorsolateral prefronto-thalamic tract might be a pathogenetic
mechanism of depression in patients with brain injury.

Abbreviations: BA = Brodmann area, DTI = diffusion tensor imaging, DTT = diffusion tensor tractography, PFC = prefrontal
cortex, ROI = region of interest, TBI = traumatic brain injury.
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1. Introduction

Depression, which is caused by various factors including trauma,
stress, and social factors, is a prevalent psychiatric disorder.!'=!
In particular, among these etiological factors, traumatic brain
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injury (TBI) is a frequent cause of depression and over half of
patients (53%) with TBI are known to suffer depression.!
Regarding the pathogenic mechanism of depression, association
of depression with abnormality in various brain regions,
including the cingulate cortex, amygdala, hippocampus, thala-
mus, prefrontal cortex (PFC), etc., has been reported.**~"!
Among these brain regions, the PFC, particularly, the medial and
dorsolateral PFC is considered to have a crucial role in
development of depression.>>”! As a result, many studies have
demonstrated abnormalities of the PFC in patients with
depression using various brain imaging techniques including
positron emission tomography, diffusion tensor imaging (DTI),
and voxel-based morphometry.[”~14

TBI s classified according to mild, moderate, and severe, based
on the severity, and 70% to 90% of all cases of TBI are classified
as mild TBLM! Diffusion tensor tractography (DTT), derived
from DTI, has an advantage in estimation and detection of injury
of neural tracts by measuring the diffusion of water molecules in
white matter of patients with mild TBL™®" Many studies have
reported on injury of neural tracts, including the corticospinal
tract, spinothalamic tract, fornix, cingulum, etc., in patients with
mild TBL!I However, no study on injury of the dorsolateral
prefronto-thalamic (mediodorsal nucleus) tract using DTT in
patients with mild TBI has been reported so far.

In the current study, we report on a patient with severe depression
who showed injury of the dorsolateral prefronto-thalamic tract
following mild TBI, which was demonstrated by DTT.
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2. Case report

A 63-year-old female patient suffered an in-car accident: while
sitting in the seat next to the driver of a sedan, her car was struck
by another sedan from behind while stopped at an intersection;
her head then hit the front window during flexion-hyperexten-
sion injury. The patient lost consciousness for approximately 10
minutes and experienced posttraumatic amnesia approximately
30 minutes from the time of the accident. Her Glasgow Coma
Scale score was 15. Since the onset of head trauma, she had
shown continuous depression and on 32 month evaluation, she
exhibited severe depression (Beck Depression Inventory-1I: 42
[full score: 63 score] and Patient Health Questionnaire-9: 24 [full
score: 27 score]).2%?1 Her cognitive function was as follows:
Wechsler Adult Intelligence Scale: 98, and the Memory

Medicine

Assessment Scale (global memory: 99 (47%ile), short-term
memory: 91 (28%ile), verbal memory: 89 (23%ile), and visual
memory: 110 (75%ile).***3! No specific lesion was observed on
the conventional brain magnetic resonance imaging (MRI)
performed at 32 months after onset (Fig. 1A). Ten age- and
sex-matched normal control subjects (mean age: 62.3 + 3.1 years,
range: 58-67 years) with no history of neurological disease were
recruited for this study. The patient and all normal control
subjects provided signed, informed consent, and Yeungnam
University hospital institutional review board approved the study
protocol.

DTI data were acquired at 32 months after the onset using a 6-
channel head coil on a 1.5T Philips Gyroscan Intera (Philips Ltd,
Best, The Netherlands) with 32 diffusion gradients. Imaging

Figure 1. A, Brain CT images (upper row) at onset and T2-weighted brain MR images (lower row) at 32 months after onset show no abnormality. B, Regions of
interest for the prefronto-thalamic tracts. C, Results of the prefronto-thalamic tracts on 32-month diffusion tensor tractography, the dorsolateral prefronto-thalamic
tract (red color) shows partial tearing (green arrow) in the right hemisphere and thinning (sky-blue arrows) in the left hemisphere compared with a normal subject (60-
year-old female). CT=computed tomography, DLPFC =dorsolateral prefrontal cortex, MD =mediodorsal nucleus, OFC=orbitofrontal cortex, ROl=region of

interest, VLPFC =ventrolateral prefrontal cortex.
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Results of diffusion tensor tractography parameters.

Dorsolateral prefronto- thalamic tract

Ventrolateral prefronto-thalamic tract Orbitofronto-thalamic tract

Right Left Right Left Right Left
Patient FA 0.32 029 0.31 0.32 0.33 0.33
MD 0.85 0.83 0.88 0.86 0.90 0.86
Tract volume 803 317" 1246 1344 1230 1447
Controls (n=7)  FA 0.33 (0.02) 0.34 (0.02) 0.34 (0.02) 0.33(0.02) 0.35 (0.02) 0.36 (0.03)
MD 0.84 (0.06) 0.84 (0.06) 0.83 (0.06) 0.84 (0.04) 0.80 (0.04) 0.80 (0.04)
Tract volume 1305.4 (243.7) 1256.0 (247.1) 1473.4 (200.1) 1449.6 (173.6) 1319.3 (149.1)  1281.1 (245.6)

Controls are expressed as mean (+ standard deviation).
FA=fractional anisotropy, MD=mean diffusivity.
When the value was decreased by 2 standard deviations below that of controls.

parameters were as follows: acquisition matrix = 96 x 96;
reconstructed to matrix = 192 x 192; field of view = 240 x 240
mm?; repetition time = 10,398 ms; echo time = 72 ms; parallel
imaging reduction factor = 2; echo-planar imaging factor = 59; b
= 1000s/mm?; and a slice thickness of 2.5 mm. Head motion
effect and image distortion due to eddy current were corrected by
affine multiscale 2-dimensional registration. Fiber tracking was
performed using probabilistic tractography, and applied in the
default tractography option in the Oxford Centre for Functional
Magnetic Resonance Imaging of the Brain Diffusion Software
(5000 streamline samples, 0.5mm step lengths, curvature
thresholds = 0.2). This fiber-tracking method calculated and
generated 5000 streamline samples from seed regions of interest
(ROI) with reflection of both dominant and nondominant
orientation of diffusion in each voxel. For reconstruction of the
prefronto-thalamic tracts,’****! a seed ROI was placed on the
known anatomical location of the mediodorsal nucleus of the
thalamus on the coronal image of the bO map and each target ROI
was as follows (Fig. 1B): dorsolateral PFC as Brodmann areas
(BAs) 8, 9, and 46 on the coronal image of the b0 map,
ventrolateral PFC as BAs 44, 45, and 47 on the coronal image of
the bO map, and orbitofrontal cortex as BAs 47/12, 10, 11, and
13 on the axial image of the b0 map. The prefronto-thalamic
tracts were determined by selection of fibers passing through a
seed and each target ROI with the threshold of 2 streamlines.
Values of fractional anisotropy (FA), mean diffusivity (MD), and
tract volume were measured and DTT parameter values showing
a deviation of more than 2 standard deviations from normal
control values were defined as significant differences.

Results of the prefronto-thalamic tracts on 32-month DTT, the
ventrolateral prefronto-, and orbitofronto-thalamic tracts were
well reconstructed in both hemispheres. In contrast, partial
tearing of the dorsolateral prefronto-thalamic tract was observed
in the right hemisphere and thinning in the left hemisphere
(Fig. 1C). Regarding DTT parameters, results of DTT parameters
are summarized in Table 1. In the ventrolateral prefronto- and
orbitofronto-thalamic tracts, no significant differences in FA,
MD, and tract volume of both hemispheres were observed
compared with those of normal control subjects, while in the
dorsolateral prefronto-thalamic tract, FA in the left hemisphere
and tract volume in both hemispheres were significantly lower
compared with those of normal control subjects, respectively.

3. Discussion

In the current study, using DTT, we evaluated the prefronto-
thalamic tract in a patient who showed severe depression
following mild TBI using DTT and found injury of the

dorsolateral prefronto-thalamic tract in both hemispheres (left
side showed more severe injury). In the field of DTI, FA represents
the white matter organization is influenced by axonal myelina-
tion, density, and the degree of directionality and tract volume
reflects the total number of voxel in a neural tract. Therefore,
decreased FA value in the left hemisphere and tract volume in
both hemispheres indicated injury of the dorsolateral prefronto-
thalamic tracts. Depression is functionally considered the state of
disruption of mood regulation or executive function, which is
controlled by the dorsolateral PEC.!"*?¢! Thus, although other
brain regions are also involved in depression, it appears that the
depression observed in this patient was ascribed, at in least part,
to injury of the dorsolateral prefronto-thalamic tract (particularly
the left side) by traumatic axonal injury because no definite brain
lesion was observed on conventional brain MRI. Therefore, our
results suggest the necessity of evaluation of the dorsolateral
prefronto-thalamic tract in patients who show depression after
TBI, even when no definite brain lesion is observed on
conventional brain MRI.

Many studies have reported on abnormality of the dorsolateral
PFC in patients with depression using various brain imaging
techniques including positron emission tomography, DTIL, and
voxel-based morphometry.””'* Using positron emission tomog-
raphy, Bench et al and Dolan et al reported that regional cerebral
blood flow in the left dorsolateral PFC was reduced in patients
with depression.!®! Using DTI, Taylor et al, Yang et al, and
Blood reported that FA value of the dorsolateral PFC was
significantly decreased in patients with depression compared with
control subjects.['%1:14 Subsequently, using voxel-based mor-
phometry, Chang et al, Lim et al, and Grieve et al reported that
the volume of gray matter of the dorsolateral PFC was reduced in
patients with depression compared with control subjects.”1%13!
They also suggested that the dorsolateral PFC has an important
central role in depression. Consequently, to the best of our
knowledge, this is the first study to demonstrate injury of the
dorsolateral prefronto-thalamic tract in a patient with depression
following mild TBI.

In summary, using DTT, injury of the dorsolateral prefronto-
thalamic tract was demonstrated in a patient with depression
following mild TBI. We believe that injury of the dorsolateral
prefronto-thalamic tract might be a pathogenetic mechanism of
depression in patients with brain injury. Because it is based on a
single case report, this study is limited. In addition, because
conventional MRI is difficult to find microhemorrhage particu-
larly after mild TBI, High-resolution brain images such as
susceptibility-weighted imaging could be helpful to detect
microhemorrhage. Regarding DTT, several limitations should
be considered; first, the fiber-tracking technique using seed
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masking is operator-dependent, second, results of probabilistic
DTT might be affected by false-positive and negative effects due
to the presence of kissing fibers in a voxel or partial volume effect
throughout the brain.*”! Third, when investigating on frontal
area that is vulnerable artifacts due to geometric distortion and
signal drop, DTI data should be corrected. Therefore, we suggest
conduct of further studies including large numbers of patients,
adopting smaller voxel size with high diffusion gradients and for
overcoming limitation of DTT should be encouraged.
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