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The authors present preliminary results from a
pilot study on patterns of brain injury associated
with incident major depression after traumatic
brain injury (TBI). Brain metabolite ratios,
regional brain volumes, and cognitive perfor-
mance were compared between 10 subjects with
incident major depression post-TBI and seven
TBI patients without major depression. TBI-de-
pressed participants performed poorly on tests of
frontotemporal functioning, had lower choline/
creatine and N-acetylaspartate/creatine ratios in
the right basal ganglia and had lower regional
brain volumes in the right frontal, left occipital,
and temporal lobes. The results suggest a possible
role of frontotemporal lobe and basal ganglia
pathology in depression after TBI.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2010; 22:231–235)

Depression is a major cause of disability after trau-
matic brain injury (TBI).1 The prevalence of de-

pression after TBI (post-TBI depression) ranges from
13% at 1 year after trauma2 to 60% at 8 years.3 Post-TBI

depression can interfere with rehabilitation and cause
immense suffering to the patients and their caregiv-
ers.4,5

Given this high incidence of post-TBI depression, in-
vestigators have sought neuropathologic correlates.
Levin et al.6 reported that in 129 mild TBI patients, an
abnormal brain computerized tomogram (CT) was as-
sociated with a sevenfold increased risk of incident de-
pression within 3 months of TBI. Jorge et al.7 noted that
left dorsolateral frontal and left basal ganglia lesions
were associated with major depression in the first year
after injury in a cohort of 66 TBI patients. Similarly, in
99 TBI patients, an association of depression with re-
duced left prefrontal gray matter volumes—especially
in the ventrolateral and dorsolateral regions—as well as
with deficits in executive function was reported.8

These studies used structural brain imaging to assess
lesion localization and/or regional brain volumes as
correlates of presumed neuronal damage. An alterna-
tive noninvasive technique which can probe brain bio-
chemistry in vivo is proton magnetic resonance spec-
troscopy imaging (MRSI) which can measure brain
levels of selected neurochemicals that may reflect neu-
ronal viability and integrity and number, including N-
acetylaspartate, creatine and phosphocreatine, and cho-
line-containing compounds.9 Proton MRSI can identify
metabolic abnormalities in brain regions with normal
appearance on conventional MRI.9 We have previously
shown that a cohort of post-TBI depressed subjects had
significantly reduced N-acetylaspartate/choline and N-
acetylaspartate/creatine ratios compared to non-TBI,
nondepressed healthy comparison subjects in frontal
cortex, basal ganglia, and thalamus.10

We present preliminary results of a pilot study that
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affiliated with the Division of Neuroradiology, Russell H Morgan
Department of Radiology and Radiological Science, at Johns Hopkins
School of Medicine in Baltimore. Address correspondence to Vani
Rao, M.D., Division of Geriatric Psychiatry & Neuropsychiatry, De-
partment of Psychiatry, Johns Hopkins School of Medicine, Baltimore,
MD 21287; vrao@jhmi.edu (e-mail).

Copyright © 2010 American Psychiatric Publishing, Inc.

J Neuropsychiatry Clin Neurosci 22:2, Spring 2010 http://neuro.psychiatryonline.org 231

CLINICAL AND RESEARCH REPORTS



sought to examine cognitive and neuroanatomical cor-
relates of post-TBI depression using MRSI and volumet-
ric MRI, comparing TBI patients with and without de-
pression.

METHODS

Participants were recruited by advertisements in local
newspapers. Subjects 18 years of age or older, with
closed head injury, date of TBI between 3 and 60
months prior to the evaluations, no history of diagnos-
able mood disorder prior to TBI, Mini-Mental State Ex-
amination (MMSE) score �18, stable medical history
prior to injury, and sufficient cognitive capacity to pro-
vide consent were included. The Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID-1) was
administered to all participants. TBI-depressed patients
(cases) were required to meet DSM-IV criteria for a
major depressive episode after TBI (296.83; major de-
pressive-like episode) and to have never met the criteria
prior to TBI. Nondepressed TBI subjects (comparison
subjects) were required to have never met criteria for
major depressive episode (296.83).

Neuropsychological Tests The following neuropsycho-
logical tests were administered to all study participants:
Verbal fluency (letters S&P) and category (animals &
supermarket items), Trail Making Test, Stroop Color
and Word Test, Wisconsin Card Sorting Test, Brief Test
of Attention, MMSE, National Adult Reading Test, Brief
Visuospatial Memory Test—Revised, and the Hopkins
Verbal Learning Test—Revised.

MRI Methodology Two scan acquisitions were used to
perform the volumetric analysis: a T1-weighted coronal
Fast Field Echo (FFE) acquisition (256�256�124 matrix,
0.9375 mm in plane, 1.5 mm slice thickness, TR/
TE�35/6 msec, flip angle of 45°, FOV�24 cm) and an
axial Fluid Attenuated Inversion Recovery (FLAIR) ac-
quisition (256�256�50 matrix, 0.9 mm in plane, 3.0 mm
slice thickness, TR/TE/TI�11000/140/2725 msec,
FOV�23 cm). Brain volumes were extracted using a
semiautomatic procedure based on in-house software
developed as a plug-in for the Medical Image Process-
ing, Analysis, and Visualization (MIPAV) package.11

Gray matter, white matter, and CSF were then seg-
mented using an automated clustering analysis. FLAIR
images were then registered to the T1-weighted FFE

using a rigid-body normalized mutual information cost
function. Lesions, defined as regions of enhancement on
the FLAIR images, were manually segmented using the
MIPAV software package. Talairach lobar definitions
were then overlaid on the images using the approach
also described by Studholme et al.12

MRSI Methodology Proton MRSI was performed using
a multislice spin-echo (SE) sequence with outer volume
suppression.13 Three oblique axial slices were acquired
with a 15 mm thickness and a gap of 2.5 mm (TR/
TE�2,000/280 msec, acquisition matrix 28�28�256,
FOV�24 cm). The echo signal was digitized with 256
data points, and the spectral width was 1000 Hz. Water
suppression was accomplished with a single chemical
shift selective pulse with a bandwidth of 110 Hz. T1-
weighted spin echo MR images (TR/TE�400/20 msec,
15 mm slice thickness) were recorded at the same slice
locations as the MRSI data set for anatomical correla-
tion. The in-house software “csx” was used to process
the MRSI data sets.

Statistical Analysis
The nondepressed and depressed subjects were com-
pared on categorical variables using chi-squared statis-
tics and on continuous variables using Student’s t test.
The criterion for statistical significance was set at
p�0.05, and for statistical trend at p�0.10. Given the
small sample size, our hypothesis testing must be con-
sidered preliminary rather than definitive. For this rea-
son we did not correct for multiple comparisons.

RESULTS

Clinical Characteristics A total of 17 subjects were in-
cluded in the study. Of these, 10 (59%) were depressed
(cases) and seven (41%) were not depressed (compari-
son subjects). 100% of comparison subjects, but only
40% of cases, had moderate or severe TBI as assessed by
the Glasgow Coma Scale. Cases were older than com-
parison subjects (52.4 versus 27.3 years old, p�0.001),
but the two groups did not differ on gender or duration
of time since injury.

Cognitive Tests (Table 1) Cases performed significantly
worse on part B of the Trail Making test (104.1 seconds
versus 60 seconds, p�0.04) and the Brief Visuospatial
Memory Test, total recall (i.e., trials 1–3; 15.9 versus
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25.7, p�0.03). Cases showed a trend toward worse per-
formance on tests of delayed recall, including HVLT-R
(verbal episodic recall; 5.8 versus 9.1, p�0.09) and
BVMT-R (visuospatial episodic recall; 7 versus 9.9,
p�0.09), but a trend toward better performance on the
Wisconsin Card Sorting Test (WCST) categories (3.9
versus 2.1, p�0.07).

Regional Brain Volumes Measured by MRI (Table
2) Cases had significantly reduced gray matter vol-
ume in right frontal (p�0.017) and total left occipital
lobes (p�0.004), left occipital lobe white matter
(p�0.055), and left occipital lobe gray matter (p�0.014).
In addition, cases also had trends toward lower gray
matter volume of total brain, left frontal cortex, bilateral
temporal cortex, and right parietal cortex.

Magnetic Resonance Spectroscopy Imaging (MRSI) The
only significant difference was noted in the right basal
ganglia. Choline/creatine ratio was found to be re-
duced in cases (mean�1.6, SD�2.0) relative to compar-
ison subjects (mean�2.0, SD�0.43) (p�0.02). N-ace-
tylaspartate/creatine ratio was also reduced in cases
(mean�1.7, SD�0.36) relative to comparison subjects
(mean�2.2, SD�0.68) (p�0.059).

DISCUSSION

These results suggest a possible role for frontal cortex,
temporal lobe, and basal ganglia pathology in post-TBI
depression, as well as reduced left occipital volume.
This may be due to the known association of frontal and
occipital lesions post-TBI, likely due to the contrecoup
lesions common in motor vehicle accidents.14

Post-TBI depression subjects had reduced N-acetylas-
partate/creatine ratio (statistical trend) and reduced
choline/creatine ratio (statistically significant) in the
right basal ganglia. N-acetylaspartate is generally be-
lieved to be an indicator of neuronal and axonal integ-
rity.9 It is reduced following TBI, reflecting diffuse
axonal injury or metabolic dysfunction.9 Choline-con-
taining compounds are involved in cell membrane me-
tabolism; increased choline levels suggest cell mem-
brane breakdown or cell proliferation.9 Reduced
choline in post-TBI patients may suggest absence of cell
membrane inflammation, cell membrane repair, or glial
cell proliferation. The creatine peak contains both crea-
tine and phosphocreatine, which are involved in cellu-
lar energy metabolism. Increased creatine might sug-
gest increased neuronal cell repair or neuronal cell
proliferation. It is decreased in conditions associated
with cell death.9 Thus, our observations of reduced N-
acetylaspartate/creatine and choline/creatine are sug-
gestive of decreased neuronal health and viability in the
basal ganglia.

The cognitive testing is consistent with frontotempo-
ral pathology. Depressed subjects (cases) had slowed
psychomotor processing speed and poorer executive
functioning (Trail Making test, part B) than comparison
subjects, both domains thought to be subsumed by
frontal cortex. This is more likely due to brain pathol-
ogy than major depression itself, since the effect of ma-
jor depression on set-shifting paradigms (including
Trail Making test, part B) is inconsistent at best.15 Also
some studies have noted poor performance on tests of
mental flexibility in dysphoric nondepressed patients
suggesting that mental inflexibility may be related to
the symptom of depressed mood rather than the syn-

TABLE 1. Cognitive Test Performance of Cases and Comparison Subjects

Cases Comparison Analyses

Cognitive Test Mean SD Mean SD t df p

National Adult Reading Test estimated full scale IQ 105.3 14.7 102.6 8.6 0.4 15 0.67
Trail Making test, part A: time in seconds 56.8 55.1 40.8 35.6 0.67 15 0.51
Trail Making test, part B: time in seconds 104.1 38.2 60.0 15.3 2.6 12 0.038
Letter fluency: number of words 22.1 8.6 22.1 7.6 0.011 15 0.992
Category fluency: number of words 34.8 11.1 38.1 13.5 0.56 15 0.58
Brief Test of Attention (letters & numbers): total correct 14.0 4.6 15.1 4.4 0.51 15 0.62
Stroop Color and Word: number correct 32.5 13.3 37.6 15.9 0.72 15 0.49
Hopkins Verbal Learning Test: total 3 learning trials 22.0 5.3 25.1 6.1 1.1 15 0.28
Hopkins Verbal Learning Test: delayed recall 5.8 3.1 9.1 4.6 1.8 15 0.09
Brief Visuospatial Memory Test: total 3 learning trials 15.9 7.1 25.7 7.0 2.4 15 0.03
Brief Visuospatial Memory Test: delayed recall 7.0 3.3 9.9 3.2 1.8 15 0.097
Judgment of Line Orientation, form H: number correct 21.1 7.1 23.6 8.3 0.66 15 0.52
Wisconsin Card Sorting Test-64: number of categories 3.9 1.5 2.1 2.1 1.9 14 0.07
Wisconsin Card Sorting Test-64: number of perseverative errors 6.8 4.1 9.8 5.6 1.1 13 0.30
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drome of major depression.16,17 TBI is associated with
neuronal loss and reduced white matter integrity which
can result in dysfunction of neuronal networks and
poor performance in cognitive functioning for a pro-
longed period.18,19 Another explanation, however,
could be the increased age in the depressed group.
Older age is also associated with increased neuronal
loss and reduced white matter integrity, which can
reduce cognitive reserve.20 Immediate recall on the
first three trials of the Brief Visuospatial Memory Test
can be conceptualized as a test of visual learning
likely mediated by the frontal lobes, while delayed
recall assesses visual memory mediated primarily by
the temporal lobes (although frontal lobe functioning
is considered important for retrieval of information
that has been adequately encoded and consolidated
by mesial temporal lobe structures). Depressed sub-
jects performed worse than comparison subjects on
the delayed recall tests of both verbal and visual
memory and had reduced right and left gray matter
temporal lobe volumes (statistical trend). This is con-

sistent with other studies21,22 that have implicated
temporal lobe abnormalities in the pathophysiology
of major depression.

An interesting finding, however, was the better per-
formance by the depressed group on the WCST catego-
ries. This is probably secondary to the increased sever-
ity of brain injury in the comparison group.

In summary, preliminary findings from this pilot
study suggest that post-TBI depression is associated
with temporal lobe pathology (with concurrent cogni-
tive and MRI findings) but not as clearly with frontal
lobe pathology. The finding of basal ganglia pathology
on MRSI suggests that MRSI might be complementary
to MRI and display different patterns of sensitivity to
brain pathology.

This is the first report of proton MRSI findings in TBI
subjects with and without new-onset major depression
following TBI. Also, this is the first study to replicate the
lesion location findings in TBI depression published by
Jorge et al.7,8 Limitations include a small sample size, dis-
cordance in age and severity of TBI for cases and compar-

TABLE 2. Regional Brain Volumes of Cases and Comparison Subjects

TBI Depressed TBI Non-Depressed Analyses

Variables Mean SD Mean SD df p

Total brain volume 1063.28 73.7 1135.85 140.20 13 0.283
Total gray 474.98 72.8 564.96 93.9 12 0.068
Total white 588.08 31.8 590.78 61.2 12 0.914

Total left frontal lobe 150.47 14.4 153.31 26.2 13 0.790
White left frontal 90.63 10.2 81.1 13.1 13 0.139
Gray left frontal 59.84 10.3 72.19 14.6 13 0.077

Total right frontal lobe 155.49 12.6 160.55 20.1 13 0.558
White right frontal 95.13 11.2 84.26 9.0 13 0.070
Gray right frontal 60.4 8.9 76.3 13.6 13 0.017

Total left limbic lobe 54.02 3.5 54.9 8.7 13 0.781
White left limbic 26.8 3.6 25.0 4.5 13 0.397
Gray left limbic 27.14 2.8 29.90 5.6 13 0.301

Total right limbic lobe 50.0 3.8 52.03 5.9 13 0.432
White right limbic 22.5 2.6 20.8 2.7 13 0.230
Gray right limbic 27.50 4.4 31.27 4.25 13 0.124

Total left occipital lobe 41.99 5.2 53.48 7.31 13 0.004
White left occipital 24.49 3.37 29.65 6.1 13 0.055
Gray left occipital 17.50 4.12 23.82 4.3 13 0.014

Total right occipital lobe 42.57 9.06 50.57 8.46 13 0.110
White right occipital 24.63 5.07 27.66 6.1 13 0.316
Gray right occipital 17.93 5.8 22.9 4.7 13 0.105

Total left temporal lobe 74.11 5.7 81.69 9.6 13 0.077
White left temporal 33.96 2.15 35.62 4.96 13 0.385
Gray left temporal 40.14 5.4 46.06 5.90 13 0.066

Total right temporal lobe 74.24 9.12 81.60 9.9 13 0.164
White right temporal 33.59 4.51 34.82 5.68 13 0.648
Gray right temporal 40.65 6.36 46.77 5.87 13 0.083

Total left parietal lobe 53.84 6.37 59.20 5.32 13 0.114
White left parietal 29.56 3.4 29.03 5.1 13 0.812
Gray left parietal 24.28 6.16 30.17 4.24 13 0.063

Total right parietal lobe 57.04 9.26 63.44 6.36 13 0.166
White right parietal 31.46 2.7 31.09 6.59 13 0.881
Gray right parietal 25.58 6.9 32.34 5.06 13 0.062

TBI, DEPRESSION, AND LESION LOCATION

234 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:2, Spring 2010



ison subjects, limited coverage of temporal lobes, and lack
of control for use of psychotropic medications.

CONCLUSION

The preliminary results of our pilot study suggest a
possible role of frontotemporal lobes and basal ganglia
pathology in depression after TBI.

These results also highlight the usefulness of volu-
metric MRI and MRSI in determining patterns of brain
injury associated with post-TBI depression. Future re-
search should focus on the use of these techniques for
both disease detection and response to treatment.
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