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Topographical Brain Mapping in Depression Following Mild
Closed Head Injury: A Case Study

Heath A. Demaree, W. David Crews, Jr., and David W. Harrison

Previous research (Henriques & Davidson, 1991; Kano, Nakamura, Iida & Nakajima, 1992)
supporis an association beiween major depression, reduced beia activity, and heightened alpha activisy
over the left frontal region relative to the right. A case study of a patient suffering from major depression
subsequent to a mild closed head injury tested these hypotheses. A neuropsychological examination of the
patient revealed deficits in performance on tasks most sensitive to left frontal Jfunctioning. Data obiained
using topographical brain mapping showed that the patient had decreased beta and heightened alpha
activity over the left frontal region relative to the right, supporting our hypotheses. The use of topographi-
cal brain mapping on patients suffering from major depression or mild closed head injury may augment
the validity of more traditional neuropsychological assessment techniques.

In recent years, electroencephelagraphic
and neuroimaging techniques have become
increasingly popular among researchers for
the investigation of the relationship between
specific hemispheric asymmetries and clinical
depression. These techniques may prove useful
tools when used in conjunction with more
common neuropsychological tests.

Frontal lobe dysfunction has primarily
been identified by neuropsychological tests as
integral to depression. Previous research has
found impairments among depressives on tests
purportedly tapping frontal lobe regions. For
instance, depressives have shown impaired per-
formances relative to nondepressives on the
Trail Making (Fisher, Sweet & Pfaelzer-Smith,
1986; Shipley, et al., 1981) and Category tests
(Savard, Rey & Post, 1980; Watson, Davis &
Gasser, 1978) of the Halstead-Reitan Battery.

~ Perseverative errors, thought to be indicative
of left and right frontal dysfunction (see Kolb
& Wishaw, 1990; Lezak, 1976), have also been
associated with depression.

Several electroencephelagraphic (EEG)
studies have examined resting EEG asymme-
tries in nonpsychotic depressed individuals
and found evidence for heightened right
frontal lobe activation in depressives, relative
to that recorded at their left hemisphere and
relative to nondepressed controls (Kano,
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Nakamura, Matsuoko, Iida & Nakajima, 1992;
Schaffer, Davidson & Saron, 1983). For exam-
ple, in their study of the topographical EEGs of
major depression with melancholia Kano, et al.
(1992) found evidence for decreased alpha
and increased beta activity over the right ante-
rior regions suggestive of heightened right
frontal activation in these patients.

Other studies of resting EEG activity have
indicated a decreased activation of the left
frontal region in depressives as compared to
controls (Davidson, 1992; Henriques &
Davidson, 1991). Henriques and Davidson
(1991) examined alpha band power over the
mid-frontal regions and found that depressives
as compared to nondepressed subjects dis-
played decreased leftsided activation (i.e.
more alpha activity). Otto, Yeo, and Dougher
(1987) have theorized that the differential
hemispheric activation seen in depression may
occur via either an increase in right hemi-
sphere activity or by a decrease in left hemi-
sphere activity.

Measures of cerebral blood flow (rCBF)
have been used to examine hemispheric asym-
metries in depressives. For example, Delvenne,
Hubain, DeMaertelaer, and Mendlewicz
(1990) examined rCBF of major depressives
and controls using single photo emission com-
puted tomography (SPECT). Endogenous

Copyright © 1995 ISNR. All rights reserved.
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depressives evidenced significantly lower corti-
cal blood flow in the left hemisphere as com-
pared to controls. Similarly, Mathew, et al.
(1980) examined the rCBF of 13 patients with
major depression and 13 controls. Depressives
exhibited significantly lower cerebral blood
flow values for the left hemisphere as com-
pared to controls. Flow values were also nega-
tively correlated with the depth of depression.
Together these results indicate hypofusion of
the left hemisphere in depression which sug-
gests neural hypoactivity (Mathew, et al., 1980).

Positron emission tomography (PET) has
also been employed to examine the glucose
metabolic rates in various cerebral regions
(Schwartz, Baxter, Mazziotta, Gerner & Phelps,
1987). In their study of cerebral glucose metab-
olism, Baxter et al. (1989) found that the rate
for the left dorsal anterolateral prefrontal cor-
tex divided by the rate for the whole ipsalater-
al hemisphere in major depressives was signifi-
cantly lower as compared to controls. There
was also a negative correlation between this
ratio and depression ratings. Other PET stud-
ies have found evidence of decreased rCBF
rates in the left anterior cingulate and left dor-
solateral prefrontal cortex of major depressives
(Bench, et al., 1992; Dolan, et al., 1992). These
studies lend additional support for the hypoth-
esis of left frontal dysfunction/hypoactivation
in depression.

There has been a relative absence of stud-
ies that have examined the hemispheric asym-
metries of depressed subjects using topograph-
ical brain mapping/computerized electroen-
cephelagraphic technology. The purpose of
this case study was to examine the hemispheric
asymmedtries, via topographical brain mapping
procedures, of a woman with moderate-severe
depression and a history of mild closed head
injury.

Hypothesis
Predictions derived from previous research
(Henriques & Davidson, 1991; Kano,

Nakamura, Matsuoko, Iida & Nakajima, 1992)
include reduced beta and heightened alpha
activity in the left versus the right frontal
region.
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Method
Subject

The patient was a 29-year-old, married, left-
handed, white female who had recently
received a formal DSM-III-R (American
Psychiatric Association, 1987) diagnosis of
major depression from a licensed clinical neu-
ropsychologist. She had previously received
her B.S. degree and was.a mother of two young
children, ages one and three. The patient's
Beck Depression Inventory (Beck, 1972) score
of 23 placed her within the scale's moderate-
severe range of depression. At the time of the
present study the patient denied any medica-
tion or drug usage.

History

The patient was initially referred by her
neurologist for a neuropsychological evalua-
tion regarding difficulties that arose subse-
quent to a head-on motor vehicle accident. She
was reportedly wearing seat and chest belts and
likely did not hit her head. Although the
patient did not recall striking her head during
the collision she did report some dizziness
immediately following the accident.

The patient described impaired concentra-
tion and frequently forgetting what she intend-
ed to do. She stated that she frequently would
go to get something and subsequently forget
what she intended to get. The patient also
described herself as saying things differently
from what she intended to say. She has
decreased her activities and no longer partici-
pates in exercise. In general, she describes her-
self as less able to cope with her children and
the demands of being a mother and home-
maker.

The patient presented to the neuropsycho-
logical assessment complained of impaired
concentration, increased irritability, decreased
activity level that included occasionally forego-
ing rehabilitation of back and leg problems
(which occurred subsequent to the accident),
and a relative inability to cope with her chil-
dren. The patient also acknowledged a diversi-
ty of depressive symptoms that included feel-
ings of sadness, apathy, hopelessness, failure,
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and guilt, as well as feelings of being punished,
heightened disappointment with self, difficulty
in making decisions, loss of interest in others,
increased irritability and self-criticism, loss of
energy, impaired sleep onset and sleep mainte-
nance, heightened fatigue, impaired appetite,
worry about physical problems, and decreased
libido.

The patient received a comprehensive neu-
ropsychological evaluation that included a
neurobehavioral status examination emphasiz-
ing hypothesis testing and assessments of sen-
sory, motor, affect, memory, spatial awareness,
reasoning and intellectual functioning.

Results from the neuropsychological evalu-
ation indicated a pattern of behavioral prob-
lems suggestive of neuropsychological deficits
principally within the left hemisphere.
Specifically, the patient showed impaired
sequencing, with numerous perseverative
errors on Luria's M & N's and Circle, Square,
and Triangle Test; behavioral slowing on the
Trails Making Test (A and B), a complex motor
sequence task; depression, with decreased
facial affective expression; sensitivity to proac-
tive interference on the Rey Auditory Verbal
Learning Test; and discoordination on a rapid
alternating movement task which was more
pronounced when the patient was asked to
maintain vigilance to the task across time. The
patient's BDI score and self-report during the
clinical interview both indicated depression
symptomatology. Three out of four neuropsy-
chological tests assessing frontal lobe function
indicated mild deficits. The subject denied any
other physical problems or past psychological
difficulties both during this evaluation and at
the time of the present study.

Procedures

The subject was instructed to relax and lie
motionless in a supine position on a reclining
chair. A lycra electrode cap was fitted accord-
ing to the appropriate anatomical marks on
the subject's head to measure EEG. The cap
was attached via elastic straps to a body harness
around the subject's chest to ensure that the
cap was securely positioned. EEGs were record-
ed from 21 scalp locations (Fpl, Fp2, F3, F4,
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F7,F8, FZ, C3, C4, CZ, T3, T4, T5, T6, P3, P4,
PZ, O1, O2) and referenced to the earlobes.
Impedance levels at each electrode were mea-
sured to be below 10 kOhm. A total of 122, 1-
second epochs of data were collected for both
the eyes open and eyes closed conditions. A
sampling rate of 128 was used and frequencies
below 2 Hz were eliminated by a high pass fil-
ter, thereby substantially reducing low frequen-
cy artifact. In each condition, epochs contami-
nated by eye-blinks and/or movement artifact
were also eliminated from the analysis. Twenty-
six and thirty-two epochs remained in the eyes
open and closed conditions, respectively. The
magnitude of the standard alpha (8 to 12 Hz)
and beta (12 to 20 Hz) waves of the remaining
epochs was assessed using NeuroSearch-24
(Lexicor Medical Technology, 1992).

Results

Topographical brain maps and descriptive
data were derived after artifacting the EEG raw
data for both the eyes open and eyes closed
conditions. Validity of the brain mapping pro-
cedure was supported by the subject's
decreased relative alpha activity when eyes
were open versus closed (See Table 1).

Evidence for heightened left frontal alpha
activity (8 to 12 Hz) relative to the right frontal
region was found in both the eyes open and
closed conditions. Magnitude of alpha and
beta activity by frontal region and condition is
presented in Table 1.

The subject also showed decreased beta
activity (12 to 20 Hz) in the left hemisphere rel-
ative to the right during both the eyes open
and closed conditions (See Fig. 1 and Table 1).

Table 1
Alpha and beta magnitude (V) in left frontal
(Fp1) and right frontal (Fp2) regions in-eyes
open and closed conditions.

Eves open Eyes closed
FP1  FP2 FP1  FP2
Alpha 4.7 44 56 54
Beta 46 438 36 38




Figure 1
Beta activity, 12 to 20 Hz, in eyes open (L) and
closed (R) conditions.

Discussion

The topographical brain mapping/com-
puterized EEG results from the present study
suggested decreased activation of the left rela-
tive to the right frontal cerebral regions.
Specifically, the patient exhibited both
increased alpha activity and decreased beta
activity over the left frontal region relative to
the right anterior region. These findings
appear consistent with previous EEG (e.g.
Henriques and Davidson, 1991), SPECT
(Delvenne, et al., 1990; Mathew, et al., 1980),
and PET (Schwartz et al., 1987; Baxter, et al.,
1989; Bench, et al., 1992; Dolan, et al., 1992)
studies which have found evidence for
decreased activation of the left anterior cere-
brum relative to the right in depressives.

It seems likely that the current subject's
depressive complaints are related to the asym-
metry displayed over the frontal brain regions.
In particular, the decreased left frontal activa-
tion (relative to the right) may allow dishibi-
tion of the right frontal region (Flor-Henry,
1979; Otto, et al., 1987, Swartzburg, 1983),
which would presumably affect nonverbal
frontal lobe test performance depending on
activation level (may improve performances up
to a point where further activation may result
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in poorer performances), and result in the
expression of negative affect and depressive
symptomatology similar to what has been
observed in several lesion studies (Gainotti,
1972; Sackeim, et al., 1982).

The present results showing decreased left
versus right frontal activity may also account
for the deficits reported on the subject's neu-
ropsychological evaluation. Deficits in perfor-
mance were primarily observed on tasks pur-
ported to be most sensitive to left frontal func-
tioning. Decreased activation of the left frontal
region may have resulted in impaired perfor-
mance subsequently reflected in the subject's
behavioral responses.

Use of topographical brain mapping with
patients suffering from major depression
and/or mild head injury is supported by this
case study. This procedure, when used concur-
rently with other neuropsychological instru-
ments, may provide improved reliability in
assessment. This may be especially important
with mild head injury where reliability and
cross validation among measures is essential.
The use of topographical brain mapping to
augment the validity of the more traditional
neuropsychological evaluation further pro-
vides for the option of pursuing dysfunction
using neurotherapies. This may be most
promising when neurotherapies rely on idio-
graphic assessment strategies, as was described
with this patient.
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