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20 Frontal and Parietotemporal Asymmetries
in Depressive Disorders: Behavioral,
Electrophysiologic, and Neuroimaging
Findings

Gerard E. Bruder

My chapter in Brain Asymmetry, edited by Davidson and Hugdahl

(1995), reviewed findings from behavioral and electrophysiologic

studies giving evidence of lateralized hemispheric abnormalities in

affective disorders and schizophrenia (Bruder, 1995). Abnormalities of

cerebral laterality in depression were shown to be related to the patient’s

clinical features (i.e., diagnostic subtype and outcome of treatment with

antidepressants). An examination of the marked individual differences

in laterality data among depressed patients suggested that multiple

factors contribute to these abnormalities. The findings were generally

supportive of a hypothesis postulating the existence of both left frontal

and right parietotemporal hypoactivation in depressive disorders (Kins-

bourne & Bemporad, 1984). This chapter will focus on recent findings

not only from behavioral laterality and electrophysiologic studies, but

also from neuroimaging studies, which have provided new evidence

of abnormal frontal and parietotemporal asymmetries in depressive

disorders. New findings also highlight the importance of taking comor-

bidity with anxiety disorders into account in studies of brain asymmetry

in depression. On a more clinical level, differences in brain asymmetry

between responders and nonresponders to antidepressant medications

are reviewed for behavioral, electrophysiologic, and neuroimaging

measures. The findings suggest the potential value of these measures as

predictors of therapeutic responsiveness to treatments for depression.

FRONTAL ASYMMETRIES IN DEPRESSION

Early evidence of left prefrontal hypoactivation in depression was

provided by electroencephalographic (EEG) studies of resting alpha



asymmetries. Patients having a unipolar major depression (Bell et al.,

1998; Henriques & Davidson, 1991) or a bipolar seasonal affective dis-

order (Allen et al., 1993) showed an abnormal alpha asymmetry indic-

ative of less left frontal activation or greater right frontal activation.

Davidson (1992) suggested that this frontal asymmetry identifies a dia-

thesis predisposing individuals to respond predominantly with nega-

tive affect. Studies of EEG in infants have revealed that those who

cry during maternal separation show less left than right frontal ac-

tivation when compared to noncriers (Davidson & Fox, 1989; Fox et al.,

1992). The hypothesis that left frontal hypoactivation represents a state-

independent marker of vulnerability to depression is supported by the

presence of this alpha asymmetry in previously depressed adults in a

euthymic state (Henrique & Davidson, 1990) and in infants of depressed

mothers (Dawson et al., 1997; Field et al., 1995). Some recent EEG studies

have not, however, found evidence of decreased left frontal activation

in depressed adults (Reid et al., 1998) or adolescents (Kentgen et al.,

2000), which has led to a search for possible mediating variables. In

addition to methodological issues, such as test-retest reliability and

reference electrode site (Debener et al., 2000; Reid et al., 1998), a possi-

ble mediating variable discussed below is the presence of comorbid

anxiety disorders (Bruder, Fong, et al., 1997).

One of the most consistent findings in neuroimaging studies of de-

pression has been reduced metabolism or regional cerebral blood flow

in the left dorsolateral prefrontal cortex (for reviews see George et al.,

1994; Grasby, 1999; Videbech, 2000). Reduced metabolism in depressed

patients has been found in additional prefrontal regions, including the

anterior cingulate (Mayberg, 1994; Drevets et al., 1997). There are, how-

ever, other regions of prefrontal cortex (i.e., ventral and orbital regions),

in which metabolism was increased in depressed patients (Biver et al.,

1994; Brody et al., 1999). There is also strong evidence that alterations

of prefrontal metabolism in depression are state-dependent. Reduced

left dorsolateral prefrontal and anterior cingulate metabolism tends

to normalize following clinical recovery from depression (Baxter et al.,

1989; Bench et al., 1995). Moreover, normalization of activity in dorso-

lateral (Mayberg et al., 1999) or ventrolateral prefrontal cortex (Brody

et al., 1999) was reported to be even stronger in the right than in the left

hemisphere.

Thus, both EEG alpha asymmetry and neuroimaging studies have

found evidence of reduced left prefrontal activation in depressed
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patients. However, it is not clear that these measures converge on a

common neurophysiologic deficit in depression. Abnormal prefrontal

alpha asymmetry in depression has been hypothesized to be a stable

(trait) characteristic, whereas abnormalities of prefrontal metabolism

were state-dependent. Studies measuring both EEG alpha asymmetries

and glucose metabolism, or other neuroimaging measures (e.g., fMRI),

in the same depressed patients and controls are needed to clarify this

issue. Further study is also needed to determine how reduced left pre-

frontal activation impacts on the clinical symptoms and cognitive func-

tion of depressed patients.

Davidson and Tomarken (1989) suggested that the abnormal frontal

asymmetry in depression reflects a deficit in left prefrontal mechanisms

that regulate approach behaviors, which may clinically be manifested

in symptoms such as psychomotor retardation and low energy level.

This is supported by neuroimaging findings linking left dorsolateral

hypoactivation in depression to psychomotor retardation or poverty

of speech (Bench et al., 1993; Dolan et al., 1993). In our prior chapter

(Bruder, 1995), we presented the results of a principal components

analysis (PCA) of event-related brain potential (ERP) and perceptual

asymmetry data for depressed patients and controls who were tested

on several cognitive tasks. One PCA-derived factor was associated with

having longer latency of the P3 potential to auditory stimuli in the right

than in the left hemifield and reduced right visual field advantage for

perceiving syllables. A slowing of cognitive processing for stimuli in

the right hemifield is consistent with the hypothesis of left frontal hypo-

activation depression.

PARIETOTEMPORAL ASYMMETRIES IN DEPRESSION

In dichotic listening tasks in which complex tones or musical chords

are simultaneously presented to the two ears, healthy adults typically

show an advantage for perceiving the stimulus in the left ear. This is

thought to reflect the dominance of right temporal cortex for pitch dis-

crimination (Coffey et al., 1989; Sidtis, 1981). Depressed patients have

been reported to show reduced left ear (right hemisphere) advantage in

nonverbal dichotic listening tasks (Bruder, 1988; Johnson & Crockett,

1982; Overby et al., 1989). Also, Bruder et al. (1995) measured brain ERPs

of depressed patients and healthy controls during a dichotic complex

tone test. Healthy adults showed the expected left ear advantage for
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perceiving complex tones, which was associated with having greater P3

amplitude over right than over left hemisphere sites. Depressed patients

did not show either this perceptual asymmetry or the associated hemi-

spheric asymmetry of P3, which is consistent with other evidence of

right hemisphere dysfunction in depression (Flor-Henry, 1976; Heller

et al., 1995; Miller et al., 1995; Liotti et al., 1991). Reduced left ear (right

hemisphere) advantage was also found to be related to important clin-

ical features of depression, including diagnostic subtype. Patients hav-

ing a melancholic depression with pervasive anhedonia and vegetative

symptoms such as insomnia, anorexia, or psychomotor retardation had

no left ear advantage for complex tones, whereas patients having a

nonmelancholic, atypical depression with preserved pleasure capacity

and reversed vegetative features showed a normal left ear advantage

(Bruder et al., 1989; Bruder, 1995).

Patients having a melancholic depression also had an abnormally

large right ear advantage for perceiving dichotic consonant-vowel

syllables (Bruder et al., 1989). Accuracy scores indicated that this was

due to poorer left ear performance in melancholia, which again points

to dysfunction of the right temporal region. Although findings for

depressed patients on verbal dichotic listening tests have been incon-

sistent (for a review, see Bruder, 1988), both adolescents and adults

having a major depressive disorder were found to have an abnormally

large right ear advantage on the Fused Rhymed Words Test (Pine et al.,

2000). This is one of the most reliable and valid dichotic listening tests

for assessing hemispheric dominance for language (Wexler & Halwes,

1983; Zatorre, 1989).

A study by Davidson and Hugdahl (1996) suggests that the enhanced

right ear advantage may be related to both parietotemporal and pre-

frontal activational asymmetries. They examined in healthy adults the

relationship of right ear advantage for perceiving dichotic consonant

vowels and resting EEG alpha asymmetry measured 4 months prior to

the dichotic test. As might be expected, individuals with greater acti-

vation (less EEG alpha) over left parietotemporal regions had a larger

right ear advantage for perceiving dichotic syllables. The larger right

ear advantage in depressed patients could therefore stem from greater

activation of left than of right parietotemporal regions, which is con-

sistent with the resting alpha asymmetry seen for depressed adults and

adolescents in most studies (Davidson et al., 1987; Henriques & David-
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son, 1990; Kentgen et al., 2000; Reid et al., 1998; but see Henriques &

Davidson, 1991 and Schaffer et al., 1983 for negative findings). Most

interestingly, Davidson & Hugdahl (1996) found that alpha asymmetry

in the prefrontal region was also related to dichotic listening asymme-

try, but in the opposite direction. Decreased activation of the left pre-

frontal region (i.e., the asymmetry seen in depressed adults; Davidson,

1992) and increased activation of the right prefrontal region were as-

sociated with greater right ear advantage. Thus, the same pattern of

prefrontal and parietotemporal activational asymmetries typically seen

in depression were predictive of enhanced right ear advantage for

dichotic syllables.

Studies measuring visual field asymmetries for nonverbal stimuli

have also found evidence of right parietotemporal dysfunction in

patients having a unipolar depressive disorder (Jaeger et al., 1987; Liotti

et al., 1991) or bipolar depressive disorders (Bruder et al., 1989, 1992).

Moreover, two recent studies measuring brain ERPs to face stimuli have

provided direct evidence of right parietal hypoactivation in depressed

patients (Deldin et al., 2000; Kayser et al., 2000). Deldin et al. (2000)

measured ERPs of depressed patients and healthy controls while they

performed a recognition memory task with positive, negative, and neu-

tral face and word stimuli. Amplitude of the N2 potential was reduced

in depressed patients, with the greatest reduction over right parietal

cortex. This right-lateralized N2 reduction was specific to face stimuli

with a positive affective valence.

One of the most consistent findings of ERP studies using emotional

stimuli has been the larger amplitude of the late P3 potential to positive

or negative affective stimuli when compared to neutral stimuli, and this

P3 enhancement was greatest over right parietotemporal sites (see

Kayser et al., 1997 for a review). Given the hypothesis of right parieto-

temporal hypoactivation in depression, Kayser et al. (2000) predicted

that depressed patients would be less likely to show an enhancement

of late P3 amplitude to emotional stimuli. They measured the ERPs of

unmedicated depressed patients and healthy controls to pictures of der-

matological patients showing disordered facial areas (negative stimuli)

or healed facial areas after cosmetic surgery (neutral stimuli). The pic-

tures were briefly exposed (250 ms) to the right or left visual field so as

to directly stimulate the contralateral hemisphere. One of the distinct

advantages of this paradigm is that the pictures depicting negative and
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neutral affective content are highly similar in physical characteristics,

so as to reduce the influence of visuospatial processing. Also, no overt

response is required to the affective stimuli, thus reducing the influence

of cognitive processing and response-related potentials. In agreement

with prior studies, healthy adults showed greater late P3 amplitude to

the negative than to the neutral pictures, and this was most marked

over the right parietotemporal region. In contrast to the healthy adults,

depressed patients had a marked reduction of late P3 amplitude and

failed to show the enhancement of late P3 to negative as compared to

neutral stimuli.

Although these findings are supportive of the hypothesis of right

parietotemporal hypoactivation in depression, the depressed patients

did show a transient increase of an early P3 subcomponent in response

to negative as compared to neutral stimuli, particularly over the right

parietal region. The enhancement of this early P3 to negative stimuli

in depressed patients and the absence of enhancement of late P3 sug-

gested to Kayser et al. the possibility that early stimulus classification

in depressed patients was followed by an inhibition of the later affec-

tive processing. In accordance with this suggestion, they found that

depressed patients showed the same N2 amplitude and topography as

healthy controls, with greatest N2 over the right parietal region. The

lack of the N2 reduction seen for depressed patients in the Deldin et al.

(2000) study may stem from the different ERP paradigms in these

studies. Deldin et al. measured ERPs during a recognition memory task

that entails more cognitive and response-related processing than the

passive viewing of affective pictures in the Kayser et al. study.

Although neuroimaging studies of depression have focused predom-

inantly on prefrontal regions of interest, there are reports of decreased

metabolism in right temporal lobe (Post et al., 1987) and bilaterally in

parietal regions (Biver et al., 1994; Cohen et al., 1992). A weakness of

most neuroimaging studies of depression has been the failure to control

for comorbidity with anxiety disorders. The opposing effects of depres-

sion and anxiety or anxious arousal on activational asymmetries in the

parietotemporal region could account for why more imaging studies in

depressed patients have not reported abnormal asymmetries in this re-

gion (Heller et al., 1995). Also, neuroimaging studies often report find-

ings for small samples and generally have not dealt adequately with

the issue of diagnostic heterogeneity of depression.
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COMORBIDITY OF DEPRESSIVE AND ANXIETY DISORDERS

Anxiety is a common symptom in depressive disorders, and about half

of patients having a major depressive disorder exhibit comorbidity

with an anxiety disorder (Gulley & Nemeroff, 1993; Zimmerman et al.,

2000). This is a potential problem for studies of brain asymmetry in

depressive disorders because depression and anxiety appear to be asso-

ciated with opposite abnormalities of lateralized hemispheric function.

Findings of reduced left hemifield advantages on visual half-field or

dichotic listening tests in depressed patients (Bruder et al., 1989; Jaeger

et al., 1987; Overby et al., 1989) or students with high depression scores

(Heller et al., 1995) have supported the hypothesis of right hemisphere

dysfunction in depression. In contrast, visual hemifield findings sug-

gestive of left hemisphere dysfunction or right hemisphere hyper-

activation have been reported for patients having anxiety disorders

(Liotti et al., 1991) and for students with high trait anxiety (Heller et al.,

1995; Tucker et al., 1981). Similarly, neuroimaging studies have found

decreased metabolism or regional cerebral blood flow in the left tem-

poroparietal cortex of patients having a panic disorder (Meyer et al.,

2000; Nordahl et al., 1998). A recent study using hierarchical regression

analyses of visual perceptual asymmetries for depressed patients and

nonpatients has reported further evidence of the opposing patterns of

hemispheric asymmetries associated with depression and anxiety (Kel-

ler et al., 2000).

The impact of comorbidity of depression and anxiety on regional

brain asymmetries was demonstrated in a study in which resting EEG

was recorded in depressed patients with or without an anxiety disorder

and healthy controls (Bruder, Fong, et al., l997). Patients with comor-

bidity of major depressive and anxiety disorders (primarily a panic

disorder or social phobia) had the opposite alpha asymmetry pattern at

parietal sites when compared to patients having a major depression

without an anxiety disorder. Patients having an anxious depression

showed an alpha asymmetry indicative of greater activation over right

than left parietal sites, whereas those having a ‘‘pure’’ depressive dis-

order showed less activation over right than left parietal sites. This

is consistent with the opposite direction of perceptual asymmetries

seen in depression and anxiety (Heller et al., 1995; Keller et al., 2000).

Depressed patients with an anxiety disorder also showed evidence of
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greater activation over right than left frontal sites, whereas this was not

seen in depressed patients without an anxiety disorder or in healthy

controls. Comorbidity of depressive and anxiety disorders may there-

fore act to heighten the abnormal frontal alpha asymmetry that has

been reported to occur in depressive disorders (Davidson, 1992).

Given the relationship of EEG alpha asymmetry at prefrontal and

parietotemporal sites to perceptual asymmetry on a dichotic listening

task (Davidson & Hugdahl, 1996), we predicted that depressed patients

with or without a comorbid anxiety disorder would also differ in their

dichotic listening performance (Bruder et al., 1999). Patients having an

anxious depression did differ from nonanxious depressed patients and

controls in showing a larger left ear (right hemisphere) advantage for

complex tones, whereas nonanxious depressed patients differed in

showing a larger right ear (left hemisphere) advantage for fused words.

An index of characteristic perceptual asymmetry (Levy et al., 1983)

indicated that the anxious depressed patients had a bias favoring right

hemisphere activation, whereas the nonanxious depressed patients

had a bias favoring left hemisphere activation. This difference in char-

acteristic perceptual asymmetry between the anxious and nonanxious

depressed patients agrees with the different direction of parietal alpha

asymmetries seen for these groups (Bruder, Fong, et al., 1997).

The favoring of right over left hemispheric activation in anxious

depression could stem from hyperactivation of right parietotemporal

cortex due to anxious arousal (Heller et al., 1995), from left parieto-

temporal hypoactivation seen in anxiety disorders (Meyer et al., 2000;

Nordahl et al., 1998), or from some combination of both. Examination

of the absolute accuracy scores indicated that the enhanced left ear ad-

vantage of anxious depressed patients was clearly due to their poorer

right ear accuracy (Bruder et al., 1999). Given the contralateral nature

of the projections from the ear to auditory cortex, this finding may sug-

gest left parietotemporal hypofunction in anxious depression. How-

ever, a study of the effects of arousal level on dichotic listening in

students suggests an alternative explanation (Asbjörnsen et al., 1992).

They observed that a highly arousing negative condition (threat of

electric shock) reduced the right ear advantage for perceiving dichotic

consonant-vowel syllables, and suggested that threat of a shock not

only primes the right hemisphere but also facilitates callosal transfer of

the left ear input, and as a result the left ear stimulus interferes with the

processing of the right ear stimulus. Thus, heightened right parieto-
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temporal activation in anxious depressed patients may increase left ear

stimulus interference with the right ear stimulus and result in reduced

right ear accuracy.

A number of studies have reported that the presence of comorbid

depressive and anxiety disorders is associated with poorer outcome of

treatment with medication or interpersonal therapy (Fava et al., 1997;

Feske et al., 2000; Frank et al., 2000), although some studies have not

found this relationship (Tollefson et al., 1994). The characteristic per-

ceptual asymmetry observed for depressed patients with a comorbid

anxiety disorder (i.e., a favoring of right hemisphere activation) resem-

bles that seen for nonresponders to the antidepressant fluoxetine

(Prozac), whereas the opposite asymmetry in patients having a ‘‘pure’’

depressive disorder (i.e., a favoring of left hemisphere activation)

resembles that seen for treatment responders (Bruder et al., 1996). Below

we review evidence from dichotic listening, EEG, and neuroimag-

ing studies that point to differences in regional brain asymmetry be-

tween treatment-responsive and nonresponsive subgroups of depressed

patients.

RELATIONS OF BRAIN ASYMMETRY IN DEPRESSION TO

TREATMENT OUTCOME

Several studies suggest that individual differences in perceptual asym-

metry on dichotic listening tests are related to the therapeutic response

to antidepressants or cognitive-behavioral therapy. Our initial study

found a difference in pretreatment perceptual asymmetry between

subgroups of depressed patients formed on the basis of their subse-

quent clinical response to a tricyclic antidepressant (Bruder et al., 1990).

Patients who showed a favorable response to treatment—a Clinical

Global Improvement (CGI) rating of ‘‘much improved’’ or ‘‘very much

improved’’—failed to show the left ear (right hemisphere) advantage

for dichotic complex tones seen for both tricyclic nonresponders and

healthy controls. This supported our hypothesis that tricyclic responders

would show evidence of right hemisphere dysfunction similar to that

seen for patients having a melancholic depression, a diagnostic subtype

that typically responds well to this type of antidepressant. The findings

of this study were, however, only partially replicated in a follow-up

study (Stewart et al., 1999). Although there was no difference between

tricyclic responders and nonresponders on the complex tone test, there
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were significant differences between these groups in their left ear accu-

racy on the dichotic consonant-vowel test. Patients who responded to

treatment with a tricyclic antidepressant had poorer left ear accuracy

when compared to treatment nonresponders, placebo responders, and

healthy controls. Although their poorer left ear accuracy provides

evidence of right hemisphere dysfunction in tricyclic responders, the

absence of a group difference on the complex tone test weakens this

conclusion.

In a multisite study of the selective serotonin reuptake inhibitor

(SSRI) fluoxetine, unmedicated depressed patients who subsequently

responded to fluoxetine had a greater right ear (left hemisphere) advan-

tage for dichotic fused words and less left ear (right hemisphere) ad-

vantage for complex tones when compared to treatment nonresponders

(Bruder et al., 1996). There was no change in perceptual asymmetries

following treatment, which suggests that these laterality differences

between fluoxetine responders and nonresponders represent stable,

state-independent characteristics. These findings from two clinical cen-

ters support the conclusion that a characteristic perceptual asymmetry

favoring greater left than right hemispheric activation during dichotic

listening is associated with better outcome of treatment with an SSRI

antidepressant.

We also investigated the potential value of dichotic listening tests

in predicting outcome of cognitive-behavioral therapy for depression

(Bruder, Stewart, et al., 1997). Depressed patients were tested before

receiving 16 weekly sessions of standard cognitive therapy. Following

treatment, outcome was evaluated, using the CGI scale, by a rater who

was unaware of the dichotic listening results. Patients who responded

to cognitive therapy had twice the right ear (left hemisphere) advan-

tage compared to nonresponders and healthy controls. Although this

resembles the larger right ear advantage observed for fluoxetine res-

ponders, the cognitive therapy responders did not show the reduced

left ear (right hemisphere) advantage seen for fluoxetine responders.

The larger right ear advantage for syllables in cognitive therapy re-

sponders was clearly due to their better right ear accuracy when com-

pared to nonresponders or healthy controls. This suggests that the

abnormal perceptual asymmetry for dichotic syllables in cognitive

therapy responders was due to their superior left hemisphere process-

ing of phonetic stimuli, which is likely to involve left parietotemporal

activation (Davidson & Hugdahl, 1996). Patients with greater left hemi-
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sphere superiority may be better able to use their verbal skills in learn-

ing cognitive strategies for relieving depression.

In an ongoing project, we are examining the value of dichotic listening

and more direct electrophysiologic measures of hemispheric activation

as predictors of response to treatment with an SSRI antidepressive. If

differences in perceptual asymmetry observed between fluoxetine res-

ponders and nonresponders reflect characteristic, state-independent

differences in regional hemispheric activation (Bruder et al., 1996),

we predict that these subgroups will also differ in their resting EEG

alpha asymmetry patterns. Moreover, perceptual asymmetry scores

for these patients should correlate with their alpha asymmetry (David-

son & Hugdahl, 1996). We have also begun to examine whether gender

is of importance when studying differences in EEG alpha asymmetry

between responders and nonresponders to antidepressants. The greater

incidence of depression in women and gender differences in hemi-

spheric asymmetries for cognitive processing underscore the impor-

tance of examining the influence of gender in this context (Heller,

1993).

Preliminary dichotic listening and EEG data were analyzed for 34

patients (21 female) who were classified as fluoxetine responders and

19 patients (7 female) who were nonresponders (Bruder et al., 2001).

The depressed outpatients in this study were tested during a drug-free

phase prior to receiving 12 weeks of treatment with fluoxetine. An in-

dependent evaluator, blind to the patient’s EEG and dichotic listening

data, rated each patient at the end of the 12 weeks of treatment, using

the CGI scale. Patients with ratings of ‘‘much improved’’ or ‘‘very much

improved’’ were considered to be responders and all other patients

were considered as nonresponders. The difference in perceptual asym-

metry between treatment responders and nonresponders on the dichotic

fused words and complex tone tests replicated those seen in our prior

study (Bruder et al., 1996). As can be seen in figure 20.1, there was an

overall trend for responders to have a larger right ear (left hemisphere)

advantage for words and a smaller left ear (right hemisphere) advan-

tage for complex tones when compared to nonresponders. The differ-

ences in asymmetry between responders and nonresponders were,

however, dependent on gender. On the words test, female responders

showed a markedly larger right ear advantage when compared to fe-

male nonresponders, but there was no significant difference between

male responders and nonresponders. On the complex tone test, the
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tendency for responders to have a smaller left ear advantage when

compared to nonresponders was primarily seen for males.

Analyses of the resting EEG focused on alpha power because of

its inverse relation to cortical activation and prior findings of abnor-

malities of alpha asymmetries in depressed patients (Davidson, 1992).

Although there was no significant difference in overall alpha power

between fluoxetine responders and nonresponders, these groups did

differ in their alpha asymmetry, and this was greatest in the eyes open

condition. Figure 20.2 shows the overall alpha asymmetry (averaged

over homologous anterior, central and posterior sites) for responders

and nonresponders in the eyes open and closed conditions. Positive

scores indicate greater activation (less alpha) over the left than the right

hemisphere, whereas negative scores indicate greater activation (less

alpha) over the right hemisphere. In the eyes open condition, non-

responders showed overall greater activation (less alpha) over the right

than the left hemisphere, but responders did not. Further analyses

indicated that the difference in alpha asymmetry between responders

and nonresponders in the eyes open condition was statistically signifi-

cant for females but not for males. Also, there was a significant cor-

relation between the perceptual asymmetry for fused words and EEG

alpha asymmetry in the eyes open condition for female patients (r ¼ .51,

Figure 20.1 Mean perceptual asymmetry for fluoxetine responders and nonresponders

on dichotic fused word and complex tone tests. Perceptual asymmetry score ¼ 100
ðR� LÞ=ðRþ LÞ, where R ¼ right ear score and L ¼ left ear score.
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p < .01), but not male patients (r ¼ �.15, ns). Greater activation (less
alpha) over the right than the left hemisphere in female patients was

associated with smaller left hemisphere advantage for perceiving

dichotic words.

The above findings indicate that individual differences among de-

pressed patients in hemispheric asymmetries, as measured by dichotic

listening or resting EEG, were related to outcome of treatment with

an SSRI antidepressant. In accordance with our prior study (Bruder

et al., 1996), patients who responded to fluoxetine differed from non-

responders in favoring left over right hemisphere processing of dichotic

stimuli. Also, fluoxetine nonresponders differed from responders in

showing an EEG alpha asymmetry indicative of overall greater right

than left hemisphere activation. These relationships between hemi-

spheric asymmetries and treatment response were more evident among

depressed women than men. However, given the relatively small sam-

ples, the influence of gender in this context will need replication.

Figure 20.2 Mean EEG alpha asymmetry (log[right hemisphere] � log[left hemisphere])
for fluoxetine responders and nonresponders in the eyes open and eyes closed conditions.

Positive scores indicate greater activation (less alpha) over the left than the right hemi-

sphere, and negative scores indicate greater activation (less alpha) over the right than the

left hemisphere.
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Neuroimaging studies have also provided preliminary evidence that

pretreatment regional brain metabolism is related to response to anti-

depressants (Little et al., 1996; Mayberg et al., 1997; Ketter et al., 1999).

Unipolar depressed patients who subsequently responded to venlafax-

ine or bupropion had decreased left middle frontal gyral and bilat-

eral prefrontal and temporal metabolism compared to healthy controls

(Little et al., 1996). Hypermetabolism of the rostral anterior cingulate

was associated with favorable response to treatment with a SSRI, tri-

cyclic antidepressant, or bupropion, whereas hypometabolism was as-

sociated with poorer response to these treatments. Interestingly, these

anterior cingulate differences tended to be right-lateralized (Mayberg

et al., 1997). Most recently, Ketter et al. (1999) found pretreatment

frontal and left insular metabolism were differentially related to re-

sponse to carbamazepine and nimodipine. The large variety of medi-

cations used in these imaging studies makes it difficult, however, to

compare their findings with those reviewed above for perceptual and

electrophysiologic studies.

OVERVIEW AND THEORETICAL INTEGRATION OF BRAIN

ASYMMETRY FINDINGS FOR DEPRESSION

EEG measures of alpha asymmetry and neuroimaging measures of

regional cerebral metabolism or blood flow in a resting state have pro-

vided evidence of left prefrontal hypoactivation in depressive disorders.

On the other hand, behavioral laterality tests assessing perceptual

asymmetry and brain ERP measures of regional hemispheric activity,

and to a lesser extent resting EEG and neuroimaging meaures, have

provided evidence of relative hypoactivation of right parietotemporal

regions in depressive disorders. The converging evidence from behav-

ioral, electrophysiologic, and neuroimaging studies therefore gives

further support to the hypothesis that both left prefrontal and right

parietotemporal inactivation are involved in depression (Kinsbourne &

Bemporad, 1984). Moreover, recent findings confirm that mood dis-

orders following stroke are associated with both left frontal and right

posterior lesions (Shimoda & Robinson, 1999).

There is also increasing evidence that individual differences among

depressed patients in perceptual, EEG, and ERP asymmetries are re-

lated to their clinical features (e.g., diagnostic subtype, comobidity with

anxiety disorders, and responsiveness to treatments for depression).
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Right parietotemporal dysfunction (e.g., as evidenced by poor left ear

accuracy during dichotic listening) is most evident in major depression

with melancholia, but is also seen among patients having a non-

melancholic depression who respond favorably to treatment with a tri-

cyclic antidepressant. Also, patients having a ‘‘pure’’ major depression

show heightened right ear (left hemisphere) advantage for perceiving

dichotic fused words and resting EEG alpha asymmetries indicative of

greater left than right parietotemporal activation, which is not seen in

depressed patients having a comorbid anxiety disorder. This is consis-

tent with evidence that depression and anxiety are associated with

opposing patterns of perceptual asymmetry (Heller et al., 1995; Keller

et al., 2000), and underscores the need to take comorbidity with anxiety

into account in studies of brain asymmetry in depression. Similarly,

depressed patients who respond favorably to the SSRI antidepressant

fluoxetine (Prozac) show perceptual asymmetries indicative of a char-

acteristic favoring of left over right parietotemporal activation, whereas

nonresponders show perceptual and EEG asymmetries indicative of

overall greater right than left hemisphere activation. The right hemi-

spheric favoring in fluoxetine nonresponders resembles that seen in

depressed adults having a comorbid anxiety disorder, which is of par-

ticular interest, given reports of poor treatment outcome in patients

having an anxious depression. Also, neuroimaging studies have begun

to emerge suggesting that metabolism of right or left prefrontal struc-

tures is related to clinical response to antidepressants (Ketter et al.,

1999; Mayberg et al., 1997).

Davidson (1992) has proposed that prefrontal asymmetries are re-

lated to an approach/withdrawal dimension, with left frontal activa-

tion being related to approach behaviors and right frontal activation to

withdrawal behaviors. Left frontal hypoactivation could therefore be

manifested clinically in symptoms of depression, such as psychomotor

retardation, poverty of speech, or absence of motivation, whereas right

frontal hypoactivation could be manifested in anxious behaviors or

negative affect. This model does not, however, deal with the role of

asymmetries in more posterior brain regions. A model developed by

Heller (1990) similarly hypothesizes that activity in the frontal region

is associated with the valence dimension of emotion and, in addition,

proposes that activity in the right posterior region is associated with

the arousal dimension of emotion. Low levels of arousal in depression

would be associated with decreased activity in right parietotemporal
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cortex. This model could therefore account for why ‘‘pure’’ depression

is accompanied by both left frontal and right parietotemporal hypo-

activation. Moreover, as Heller et al. (1995) suggest, panic or other

anxious states that increase right parietotemporal activation will act to

cancel out the tendency for depression to be associated with decreased

right parietotemporal activation. The high incidence of comorbity with

anxiety disorders could thereby account for why some EEG and imag-

ing studies have not found evidence of right parietotemporal hypo-

activation in depression. These models are, however, limited because

they fail to deal with the clinical heterogeneity of depression and its

relationship to brain asymmetry.

Several lines of evidence suggest the existence of treatment-responsive

and nonresponsive subtypes of depression that differ in brain asym-

metry. First, patients who respond to a tricyclic antidepressant show

evidence of right parietotemporal dysfunction similar to that seen in

major depression with melancholia. Thus, there appears to be a sub-

type of depression that responds favorably to a tricyclic and shares

some of the biologic and clinical features commonly seen in melancho-

lia. Second, patients who respond favorably to an SSRI antidepressant

show a characteristic perceptual asymmetry consistent with a favoring

of left over right parietotemporal activation. This SSRI responsive sub-

type includes patients having an ‘‘atypical depression’’ but is less likely

to include patients having an ‘‘anxious depression’’ with a comorbid

anxiety disorder. Third, patients who do not respond to an SSRI anti-

depressant show perceptual and electrophysiologic asymmetries con-

sistent with a pervasive favoring of right parietotemporal activation.

This SSRI nonresponsive subtype appears to be most common among

depressed women and may be characterized by heightened psycholog-

ical distress and negative affectivity. Depressed patients showing evi-

dence of greater right than left pareitotemporal activation would also

be expected to respond poorly to a tricyclic antidepressant (Bruder

et al., 1990) or to standard cognitive-behavioral therapy for depression

(Bruder, Stewart, et al., 1997), and may therefore represent a general

category of treatment-nonresponsive depression.

An important question that needs further research is why right-left

brain asymmetries should be related to outcome of treatments for de-

pression. One possibility is that the neurotransmitter systems impli-

cated in depressive disorders and affected by antidepressants may have

a lateralized distribution in the brain or may be asymmetrically dis-
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rupted in a particular subtype of depression. It has, for instance, been

suggested that serotonin pathways are asymmetrically distributed in

the brain (Mandell & Knapp, 1979; Tucker & Williamson, 1984), al-

though postmortem studies have not found consistent evidence of

asymmetries of serotonin uptake (Arato et al., 1991; Arora & Meltzer,

1991). A study measuring glucose metabolism did find that the

serotonin-releasing drug d; l-fenfluramine increased metabolism in left

prefrontal cortex and temporoparietal areas, and decreased metabolism

in right prefrontal cortex in healthy adults (Mann et al., 1996). More-

over, recent neuroimaging studies have reported lateralized differences

in regional brain metabolism between responders and nonresponders

to antidepressants (Ketter et al., 1999; Mayberg et al., 1997). Studies

that compare treatment responders and nonresponders not only on be-

havioral laterality and electrophysiologic measures but also on neuro-

imaging measures are needed to specify the biological basis for the

relation of brain asymmetries to treatment outcome.

Further study is also needed to determine the role of gender in

abnormalities of brain asymmetry in depression. Given the greater in-

cidence of depression among women, most studies in this area have

predominantly tested women. Our initial findings suggest that differ-

ences in perceptual asymmetry and EEG alpha asymmetry between

fluoxetine responders and nonresponders are more evident among

women than men (Bruder et al., 2001). Also, Heller (1993) has specu-

lated on the relation of gender differences in hemispheric organization

to gender differences in depression. One of the distinct advantages of

behavioral laterality tests and electrophysiologic measures of regional

hemispheric activity is that they can be economically administered to

relatively large samples, which will be necessary for determining how

gender modulates differences in brain asymmetry not only between

depressed patients and healthy controls but also between treatment-

responsive and nonresponsive subgroups of depression.
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