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Objective: The anterior cingulate cortex
has been implicated in depression. Re-
sults are best interpreted by considering
anatomic and cytoarchitectonic subdivi-
sions. Evidence suggests depression is
characterized by hypoactivity in the dor-
sal anterior cingulate, whereas hyperac-
tivity in the rostral anterior cingulate is
associated with good response to treat-
ment. The authors tested the hypothesis
that activity in the rostral anterior cingu-
late during the depressed state has prog-
nostic value for the degree of eventual
response to treatment. Whereas prior
studies used hemodynamic imaging, this
investigation used EEG.

Method: The authors recorded 28-chan-
nel EEG data for 18 unmedicated patients
with major depression and 18 matched
comparison subjects. Clinical outcome was
assessed after nortriptyline treatment. Of
the 18 depressed patients, 16 were consid-
ered responders 4-6 months after initial
assessment. A median split was used to

classify response, and the pretreatment
EEG data of patients showing better (N=9)
and worse (N=9) responses were analyzed
with low-resolution electromagnetic to-
mography, a new method to compute
three-dimensional cortical current density
for given EEG frequency bands according
to a Talairach brain atlas.

Results: The patients with better re-
sponses showed hyperactivity (higher
theta activity) in the rostral anterior cingu-
late (Brodmann's area 24/32). Follow-up
analyses demonstrated the specificity of
this finding, which was not confounded by
age or pretreatment depression severity.

Conclusions: These results, based on
electrophysiological imaging, not only
support hemodynamic findings implicat-
ing activation of the anterior cingulate as
a predictor of response in depression, but
they also suggest that differential activity
in the rostral anterior cingulate is associ-
ated with gradations of response.

(Am J Psychiatry 2001; 158:405-415)

-I-he anterior cingulate cortex has been the subject of in-
creasing attention in neuroimaging research on depres-
sion. Complementing reports of lower than normal activity
in the dorsolateral and dorsomedial prefrontal cortex and
parietal regions (for reviews, see references 1-3), several
studies have shown low glucose metabolism and regional
cerebral blood flow in the anterior cingulate cortex (4-8;
for review, see reference 9). On the basis of these data, re-
cent neurobiological models of depression have stressed
the importance of this region in the pathogenesis of de-
pression and in the manifestation of its symptoms (2, 10).

In apparent contradistinction to the finding of anterior
cingulate hypoactivity in depression, a number of treat-
ment studies have indicated a relationship between
higher anterior cingulate activity before treatment and
eventual clinical outcome. Mayberg and colleagues (11)
found that patients with unipolar depression who re-
sponded to treatment after 6 weeks showed higher pre-
treatment glucose metabolism in a rostral region of the
anterior cingulate cortex (Brodmann’s area 24a/b) than
nonresponders and nonpsychiatric comparison subjects.
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These results replicated previous findings drawn from
rather small patient groups (12, 13). Adding to their origi-
nal subjects, Wu et al. (14) confirmed this pattern in 36 pa-
tients with unipolar depression. These data suggest the in-
triguing possibility that the level of activity in the rostral
anterior cingulate cortex may be a prognostic indicator of
response to treatment.

The apparent contradiction of anterior cingulate hypo-
activity in depression and anterior cingulate hyperactivity
in patients who later respond to treatment might be un-
derstood in the context of the well-established anatomical
and cytoarchitectonic evidence for subdividing the ante-
rior cingulate cortex (15, 16). Whereas anterior cingulate
hypoactivity in depression generally involves the dorsal
anterior cingulate (dorsal region of area 32; areas 24', 32';
see reference 16), the region showing hyperactivity in re-
sponders is more ventral and rostral, including pregenual
areas 24 and 32.

In the present study we attempted to extend prior find-
ings by testing whether differential rostral anterior cingu-
late activity predicts degree of response to treatment, an
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important question in light of the substantial variability in
response among depressed patients (17). Higher activity
in the rostral anterior cingulate was hypothesized to be as-
sociated with better response. Unlike the subjects in prior
studies (11-14), most of the depressed participants inves-
tigated here were responders. Another distinguishing fea-
ture of this study was that it showcased a hovel method for
extracting localized sources from surface brain electrical
activity recordings. The technique begins with EEG data,
which are then analyzed with a new tomographic analysis
procedure (18-20) that computes the three-dimensional
intracerebral distributions of current density for specified
EEG frequency bands without assumptions about any pre-
defined numbers of generating sources. On the basis of
EEG and magnetoencephalographic studies (21-23) im-
plicating the anterior cingulate cortex as a likely neuronal
generator for theta activity in the human brain, theta was
hypothesized to be the only one of the seven conventional
frequency bands analyzed to show this effect. In particu-
lar, despite prior literature implicating alpha activity in de-
pression (1, 3), an association between alpha activity and
response to treatment was not expected because of no
known relation between alpha activity and the anterior
cingulate cortex (24, 25).

Method

Participants

Depressed and comparison participants were recruited by us-
ing advertisements in local media. Respondents were screened by
telephone and invited for a diagnostic interview if deemed likely
to meet the study criteria. All depressed participants met the
DSM-1V criteria for major depressive disorder, as assessed with
the patient edition of the Structured Clinical Interview for DSM-
111-R (SCID) (26), which was modified to make DSM-1V diagnoses.
They had no current symptoms or history of mania, psychosis, or
other axis | disorders, with the exception of social phobia second-
ary to depression and specific phobias. Depressed subjects with a
family history of mania or psychosis were excluded. Although
double depression was allowed, people meeting the criteria for
dysthymia but not major depressive disorder were excluded. In
keeping with the requirements of the nonpatient edition of the
SCID, the comparison participants had no current or past per-
sonal or family history of any axis | disorders. Diagnostic reliabil-
ity was evaluated through independent rating of the audiotaped
SCID interviews. Of the 10 randomly chosen interviews, only one
participant was classified differently (kappa=0.80). All partici-
pants were right-handed (27) and free of antidepressant medica-
tion for at least 4 weeks before testing.

All subjects with sufficient artifact-free pretreatment EEGs as
well as pre- and posttreatment clinical assessments—18 de-
pressed and 18 comparison subjects, 10 women in each group—
were included in the analyses. Depression severity was measured
with the Beck Depression Inventory (28) and the 17-item version
of the Hamilton Depression Rating Scale (29). To assess response
to treatment, the percentage change in Beck Depression Inven-
tory score was calculated for each depressed subject as follows:
([pretreatment score — posttreatment score] + pretreatment
score) x 100. The data for the Hamilton depression scale were in-
complete, precluding the possibility of their inclusion in the anal-
yses of response to treatment. The second clinical assessment oc-
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curred 4-6 months after the EEG recording and followed
pharmacological treatment with nortriptyline. The nortriptyline
doses were titrated to achieve therapeutic blood levels (50-150
ng/ml). Only two subjects were clinical nonresponders, with
changes in their scores of -4.8% and 13.2%, respectively (post-
treatment Beck Depression Inventory scores of 22 and 33). Con-
versely, all other depressed subjects showed an improvement of
at least 63% (posttreatment Beck scores ranged from 0 to 13). To
assess the relationship between degree of response and brain
electrical activity, the subjects who responded better (85.7%-
100.0% change) and worse (—4.8% to 82.6% change) were dichot-
omized by using a median split approach.

The patients with better responses had pretreatment Beck
scores of 16-37 and Hamilton depression scores of 14-27. Those
with worse responses had pretreatment Beck scores of 17-47 and
Hamilton depression scores of 13-27. Neither of these subgroups
differed significantly from the comparison subjects in age or sex
distribution (Table 1). The two depression groups were indistin-
guishable on all measures of affect administered before treat-
ment, whereas they both showed more depression, anxiety, and
negative affect and less positive affect than the comparison
group. After treatment, the patients with worse response contin-
ued to differ from the comparison group on the self-report mea-
sures of affect (posttreatment Beck score range=4-33), whereas
the patients with better response (posttreatment Beck score
range=0-3) did not.

After complete description of the study to the subjects, written
informed consent was obtained. The study was approved by the
university human subject committee.

Apparatus and Physiological Recording

An electrode cap with tin electrodes was used to record EEG
from 28 scalp sites of the 10/10 system (32) (FP1/2, F3/4, F7/8,
FC3/4, FC7/8, C3/4, CP3/4, CP5/6, T3/4, T5/6, P3/4, PO3/4, FPz,
Fz, Cz, Pz) referenced to the left ear (Al). The horizontal electro-
oculogram (EOG) was recorded from the external canthus of each
eye, and the vertical EOG was recorded from the supra- to subor-
bit of one eye. Electrode impedances were under 5 KQ for EEG
(homologous sites within 2 KQ) and under 20 KQ for EOG. Physi-
ological signals were amplified (1-300-Hz band pass with a 60-Hz
notch filter) and low-pass filtered at 100 Hz. Analog signals were
digitized online at 250 Hz.

Procedure

As part of a full day of testing, EEGs were recorded between
11:00 a.m. and 1:30 p.m. Since EEG data were collected concur-
rently with [18F]fluorodeoxyglucose (FDG) positron emission to-
mography (PET), the participants fasted for 5 hours before ar-
rival at the University of Wisconsin PET Imaging Center. After
electrode application, preparations for the PET procedure were
made; they included the insertion of two intravenous lines in
the right arm and left hand. Data from the PET study have been
published elsewhere (24, 25, 33) and are not reported here.
Unfortunately, correlations between the PET and EEG data for
this group could not be determined because only six subjects
had artifact-free PET and EEG data.

EEG data collection began at the time of the FDG injection and
involved 10 contiguous 3-minute trials to cover the entire 30 min-
utes needed for radiotracer uptake. Oral instructions to open or
close eyes were given before the start of each trial, with an alter-
nating order counterbalanced across participants. A technician
and laboratory assistant were seated to the left of the participant
in order to draw blood samples from the left hand and record the
exact time of each draw needed for PET analysis. After comple-
tion of the 10 trials, the electrodes and intravenous lines were
removed.

Am J Psychiatry 158:3, March 2001
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TABLE 1. Sociodemographic Data and Pre- and Posttreatment Scores for Depression and Mood in Comparison Subjects (N=
18) and Patients With Major Depressive Disorder Who Had Better (N=9) and Worse (N=9) Responses to Nortriptyline?

Time and Characteristic

Depressed Patients
Better Response Worse Response

Comparison Subjects

Pretreatment N N N
Sex?
Female 10 6 4
Male 8 3 5
Mean SD Mean SD Mean SD
Age (years) 38.6 13.6 311 8.5 38.6 10.9
Beck Depression Inventory (28) score 2.0 29 27.2¢ 7.6 31.2¢ 9.2
Hamilton depression scale (29) score — — 20.9 4.0 21.0 4.2
State-Trait Anxiety Inventory (30) scores
State form 26.7 38 52.4¢ 9.7 56.2¢ 14.0
Trait form 30.5 7.0 57.6° 104 59.3¢ 111
Positive and Negative Affect Schedule (31) scores
Trait form
Positive affect 33.6 7.4 19.0¢ 7.4 19.1¢ 8.1
Negative affect 121 3.8 22.0¢ 9.2 25.4°¢ 8.9
State form
Positive affect 29.2 7.3 20.2° 7.3 24.4 6.8
Negative affect 12.3 24 14.8 41 16.34 55
Posttreatment
Beck Depression Inventory score 3.1 3.3 1.7 1.2 12.1¢%# 9.7
Positive and Negative Affect Schedule scores
Trait form
Positive affect 325 8.1 31.7 5.6 25.9d 6.6
Negative affect 12.2 3.8 13.1 2.8 17.0d 7.2
State form
Positive affect 274 7.2 241 6.8 25.2 6.7
Negative affect 11.4 15 11.4 15 14.44 4.2

aResponse category was determined by median split.
b No significant difference according to chi-square analysis (df=2).

¢ Significantly different from score for comparison subjects (t test, df=25, p<0.01).
dsignificantly different from score for comparison subjects (t test, df=25, p<0.05).
€ Significant difference between patients with better and worse responses (t test, df=16, p<0.05).

Data Reduction and Analysis

After off-line artifact rejection, nonoverlapping 2048-msec EEG
epochs were extracted. A total of 5,262 artifact-free epochs
(mean=299 seconds/subject, SD=174) were available, distributed
similarly among the comparison subjects (mean=310 seconds,
SD=204), patients with better responses (mean=286 seconds, SD=
186), and patients with worse responses (mean=289 seconds, SD=
93). After the data were re-referenced to an average reference, all
eyes-closed EEG epochs were analyzed with low-resolution elec-
tromagnetic tomography (LORETA) (18-20). From scalp-recorded
electrical potential distribution, LORETA computes the three-di-
mensional intracerebral distributions of current density for spec-
ified EEG frequency bands. In simulations comparing five source
localization techniques using linear solutions for the EEG inverse
problem, only LORETA reliably localized sources in three-dimen-
sional space (18). One important difference between the LORETA
algorithm and previously published source localization methods,
e.g., brain electric source analysis (BESA) (34), is that LORETA
does not require the assumption of a specific number of sources
to solve the inverse problem. The only assumption implemented
is that neighbor neuronal sources are likely to be similarly active
(i.e., have similar orientations and strengths). This assumption is
well supported by animal single-unit recordings (see, for in-
stance, reference 35). Mathematically, the assumption of simulta-
neous and synchronous activation of neighboring neurons is im-
plemented by computing the “smoothest” of all possible activity
distributions. The physiological validity of the algorithm has been
demonstrated in studies investigating basic visual and auditory
processes (20), epileptic discharges (36), and cognitive tasks tap-
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ping specific brain regions (37-38) as assessed independently in
functional hemodynamic imaging studies. A recent study (36)
provided direct cross-modality validation by showing that
LORETA generators of ictal discharge were remarkably close to
the locations of MRI-identified epileptic foci.

The LORETA version used in the present study (18, 19, 37) in-
cluded a three-shell spherical head model registered to the Talair-
ach brain atlas (39), as well as EEG electrode coordinates derived
from cross-registrations between spherical and realistic head ge-
ometry (40). Computations were restricted to cortical gray matter
and the hippocampus by using the digitized Talairach and proba-
bility atlases of the Brain Imaging Centre, Montreal Neurologic
Institute. If a voxel’s probability of being gray matter was higher
than 33% and higher than the probability of being white matter or
cerebrospinal fluid, that voxel was labeled as gray matter. The so-
lution space contained 2,394 voxels, and the spatial resolution
was 7 mm.

The LORETA analyses consisted of three steps. First, for every
subject, all available artifact-free 2048-msec EEG epochs were
subjected to cross-spectrum analysis for the following EEG
bands: delta (1.5-6.0 Hz), theta (6.5-8.0 Hz), alphal (8.5-10.0 Hz),
alpha2 (10.5-12.0 Hz), betal (12.5-18.0 Hz), beta2 (18.5-21.0 Hz),
and beta3 (21.5-30.0 Hz). Second, LORETA computed current
density as the linear, weighted sum of the scalp electrical poten-
tials and then squared this value for each voxel to yield power of
current density. Finally, for every subject and every band, the
LORETA solution was normalized to a total power of 1 and log-
transformed. LORETA units are proportional to square amperes
per square meter.
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FIGURE 1. Images Showing Differences in Pretreatment Theta Activity Between Patients With Major Depressive Disorder
Who Had Better (N=9) and Worse (N=9) Responses to Nortriptyline, According to Voxel-by-Voxel Analysis With Low-Resolu-

tion Electromagnetic Tomography?

A

o) | e

[ Activity greater for patients with
better response than for patients
with worse response

t

310 155 0.0 155 3.10

a Better and worse responses were determined by median split. Part A contains axial (left), sagittal (middle), and coronal (right) images at the
level of maximal differences between the two depression groups; X, y, and z Talairach coordinates are 11, 45, and -6, respectively, t=3.10.
The axial image is the head seen from above, nose up. L=left, R=right. A=anterior, P=posterior. The black triangles show the locations of ex-
treme t values. Part B contains 17 axial brain slices at 7-mm intervals from the most inferior level (z=-41) to the most superior level (z=71).
Coordinates are given in millimeters (39), and the origin is at the anterior commissure. For X, negative values represent left, positive values
represent right. For y, negative values represent posterior, positive values represent anterior. For z, negative values represent inferior, positive

values represent superior.

Statistical Analysis

To estimate the false positive rate under the null hypothesis of
no voxel-wise differences between two given subject groups, we
implemented a randomization procedure using the tmax ap-
proach as previously proposed for neuroimaging data (41, 42). At
every iteration, two randomly selected groups, each containing
one-half of the subjects under investigation, were tested at each
of the 2,394 voxels. At every iteration, the largest absolute t value
(from a two-tailed test) was stored in a histogram. After 5,000 iter-
ations, for each frequency band the t value cutting off the most
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extreme 5% of the distribution was identified (i.e., two-tailed
p<0.05). The highest t value across the frequency bands was se-
lected to threshold the data, i.e., to accept or reject the null hy-
pothesis. This threshold was t=3.09 (df=16, p<0.007) when the
data of the nine patients with worse responses and nine patients
with better responses were considered, t=3.17 (df=16, p<0.006)
when the patients with better responses and nine randomly se-
lected comparison subjects were considered, and t=3.22 (df=16,
p<0.006) when the patients with worse responses and nine ran-
domly selected comparison subjects were considered. Conse-
quently, a two-tailed alpha level of 0.005 was adopted for thresh-

Am J Psychiatry 158:3, March 2001



PIZZAGALLI, PASCUAL-MARQUI, NITSCHKE, ET AL.

TABLE 2. Significant Differences in Theta Activity Between Patients With Major Depressive Disorder Who Had Better (N=9)
and Worse (N=9) Responses to Nortriptyline, According to Voxel-by-Voxel Analysis With Low-Resolution Electromagnetic

Tomography?

Statistical Value Talairach Coordinates (mm) (39)° Brodmann’s

(t, from highest to lowest) X y z Area Region Side
3.10 11 45 -6 32 Anterior cingulate cortex Right
3.09 11 38 -6 10 Medial frontal gyrus Right
3.05 4 45 -6 32 Anterior cingulate cortex Right
3.02 11 52 -6 32 Anterior cingulate cortex Right
3.02 4 38 1 24 Anterior cingulate cortex Right
3.00 -3 38 1 24 Anterior cingulate cortex Left
3.00 4 45 1 32 Anterior cingulate cortex Right
3.00 11 45 1 10 Anterior cingulate cortex Right
2.99 -3 45 -6 32 Anterior cingulate cortex Left
2.97 4 38 -6 32 Anterior cingulate cortex Right
2.97 -3 45 1 32 Anterior cingulate cortex Left
2.97 11 52 1 10 Medial frontal gyrus Right
2.96 -10 45 -6 32 Anterior cingulate cortex Left
2.92 -10 45 1 10 Anterior cingulate cortex Left

2 Response category was determined by median split. Significance was defined as a t value exceeding the threshold of p<0.01 (t=2.92, df=16).
Positive t values indicate hyperactivity in the patients with better responses. Hyperactivity in patients with worse responses was not observed.

b Origin at the anterior commissure. For x, negative values represent left, positive values represent right. For y, negative values represent pos-
terior, positive values represent anterior. For z, negative values represent inferior, positive values represent superior.

olding the statistical maps that consisted of voxel-by-voxel t tests
comparing the patients with better and worse responses (t=3.25,
df=16) and each of the depression groups versus the comparison
subjects (t=3.08, df=25). Because of our a priori hypothesis that
theta activity in the anterior cingulate cortex would be greater in
the patients with better responses than in those with worse re-
sponses, a one-tailed test was used for the theta band (p<0.01).

The structure-probability maps atlas (43) was used to assess
which brain regions were involved in group differences. Brod-
mann areas and brain regions closest to the observed locations
identified by the Talairach coordinates are reported, as well as the
number of voxels exceeding the statistical threshold.

Results

In the comparisons of depressed subjects with better
and worse responses to treatment, the only result in any
frequency band to survive the statistical threshold was
theta activity (6.5-8.0 Hz). (To test whether significant re-
sults emerged only from the theta band because of the
lower threshold, p<0.01 versus p<0.005, analyses were re-
peated for the other bands at a two-tailed p<0.01, but again
no significant results were observed.) The significant result
for theta activity was found in the rostral anterior cingulate
cortex (area 24), which extended rostrally to mesial regions
of area 32 and to some voxels in the medial frontal gyrus
(area 10; Figure 1). As shown in Figure 2, LORETA theta ac-
tivity was higher in the patients with better responses
(mean=-3.35, SD=0.06) than in the patients with worse re-
sponses (mean=-3.43, SD=0.06) (t=3.10, df=16, p<0.008).
The difference between the patients with better responses
and the comparison subjects (mean=-3.43, SD=0.08) did
not pass the statistical threshold (t=2.65, df=25, p<0.02),
whereas the patients with worse responses and the com-
parison subjects showed virtually identical pretreatment
levels of anterior cingulate activity. Significant differences
between the patients with better and worse responses were
grouped in an uninterrupted cluster (volume=4.8 cm?3) in-
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volving 14 voxels (nine in the right and five in the left hemi-
sphere) (Table 2).

Follow-up analyses showed that these results were not
driven by the two depressed patients who were classified
as clinical nonresponders. The Pearson correlation be-
tween the percentage change in Beck Depression Inven-
tory score and the theta activity in the entire cluster was
0.48 (df=16, p<0.05) with the two nonresponders and 0.56
(df=14, p<0.03) without them. The higher the LORETA
theta activity in these rostral regions of the anterior cingu-
late cortex, the better the response to treatment (Figure 3).

To test whether the association with the degree of re-
sponse was specific to the rostral anterior cingulate cor-
tex, we computed Pearson correlations between the per-
centage change in Beck depression score and the LORETA
theta activity in the entire brain volume without the two
nonresponders. In this analysis, only two regions showed
significant correlations (p<0.05, uncorrected for multiple
comparisons). As shown in Figure 4, theta activity withina
medial frontal region extending caudally to areas 24 and
32 of the anterior cingulate cortex (33 voxels; 27 in the
right and six in the left hemisphere) was positively corre-
lated (r=0.54, df=14, p<0.05) with percentage change in the
Beck depression score, whereas theta activity within a
much smaller region involving the left precuneus (five
voxels) was negatively correlated (r=-0.62, df=14, p<0.03)
with percentage change in Beck depression score.

Because the depressed patients with better responses
were slightly (but not significantly) younger than those
with worse responses and because anterior cingulate ac-
tivity shows remarkable functional decrease with age (44),
a hierarchical regression analysis predicting theta activity
within the cluster emerging from the correlational analy-
sis was conducted by entering age as the first predictor
and then entering percentage change in Beck depression
score. Age was not related to theta activity in the anterior
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FIGURE 2. Individual Pretreatment Theta Activity in the
Anterior Cingulate Cortex Cluster, Measured With Low-Res-
olution Electromagnetic Tomography (LORETA), in Patients
With Major Depressive Disorder Who Had Better (N=9) and
Worse (N=9) Responses to Nortriptyline and in Comparison
Subjects (N=18)2
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aResponse category was determined by median split. Horizontal
lines represent mean values. The values are negative because they
were log-transformed for statistical purposes; less negative values
indicate higher theta activity.

cingulate cortex (beta=-0.09, t=-0.32, df=14, p>0.75). Per-
centage change in Beck depression score remained a sig-
nificant predictor of theta activity in the anterior cingulate
cortex even after removal of the variance associated with
age (beta=0.64; RZ change=0.32, F=6.20, df=1, 13, p<0.03).
Similar information was obtained from calculating the
partial correlation between percentage change in Beck de-
pression score and theta with age partialed out (r=0.57, df=
13, p<0.03).

Discussion

In a group of individuals treated for major depression,
baseline theta activity within a rostral region of the ante-
rior cingulate cortex involving areas 24 and 32 predicted
degree of response 4-6 months later. Depressed subjects
showing a better response had higher theta activity than
those responding less well, and they also tended to have
higher activity than comparison subjects; this finding
replicates that of Mayberg et al. (11). In addition, theta ac-
tivity in the left precuneus was inversely related to re-
sponse after treatment. However, this unexpected effect
involved a very small region (five voxels) and emerged
only in the correlational analysis with less stringent statis-
tical criteria.

Prior research suggests that higher theta activity within
the anterior cingulate cortex is best interpreted as an elec-
trophysiological manifestation of higher activation within
this region. This interpretation relies on observations of
increased theta activity during stimulus expectancy and
focused attention (45), higher working memory load (22),
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FIGURE 3. Correlation Between Percentage Change in Beck
Depression Inventory Score After Nortriptyline Treatment
and Pretreatment Theta Activity in the Anterior Cingulate
Cortex Cluster, Measured With Low-Resolution Electromag-
netic Tomography (LORETA), in 18 Patients With Major De-
pressive Disorder?

100

U

40

Inventory Score (%)
N
(=}

Change in Beck Depression

=20
-3.52 -3.46 -3.34 -3.28 -3.22

Low .. . High
Theta Activity (LORETA units)

-3.40

aThe theta activity values are negative because they were log-trans-
formed for statistical purposes; less negative values indicate higher
theta activity. The curved blue lines indicate the 95% confidence in-
tervals. The straight blue line is the best fit regression line.

successful encoding of new information (46), and concen-
trated task performance (47).

The present findings add to the emerging story of ante-
rior cingulate involvement in depression. Dorsal anterior
cingulate activity is low in depression (4-8), and remission
has been associated with increased activity in the same re-
gion (48-50). Similarly, the high level of activity in the ros-
tral anterior cingulate cortex (area 24a) and mesial regions
of area 32 associated with response to treatment (11-14,
49) has been shown to normalize (i.e., decrease) in pa-
tients who respond to sleep deprivation (14, 51). The fact
that rostral anterior cingulate activation predicted the
magnitude of response in the current study and did not
simply differentiate between responders and nonre-
sponders underscores the robustness of this effect and ex-
tends previous findings (11-14, 49) by demonstrating that
the magnitude of anterior cingulate activation accounts
for gradations of response (even for the analyses that ex-
cluded clinical nonresponders). (We previously reported a
preliminary analysis of the PET data involving nine de-
pressed subjects [52]. In that analysis, patients with better
and worse responses differed in a clearly more dorsal re-
gion of the anterior cingulate: x=—4, y=-14, z=46; areas 23,
24, 31. The fact that only six of these subjects had artifact-
free EEG data and therefore could be included in our
group of 18 depressed subjects may account for the dis-
crepancy between the EEG and PET results.) The region
involved is remarkably close to the ones reported previ-
ously in studies of response to treatment that used PET
(11, 14) and single photon emission computed tomogra-
phy (SPECT) (12). Taken together, these results suggest
that hyperactivation of the rostral anterior cingulate cor-

Am J Psychiatry 158:3, March 2001
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FIGURE 4. Correlation Between Percentage Change in Beck Depression Inventory Score After Nortriptyline Treatment and
Pretreatment Theta Activity in the Entire Brain, Measured With Low-Resolution Electromagnetic Tomography (LORETA), in
16 Patients With Major Depressive Disorder?
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aThe images are axial brain slices at 7-mm intervals from the most inferior level (z=—41) to the most superior level (z=71). Coordinates are
given in millimeters (39), and the origin is at the anterior commissure. For X, negative values represent left, positive values represent right.
For y, negative values represent posterior, positive values represent anterior. For z, negative values represent inferior, positive values repre-
sent superior. Significant positive correlations (p<0.05, uncorrected for multiple comparisons) are shown in red, significant negative correla-
tions are shown in blue (see calibration). The highest positive correlation (r=0.57, df=14, p<0.05) was for the theta activity at x=4, y=61, z=1
(Brodmann'’s area 10, medial frontal gyrus; see red arrow), and the highest negative correlation (r=-0.62, df=14, p<0.03) was for the activity
at x=-10, y=-74, z=50 (Brodmann'’s area 7, precuneus; see blue arrow).

tex may represent an adaptive, compensatory reaction to
the state of being depressed that increases the likelihood
of remission and then normalizes after recovery.

In a model of depression that integrates some of these
data, Mayberg and colleagues (10, 50) considered distinc-
tions between different areas of the anterior cingulate cor-
tex to account for the formation and maintenance of de-
pressive symptoms. They described a dorsal compartment
that modulates attentional and cognitive symptoms (e.g.,
apathy, attentional and executive deficits) and that in-
cludes the dorsolateral prefrontal cortex, the dorsolateral
anterior cingulate (area 24b), the inferior parietal lobe,
and the striatum. A ventral compartment, on the other
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hand, is postulated to be involved in vegetative and so-
matic symptoms (e.g., sleep disturbance, loss of appetite
and libido) and includes the hypothalamic-pituitary-adre-
nal axis, insula, subgenual cingulate (area 25), and brain-
stem. Their model posits that the rostral anterior cingulate
(area 24a) plays a key role in response to treatment be-
cause of its putative regulatory role in integrating informa-
tion of the dorsal and ventral compartments. While not
furnishing direct empirical evidence for this formulation,
the present results and those gathered from previous stud-
ies (11-14, 49) are consistent with it.

In order to advance possible mechanisms relating ros-
tral anterior cingulate activity and response to treatment,

411



ANTERIOR CINGULATE AND DEPRESSION RESPONSE

FIGURE 5. Summary of Functional Brain Imaging Studies of Anterior Cingulate Cortex Activation by Cognitive and Affective
Tasks and/or Manipulations for Which Data Registered to a Common Stereotaxic Brain Atlas Were Reported?

Anterior

Posterior

B O WA in depression

AA with remission of depression
WA during transient sadness

WA with remission of depression
AA during transient sadness

[ ] 'fA pretreatment in responders

® A with treatment
- O A during emotional tasks

O A during cognitive tasks

% A\A pretreatment in patients with
better response in current study

aFindings were reported in terms of Talairach coordinates (39). The large red area and the black triangles show the location of the cluster
emerging from the present analysis based on categorization of response according to median split. The numbers represent reports listed in
the reference list. 1 A=hyperactivity; | A=hypoactivity. The studies of depressed subjects showed pretreatment hyperactivity among patients
who responded to treatment (present study and references 11, 14, 49); posttreatment decreased activity in responders (14, 51); increased ac-
tivity with remission of depression (50); decreased activity with remission of depression (50); and hypoactivity in depressed subjects (4, 7), in
patients with a refractory familial form of depression (5), and in depressed subjects performing the Stroop task (6). The studies that involved
emotional tasks showed increased activity in response to the emotional Stroop task (53), increased activity during transient sadness in non-
psychiatric subjects (50, 54), decreased activity during transient sadness in nonpsychiatric subjects (50), increased activity during attention to
emotional experiences (55), activity correlated with individual differences in emotional awareness (56), and increased activity during the pro-
cessing of happy facial expressions (57). The studies of cognitive tasks showed increased activity during the anticipation of cognitive chal-

lenges (58), the counting Stroop task (59), target detection (60), and the evaluation of response conflict (61).

the functions of the various anterior cingulate subdivi-
sions already noted need to be considered. Devinsky et al.
(15) argued for distinguishing between an “affect subdivi-
sion” encompassing rostral and ventral areas of the ante-
rior cingulate cortex (areas 25, 32, 33, and rostral area 24)
and a dorsal “cognitive subdivision” of the anterior cingu-
late (caudal area 24’ and 32', cingulate motor area). The
affect subdivision has extensive connections with limbic
and paralimbic structures (amygdala, nucleus accumbens,
orbitofrontal cortex, periaqueductal gray, and autonomic
brainstem motor nuclei) and is involved in regulating vis-
ceral and autonomic responses to stressful behavioral and
emotional events, emotional expression, and social behav-
ior. On the other hand, the cognitive subdivision of the an-
terior cingulate cortex has important connections with the
spinal cord and the parietal cortex, and it is involved in re-
sponse selection and processing of cognitively demanding
information. Functional neuroimaging studies have pro-
vided compelling evidence distinguishing the two anterior
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cingulate subdivisions (Figure 5) (for reviews, see refer-
ences 53 and 59). Whereas several theories include the
proposition that the anterior cingulate in general acts as a
bridge between attention and emotion (9, 15, 16), we agree
with Mayberg that the rostral anterior cingulate in partic-
ular may serve this purpose (see also reference 62). Func-
tionally, the rostral anterior cingulate may integrate sa-
lient affective and cognitive information, such as that
derived from environmental stimuli or task demands, and
subsequently modulate attentional processes within the
cognitive subdivision accordingly. With regard to good re-
sponse to treatment, hyperactivation of the rostral ante-
rior cingulate in depression might reflect an amplification
of the disposition to perform these functions that in turn
regulate the dysfunctional cognitive and affective patterns
associated with depression. Of anatomical relevance, dor-
sal anterior and posterior cingulate pathways devoted to
attentional processes and amygdalar pathways devoted to
affective processing converge within area 24 (62), further
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pointing to the utility of distinguishing between the rostral
and ventral areas that Devinsky et al. (15) aggregated into
the affect subdivision.

Other research further implicates the rostral anterior
cingulate in monitoring and evaluating the significance of
environmental stimuli. First, area 24 receives dense dopa-
minergic innervations from the ventral tegmental area
(15), and dopamine has been shown to be important in
the encoding of information with respect to the predic-
tion, evaluation, and occurrence of reward (63). Consis-
tent with this view is a recent report by Volkow et al. (44) of
an in vivo demonstration of a strong relationship between
dopamine D, receptors and anterior cingulate metabo-
lism in humans. Second, lesions of the anterior cingulate
cortex (although not consistently restricted to the rostral
area) have been associated with inadequate estimation of
punishment versus reward cues, abnormal autonomic re-
actions to emotionally loaded information, low behavioral
reactivity, apathy, loss of motivation, blunted emotional
responses, and severe deficits in social behavior (15, 64),
all of which closely mirror depressive symptoms. These
two lines of evidence suggest that activation of the rostral
anterior cingulate cortex may favor response to treatment
by fostering an individual’s capacity to monitor present or
future behavior with respect to reward or punishment.
This interpretation is in agreement with Drevets’s model of
depression (2), which postulates a relationship between
activity in the subgenual anterior cingulate cortex and
evaluative aspects of behavior in terms of reward and pun-
ishment. Of further relevance, Drevets also contended
that core symptoms of depression, such as apathy and an-
hedonia, arise from a failure of the subgenual anterior cin-
gulate to maintain tonic dopaminergic-dependent, re-
ward-related activity.

Consistent with EEG and magnetoencephalographic
evidence that the anterior cingulate cortex may be a possi-
ble neuronal generator for theta activity in the human
brain (21-23) is the fact that the differences involving re-
sponse in our study were observed exclusively in the theta
band. Of particular note, alpha activity was not associated
with response in the anterior cingulate cortex or any other
region. Therefore, the relevance of alpha to depression
that has been shown in numerous studies (1, 3) does not
appear to extend to response to treatment.

Alimitation of the present study is the relatively low spa-
tial resolution of the method used, which potentially
could cast doubt on the specificity of the findings for the
rostral anterior cingulate cortex. However, confidence in
the localization capability of LORETA for the present study
rests on two arguments. First, the results are highly consis-
tent with prior PET and SPECT findings. Second, although
EEG source localization techniques have been shown to
be less accurate in detecting activity arising from deep
brain structures, the depth of the solution for LORETA is
slightly underestimated rather than overestimated (18). A

Am J Psychiatry 158:3, March 2001

PIZZAGALLI, PASCUAL-MARQUI, NITSCHKE, ET AL.

related issue is the evidence that the rostral anterior cin-
gulate effect is lateralized to the right hemisphere, which
again replicates the finding of Mayberg et al. (11). How-
ever, caution in interpreting this finding is warranted be-
cause of the medial location of the anterior cingulate cor-
tex and the relatively low resolution of LORETA.

In the present study, depressed individuals with higher
baseline EEG theta activity within a region of rostral ante-
rior cingulate cortex showed better response to treatment
4-6 months later. The region associated with degree of re-
sponse to treatment was remarkably close to regions pre-
viously indicated in hemodynamic imaging studies of de-
pression (11-14). This similarity is noteworthy because
the present study used multichannel EEG, an electrophys-
iological imaging technology that is fundamentally differ-
entfrom PET and SPECT, the primary methods reported in
this literature to date. In addition to lending further sup-
port for the prior observations that anterior cingulate acti-
vation predicts response to treatment in major depres-
sion, the present study showed that even among clinical
responders, differential anterior cingulate activity was as-
sociated with how well they responded to treatment.
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