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Objective: The purpose of this study was
to use functional magnetic resonance im-
aging (fMRI) to probe the neural circuitry
associated with reactivity to negative and
positive affective stimuli in patients with
major depressive disorder before treat-
ment and after 2 and 8 weeks of treat-
ment with venlafaxine. Relations between
baseline neural activation and response
to treatment were also evaluated.

Method: Patients with major depressive
disorder (N=12) and healthy comparison
subjects (N=5) were scanned on three oc-
casions, during which trials of alternating
blocks of affective and neutral pictorial vi-
sual stimuli were presented. Symptoms
were evaluated at each testing occasion,
and both groups completed self-report
measures of mood. Statistical parametric
mapping was used to examine the fMRI
data with a focus on the group-by-time

Results: Patients showed a significant re-
duction in depressive symptoms with
treatment. Group-by-time interactions in
response to the negative versus neutral
stimuli were found in the left insular cortex
and the left anterior cingulate. At baseline,
both groups showed bilateral activation in
the visual cortices, lateral prefrontal cor-
tex, and amygdala in response to the neg-
ative versus neutral stimuli, with patients
showing greater activation in the visual
cortex and less activation in the left lateral
prefrontal cortex. Patients with greater rel-
ative anterior cingulate activation at base-
line in response to the negative versus
neutral stimuli showed the most robust
treatment response.

Conclusions: The findings underscore
the importance of the neural circuitry acti-
vated by negative affect in depression and
indicate that components of this circuitry
can be changed within 2 weeks of treat-

interactions.

ment with antidepressant medication.

(Am | Psychiatry 2003; 160:64—75)

Considerable progress has been made recently in the
identification of the brain circuitry underlying mood and
emotion regulation (see references 1-3 for reviews). This
corpus of literature represents a confluence of nonhuman
data and human neuroimaging findings. The findings
have highlighted the role of different territories of the pre-
frontal cortex, amygdala, anterior cingulate cortex, and
hippocampus in specific components of emotion and
emotion regulation. These are also the regions that have
been consistently identified to reveal abnormalities in ma-
jor depressive disorder (3, 4).

Virtually all of the extant neuroimaging studies of de-
pression have examined resting metabolic rate or blood
flow with positron emission tomography (PET) or single
photon emission computed tomography (SPECT). These
studies have focused on differences between patients and
healthy comparison subjects when the patients were in the
midst of a depressive episode as well as on changes in these
parameters of brain function as a consequence of both an-
tidepressant medication and behavioral or psychological
treatment (see references 5 and 6 for recent examples). A
number of studies have reported normalization of be-
tween-group differences in resting measures of brain func-
tion (e.g., see review in reference 4). One of the most con-
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sistent findings has been that a variety of antidepressants
increase the metabolic rate in the dorsolateral prefrontal
cortex of depressed individuals, concomitant with symp-
tom remission (e.g., references 7-11).

Abnormalities in the anterior cingulate have also been
consistently associated with depression. Decreased activa-
tion in the rostral region of the anterior cingulate has been
reported in depression, and the magnitude of anterior cin-
gulate activity has been found to predict treatment re-
sponse, with greater activation during an acute episode
predicting more successful response to treatment (12).
Treatment-related changes in activation of different regions
of the anterior cingulate have also been reported, with the
most common finding being an increase in activation in
those regions of the anterior cingulate that were hypoactive
during an acute episode (see references 7, 11).

Human neuroimaging studies have identified a consis-
tent pattern of activation in response to affective relative
to neutral visual stimuli. However, there has not been a
systematic study with depressed patients that has exam-
ined the effects of antidepressants on changes in regional
brain activation in response to an affective challenge.
Studies in healthy subjects demonstrate that aversive vi-
sual stimuli produce a set of activations that are consistent
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with hypotheses derived from preclinical studies. Acti-
vated regions include the amygdala, regions of the pre-
frontal cortex, and the anterior cingulate. In addition, af-
fective stimuli produce activation in widespread regions
of the visual cortex compared with the presentation of
neutral stimuli that are matched on basic physical charac-
teristics (13).

The current study used functional magnetic resonance
imaging (fMRI) of depressed patients and nondepressed
comparison subjects to examine changes over the course
of antidepressant treatment in patterns of neural activity
evoked by eliciting affective responses with affective visual
stimuli. The basic design of the study included three MRI
scanning sessions: the first occurred before treatment
when patients with major depressive disorder were acutely
depressed. The second scanning session took place 2
weeks after treatment with venlafaxine began, and the
third scanning session occurred 6 weeks later or 8 weeks af-
ter the beginning of treatment. For comparison, healthy
subjects were scanned at the same time intervals as the de-
pressed patients. During each scanning session, a block
design was presented that alternated sequences of nega-
tive and neutral visual stimuli and positive and neutral vi-
sual stimuli in separate trials.

On the basis of prior data and theory, we predicted that
patients would differ from healthy subjects in the three
regions that we highlighted (amygdala, prefrontal cortex,
and anterior cingulate), particularly in response to the
negative versus neutral stimuli. We also hypothesized
that change over time in these regions would predict the
magnitude of treatment response. Finally, on the basis of
findings by Mayberg and her colleagues (12) and recent
electrophysiological data from our laboratory (14), we
predicted that the magnitude of anterior cingulate acti-
vation before treatment would predict the magnitude of
treatment response such that patients showing the larg-
est anterior cingulate activation to the negative versus
neutral stimuli before treatment would show the fewest
and least severe symptoms after 8 weeks of venlafaxine
treatment.

Method

Subjects

Twenty-one right-handed subjects (15) provided informed
consent before participating in this study in accordance with the
guidelines of the Human Subjects Committee at the University of
Wisconsin Medical School. Subjects were recruited through local
newspaper advertisements and were paid for their participation.
Data from two subjects were discarded because of various techni-
cal difficulties. In addition, data from two of the depressed pa-
tients who did not respond to treatment were excluded. The
results reported herein are taken from usable data from five com-
parison subjects (one woman and four men; mean age=27.8
years, SD=10.4) and 12 depressed patients (eight women and four
men; mean age=38.17 years, SD=9.3).
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Stimulus Selection

Stimuli were selected from the International Affective Picture
System (16). This collection of visual stimuli is one of most widely
used for the study of affective processes, and there is a large cor-
pus of data demonstrating that these stimuli reliably elicit affec-
tive responses (17) in both random (18) and blocked (19, 20) pre-
sentations. Negative (e.g., mutilated face), positive (e.g., Olympic
victories), and neutral (e.g., wicker basket) stimuli were selected
based on z score transformed normative ratings of arousal (low to
high) and valence (negative to positive), averaged across male
and female ratings (21), in order to derive one set of stimuli that
would reliably elicit maximal affective responses from both sexes.
As closely as was possible, the positive (N=30) and negative (N=
30) stimuli were matched for high, positive arousal ratings and
valence ratings that were maximally opposite in sign. The neutral
(N=72) stimuli were selected to have low, negative arousal ratings
and valence ratings that were approximately zero.

Paradigm

The stimuli were arranged into three viewing trials; the two
that were the primary experimental manipulations will be de-
scribed first. Trials comprised 11 blocks of 12 valence-constant
stimuli with the stimuli presented contiguously for 4 seconds
each, for a total of 132 stimuli exposures per trial. Each stimulus
appeared twice per trial. The stimuli were presented in a quasi-
random order such that 1) a given stimulus was never repeated
with fewer than 12 intervening stimuli, and 2) novel stimuli
would appear up to three-quarters of the way through the trial.
The neutral-negative picture viewing trial (hereafter referred to
as the negative trial) alternated between neutral and negative
stimulus blocks, whereas the neutral-positive picture viewing
trial (hereafter referred to as the positive trial) alternated be-
tween neutral (different from the neutral stimuli used in the
negative trial) and positive stimulus blocks. Each trial began and
ended with neutral stimulus blocks. A third trial consisted of the
same number of stimuli as the negative and positive trials, but
presented in a random order (random trial) and will not be dis-
cussed further.

To ensure adequate measurement of baseline MR signal, the
first and last stimulus blocks of each trial were 15 seconds longer
than the intervening blocks. This was accomplished by present-
ing each stimulus in those blocks for 5.25 seconds rather than 4
seconds. Finally, to allow time for the MR signal to reach a
steady-state, the first stimulus block of each trial was an addi-
tional 15 seconds longer, during which the subject viewed the
word “Begin.”

The trials were presented in a fixed order to all subjects: ran-
dom, positive, negative. The positive and negative trials were not
counterbalanced because there is evidence that a negative affec-
tive state may linger and interfere with the elicitation of a positive
affective state (22).

Diagnostic and Experimental Sessions

There were five sessions common to both comparison subjects
and patients. The first session involved the patient version of the
Structured Clinical Interview for DSM-IV (23) and the nonpatient
DSM-III-R version with psychotic screen (24), modified to comply
with DSM-IV criteria, for comparison subjects. Comparison sub-
jects were excluded if there was a history of any axis I disorder in
themselves or their first-degree relatives. Patients met DSM-IV
criteria for major depressive disorder; had no history or current
symptoms of mania, bipolar disorder, or psychosis in themselves
or their first-degree relatives; and did not currently meet criteria
for any other axis I disorder with the exception of specific phobia
or dysthymia. In addition, subjects were screened for neurologi-
cal disorders and MRI safety standards. The first session lasted
approximately 1 hour. Four additional sessions commenced ap-
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proximately 2 weeks after the diagnostic session. Each session be-
gan with paper-and-pencil assessments of various cognitive and
affective characteristics.

During the first session, subjects underwent a simulated exper-
iment in a mock MR scanner that was a replica of a working MR
scanner, including headcoil and digitized scanner sounds pre-
sented through earphones. The purpose of this session was to ac-
climate the subjects to the unique experimental environment by
explaining and demonstrating the equipment to be used. A dental
impression for use with a bite-bar was obtained during this ses-
sion. After the bite-bar was fitted and the goggles used for pre-
senting the stimuli adjusted, the subject was fitted with ear-
phones and placed in the mock scanner. After positioning, the
subject was presented with a picture trial of the same duration as
the experimental trials that consisted of stimuli representative of,
but different from, those used in the experimental session. The
second session lasted approximately 1 hour.

The third session (approximately 1 week after the simulated
session), fourth session (exactly 2 weeks after the third session)
and fifth session (exactly 6 weeks after the fourth session) in-
volved the acquisition of both structural and functional imaging
data through brain scans. Each scanning session lasted approxi-
mately 2 hours. For the patients, there was a psychiatric evalua-
tion and medication adjustment during the week between the
first and second scan, and three times during the 6 weeks be-
tween the second and third scan. Thus, for comparison subjects
there were a total of five sessions for which they were paid a total
of $110.00 for their participation, while for the patients there were
a total of nine sessions for which they were paid a total of $180.00.
Additionally, patients continued to receive treatment and evalua-
tion at no cost for 3 months following the third scan.

Medication Administration

After the first scan, patients began treatment with immediate-
release venlafaxine. If patients did not exhibit significant side ef-
fects and had not fully responded, the dose was increased accord-
ing to the following schedule: days 1-4, 18.75 mgb.i.d.; days 5-14,
37.5mgb.i.d.; days 15-28, 75 mgb.i.d.; days 29-56, 112.5 mg b.i.d.
According to this schedule, the second and third scans took place
on days 14 and 42, respectively.

Paper-and-Pencil Instruments

At each session common to comparison subjects and patients,
we administered the Positive and Negative Affect Schedule (25),
the Behavioral Inhibition Scales/Behavioral Activation Scales
(26), the short form (27) of the Mood and Anxiety Symptom Ques-
tionnaire (28, 29), the trait version of State-Trait Anxiety Index
(30), and the Beck Depression Inventory (31). In addition, pa-
tients were administered the Hamilton Depression Rating Scale
(32) at each session.

Stimulus Presentation and Apparatus

The stimuli were digital images with a resolution of 800x600
pixels and 256 colors and presented under the control of in-house
software running on a PC located outside the magnet room and
beyond the 10 gauss fringe-field line. The start of the stimulus
presentation was manually synchronized with the start of the
scanner for each trial. Stimuli were presented by using a Silent Vi-
sion system (Avotec, Inc., Jensen Beach, Fla.). This system con-
sists of an MRI-compatible fiber optic projection unit that is lo-
cated in the scanner room and a monitoring unit located in the
scanner control room. Stimuli were presented to the subject
through fiber-optic stereoscopic goggles. The goggles were
mounted inside the headcoil with a bracket that attached directly
to the rungs of the headcoil and were suspended approximately
1.0-1.5 cm above the subject’s eyes. The stimuli subtended ap-
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proximately 76° of the visual angle in each eye. Viewing the stim-
uli was akin to looking through binoculars.

A custom bite-bar was used with all subjects to minimize head
movement. This device makes use of a dental impression of the
upper and lower front teeth made with dental impression com-
pound (Type I, red cakes; Kerr, Inc., Romulus, Mich.) which is af-
fixed to an acrylic plate. This plate is attached to a mounting de-
vice that clamped directly to the rungs of the headcoil.

Image Acquisition

The image acquisition protocol consisted of 10 scans, the de-
tails of which are provided only for those scans relevant to this
report: 1) a sagittal whole-brain T;-weighted spin-echo scan
used for subsequent scan prescriptions (scan time=1 min 12 sec);
2) an axial three-dimensional spoiled gradient-recalled echo
scan (echo time [TE]/repetition time [TR]=8/35 msec, field of
view=24x24 cm, flip angle=30°, number of excitations=1, matrix=
256x128, reconstructed to 256x256, 124 slices, slice thickness=
0.9-1.2 mm, scan time=9 min 37 sec) graphically prescribed to
cover the entire brain volume; 3) a three-dimensional time-of-
flight scan (scan time=18 min 44 sec); 4) a coronal three-dimen-
sional spoiled gradient-recalled echo scan (TE/TR=10/35 ms, flip
angle=30°, number of excitations=1, field of view=24x24 cm, ma-
trix=256x128, reconstructed to 256x256, 28 slices, slice thick-
ness=1.0 mm, scan time=2 min 27 sec) covering a 28-mm region
beginning at approximately the middle of the pons, posteriorly,
which provided the image data for localization of the amygdala;
5) a coronal T;-weighted spin-echo scan (TE/TR=20/500, flip an-
gle=90°, number of excitations=1, field of view=24x24 cm, ma-
trix=256x128, reconstructed to 256x256, 23 slices, slice thick-
ness=7 mm, interslice spacing=1 mm, scan time=2 min 24 sec)
which provided the slice locations from which functional image
data would be acquired. This scan was manually prescribed such
that one slice was centered on the amygdala. This was defined
such that the posterior edge of this slice was positioned 1 mm
anterior to the location where the hippocampus could first be
identified in the image data acquired in scan 4; 6) a coronal gra-
dient-echo dual-echo scan (scan time=4 min 30 sec); 7) a coronal
To*-weighted gradient-echo echo-planar scan (TE/TR=50/3000
msec, flip angle=90°, number of excitations=1, field of view=
24x24 cm, matrix=64x64, same interleaved slice parameters as
scan 5, 1 image per slice, scan time=3 min) based on the method
of Mansfield (33) was used to acquire functional image data. The
pulse sequence used for this scan was customized to use a Shin-
nar-LeRoux (34) slice-selective pulse, which yielded sharper
slice-select boundaries than those obtainable with standard
pulses, thus minimizing slice cross-talk and increasing the sig-
nal-to-noise ratio (35). Because the image data for the functional
scans were reconstructed offline and, therefore, not visualized
during image acquisition, the image data from scan 7 were re-
constructed online and reviewed for image quality. The final
three scans provided the functional image data by using the
same imaging parameters as scan 7 except that 191 images were
acquired from each slice location (scan time=9 min 33 sec).

Image data were acquired on a General Electric (Waukesha,
Wis.) EchoSpeed 1.5 Tesla scanner equipped with high-speed,
whole-body gradients (2.2 g/cm, 100 msec rise time) and a stan-
dard clinical whole-head transmit-receive quadrature birdcage
headcoil.

Data Preprocessing

The functional image data were reconstructed offline by using
in-house code. All other image data were reconstructed online.
The functional image data were reconstructed without the appli-
cation of any spatial filters to the k-space data (36) and with a
band-pass filter to correct for asymmetries in the analog-to-digi-
tal signal conversion (37).
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FIGURE 1. Hamilton Depression Rating Scale Scores of 12
Depressed Patients Before Treatment and After 2 and 8
Weeks of Treatment With Venlafaxine?
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aSignificant linear decline in scores across the three assessment
points (F=55.4, df=2, 22, p<0.0001).

The data from each trial for each subject were subject to two pre-
processing procedures. First, each time series was “motion cor-
rected” with the image realignment algorithm in SPM 99 (Wellcome
Department of Cognitive Neurology). The first image in each time
series was used as the reference image, with bilinear interpolation
for resampling. Second, each time series was coregistered to a cus-
tom-made template that was normalized to match the SPM/MNI
canonical EPI template. The reason for using a custom template
was that it better represents the signal distribution (e.g., susceptibil-
ity artifact) in our data and yielded a better normalization of each
subject’s data into the SPM/MNI coordinate space.

Single-Subject Analyses

To identify paradigm-dependent MR signal changes, the time
series from each voxel in the magnitude image data were mod-
eled by a boxcar reference function convolved with a hemody-
namic reference function which corresponded to the alternating
stimulus blocks using SPM 99 (Wellcome Department of Cogni-
tive Neurology). The first five images from each trial were dis-
carded to ensure that only image data acquired during MR signal
steady-state were analyzed. In addition, to impose equal length
epochs (stimulus blocks), the first and last five images were dis-
carded. Thus, for each trial, at the subject-wise level, 176 images
were included in estimation procedure.

Group-by-Time Interaction Analyses

The primary analyses of interest in this study were the group-
by-time interactions, since these analyses highlighted changes in
activation patterns in the patients (presumably modulated by
treatment and response) for which the effects of initial and re-
peated exposure to the stimuli are controlled. The group-by-time
interaction analyses were conducted by submitting the contrast
image for each subject, for each trial, for each time (e.g., compar-
ison subject 1, negative trial, time 1) to a second-level, random-
effects analysis (38).

Self-Report and Hamilton Depression Scale Correlates

We examined the association between self-report indexes, the
Hamilton depression scale scores, and regions of interest that dem-
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FIGURE 2. Dispositional Affect at Baseline and 8 Weeks
Among Healthy Comparison Subjects and Depressed Pa-
tients Treated With Venlafaxine
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onstrated significant group-by-time interactions. The activation-
based dependent measures were the voxel values from each subject
at the regional maxima identified in the group-by-time analyses.

Results

Self-Report and Symptom Changes in Patients

Patients showed a significant linear decline in Hamilton
depression scale scores across the three assessment points
(F=55.4, df=2, 22, p<0.0001). Figure 1 illustrates these
changes. As can be seen, there is nearly a mean 70% reduc-
tion in Hamilton depression scale scores from the initial
assessment to the 8-week assessment. We also examined
changes in the Positive and Negative Affect Schedule in
patients over time. This measure was also given to the
healthy comparison subjects at the same time interval so
that we could compare possible changes over time in each
group. Figure 2 illustrates that the comparison subjects re-
ported significantly higher levels of dispositional positive
affect both before treatment and after 8 weeks, whereas
the patients reported more negative than positive affect
before treatment and the reverse after 8 weeks. The group-
by-valence-by-time interaction was significant (F=23.4,
df=1, 15, p<0.0001) and was accounted for by changes in
the patient group only.

FMRI Data: Group-by-Time Interactions

We first investigated the brain volume for regions that
showed a significant group-by-time interaction for both
the positive versus neutral stimuli trial and the negative
versus neutral stimuli trial. There were no group-by-time
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TABLE 1. Significant Effects on Brain Activation After Exposure to Affective Stimuli at Baseline, 2 Weeks, and 8 Weeks in
Healthy Comparison Subjects (N=5) and Depressed Subjects (N=12) Treated With Venlafaxine

Significant Activation Location

Coordinates

Effect Voxels (cm3) X y z Analysis
Group-by-time interaction z p?
Left insular cortex (baseline versus 2 weeks) 408 32 —4 20 3.84 0.001
Left insular cortex (baseline versus 8 weeks) 2,136 36 -6 6 4.60 0.001
Left anterior cingulate (baseline versus 8 weeks) 1,136 12 34 14 4.08 0.001
Main effect of stimulus valence (baseline) t p?
Negative versus neutral stimuli® -34 -56 -16
Comparison subjects 13,864 12.52 0.001
Patients 50,648 18.79 0.001
Patients plus comparison subjects 57,992 22.52 0.001
Patients minus comparison subjects 12,816 10.12 0.001
Positive versus neutral stimuli® —44 -66 4
Comparison subjects®
Patients 1,728 9.11 0.001
Patients plus comparison subjects 1,216 9.95 0.001
Patients minus comparison subjects 8 5.51 0.001

a Corrected for multiple comparisons.

b Coordinates are those of the maximum point for all subjects combined, which was located in the inferior temporal gyrus (Brodmann’s area 37).

€ No interactions survived correction for multiple comparisons.

FIGURE 3. Change Over 2 Weeks in Left Insular Cortex Activation After Exposure to Negative Relative to Neutral Stimuli in
Healthy Comparison Subjects and Depressed Patients Treated With Venlafaxine
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interactions for the positive versus neutral stimuli trial that
survived corrections for multiple comparisons. We thus fo-
cused on the negative versus neutral stimuli trial. The only
region that showed a statistically significant interaction for
the comparison of baseline and 2-week values was the left
insular cortex (z=3.84, p<0.001) (Table 1). As can be seen
from Figure 3, patients had significantly less relative acti-
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2 Weeks

tvalue

vation in this region in response to negative versus neutral
stimuli at baseline. After 2 weeks of treatment, this differ-
ence was completely eliminated. After 8 weeks, the pa-
tients actually show greater relative activation relative to
the healthy comparison subjects, although this difference
was not significant (Figure 4) (z=4.60 for baseline versus
week 8 interaction in the left insular cortex).
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FIGURE 4. Change Over 8 Weeks in Left Insular Cortex Activation After Exposure to Negative Relative to Neutral Stimuli in
Healthy Comparison Subjects and Depressed Patients Treated With Venlafaxine
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FIGURE 5. Change Over 8 Weeks in Left Anterior Cingulate Cortex Activation After Exposure to Negative Relative to Neutral
Stimuli in Healthy Comparison Subjects and Depressed Patients Treated With Venlafaxine
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FIGURE 6. Visual Cortex Activation After Exposure to Negative Relative to Neutral Stimuli in Healthy Comparison Subjects

(N=5) and Depressed Patients (N=12) at First Assessment?
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4 The maximum point for all subjects combined was located in the inferior temporal gyrus (Brodmann'’s area 37; x=—34, y=—56, z=—16).

An interaction in the same direction was found for the
left anterior cingulate cortex (z=4.08, p<0.001). At base-
line, patients showed relatively less activation in this re-
gion relative to the healthy comparison subjects in re-
sponse to negative versus neutral stimuli while after 8
weeks this effect was reversed (Figure 5). No other brain
regions demonstrated significant group-by-time interac-
tions for either the baseline versus week 2 or baseline ver-
sus week 8 comparisons.
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Baseline Valence and Group Effects

We examined the effects of negative versus neutral and
positive versus neutral pictures at baseline both across pa-
tients and comparison subjects and separately within
each group. As predicted on the basis of previous research
(see reference 1 for review), there were three major foci of
activation produced by viewing negative compared with
neutral stimuli: extensive regions of the visual cortex, the
lateral prefrontal cortex (with a suggestion of greater right-
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FIGURE 7. Lateral Prefrontal Cortex Activation After Exposure to Negative Relative to Neutral Stimuli in Healthy Compari-

son Subjects and Depressed Subjects at First Assessment @
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@ Activation in the right hemisphere was significantly greater than activation in the left hemisphere (F=11.40, df=1, 15, p<0.005). The two
groups activated right prefrontal cortex regions comparably but differed significantly in left prefrontal cortex activation, with the patients
showing significantly less activation (t=4.35, df=15, p<0.001). The coordinates for the maximum point for all subjects combined were as fol-

lows: x=43, y=10, z=24.

sided activation), and bilateral activation in the amygdala.
Figure 6 illustrates the large extent of the bilateral visual
cortex activation in both the comparison subjects and the
patients. The patients exhibited a significantly larger mag-
nitude and greater extent of activation in visual cortical re-
gions relative to the healthy comparison subjects (t=10.12,
p<0.001).

Activation in the lateral prefrontal cortex was found for
both patients and comparison subjects, and Figure 7 illus-
trates that this activation was greater on the right com-
pared with the left hemisphere. The comparison subjects
and patients did not differ in right-sided prefrontal cortex
activation, but the patients showed significantly less acti-
vation in left-sided prefrontal cortex regions relative to the
comparison subjects.

As we predicted on the basis of our earlier findings (39),
negative pictures elicited a significantly larger bilateral
amygdala signal compared with neutral pictures across
groups (at the maximum point: t=7.69, p<0.001) (Figure 8).
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There were no significant differences in amygdalar activa-
tion between groups.

The only significant activation produced by the positive
versus neutral pictures was in the visual cortex, although
the magnitude and extent of the activation was less than
was found in response to negative pictures.

Relationship Between MR Signal
and Symptom Change

Using the maxima of the activation clusters uncovered in
the aforementioned group-by-time analyses, we examined
whether signal change in these regions before treatment
was associated with symptom severity in response to treat-
ment after 2 and 8 weeks, and whether changes in brain ac-
tivity at these times, compared with pretreatment, were as-
sociated with change in symptom severity in response to
treatment. The magnitude of activation in left anterior cin-
gulate at baseline was found to predict treatment response.
Figure 9 displays the data for the Mood and Anxiety Symp-
tom Questionnaire general distress scale. As can be seen

http://ajp.psychiatryonline.org 71



NEURAL SUBSTRATES OF AFFECTIVE REACTIVITY

FIGURE 8. Amygdala Activation After Exposure to Negative Relative to Neutral Stimuli in Healthy Comparison Subjects (N=

5) and Depressed Subjects (N=12) at First Assessment?

2 The coordinates for the maximum point for all subjects combined were as follows: x=—18, y=—6, z=-10 (right); x=20, y=—4, z=—14 (left).

FIGURE 9. Response of Depressed Patients to Venlafaxine
in Relation to Left Anterior Cingulate Activation at Baseline
After Exposure to Negative Relative to Neutral Stimuli?
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Anxiety Symptom Questionnaire at 8 Weeks

a Patients with greater relative anterior cingulate activation at base-
line exhibited the fewest and least severe symptoms after 8 weeks
of treatment with venlafaxine.

from this figure, those patients with greater relative anterior
cingulate activation to the negative versus neutral pictures
at baseline show the fewest and least severe symptoms after
8 weeks. The same basic effect was observed for the Hamil-
ton depression scale, although it failed to attain significance
(r=-0.46). To ascertain whether patients with higher levels
of pretreatment activation in this left anterior cingulate
cluster were simply less depressed at baseline, we examined
the correlations between the magnitude of activation in this
cluster at baseline and measures of depression severity and
symptoms at time baseline. None of the correlations with
any of the symptom measures were significant (all p>0.33).
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Discussion

This study is the first to demonstrate reliable changes in
MR signal in response to emotion activation in depressed
patients treated with antidepressant medication. These
changes were supported by the reliable group-by-time in-
teractions in response to negative versus neutral stimuli.
After only 2 weeks of treatment, we observed a significant
change in patients versus comparison subjects in the left
insular cortex. While patients show relatively less activa-
tion in this region at baseline in response to negative ver-
sus neutral stimuli, after 2 weeks of venlafaxine treatment
this difference was eliminated. A similar change was
found for the left anterior cingulate, where the patients
displayed less activation in this region at baseline but
showed an increase in activation with treatment. Unlike
the insular cortex where the treatment effect was present
at 2 weeks, the anterior cingulate change emerged after 8
weeks of treatment.

Both the insular and anterior cingulate regions have
previously been implicated in the circuitry of emotion and
emotion regulation (1). The fact that depressed patients
had relatively less activation in these regions at baseline in
response to negative versus neutral stimuli is consistent
with the notion that during an acute depressive episode,
patients with major depressive disorder are hyporespon-
sive in the central circuitry associated with affective pro-
cessing. This finding is consistent with other recent stud-
ies that assessed regional glucose metabolism with PET
during a resting baseline state (e.g., reference 11), al-
though the effects reported herein were considerably
more robust in establishing a different pattern of change
in the depressed patients relative to the healthy compari-
son subjects. It is noteworthy that in none of the recent
studies that have examined changes in resting glucose
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metabolism in depressed patients with treatment has the
interaction of group (depressed/comparison)-by-time
(pretreatment/posttreatment) been assessed (e.g., refer-
ences 5, 11). The failure to explicitly test for an interaction
in these studies may have obscured their sensitivity in
finding group differences over time as a function of treat-
ment. In addition, changes in the activation with treat-
ment for depression may only be uncovered when affec-
tive challenges are used rather than just examining resting
state measures.

At baseline, both patients and comparison subjects
showed activation in the lateral prefrontal cortex (greater
right than left), amygdala, and visual cortices in response
to negative versus neutral stimuli. The increased activa-
tion in the visual cortices in response to negative versus
neutral stimuli is likely a function of feedback from the
amygdala. Amaral (40) has reviewed the extensive ana-
tomical findings in the primate brain that reveal heavy
projections from the amygdala to extensive regions within
the visual system. Group differences at baseline were
found in the left lateral prefrontal cortex, where patients
showed less activation than comparison subjects, and in
the visual cortices, where patients demonstrated a larger
magnitude and greater extent of activation. The greater
activation in the visual cortices of the patients may be a
function of projections from the amygdala that may in-
crease the gain for potentially threatening visual stimuli. It
is of interest that the group difference in prefrontal cortex
activation emerged only in the negative trial (i.e., negative
versus neutral stimuli). The fact that depressed patients
exhibited less left prefrontal cortex activation in this con-
dition may reflect the decreased capacity for actively regu-
lating the negative affect presumed to be elicited by the
pictures. Across a number of different kinds of studies, we
have found that subjects with greater activation in the left
prefrontal cortex exhibit increased capacity to regulate
negative affect in a task that explicitly assessed the capac-
ity to voluntarily regulate negative affect (see references
41, 42 for review). It will be important in future research to
include objective measures of emotion regulation (41) to
ascertain the extent to which variations in prefrontal cor-
tex activation are associated with regulatory skill.

Perhaps of greatest import is our findings showing rela-
tions between MR signal change and symptoms. On the
basis of prior data suggesting that pretreatment levels of
baseline anterior cingulate activation are associated with
treatment response (12, 14), we examined whether similar
effects were present for anterior cingulate activation in re-
sponse to the negative versus neutral stimuli at baseline.
Our data indicated that those patients with a larger rela-
tive magnitude anterior cingulate response to negative
versus neutral stimuli at baseline showed the greatest re-
sponse to treatment as reflected in symptom measures ad-
ministered after 8 weeks.
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Recent data and theory suggest that the anterior cingu-
late is activated by response conflict (43). We have argued
that the rostral anterior cingulate is activated by affective
response conflict (3). Consistent with this view, the dispar-
ity between an individual’s mood and the expectations of
daily living are associated with anterior cingulate activa-
tion in the subgroup of depressed patients most likely to
benefit from treatment, since these are the patients who
can issue a call for further processing to resolve the con-
flict (3). At the pretreatment assessment, the depressed
patients had lower levels of relative anterior cingulate acti-
vation relative to healthy comparison subjects in response
to negative versus neutral stimuli, suggesting that they
may be less affected by the negative stimuli. Among de-
pressed patients, the affective response elicited by the
negative stimuli may be less discrepant from their daily
mood relative to normal comparison subjects.

Caveats and Limitations

It is important to underscore the fact that this was an
open-label study with only a single treatment group. Thus,
we do not know if the changes in brain activity observed
herein are associated with venlafaxine treatment, with
symptom remission per se, or with some combination of
both. Designs that include a natural history control condi-
tion or that include a behavioral intervention are required
to disentangle the contributions of these different factors
to the overall findings. In a recent SPECT study that as-
sessed resting blood flow changes with venlafaxine and in-
terpersonal psychotherapy, Martin et al. (6) reported
somewhat different patterns of changes with each of these
two different forms of treatment, thus suggesting that the
changes produced by venlafaxine are not simply a func-
tion of symptom reduction per se. Also not addressed by
fMRI methods are the mechanisms by which venlafaxine
produces alterations in neural activation. The use of
positron emission tomography ligands sensitive to the se-
rotonin and norepinephrine systems will be required, in
conjunction with fMRI measures of activation change, to
mechanistically address how venlafaxine might be pro-
ducing the selective changes observed herein.

Another limitation of this study is the small number of
comparison subjects who were assessed. However, despite
the fact that the small study group size decreased our
power to detect group differences, a number of predicted
differences nevertheless were found. Given the heteroge-
neity of depression, it will be imperative in the future to
conduct large sample size studies that are explicitly de-
signed to address this issue. It may well be that reliable
heterogeneity in activation patterns will be found that is
not reflected in current diagnostic nosology (see reference
3). The characterization of such heterogeneity will require
much larger studies that include objective measures of af-
fective reactivity and treatment outcomes.
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Conclusions

This study is the first fMRI study to investigate the cir-
cuitry of emotion in patients with major depressive disor-
der and to examine how this circuitry is modified by anti-
depressant medication. Future research is required to
investigate the associations between changes in the fea-
tured circuitry and objective measures of affective re-
sponding in the laboratory.
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