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Cue-Induced Brain Activity Changes and Relapse
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This study used functional magnetic resonance imaging (fMRI) to examine the association between brain activation during exposure to
cocaine-related cues and relapse to drug use in cocaine-dependent (CD) patients. We imaged |7 CD subjects during a 2-week in-patient
stay. The subjects then entered a |0-week outpatient placebo-controlled, double-blind randomized clinical trial where urine toxicologies
were assessed three times weekly to calculate the treatment effectiveness score (TES). Worse TES correlated with BOLD activation in
the left precentral, superior temporal, and posterior cingulate cortices (PCC), and right middle temporal and lingual cortices (R>0.65;
P<0.005). The left PCC activation also distinguished eight nonrelapsers (TES above mean and completed treatment) from nine
relapsers. Cocaine-free urines were significantly greater in the nonrelapsers (92%) than in the relapsers (66%), who also remained in
treatment for an average of only 3.2 weeks. Self-reports of craving during fMRI did not differ between nonrelapsers and relapsers and did
not correlate with TES. Relapse to cocaine abuse was associated with increased activation in the sensory association cortex, the motor
cortex, and PCC while viewing images of cocaine-related cues. These results suggest that relapse to cocaine abuse is associated with
increased brain activation to cocaine cues in sensory, motor, and cognitive-emotional processing areas. This physiological activation was a

INTRODUCTION

Exposure to cocaine-related cues activates a wide range of
brain areas including frontal and temporal cortex regions
and limbic structures such as the anterior and posterior
cingulate (Childress et al, 1999; Garavan et al, 2000; Maas
et al, 1998; Wexler et al, 2001; Wilson et al, 2004). The
possible association of these brain activations with relapse
to drug use has not been examined in cocaine-dependent
(CD) patients. Relapse to drug use has not been well
predicted by self-reported craving in response to drug
related cues but responses that occur before craving is
reported may have better predictive value (Tiffany and
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better predictor of relapse than subjective reports of craving, and may be a useful target for treatment development.
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Carter, 1998). Examples of responses that can occur before
craving is reported include neurophysiological arousal to
alcohol cue exposure. In a recent study abstinent alcoholics,
who reported little subjective response to alcohol-related
cues, had a strong inhibition of startle responses, which
reflect relatively automatic rather than cognitive processes
(Mucha et al, 2000). This type of automatic response below
conscious awareness might reflect an important drive for
using cocaine and be detected using functional brain
imaging with BOLD-MRI during the initial 30 s of exposure
to videotape cocaine cues. In our previous use of the
videotapes that are used in the current study (Wexler et al,
2001), strong and early (within 30s) activation of sensory
and limbic areas were evident prior to report of subjective
craving responses. Moreover, activation seen only in CD
subjects during the initial period of viewing the cocaine cue
tapes was present in both subjects who did and those who
did not go on to report experiences of craving. These
responses below awareness may be more strongly associated
with return to drug use than reported craving or any brain
activations correlated with craving. Currently, challenges
exist in predicting how well an individual seeking treatment



for cocaine dependence will fare during treatment. There
would be significant clinical implications if treaters could
use a priori information (that is, data available prior to
treatment) to influence treatment decisions. Brain imaging
techniques hold the potential to examine whether any
specific patterns of brain activation can predict treatment
outcome and more specifically, relapse to drug use. As an
example of this promise, recent studies of depressive
disorders have suggested that the extent of anterior
cingulate activation before starting antidepressants can
predict depressive symptom resolution (Davidson et al,
2003; Mayberg et al, 1997).

In the current pilot study, we examined the potential of
brain activity changes in response to cocaine cues to predict
relapse to cocaine use as assessed using the Treatment
Effectiveness Score (TES) (Ling et al, 1997). The TES is the
sum of all cocaine-free urines during the treatment trial,
and we correlated the TES with regions of brain activation
on fMRI during cocaine cue exposure. For a subsequent
analysis, all the CD patients who remained in treatment
and had a TES above the mean, which indicated relatively
little cocaine use, were classified as nonrelapsers and the
remaining CD patients were defined as relapsers.

We hypothesized that, during the first 30 s of viewing of
cocaine cues by treatment-seeking CD subjects, activation
of brain regions previously implicated in cocaine craving,
including areas of frontal and anterior and posterior
cingulate cortices, would be inversely associated with TES
scores and related to relapse. Specifically, we predicted that
individuals with TES scores below the mean TES score
would show more activation in these brain regions.

PATIENTS AND METHODS
Patients from Clinical Trial

A total of, 33 CD patients participated in a 12-week,
randomized, placebo-controlled, double-blind clinical trial
examining the efficacy of the SSRI sertraline at 200 mg daily
in depressed CD patients. Patients were admitted to the VA
CT Healthcare System Residential Q-house for 2 weeks in
order to achieve initial cocaine abstinence and be inducted
onto the study medication. The fMRI was performed prior
to sertraline induction. After the fMRI session, sertraline
induction was begun and subjects received the maintenance
dose of sertraline by the beginning of week 4. After 2 weeks,
patients were discharged from the residential unit and
continued to participate on an outpatient basis for 10 weeks,
during which time they received weekly individual cognitive
behavioral therapy (CBT) and submitted urines thrice
weekly for urine toxicologies.

The fMRI session was conducted in 21 of the 33 patients
who were medication and drug-free (median 3 days post
admission and 10 days since last reported cocaine use).
Nine patients declined the fMRI and three declined it right
before it was scheduled. The fMRI participants were
comparable demographically and on baseline drug use to
the fMRI nonparticipants. Four of 21 patients were excluded
due to movement during the fMRI. The remaining 17 were
right-handed (12 male; 13 African American and four
Caucasian; mean age =37 years, SD=4). The patients all
met the DSM-IV criteria for cocaine dependence on the
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SCID and used cocaine for an average of 6 years with 20
days of use in the month before entering this study (First
et al, 1995). No psychotic, other current substance
dependence or major psychiatric Axis I disorders were
found on the SCID, except nicotine dependence in all
patients. Depressive symptoms were assessed using the
Hamilton Depression Scale (Hamilton, 1960). No subjects
took psychotropics the month before the study, had a
history of neurological illness or injury, or had abnormal-
ities on structural MRI. All gave written informed consent
on a Yale approved protocol.

Stimulus Videotapes

Two different videotapes of an actor pretending to smoke
cocaine and get a rush were presented in the same order to
all subjects. These 3-min tapes were preceded by 60-s
baseline periods from C-SPAN describing vegetable prices.
The neutral baseline video segments were used to control
for visual and auditory stimulation aroused by viewing
images of individuals speaking. Immediately after viewing
each tape through video goggles, the subjects were asked to
rate from 0 to 10 the peak craving intensities. In our
previous study these tapes reliably elicited craving (Wexler
et al, 2001). We compared the fMRI response during the
initial 1-min baseline to the response during the cocaine cue
tape, with a focus on the first 30s of viewing the cocaine
cue tape.

Functional MRI and Statistical Analyses

We used a 1.5-T GE Signa MRI system with resonant
gradients for echoplanar imaging and T1-weighted spin
echo sagittal anatomical images (TE =14 ms, TR =500 ms,
field of view=24cm, slice thickness=5mm, gap=0,
192 x 192 data matrix) for slice localization. Next, 14 T1-
weighted oblique axial slices (TE = 14 ms, TR = 500 ms, field
of view =20 x 20 cm, slice thickness =8 mm, skip =1mm,
192 x 192 data matrix) were acquired parallel to the plane
transecting the anterior and posterior commissures, cover-
ing the brain from the inferior temporal sulcus to the most
superior portion of the cortex. Functional images were
obtained using a single-shot echoplanar gradient-echo
sequence (flip angle=60°, TE=60ms, TR =1.5s, field of
view=20 X 20cm, 64 x 64 data matrix, slice thick-
ness =8 mm, skip=1mm). Head movement was evaluated
by measuring changes in the center of mass of the
functional images over time and corrected for three
translational directions and possible rotations (Friston
et al, 1995). Four of 21 patients were removed from
analyses because their head motion exceeded 0.75 mm from
the beginning to the end of a particular tape. The corrected
images were spatially filtered using a Gaussian filter with a
full width at half maximum of 6.25 mm.

For analyses, each subject first had the average echopla-
nar imaging signal during the baseline compared to the
average signal during the first 30 s of cue exposure in each
voxel from all acquisitions. We also examined the full 3 min
of cue exposure compared to the baseline. These average
signal maps and the anatomic images from individual
subjects were transformed into the standardized Talairach
atlas coordinate system (Talairach and Tournoux, 1988) in
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order to combine data across subjects. Second, the average
signal maps were used to compute standard linear contrast
measures (Hays, 1988). Under the null hypothesis of no
effect, the expected value of the mean of this contrast across
subjects is equal to zero. We then used a Monte Carlo
procedure to generate a distribution of task-related t-values
in order to estimate the significance of the observed linear
contrast at each voxel (Manly, 1997; Shaywitz et al, 1999;
Skudlarski and Gore, 1999). This procedure creates the
population distribution for each voxel by repeatedly
calculating the value of the contrast when the t-values of
one-half the subjects, randomly chosen, have a reversed
sign. This randomization was performed 1000 times,
generating a sampling distribution of the linear contrast
measures. The observed linear contrast measure, calculated
without sign reversal, was assigned a P-value on the basis of
its position in this distribution. All reported P-values were
derived from this procedure.

The subjects’ fMRI responses were correlated with the
TES and then used to compare nonrelapsers to relapsers
(Ling et al, 1997). The TES score is the total number of
cocaine-free urines provided by a subject during the
outpatient portion of the study and ranged from 0 to 30,
the best outcome. This measure is superior to simple
percentages of cocaine-positive urines in relapse prevention
trials for two reasons. First, the TES does not give the same
outcome weighting to a patient who leaves after 1 day as a
drug-free outpatient, as to a patient who remains in the 10
weeks of outpatient care and remains drug-free. Second, it
does not assume that missing urines after a patient drops
out of treatment are cocaine positive. Thus, it is a relatively
balanced outcome for considering both treatment retention
and remaining drug-free.

Whole brain voxel based correlation analyses were
conducted to examine the association between BOLD signal
change and TES scores. We correlated the TES with the
mean signal at each individual voxel, and displayed clusters
of 30 contiguous voxels which each showed correlation
coefficients greater than 0.64 (P<0.005). The resulting
activation map showed clusters that had lower TES (relapse
to cocaine use and poor retention). Covariance adjustments
for Hamilton depression scores were also carried out
between the TES and brain activation. Relapsers were
defined as those patients who remained in outpatient

treatment for less than 10 weeks and had no or few cocaine-
free urines leading to a TES score less than the mean TES of
15 for all the patients. The remaining patients were defined
as nonrelapsers. Significant differences in brain activation
between treatment nonrelapse and relapse groups were
evaluated by switching the group assignments in randomly
chosen subsets of one-half of the subjects and applying the
randomization procedure to periods of tape viewing with
the significance level set at P<0.01.

RESULTS

The BOLD response to the first 30s of tape viewing
compared to the baseline response showed five clusters
that had significant correlations with the TES (r=0.64;
P<0.005). Table 1 shows the size and x, y, and z coordinates
for the center of mass of these five clusters. The largest areas
of activation were the right lingual and left posterior
cingulate cortices. The right superior temporal, and right
inferior occipital cortices also were associated with the TES.
No negative correlations were found between the TES and
brain activation. The percentage of cocaine-free urines was
positively correlated with the number of weeks subjects
remained in the study (r=0.9, P<0.001), as shown in
Figures 1 and 2. As expected from this high correlation
between urine results and treatment retention, the TES also
was highly correlated with the percentage of cocaine-free
urines (r=0.9), and the correlations between cocaine-free
urines and areas of brain activation were identical to those
using the TES. Furthermore, no significant correlations
were found between the Hamilton depression or craving
scores and brain activation at P<0.005. The mean Hamilton
score was 23.4 (SD 6.7) at baseline and significantly declined
to 7.1 (SD 6.4) (t=7.6; P<0.0001). Hamilton scores were
not significantly correlated with TES (R = —0.3). Moreover,
covariance adjustment for depressive symptoms did not
change the significance or location of any associations
between TES and brain activation. Finally, the BOLD
response to viewing the full 3-min cocaine cue tape
compared to the baseline response demonstrated significant
correlations with the TES in only two of the five voxel
clusters found for the initial 30 s: the left precentral and the
right superior temporal cortices.

Table | Brain Regions Showing Significant Correlations (P <0.005) between Cocaine Cue Induced Activation and Treatment Effectiveness

Score (n=17)
Talairach coordinates

Regions of activation BA Side X y z Cluster size
Precentral gyrus 4 L —46 —11 41 1728
Posterior cingulate 30 L —4 —60 I 2767
Superior temporal gyrus 22 R 57 —37 14 833
Lingual gyrus 19 R 21 —68 -5 3064
Inferior occipital gyrus 19 R 41 —69 -5 1309

Brain regions and corresponding Brodmann'’s areas are indicated, as well as (x, y, z) locations in Talairach space for the average center of mass for an activity change.
Negative y-values indicate brain posterior to the anterior commissure. Volume of activation is tabulated under ‘Cluster size’ as cubic millimeters.
Note: BA =Brodmann'’s area. L =left, R =right; Based on reading of randomization maps, as shown in Figure |.
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P<0.005
Z=12

Figure | Displayed are brain regions showing significant correlations
between cocaine cue-induced activation and Treatment Effectiveness Score
(TES) for first 30s of tape vs baseline. We show activations correlating at
a significance threshold of P<0.005 (r=0.64), (yellow areas P<0.001).
Cross-sectional slices are shown at Z levels of 40, 12, and —4. Left L and
right R brain hemispheres are indicated above the pictures. The areas of
activation are: (1) left precentral cortex (BA4) at Z=40, (2) left posterior
cingulate (BA30) and right superior temporal (BA22) cortices at Z= 12, (3)
right lingual (BA19) and inferior occipital (BA19) cortices at Z= —4.

100
90

% Cocaine-free urines

10‘
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3 4 5 6 7 8 9 10 11 12
Weeks outpatient

Figure 2 Regression line and individual subject values show the
relationship between weeks in treatment and percentage of cocaine-free
urines during the 12-week clinical trial. Three subjects who completed the
|2-week study had overlapping values in the percentage of cocaine-free
urines. Overall correlation: r=0.996, P<0.0001.

Since the 17 subjects readily formed a cocaine abuse
nonrelapse and relapse group based on treatment retention
and urine toxicology as shown in Figure 2, we divided them
and compared their fMRI responses. The 17 subjects
included eight nonrelapsers, who all completed 2 weeks
inpatient followed by the 10-week outpatient trial and had a
greater TES than the mean of 15. The nine relapsers
remained in outpatient treatment for 3.2 (SD 2.2, range 1-6
weeks) out of 10 weeks and had a significantly lower TES
than nonrelapsers (27 vs 7) (t=9.4; df=15; P<0.001).
Nonrelapsers also had more cocaine-free urines using the
raw data (90 vs 66%) (T =2.4; df = 15; P<0.05) or imputing
for missing data (90 vs 24%) (T=9.6; P<0.001). Five
relapsers and six nonrelapsers were treated with sertraline
and the rest with placebo (P>0.4). Demographics, baseline
drug use and craving did not differ between the two groups,
as shown in Table 2.

Based on our correlational findings with the TES and
relatively few significant differences in brain activation

Table 2 Means (Standard Deviations) for Baseline Measures for
Treatment Nonrelapsers vs Relapsers

Measure Nonrelapsers Relapsers
N 8 9
Age (years) 39.5 (9.0) 392 (5.8)
Sex (#male/female) 6/2 6/3
Race (#C/AA)? 117 3/6
Education (years) 13 (1.0) 12 (14)
Employed (%) 75% 55%
Cocaine use (#days/mo) 20 (9) 21 (9)
Cocaine use (#yrs) 4.7 (5) 7.9 (5)
Alcohol (#days/mo)® 7 (7) 15 (9)
Alcohol (#yrs)© 20 (6) 23 (4)
Tobacco (pks/day) 0.6 (0.5) 0.8 (0.8)
Hamilton depression 19 (9) 25 (4)
Craving 3.1 (34) 29 (2.7)

*Race: C-Caucasian, AA-African American.

PAlcohol (#days/mo): number of days using alcohol in month before entering
study.

“Alcohol (#yrs): years meeting abuse criteria for alcohol (nonrelapsers n=4;
relapsers n=6).

between the cocaine cue and baseline conditions for the
total sample, we compared the BOLD response between the
nonrelapsers and relapsers during the initial 30 s minus the
baseline. At a threshold of P<0.01, only two brain areas
showed activation differences between cue and baseline
conditions for the full sample of 17: the right temporal (X
57, Y —37, Z —4) and left occipital (X —15, Y —35, Z —12).
However, activation differences between cue and baseline
conditions for the contrast of relapsers to nonrelapsers
showed significant activation differences in two different
clusters that corresponded well to the correlations between
the TES and brain activation. Figure 3, shows that the
cluster in the right precentral cortex is located more
ventrally (Z=32 rather than Z=40) and that the right
posterior cingulate cluster extended further anteriorly than
in the correlational analyses with the TES. The legend in
Figure 3 provides x, y and z coordinates for these
activations. As shown in Figure 3 at Z=32, activation
extended into the dorsal aspect of the cingulate at the
boundary of its anterior and posterior sections. As
expected, the differences were due primarily to activation
in relapsers rather than deactivation in the nonrelapsers,
although at a lower threshold of P<0.05 the nonrelapsers
showed deactivation in the left dorsal cingulate (center of
mass: X —6, Y —10, Z 32).

DISCUSSION

This study is the first to show an association between brain
activation during drug cue exposure and vulnerability to
both treatment dropout and relapse to cocaine use as
assessed by the TES (Ling et al, 1997). Those CD patients
with worse outcomes (eg relapsers with early dropout, more
cocaine use, lower TES) had greater activation of sensory,
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Right 7=32 Left
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Figure 3 Brain regions showing significant differences in cocaine cue-
induced activation (yellow-red) between nonrelapsers and relapsers for the
first 30s of tape vs baseline. Shown are activations significant at P<0.0
(red) to 0.001 (yellow). Cross-sectional slices are shown from top to
bottom at Z levels of 32, 24, and 12. Left L and right R are indicated above
the pictures. Slices show posterior cingulate (BA30) in all three cross-
sections with the following centers of mass: (X —6, Y —10, Z 32), (X =2,
Y =50, Z 32), (X =4, Y =60, Z 24), (X —4, Y —65, Z 12), and a small area
of right precentral BA4 with center of mass at (X —44, Y =20, Z 32).

motor, and limbic cortical areas than CD patients with
better outcomes (eg nonrelapsers with higher TES),
particularly during the first 30s of cue exposure. When
we compared nonrelapsers to relapsers, the association
between relapse and posterior cingulate activation was
replicated and more extensive than when we considered
simple correlations between TES score and brain activation.
This greater activation in relapsers than nonrelapsers
extended dorsally to the boundary with the anterior
cingulate.

Neuropsychopharmacology

In our previous study, three brain areas were significantly
more activated in CD patients than in healthy controls: left
precentral (superior), temporal, and anterior cingulate
cortices (Wexler et al, 2001). In both the previous and
current study, the full 3min of tape viewing and image
acquisition activated the left precentral and temporal
cortices, and in both studies the cingulate was activated
before craving was reported (about the first 30s of tape
viewing). However, the previous and most other studies of
cue-induced brain activation differ from the current one in
showing activation of the anterior rather than posterior
cingulate. Because other studies have used a longer image
acquisition time than the current study and have not
presented data on early activations before craving is
reported, limited comparisons can be made to those studies.
The longer acquisition times in previous studies allow
engagement of cognitive processes for countering perceived
craving and for activation of associated brain areas. The
anterior cingulate is one of the brain areas associated with
cognitive processing, and the lack of anterior cingulate
activation in our current CD patients even during the full
3 min of acquisition suggests that they made little cognitive
effort to counter craving. They may have made less effort
due to a shorter period of abstinence before the cue
exposure and fMRI scanning for the current vs the previous
CD patients (average 5 vs 28 days). The current CD patients
may have had less commitment than the previous CD
patients to cocaine abstinence, as supported by their drug
use during subsequent outpatient care. Half of the current
CD patients dropped out of treatment with substantial
cocaine use after 2 weeks of abstinence, while the previous
CD patients had been abstinent for a month before imaging
and most remained abstinent for several weeks after the
imaging. Like CD patients from our previous study, CD
patients from studies that showed significant anterior and
little posterior cingulate activation have had sustained
abstinence when imaged. In other words, more sustained
abstinence may allow cognitive processing of cocaine cues
and associated anterior cingulate cortex activation, while
brief abstinence may not allow this cognitive skill to
develop. Instead, strong posterior cingulate activation that
occurs below awareness may mark those CD patients who
have a high risk of subsequent drug use.

The greater posterior cingulate activation during cue
exposure may be related to the greater activation of the
sensory association cortex in relapsers (Maddock, 1999).
The greater activation of the sensory association cortex in
relapsers than nonrelapsers could be interpreted as more
active engagement in viewing the cocaine cue tapes. Dorsal
cingulate activation is associated with active engagement in
viewing arousing images (Taylor et al, 2003). Taylor found
dorsal cingulate activation when subjects were asked to rate
their affective response to viewing arousing images, but not
when they passively viewed the images. Furthermore,
posterior cingulate activation is correlated with the
magnitude of arousal when patients or healthy subjects
are exposed to arousing stimuli (Maddock, 1999). Posterior
cingulate activation has been described in previous work on
sensory arousal during various types of stimulation
including cocaine cue exposure (Garavan et al, 2000).

This posterior cingulate activation below awareness may
additionally resemble a type of habit that rapidly associates



particularly familiar sensory stimuli with heavily reinforced
behavior of seeking cocaine (Buccino et al, 2001; Gabriel,
1993; Iacoboni et al, 1999). In animal studies of heavily
reinforced habits, such as smoking cocaine was in these
subjects, posterior cingulate activity occurs at the initiation
of these behaviors (Freeman and Gabriel, 1999; Gabriel,
1993). During the early seconds as well as during the full
duration of cue exposure, left precentral motor cortex (BA4)
activation was associated with relapse. This BA4 activation
may reflect initiation of some motor action associated with
seeking cocaine (eg lifting the right arm to smoke cocaine).
While this brain activation could not initiate the habit
of smoking cocaine during the fMRI session, the CD patient
in his normal environment is likely to have difficulty
inhibiting this first motor component of a habit-like
response to the strong sensory stimulation of cocaine cues.
Once initiated, this habit could be fully engaged and lead to
relapse in the CD patient’s normal environment. Thus,
while the relapsers watched the videotaped cues, they did
not engage the cognitive brain areas associated with these
drug cues in other studies, but only appeared to process the
incentive value of these cues rapidly and below awareness in
the posterior cingulate (Cabeza and Nyberg, 2000; Nyberg
et al, 1996). In summary, these neural activations may
represent learned drug use habits, as well as processing the
incentive valuation and autobiographical memory recall
that contribute to motivation for drug use.

The strengths of this study include assessment of brain
activation in a drug-free setting and careful outpatient
follow-up using three times weekly urine toxicology, but
this preliminary study has limitations. First, we had a
limited test of the ability of craving to predict relapse in this
sample, since the craving response to these cues was only
modest, as inpatient studies often report. Second, the drug
neutral portion of our video (a CNN reporter giving
vegetable prices) could not control for the arousing,
emotional, and autobiographical correlates of the drug cue
video. However, since all the subjects were exposed to these
same videos, any confounding produced by using this type
of baseline should have equally affected both treatment
outcome groups. Third, the small sample allowed limited
adjustments for various sources of variance such as
depressive symptoms or extent of drug use. Depressive
symptoms were not associated with any specific brain
activations, but may have reduced the cue-induced activa-
tion of some brain areas such as the anterior cingulate.
Depression is associated with anterior cingulate hypo
activity and a cue-induced activation could be masked in
these CD patients, who overall had elevated scores on the
Hamilton Depression scale (Bench et al, 1993; Drevets et al,
1997; George et al, 1997; Mayberg et al, 1997, 1999).
However, covariance adjustment for depressive symptoms,
as assessed by the Hamilton Depression scale, did not
change the locations or strength of the correlations between
the TES and brain activation. As to the extent of alcohol or
cocaine use, these variables minimally changed correlations
between TES outcome and brain activation (eg for posterior
cingulate, the correlation dropped from 0.66 to 0.63).

In conclusion, the posterior cingulate might function
below awareness as a rapid relay for incentive valuation and
autobiographical memories to converge with sensory input
and then initiate the motor pathways of a learned habit.
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This habitual behavior may start during the initial 30s of
cue exposure before craving has been perceived (Wexler
et al, 2001). This rapid cue-induced activation below
awareness may make the individual susceptible to cocaine
abuse relapse. Confirmatory testing of this neurobiological
hypothesis is clearly warranted, but other issues might be
simultaneously addressed. For example, does this approach
have clinical utility in nondepressed as well as depressed
treatment-seeking CD patients? Furthermore, while these
brain activations appear to be associated with increased
vulnerability to treatment dropout and return to cocaine
use, future studies may identify activations that protect
from relapse and that can become physiologically defined
targets for medication development.
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