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Abstract Depressive mood in adolescents with bipolar disor-
der (BDd) is associated with significant morbidity and mortal-
ity, but we have limited information about neural correlates of
depression and treatment response in BDd. Ten adolescents
with BDd (8 females, mean age = 15.6±0.9) completed two
(fearful and happy) face gender labeling fMRI experiments at
baseline and after 6-weeks of open treatment. Whole-brain
analysis was used at baseline to compare their neural activity
with those of 10 age and sex-matched healthy controls (HC).
For comparisons of the neural activity at baseline and after
treatment of youth with BDd, region of interest analysis for
dorsal/ventral prefrontal, anterior cingulate, and amygdala ac-
tivity, and significant regions identified by wholebrain analysis
between BDd and HC were analyzed. There was significant
improvement in depression scores (mean percentage change on
the Child Depression Rating Scale-Revised 57 %±28). Neural
activity after treatment was decreased in left occipital cortex in
the intense fearful experiment, but increased in left insula, left
cerebellum, and right ventrolateral prefrontal cortex in the
intense happy experiment. Greater improvement in depression
was associated with baseline higher activity in ventral ACC to
mild happy faces. Study sample size was relatively small for
subgroup analysis and consisted of mainly female adolescents
that were predominantly on psychotropic medications during
scanning. Our results of reduced negative emotion processing
versus increased positive emotion processing after treatment of
depression (improvement of cognitive bias to negative and
away from positive) are consistent with the improvement of
depression according to Beck’s cognitive theory.
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Introduction

Bipolar Disorder (BD) is a chronic and debilitating illness
(Birmaher and Axelson 2006). Depression is the most com-
mon manifestation of mood state in BD and is associated with
an increased risk for suicide and psychosocial impairment
(Chang 2009). Recent research studies have started to identify
patterns of neural abnormalities in euthymic and manic ado-
lescents with BD relative to healthy controls (HC) (Leibenluft
and Rich 2008). These findings have contributed to elucidate
mood state- versus illness-specific neural abnormalities in BD
(Passarotti et al. 2011; Pavuluri et al. 2010a, b), yet the neural
correlates of depressed mood or treatment response in de-
pressed BD (BDd) adolescents remain largely unexplored
(Chang et al. 2008; Diler 2011). Moreover, the few available
studies in adults with BDd indicated that there is important
variability in the activation patterns of amygdala and prefron-
tal neural findings (Liu et al. 2012; Townsend and Altshuler
2012). Examining neural circuitry in response to emotional
stimuli during depression and after its treatment may help
understand neurodevelopmental etiology of BD and identify
state neural markers of depression in youth with BD (Delbello
and Strakowski 2004). In addition, this may help to identify
biomarkers of treatment response with the potential to con-
tribute to more effective and individualized treatments
(Blumberg et al. 2003; Ketter and Wang 2002; Pavuluri et
al. 2010c; Rich et al. 2006). The main goal of this preliminary
study was to explore the neural correlates of depression at
baseline and after 6 weeks of open as usual treatment in
adolescents with BDd relative to age- and sex-matched 10
HC adolescents. Consistent with Beck’s cognitive theory that
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suggests attention to negative but away from positive stimuli
during depression (Disner et al. 2011), we hypothesized that
the neural activity in regions involved in ventral affective
circuitry will be higher to negative emotional stimuli but lower
to positive emotional stimuli at baseline relative to HC; and
the neural activity from baseline to after treatment will be
decreased to negative but increased to positive emotional
stimuli.

Methods

Study design

Adolescents with BDd were scanned at baseline and after
6 weeks of open as usual treatment while completing a well-
validated measure of implicit emotion processing (e.g., gen-
der identification emotional processing task) (Ladouceur et
al. 2011; Liu et al. 2012). Healthy control (HC) adolescents
were only scanned at baseline. All adolescents and their
parents gave informed consent. The University of
Pittsburgh Institutional Review Board approved the study
and consent forms. Adolescents with BDd met Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV-TR)
(APA 2004) criteria for BD I/II depressive episode (e.g.,
duration of at least 2 weeks) as determined by parent and
adolescent interviews with the Schedule for Affective
Disorders and Schizophrenia for School-Age Children—
Present and Lifetime Version (K-SADS-PL) (Kaufman et
al. 1997). As described in detail in a prior publication,
operationalized criteria were used to diagnose BD-NOS
(Axelson et al. 2006). In addition, reviewing the past
2 weeks, a total score on the Children’s Depression Rating
Scale-Revised (Poznanski and Mokros 1995) (CDRS-R) ≥
40 and a total score on the Young Mania Rating Scale
(Young et al. 1978) (YMRS) <11 were required for the
adolescents with BDd on the day of fMRI. In addition, we
measured anxiety with a self-rated anxiety scale (Screen for
Child Anxiety Related Emotional Disorders; SCARED)
(Birmaher et al. 1997). Urine screening to exclude pregnan-
cy and illicit substance abuse was performed before the
scanning. We excluded adolescents with psychotic disor-
ders, pervasive developmental disorders, eating disorders,
substance use disorders, learning disorders, and mental re-
tardation. No personal or family psychiatric history was
allowed for HC and we excluded adolescents with any
contraindications for the fMRI (e.g., braces). Adolescents
were reimbursed for their time and participation.

Subjects

Ten right-handed adolescents with BDd (3 BD type I, 4 BD
type II, and 3 BDNOS; 8 females, mean age = 15.6±0.9), and

10 right-handed HC adolescents (8 females, mean age = 15.6
±1.2) ages 12 to 17 and a Tanner’s Pubertal Development
Scale ≥ 3 (Marshall and Tanner 1969) were included. They
were not a part of previous research studies and recruited from
inpatient (N=5) and outpatient (N=5) Child and Adolescent
Bipolar Services at University of Pittsburgh. Adolescents with
BDd were allowed to be on psychotropic medications (up to 3
non-stimulant medications were allowed: 3 adolescents with
BDd were free of medications at baseline and all adolescents
were on medications after 6 weeks of treatment). Three adoles-
cents with BDd were on stimulants that were held 24 h before
scanning. All adolescents with BDd received individual psy-
chotherapy through their providers plus medication manage-
ment during the 6 weeks of open as usual treatment: Four
adolescents were started on a new medication (two with lamo-
trigine, one with quetiapine, and one with aripiprazole), five
adolescents remained on the same medication combinations
(one with lamotrigine + quetiapine, one with lamotrigine +
aripiprazole, one with citalopram + aripiprazole, one with lith-
ium + quetiapine, and one with lamotrigine + valproic acid +
sertraline combination) but their doses were increased, and one
adolescent remained on the same dose of the medication
(lamotrigine).

Neuroimaging task

All adolescents performed an emotional facial expression
gender labeling task, a well-validated measure of implicit
emotion processing (Hassel et al. 2008; Ladouceur et al.
2011; Liu et al. 2012; Surguladze et al. 2006). Two separate
7-min-long event-related functional neuroimaging experi-
ments were used to examine neural activity to positive
(happy) and negative (fearful) emotional facial expressions.
Here, in each experiment, participants viewed a total of 60
facial expressions comprising either intense (prototypical)
happy or fearful (H100% or F100%), mild happy or fearful
(H50% or F50%), and neutral (Hn or Fn) facial expressions.
Participants were asked to judge whether each face was
male or female.

Functional imaging data acquisition and analysis

Neuroimaging data were collected at the Magnetic Resonance
Research Center (MRRC), University of Pittsburgh, on a Trio
3.0 Tesla scanner (Siemens, AG). Anatomical images covering
the entire brain were acquired using an axial 3D MPRAGE
sequence, parallel to the AC–PC line (TE/TI/TR = 3.29 ms/
900 ms/2,200 ms, flip angle = 9, isotropic 1 mm3 voxel, 192
axial slices, matrix size = 256×192). Blood Oxygen Level
Dependent (BOLD) functional images were acquired with a
gradient-echo EPI sequence and cover 34 axial slices (3 mm
thick, 0 mm gap) encompassing the entire cerebrum and the
majority of the cerebellum (TR/TE = 2,000/25 msec, field of
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view = 205 mm, matrix = 64×64). Before the collection of
fMRI data for each subject, a reference EPI scan was required
and inspected for artifacts (e.g., ghosting), as well as for good
signal across the entire volume of acquisition, including the
medial temporal lobes.

Using Statistical Parametric Mapping (SPM5; http://
www.fil.ion.ucl.ac.uk/spm), data for each participant were
first corrected for differences in acquisition time between
slices, realigned and unwarped, co-registered, normalized
and spatially smoothed. A first-level fixed-effect model
was constructed to examine within-subject effects: Three
emotion intensities (neutral, mild, intense) for each of the
two facial gender labeling experiments (happy and fearful)
were entered as separate conditions in an event-related de-
sign with fixation cross as baseline in the design matrix.
Two second-level random-effects group analyses were con-
ducted on the t-contrast images generated in the previous
single-subject analyses: first in a 2 (group: BDd at baseline
vs. HC) by 3 (condition: neutral, mild, intense emotion) and
second in a 2 (group: BDd at baseline vs. BDd after treatment)
by 3 (condition: neutral, mild, intense emotion) repeated-
measures analysis of variance (ANCOVA) covarying for age
for each experiment (happy and fearful) to avoid any undetect-
ed age effects. A cluster-level false-positive detection rate of
p≤.05 was maintained for whole-brain activity surviving a
voxel-wise threshold of p≤.05, using a regional anatomicmask
from the Wake Forest University (WFU) PickAtlas (Maldjian
et al. 2003) for each whole-brain activity cluster ≥10 voxels,
and a cluster (k) extent empirically determined byMonte Carlo
simulation implemented in AlphaSim, AFNI (Pan et al. 2011;
Pavuluri et al. 2010c). For comparisons between BDd baseline
and after treatment, we employed region of interest (ROI)
analysis using an anatomical mask created with the WFU
PickAtlas in the dorsolateral prefrontal cortex (DLPFC, BA 9
and 46), ventrolateral prefrontal cortex (VLPFC, BA 44, 45
and 47), anterior cingulate cortex (BA 24, 25, and 32) and
amygdala considering their significance in treatment studies of
major depression and BDd in adolescents (Chang et al. 2008;
Patel et al. 2008; Yang et al. 2009) and adults (Savitz and
Drevets 2009). In ROI analyses between BDd baseline and
after treatment, we also included the significant neural regions
that we identified during whole-brain analysis of BDd baseline
versus HC (Table 1). Peak BOLD signal changes were
extracted from regions showing a significant group-by-
condition interaction in the 2×3 whole-brain or ROI analysis
for each experiment. Post hoc tests were performed on these
extracted BOLD signal values to examine the extent to which
pairwise between-group differences in activity contributed to
the significant group-by-condition interactions in these analy-
ses using independent and paired t tests and appropriate statis-
tical thresholds (corrected p≤0.05/6=0.008 to control for
multiple t-tests in whole-brain analysis and p≤0.05 for ROI
analysis).

In exploratory analyses, we used t-test, repeated measures
analysis, and Pearson’s correlational analysis (p≤.05) appro-
priately to examine potential relationships among age, gender,
severity of depression, mania, and anxiety symptoms, subtype
of the BD, Attention Deficit Hyperactivity (ADHD) comor-
bidity, response to treatment (e.g., Clinical Global Impression-
Severity (Spearing et al. 1997) ≤2 and ≥50 % percentage
reduction in CDRS-R), and psychotropic medications upon
patterns of abnormal neural activity that were identified with
whole-brain or ROI analyses. We also explored the correla-
tions of depression severity and changes in depression with
the peak BOLD signal changes in the significant regions
identified in our analyses.

Results

Treatment

Baseline CDRS-R was 73.2±14 and after 6 weeks of treat-
ment as usual adolescents with BDd showed significant
improvement in their depressive symptomatology (mean
change: 57 %±28, p<.0001). Six out of 10 adolescents were
considered as responders (e.g., 50 % decrease in CDRS-R
and CGI-Severity ≤2) after treatment: Two adolescents were
started on a new medication (one with lamotrigine and one
with quetiapine) and four adolescents remained on the same
medication combinations (one with lamotrigine + aripipra-
zole, one with citalopram + aripiprazole, one with lithium +
quetiapine, and one with lamotrigine + valproic acid +
sertraline combination) but their doses were increased.
Baseline and after treatment scores, respectively, were not
significant for anxiety (SCARED: 30.9±14 versus 24.3±
13.6) and mania (YMRS: 2.9±1.5 versus 2.4+1.65).

Adolescents with BDd at baseline versus HC adolescents

In the fearful experiment, there was a significant group-by-
condition interaction in bilateral occipital cortex (BA 18)
with the whole-brain analysis, and pairwise comparison
showed that relative to HC, adolescents with BDd at base-
line had higher right occipital cortex activity to neutral faces
(Fn) presented in the fearful experiment (Table 1).

In the happy experiment, there was a significant group by
condition interaction with whole-brain analysis in several
regions (e.g., right parietal cortex (BA 7), right superior
temporal cortex (BA 22), right anterior cingulate cortex
(ACC, BA 32), right inferior parietal cortex (BA 40), right
supplementary motor area (SMA, BA 6), left cerebellum,
left occipital cortex (BA 18), left insula, and left middle
temporal cortex (BA 39). Pairwise comparisons showed
that, relative to HC, adolescents with BDd at baseline had
higher activity in right supplementary motor area (SMA, BA
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6) to mild happy faces (H50%) and in left cerebellum, left
occipital cortex (BA 18), and left insula to neutral faces (Hn)
presented in the happy experiment, but lower activity in
right ACC (BA 32) to intense happy faces (H100%).

Neural correlates of depressive scores at baseline: Reduced
activity to intense happy faces in right VLPFC at baseline
(ROI, BA 44, MNI: 51, 18, 6, cluster: 62 voxels, AlphaSim
cluster: 10) was correlated with higher baseline depressive
scores (r=−.674, p=0.03). No other correlations were found
between neural activity and depression scores in the fearful
and happy experiments.

Adolescents with BDd at baseline versus after treatment

In the fearful face experiment, compared to baseline, there
was significant activity with ROI analysis in the left occip-
ital cortex (BA 18; MNI:−9, −72, −3, cluster: 3200,
AlphaSim cluster: 17, F=5.81, p=0.04). Pairwise analysis
showed that the difference was due to significantly de-
creased neural activation to intense fearful faces after treat-
ment in the left occipital cortex (t=2.85, p=.01). There were
no significant differences in other regions or between res-
ponders and non-responders. There were no correlations
with change in depressive scores.

In the happy face experiment, compared to baseline, there
was significant activity with ROI analysis in left insula
(MNI:−42, 15, 0; cluster:220, AlphaSim cluster:17, F=7.73,
p=.02), left cerebellum (MNI:−6, −48, −24; cluster:55,
AlphaSim cluster:48, F=21.7, p=.001), right VLPFC (BA

44; MNI: 51, 18, 6; cluster: 62 voxels, AlphaSim cluster: 10,
F=8.06, p=.02), and right ACC (BA 24; ROI analysis; MNI:
9, 36, 0, cluster: 40 voxels, AlphaSim cluster: 20). Pairwise
analysis showed that the difference was due to significantly
increased neural activation to intense happy faces from base-
line to after treatment in left insula (t=2.77, p=.01), left cere-
bellum (t=2.8, p=.01), and right VLPFC (t=2.66, p=0.04).

Exploratory analyses

There were no significant group differences for any of the
clinical variables or in neural activation in adolescents with
BDd: BD I versus II, in BD I/II versus BD NOS, males
versus females, in those with medication versus those with-
out any medication and with versus without ADHD.
Activity in neural regions was not correlated with age or
duration of depressive episode. Depressive, anxiety, and
mania scores at baseline and anxiety and mania scores after
treatment were not different in responders versus non-
responders.

The only significant difference between responders and
non-responders was baseline elevated right ventral ACC
(BA 24) activity to intense (t=3.07, p=.02) and mild happy
(t=2.77, p=.02) (Fig. 1) conditions. In addition, repeated
measures analysis resulted in a significant interaction between
change in depressive scores and baseline right ventral ACC
activation to mild happy condition (F=33.9, p<0.0001), and
greater improvement in depression scores was correlated
with baseline elevated activity to mild happy faces in right

Table 1 Whole-brain analysis for significant neural activities to fearful and happy faces experiments in adolescents with Bipolar Depression (BDd)
at baseline versus Healthy Control (HC)

Neural region and Brodmann’s area (BA) Cluster size Alpha sim cluster MNI coordinates Post-hoc test Condition t p F

x y z

Fearful face experiment:

Left occipital (BA 18) 44 15 −27 −69 3 –

Right occipital (BA 18) 27 16 6 −75 0 BDd > HC* Fn 3.86 0.001 14.58

Happy face experiment:

Right parietal (BA 7) 1444 23 15 −51 51 –

Left cerebellum 249 39 −6 −72 −9 BDd > HC* Hn 3.24 0.005 10.37

Right inferior parietal (BA 40) 116 24 48 −54 51 –

Left occipital (BA 18) 77 15 −30 −78 0 –

Right superior temporal gyrus (BA 22) 58 11 51 6 −6 –

Right anterior cingulate gyrus (BA 32) 51 24 18 45 −6 HC > BDd* H100 2.96 0.008 8.27

Left insula 46 17 −57 −30 24 BDd > HC* Hn 4.45 0.0003 19.32

Left middle temporal gyrus (BA 39) 40 13 −48 −78 27 –

Right supplementary motor area (BA 6) 39 21 66 −3 21 BDd > HC* H50 3.23 0.005 10.31

*p≤0.008 (corrected for pairwise comparisons). Cluster size corrected with AlphaSim

BDd Bipolar Depression, HC Healthy Controls, MNI Montreal Neurological Institute, BDd After Treatment (6 weeks of open as usual treatment),
Fn Neutral faces in the fearful faces experiment, F100 Intense fearful condition, Hn Neutral faces in the happy faces experiment, H50 Mild happy
faces in the happy experiment, H100 Intense happy in the happy experiment
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ventral ACC (r=.824, p=0.003). There were no other sig-
nificant differences in other regions in the fearful and happy
experiments.

Discussions

The present study, using an implicit emotion processing
experiment, identified significant neural activity in BDd
relative to HC in regions involved in affective circuitry
(prefrontal cortex, cingulate cortex, and cerebellum) and
face-responsive visual processing circuit (e.g., occipital cor-
tex) that are implicated in the pathophysiology of BD
(Phillips et al. 2008a; Strakowski et al. 2012). Our results
showed increased neural activity to neutral faces in both
fearful and happy experiments and to mild happy faces, but
decreased neural activity to intense happy faces in BDd
relative to HC suggesting increased attention to ambiguous
stimuli but decreased attention to positive stimuli during
depressive state. Consistent with our hypothesis, there was
decreased neural activity to intense fearful faces after treat-
ment (e.g., left occipital cortex) in contrast to increased
activity to intense happy faces (e.g., left insula, left cerebel-
lum, and right VLPFC). These patterns of neural activity
changes after treatment (e.g., reduced processing of intense
fear (negative emotion) and increased processing of intense
happy stimuli (positive emotion)) are consistent with im-
provement of depression according to Beck’s cognitive the-
ory that suggests attention bias towards negative and away
from positive emotional stimuli in depression (Disner et al.

2011; Surguladze et al. 2005). In addition, our findings
suggested that baseline cortical neural activity to happy faces
reflected the severity of depression (e.g., right VLPFC) and
was associated with improvement in depression (e.g., right
ventral ACC). Similar to the finding that neural activity to
happy but not fearful faces was significant in adults with
BDd as compared to those with major depressive disorder
(Almeida et al. 2009, 2010; Lawrence et al. 2004), our study
provided the first results in adolescents that dissociable
patterns of neural activity to positive stimuli may help
identify neural markers associated with depression and its
treatment in BD (Chang et al. 2004).

Studies in BD adults and adolescents have suggested that
BD is associated with trait neural abnormalities (Liu et al.
2012; Pavuluri et al. 2010c), but successful treatment may
reverse some neural circuitry abnormalities identified during
mood episodes (Blumberg et al. 2005; Drevets et al. 2008;
Passarotti et al. 2011; Pavuluri et al. 2010b). Although
neural activity changes from baseline to after treatment were
decreased to fearful but increased to happy faces, significant
activation was found only to intense facial emotions in both
conditions. Our results were consistent with the reports of
impaired attention to emotional faces and the difficulty in
labeling emotions correctly when the emotion was not in-
tense in adolescents with BD relative to HC (Leibenluft and
Rich 2008; Rich et al. 2008b) and suggested that treatment
of depression may help improve the impaired attention to
prototypical facial emotion.

Frontal cortex changes are the most common findings in
depression and BD studies with normalization of frontal

Right ventral anterior cingulate (BA 24) activity
to the happy face experiment

B.A.

Fig. 1 Right ventral anterior cingulate (ACC) activity to mild happy
faces (region of interest analysis). Panel a illustrates positive correla-
tion of baseline neural activity to mild happy faces in ventral anterior
cingulate and percentage improvement in depression scores (Child

Depression Rating Scale–Revised) from baseline to after treatment
(r=.824, p=0.003). Panel b illustrates ventral anterior cingulate
activity to the happy experiment shown in green circles. BA:
Brodmann’s area
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overactivity and underactivity after treatment (Drevets et al.
2008). Studies in adults with BD suggest prefrontal hypo-
activity across different mood states including depression
(Townsend and Altshuler 2012), but the only published
fMRI study in adolescents with BDd (n=8) reported posi-
tive, not negative, correlation of DLPFC activity with base-
line depression scores although there was no correlation of
DLPFC activity with improvement in depression (Chang et
al. 2008). They did not include positive stimuli or a control
group and did not analyze the whole brain (Chang et al.
2008). In this study, we did not identify significant prefron-
tal cortex activity with whole-brain analysis between BDd
and HC, but our ROI analysis showed that right VLPFC
(BA 44) activity (to intense happy faces), which was posi-
tively correlated with reduction of manic symptoms in a
recent pediatric BD study (Pavuluri et al. 2010b), was in-
versely correlated in our study with depressive scores at
baseline and significantly increased after treatment. In addi-
tion, right ventral cingulate was the only region that was
significantly different at baseline in responders versus non-
responders and higher baseline right ventral cingulate activity
in our study was associated with better symptom resolution.
Similar to our findings, higher activity in the affective region
of anterior cingulate cortex, a neural hub that has structural
and functional connectivity with frontal cortex and subcortical
regions and balances neural inputs for emotion regulation, was
higher to positively, but not negatively, valanced stimuli in
adolescents with BD relative to HC (Chang et al. 2004) and
normalized after treatment in adolescents (Yang et al. 2009)
and adults (Drevets et al. 2008) with unipolar depression.
Thus, ventral ACC is suggested as a target region for predict-
ing treatment response in BDd (Lipsman et al. 2010). Our
neural findings during emotion processing suggested that
VLPFC activity is a promising region for biological correlates
of symptom reduction in BDd and ventral ACC for identifying
those depressed adolescents with BDd who may potentially
respond to treatment of depression.

In contrast to previous findings (Drevets et al. 2008;
Pavuluri et al. 2011), in our study there were no differences
in amygdala activation between BDd versus HC and no
differences before and after treatment (Chang et al. 2008).
On the other hand, recent studies in adults and children also
did not find increased amygdala activity to emotional stim-
uli, suggesting that absence of amygdala activation may be
related to habituation of amygdala response after repeated
affective stimuli (Breiter et al. 1996), blunted activity during
depression (Altshuler et al. 2008; Chen et al. 2006;
Townsend and Altshuler 2012), or difference in neurodevel-
opment of amygdala in adolescents with BD relative to
adults (Pfeifer et al. 2008). Future longitudinal studies are
needed in BD children and adolescents to better understand
the neurodevelopmental effects of depressive state and va-
lence of emotions on neural activity.

The results of this study need to be taken into account
with the following limitations. The main limitation is the
small sample size. It is important to take into account that
many of our adolescents with BDd were on psychotropic
medications during scanning at baseline and 9 out of 10
adolescents with BD had new medication or dose changes
after 6 weeks of treatment. Our study did not allow us to
differentiate possible interactions between changes in med-
ication, depression severity, and neural activation, but avail-
able studies in adults and adolescents suggested that
medication treatment is not likely to cause new neural
abnormalities, but may result in amelioration of neural ac-
tivity abnormalities found in BD (Almeida et al. 2009, 2010;
Hafeman et al. 2012; Hassel et al. 2008; Leibenluft et al.
2007; Nelson et al. 2007; Phillips et al. 2008b; Rich et al.
2008a). On the other hand, including only adolescents with
unmedicated BD, who may have a milder form of the illness
and therefore can tolerate medication withdrawal, may limit
the ability to identify biomarkers of BD (Phillips et al.
2008b). The majority of the treatment studies in youth with
depression had 8-week-or-longer trials (Bridge et al. 2005)
and some adolescents might need longer time to improve or
show neural changes, but our open as usual study for
6 weeks was similar to an open-label treatment study in
bipolar depression in youth (Patel et al. 2006), and the
decrease in depression scores and the percentage of respond-
ers were comparable to previous studies (Bridge et al. 2005;
DelBello et al. 2009; Patel et al. 2006) including the only
pharmaco-imaging study in depressed youth for 12 weeks
(Tao et al. 2012). We didn’t scan HC after 6 weeks to control
for practice effects and our small sample size limited us to
identify neural activity differences between those who had
higher versus lower reduction in depression scores after
treatment. We had predominantly female adolescents with
relatively low ADHD comorbidity, but our sample charac-
teristics were similar to the only randomized treatment study
in adolescents with BDd (DelBello et al. 2009). We didn’t
identify any differences in our study between adolescents
with BD I and II; however, studies in adults suggest poten-
tial clinical and neuroimaging differences between BD I and
II (Baek et al. 2011; Summers et al. 2006). The negative
findings could be due to our small sample size and potential
developmental progression in BD diagnosis in adolescents
(e.g., more than 20 % of youth with BD II converted to BD I
over 4-year follow up (Birmaher et al. 2009)).

Our results of reduced negative emotion processing ver-
sus increased positive emotion processing are consistent
with improvement of depression according to Beck’s cog-
nitive theory. Childhood gives a window of opportunity for
early identification of markers of risk and potential targets
for treatment (Diler 2011). This is particularly important for
bipolar depression considering the morbidity and mortality
associated with it and limited data about its treatment in
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adolescents (DelBello et al. 2009; Liu et al. 2011).
Because structural and functional connectivity between
prefrontal cortex and other regions continue to mature
during adolescence, this is a critical period to success-
fully intervene during depression and possibly halt pro-
gression of neural network dysfunction in BD (Luna
2009). These areas should be explored in larger longi-
tudinal studies that investigate valence of emotion stim-
uli and effects of depressed mood and treatment on
development of neural activity and connectivity.
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