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Bipolar disorder is associated with
increased lost days from work,1 re-
duced vocational and residential sta-
tus,2 and increased psychosocial im-
pairment.3 People with bipolar
disorders are symptomatic about half
of the time, and depressive symptoms
occur much more frequently than
hypomania/mania or cycling (Figure
1).4,5 Evidence suggests that the index
episode tends to predict the polarity of
the next episode,6 which could suggest
that, in the modern era, relapse is more
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common than recurrence. Disability
and illness recurrence early in the
course of the illness may be, in part,
attributable to a delay in recognition
and appropriate treatment, as the first
course of treatment typically occurs
about 6 years after the onset of bipolar
episodes.7 A group of experts reviewed
therapies for acute and maintenance
treatment of bipolar disorder and ex-
plained the pathophysiology of mood
disorders and the mechanism of action
of medications.

Effective Agents in Treating Bipolar Depression
Because patients with bipolar dis-

order spend more time with depression
than mania, Andrew A. Nierenberg,
M.D., reviewed evidence for the effi-
cacy of acute and maintenance treat-
ments for bipolar depression. He em-
phasized that not all treatments
discussed are approved by the U.S.
Food and Drug Administration (FDA;
Table 1),8 and some studies were
inconclusive or underpowered. Dr.
Nierenberg mentioned that adjunctive
psychosocial interventions such as
cognitive-behavioral therapy, family-
focused therapy, interpersonal and so-
cial rhythm therapy, and some group
psychoeducation can also be effective
treatments for bipolar depression.9

Acute Bipolar Depression
Antidepressants. A fundamental

question is whether antidepressants
are effective in bipolar depression. Al-
though a meta-analysis10 included stud-
ies of antidepressants used alone, Dr.
Nierenberg concluded that insufficient
evidence is available to determine the
efficacy of antidepressant monother-
apy for acute bipolar depression. The
risk of a switch to mania is a concern
with antidepressant monotherapy.11

Antidepressant plus mood stabi-
lizer. The combination of the mood
stabilizer lithium with the antidepres-
sants paroxetine or imipramine was
compared with lithium plus placebo in
a study of patients in a major depres-
sive episode stabilized with lithium.11

Dr. Nierenberg commented that this
study was underpowered and differ-
ences in efficacy between the 3 groups
were not statistically significant. How-
ever, the study suggested that paroxe-
tine and imipramine were superior to
placebo in treating depression in pa-
tients with a low serum lithium level,
and the placebo effect was reduced
in patients with low serum lithium lev-
els. Mania developed in none of the
paroxetine-treated patients, 2.3% of the
placebo-treated patients, and in 7.7%
of the imipramine-treated patients.

A large, well-conducted study12

within the National Institute of Mental
Health–sponsored Systematic Treat-
ment Enhancement Program for Bi-
polar Disorder (STEP-BD) examined
whether adjunctive antidepressant
therapy (bupropion or paroxetine)
reduced bipolar depression without
increasing the risk of mania. Notably,
this study used rigorously defined out-
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come and effectiveness measures con-
sistent with the Diagnostic and Statis-
tical Manual of Mental Disorders,
Fourth Edition13 definitions. In patients
taking mood stabilizers or atypical anti-
psychotics, adjunctive antidepressant
medication did not increase the per-
centage of patients who experienced
durable recovery (adjunctive placebo,
27.3% vs. adjunctive antidepressant,
23.5%), but adjunctive antidepres-
sants also failed to increase the risk of
treatment-emergent affective switch
(placebo, 10.7% vs. antidepressant,
10.1%). Dr. Nierenberg commented
that the adjunctive antidepressant
seemed to confer no benefit but also to
do no harm.

A study14 of 2 mood stabilizers (lith-
ium plus divalproex sodium) versus an
antidepressant plus a mood stabilizer

(paroxetine plus lithium or divalproex
sodium) was inconclusive because it
was not powered to show a difference
between the treatment groups.

Mood stabilizer alone. Few data
compare lithium with placebo for the
treatment of bipolar depression. In a
review15 of 8 studies of lithium versus
placebo in depressed bipolar patients,
lithium appeared to be more effective
than placebo, but Dr. Nierenberg ob-
served that the study was small and the
definition of response was loosely
defined.

Calabrese et al.16 found lamotrigine
to be effective for acute treatment of
bipolar I depression compared with
placebo. Patients who were treated
with 50 or 200 mg/day of lamotrigine
demonstrated significant (p < .05)
reductions in Montgomery-Asberg

Depression Rating Scale (MADRS)
scores compared with those who took
placebo. However, 4 of 5 recent stud-
ies failed to find similar efficacy.17

Antipsychotics. Tohen and col-
leagues18 compared the atypical anti-
psychotic olanzapine with olanzapine-
fluoxetine treatment or placebo in
depressed patients with bipolar I disor-
der. At week 8, MADRS scores were
lower by 11.9 points with placebo, 15.0
points with olanzapine, and 18.5 points
with olanzapine-fluoxetine. Response
rates for the 3 groups were 30.4%,
39.0%, and 56.1%, respectively. The
olanzapine-fluoxetine combination
showed a robust decrease in acute bi-
polar I depressive symptoms.

A robust response was also found
for the atypical antipsychotic quetia-
pine compared with placebo for bi-
polar I or II depression.19 Although a
600-mg/day dose was slightly more
effective than a 300-mg/day dose, 300
mg/day was better tolerated.

Maintenance Treatment
A review20 of studies of lithium, la-

motrigine, carbamazepine, divalproex,
and olanzapine maintenance therapies
in bipolar disorder found that lithium
remained the gold standard for overall
preventive efficacy. However, lithium
was more effective for prevention of
mania than depression.

Lithium, divalproex, and placebo
were compared for bipolar I relapse
prevention after an index manic epi-
sode.21 No significant difference was
found between the 3 agents in time to
recurrence of any mood episode over
12 months. In an 18-month trial,22 lith-
ium and lamotrigine monotherapies
were compared for prevention of re-
lapse or recurrence of depression in
recently manic or hypomanic bipolar
I patients. Both lithium and lamotri-
gine were more effective than placebo
at delaying recurrence of any mood
episode; lamotrigine was significantly
superior to placebo for prevention
of depression (p = .02), while lithium
was significantly superior to placebo
for prevention of mania (p = .006).

aData from Judd et al.4 Percentages are weeks spent at specific affective symptom categories
during a mean of 12.8 years follow-up in 146 patients with bipolar I disorder.
bData from Judd et al.5 Percentages are weeks spent at specific affective symptom categories
during a mean of 13.4 years of prospective follow-up in 86 patients with bipolar II disorder.

Figure 1. Symptomatology in Patients With Bipolar I and Bipolar II Disorders

A. Bipolar I Disordera
Weeks Asymptomatic
Weeks Depressed
Weeks Manic/Hypomanic
Weeks Cycling/Mixed

52.7%31.9%

9.3%

5.9%

B. Bipolar II Disorderb

41.6%50.3%

1.3% 2.3%

Table 1. Agents Approved for Use in Adults With Bipolar I Disorder in the
United Statesa

Acute Mania Maintenance Acute Depression

Year Drug Year Drug Year Drug

1970 Lithium 1974 Lithium 2003 Olanzapine-fluoxetine
1973 Chlorpromazine 2003 Lamotrigine combination
1994 Divalproex 2004 Olanzapine 2006 Quetiapine
2000 Olanzapine* 2005 Aripiprazole
2003 Risperidone* 2008 Quetiapine**
2004 Quetiapine*
2004 Ziprasidone
2004 Aripiprazole*
2004 Carbamazepine
aAdapted with permission from Ketter.8

*Approved as adjunctive treatment as well as monotherapy.
**Approved only as adjunctive treatment.
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Similarly, in a comparison23 between
lamotrigine, lithium, and placebo
maintenance treatment over 18 months
in recently depressed patients with bi-
polar I disorder, lamotrigine was sta-
tistically more effective than placebo
in time to intervention for depression
(p = .047), while lithium was signifi-
cantly more effective than placebo at
delaying mania (p = .026).

Lithium and olanzapine monother-
apy for maintenance treatment were
compared in patients with bipolar dis-
order for 12 months.24 Fewer patients
treated with lithium than with olanza-
pine experienced syndromic recur-
rence of depression (8.3% vs. 13.9%,
respectively). Dr. Nierenberg noted

that a meta-analysis25 showed a consis-
tent effect of lithium against suicid-
ality, which may be a reason to com-
bine lithium with other medications
when treating bipolar depression.

Summary
Dr. Nierenberg emphasized that

more research is needed comparing
monotherapies and combination treat-
ments for acute bipolar depressive epi-
sodes and their recurrence. Insufficient
evidence is available for many of the
medications that are used without
FDA-approved indications. Besides
pharmacotherapy, structured psycho-
social interventions should be part of
everyday practice.

Monotherapy Versus Combination Treatment
in Bipolar Disorder

Terence A. Ketter, M.D., cautioned
that, although the use of combination
therapy in the treatment of bipolar dis-
order is growing, clinicians need to
carefully weigh the efficacy, safety,
and tolerability of combined treat-
ments. Since 1970, multiple medica-
tions have been approved by the FDA
for the treatment of bipolar disorder
(see Table 1), some of which are also
approved for use in combination
therapy.26 The percentage of patients
with treatment-resistant bipolar or uni-
polar depression who are discharged
taking 3 or more medications has in-
creased from 3.3% between 1974 and
1979 to 43.8% between 1990 and
1995.27 Monotherapy is not always suf-
ficient for acute or maintenance treat-
ment, but, while combined medications
can provide therapeutic synergy, they
can also have additive adverse effects
as well as drug interactions. Dr. Ketter
emphasized that the FDA-approved
combination therapies have been
proven in rigorous trials to have effi-
cacy in specific situations and have
extensive safety data, whereas the ef-
ficacy and toxicity of other combi-
nations lack such rigorous scientific
support.

Monotherapy Versus Combination
Therapy for Mania

Combination therapy appears to be
more effective than monotherapy for
acute mania. A review28 compared the
response rates of patients with acute
mania treated with monotherapy or
combination therapy (Figure 2). Pa-
tients treated with monotherapy had a
higher response rate than those who re-
ceived placebo, and a higher response
rate was found among the combination-
therapy patients compared with patients
receiving monotherapy. In both analy-
ses, the addition of an active agent in-
creased the response rate by approxi-
mately 20%.

In a European study29 of patients
with acute mania, treatment with anti-
psychotics such as haloperidol and/or
perazine plus placebo was compared
with treatment with these antipsy-
chotics plus valproate sodium. The
antipsychotic plus valproate combina-
tion produced more responders com-
pared with antipsychotic monotherapy
(70% vs. 46%; p = .005), according to
improvement in Young Mania Rating
Scale (YMRS) scores. This result indi-
cates a comparable level of increased
response with combination therapy

compared with monotherapy as the pre-
viously described review.28

As shown in Table 1, the only com-
bination treatments that have FDA
approval for use in mania involve a-
typical antipsychotics. Dr. Ketter com-
pared the efficacy of specific com-
binations using these 4 atypical
antipsychotics for acute mania.

Olanzapine combination therapy
has proved effective for acute mania.30

Adjunctive olanzapine in patients tak-
ing lithium or valproate was associat-
ed with significantly higher response
rates than adjunctive placebo (67.7%
vs. 44.7%, p < .001). Dr. Ketter noted
that blood serum levels of lithium and
valproate in the patients were slightly
lower than is typically used in mono-
therapy. Therapeutic synergy between
the agents may make lower concentra-
tions of both medications possible and
enhance tolerability. In contrast, a re-
cent study31 found that adding olanza-
pine to carbamazepine failed to yield
improved efficacy in patients with
acute mania.

In a study by Sachs et al.,32 patients
with a current manic or mixed episode
treated with lithium or divalproex were
given adjunctive risperidone, haloperi-
dol, or placebo. Compared with pla-
cebo, the adjunctive risperidone and
haloperidol showed approximately a
20% advantage in response rate ac-
cording to Clinical Global Impressions
ratings of much or very much im-
proved; however, adverse events such
as movement disorders were experi-
enced by more patients taking halo-
peridol. Mean doses of risperidone
and haloperidol were 3.8 mg/day and
6.2 mg/day, respectively. Dr. Ketter
warned that higher doses of risperi-
done are associated with more extrapy-
ramidal side effects and that the mood
stabilizer carbamazepine decreases
plasma risperidone concentrations by
about 40%.33

In 2 double-blind, placebo-
controlled studies,34 more patients
treated for acute mania with lithium or
divalproex and adjunctive quetiapine
responded (≥ 50% decrease in YMRS
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score) than those who received adjunc-
tive placebo (55.7% vs. 41.6%, p < .01)
after 3 weeks. Dr. Ketter pointed out
that the mean quetiapine dose in re-
sponders (approximately 500 mg/day)
and serum mood stabilizer concentra-
tions indicated that lower doses are
effective with combination therapy.
Also, quetiapine requires some titra-
tion, but many patients can tolerate a
regimen that starts with 100 mg on the
first day and increases by 100-mg in-
crements each day to reach adequate
dosage.

Aripiprazole monotherapy was
found to be more effective than pla-
cebo in the treatment of acute manic or
mixed episodes in patients with bipolar
disorder.35 A statistically significantly
higher response rate was found in pa-
tients treated with aripiprazole com-
pared with placebo (40% vs. 19%). Ari-
piprazole has also been found to be
effective in combination therapy with
valproate or lithium in patients with
treatment-resistant bipolar I disorder.36

Adjunctive aripiprazole produced sig-
nificantly more responders by end-

point (6 weeks) than valproate or lith-
ium plus placebo (62.8% vs. 48.5%,
p < .01).

A small study37 of patients with
treatment-resistant bipolar I disorder
and schizoaffective disorder, bipolar
type, with a history of mania found
that adjunctive clozapine produced ad-
ditional benefit on all measures except
depression compared with treatment as
usual. The dose of clozapine was much
lower in patients with bipolar disorder
than schizoaffective disorder. Over the
12-month study, medication use in pa-
tients who received adjunctive cloza-
pine plus treatment as usual decreased.
Dr. Ketter explained that clozapine
does not have FDA approval for the
treatment of bipolar disorder, as large
placebo-controlled studies are cur-
rently lacking.

Monotherapy Versus Combination
Therapy for Bipolar Depression

Although patients with bipolar
disorder spend more time depressed
than manic (see Figure 1),4,5 fewer
treatments have FDA approval for bi-
polar depression than mania, noted
Dr. Ketter (see Table 1). A review38 of
placebo-controlled treatment trials in
acute bipolar depression provided evi-
dence of differential efficacy over pla-
cebo for various monotherapy and
combination treatments (Figure 3). Dr.
Ketter reiterated Dr. Nierenberg’s

Figure 2. Monotherapy Versus Placebo or Combination Therapy for Acute Bipolar
Mania: Response Rates in 20 Studiesa

aReprinted with permission from Ketter et al.28

Abbreviations: CBZ = carbamazepine, DVPX = divalproex, Li = lithium.
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observation that the role of adjunctive
antidepressants is controversial in bi-
polar depression treatment.12

The efficacy of augmentation with
lamotrigine, inositol, or risperidone
was examined in a STEP-BD study39

of 66 patients with bipolar depression
who were resistant to treatment with a
mood stabilizer (lithium, valproate, or
carbamazepine) plus an antidepressant.
Although recovery rates were not sig-
nificantly different across treatments
(perhaps because of the small sample
size), lamotrigine yielded numerically
greater recovery rates compared with
inositol and risperidone (23.8%,
17.4%, and 4.6% respectively). Larger
studies are needed.

Monotherapy Versus Combination
Therapy for Bipolar Maintenance

Quetiapine combined with lithium
or valproate was recently approved for
bipolar maintenance treatment based
on 2 recent 24-month, multicenter,
randomized, double-blind, placebo-
controlled studies40 of patients with bi-
polar I disorder with a recent manic,
mixed, or depressive episode. Com-
bining the results from these trials,40

adjunctive quetiapine (N = 646) com-
pared with adjunctive placebo
(N = 680) yielded significantly lower
overall (19% vs. 51%), depressive
(10% vs. 27%), and manic (9% vs.
23%) relapse rates (all p < .0001).

Safety and Tolerability
All of the approved treatments for

bipolar disorder carry boxed warnings
in the prescribing information about
serious side effects. Safety and tol-
erability of monotherapy or combina-
tion therapy should be factored into
treatment decisions for individual pa-
tients. For example, a study41 of the
olanzapine-fluoxetine combination
versus lamotrigine monotherapy for
acute bipolar I depression found that,
although the combination was more
effective in reducing depression rating
scale scores than lamotrigine mono-
therapy, it was associated with signif-
icantly greater weight gain and in-

crease in total cholesterol and triglyc-
eride levels (p ≤ .001).

Conclusion
Dr. Ketter stated that physicians

have a growing choice of agents for
the treatment of bipolar disorder.
Monotherapy may suffice for some
patients, but most will require combi-
nation treatments. Although combina-
tions may offer therapeutic synergy,
they also risk drug interactions and a
wider range of adverse effects. When
selecting pharmacotherapy for patients
with bipolar disorder, clinicians should
match individual agents to the patient’s
risk factors and ability to tolerate
the medications. Finally, physicians
should always exercise caution when
treating patients with combination
therapy.

Treatments for Mania: From
Efficacy to Effectiveness

Roy H. Perlis, M.D., M.Sc., dis-
cussed the efficacy and tolerability of
individual medications and considered
how clinicians might choose between
the available treatment options for bi-
polar mania.

Guidelines for Treating Mania
The American Psychiatric Associa-

tion (APA) 2002 guidelines42 for the
treatment of acute mania in patients
with bipolar disorder recommended the
combination of lithium or valproate
and an atypical antipsychotic as first-
line treatment for severely ill patients.
In less severely ill patients, the recom-
mended first-line treatment is mono-
therapy with lithium, valproate, or an
atypical antipsychotic.42 Illness se-
verity was not clearly defined, but se-
verely ill patients usually require hos-
pitalization while less ill patients can
be managed as outpatients.

For patients who experience
breakthrough manic symptoms during
treatment, the APA guidelines rec-
ommended that the primary mood-
stabilizing medication be optimized

and then an atypical antipsychotic
be added, if necessary. Dr. Perlis
explained that optimizing a mood
stabilizer—ensuring that the dose is
in the therapeutic range or sometimes
is at the higher end of the therapeutic
range—is a common clinical practice
and a standard recommendation. How-
ever, little evidence addresses the value
of optimization.

In evidence-based guidelines, it is
difficult to specify how clinicians
should choose among treatment options
across and within classes, which spe-
cific medication should be prescribed
first, or how safety and tolerability is-
sues should be weighed in selecting
treatments during acute treatment for
mania. Dr. Perlis remarked that more
information is needed to answer these
questions.

Efficacy
Dr. Perlis reviewed data for the effi-

cacy of monotherapies for acute bipolar
mania. A meta-analysis43 compared re-
sults from 12 placebo-controlled mono-
therapy trials of individual atypical
antipsychotics in patients with acute
manic or mixed episodes. Importantly,
pooled data (Figure 4) showed that the
atypical antipsychotics studied had
similar efficacy, which was not sub-
stantially different from that of lithium
or haloperidol. Dr. Perlis noted that in-
dividual differences in efficacy be-
tween these medications are likely to
be modest. Atypical antipsychotics
may have differences in time to onset
of action, but these possible differences
are difficult to determine without di-
rect comparisons.

Newer anticonvulsants have at-
tracted interest for the treatment of bi-
polar disorder. Unfortunately, a re-
view44 of these drugs found that none
have shown significant efficacy for
treating mania, although some have
benefit in treating other aspects of bi-
polar disorder. Adequately powered
trials of topiramate, lamotrigine, and
gabapentin were negative, and smaller
trials of tiagabine and zonisamide did
not suggest efficacy. Studies45 have
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demonstrated that carbamazepine
extended-release is superior to placebo
for the treatment of acute manic or
mixed episodes, but the carbamaze-
pine derivative oxcarbazepine showed
no benefit in a large study46 in children
and adolescents with manic or mixed
states.

Few head-to-head studies of newer
agents for mania exist to help clini-
cians distinguish between them for
efficacy. Olanzapine and risperidone
were compared in a 3-week trial47 in
hospitalized patients with non-
psychotic acute manic or mixed epi-
sodes. No discernible difference in
YMRS scores was found between
risperidone and olanzapine. Olanza-
pine and divalproex were compared
in 2 head-to-head studies48,49: one48

suggested a modest but significant dif-
ference in efficacy favoring olanza-
pine (p = .03), and the second study,49

which was not powered to show a sig-
nificant difference, suggested a small
numeric difference in efficacy in fa-
vor of olanzapine.

Tolerability
Efficacy cannot be the only consid-

eration in medication choice, espe-
cially when drugs appear to have simi-
lar efficacy. Dr. Perlis advised that

tolerability and safety are important
factors in drug effectiveness; drugs
that have efficacy but not tolerability
are not effective or clinically useful.

Dropout rates in clinical trials give
an indication of tolerability. A meta-
analysis50 of 26 studies of atypical
antipsychotics in patients with acute
mania (N = 6187) found that, among
monotherapy trials, dropout rates for
the atypical antipsychotics aripipra-
zole, olanzapine, quetiapine, risperi-
done, and ziprasidone were similar
to or less than dropout rates for the
placebo-treated groups. Rates of drop-
out due to adverse events were similar
not only among the atypical antipsy-
chotics but also in comparison with
lithium and divalproex, despite differ-
ences in specific side effect profiles.
However, the dropout rate due to side
effects was higher for haloperidol than
the atypical antipsychotics, a notewor-
thy point according to Dr. Perlis, be-
cause the APA’s recommendation42 in
favor of atypical rather than typical
antipsychotics has been questioned.
When tolerability data are considered,
atypical antipsychotics may have an
advantage in effectiveness compared
with typical antipsychotics, a possibil-
ity that merits direct study in bipolar
disorder.

 Extrapyramidal symptoms (EPS)
are often a concern in the short-term
treatment of mania. Dr. Perlis com-
mented that, while the rates of EPS are
generally lower with atypical than with
typical antipsychotics, some variation
occurs within the class. Scherk and
colleagues’ meta-analysis50 showed in-
creased EPS in patients treated with
atypical antipsychotics compared with
placebo-treated patients, but the risk
varied between medications. The inci-
dence of EPS in patients taking halo-
peridol was greater than with atypical
antipsychotics, either individually or
as a group (p < .001). Dr. Perlis re-
minded clinicians that, since treatment
for acute mania is increasingly contin-
ued as maintenance treatment, consid-
eration should be given to long-term
adverse effects.

Conclusion
Dr. Perlis concluded that the effi-

cacy data across the drugs with FDA-
approval for treatment of acute mania
do not indicate a clear best choice.
Therefore, clinicians should consider
other criteria, such as time to onset of
action, tolerability, and long-term ad-
verse effects of the agents, in the con-
text of the needs and concerns of the
individual patient. All of these factors
contribute to the effectiveness of the
treatment.

New Understanding of
Mechanisms of Action of
Bipolar Medications

The classic model of mood disorder
pathophysiology attributed the disor-
ders to neurochemical deficits in the
monoamine neurotransmitters norepi-
nephrine and/or serotonin. Gerard
Sanacora, M.D., Ph.D., explained that
the model has been reconceptualized
to one in which mood disorders are
attributed to changes in neuroplas-
ticity. Neuroplasticity is the lifelong
ability of the brain to reorganize itself
by forming new neural networks and

Mean Difference in YMRS Change From Placebo

0 1 2 3 4–10–11–12–13 –9 –8 –7 –6 –5 –4 –3 –2 –1

Haloperidol

Lithium

Aripiprazole

Ziprasidone

Quetiapine

Risperidone

Olanzapine

Figure 4. Monotherapy Efficacy Relative to Placebo in Acute Bipolar Mania: Pooled
Trial Drug Effectsa–c

aReprinted with permission from Perlis et al.43

bBars represent 95% confidence intervals.
cThe dotted line on the left indicates the pooled difference from placebo among all
monotherapy and combination trials.
Abbreviation: YMRS = Young Mania Rating Scale.
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connections. This ability allows neu-
rons in the brain to adjust their activi-
ties in response to new situations or
environmental changes and to compen-
sate for injury and disease.

Concepts related to neuroplasticity
are apoptosis, neuroprotection, neuro-
toxicity, resiliency, and neurotrophic
factors. Apoptosis is a form of pro-
grammed cell death in multicellular
organisms, and anything that prevents
apoptosis is called antiapoptotic.
Mechanisms within the nervous sys-
tem that protect neurons and glia from
apoptosis and other degeneration (in-
cluding that associated with injury or
neurodegenerative diseases) provide
neuroprotection. Events or treatments
that damage the nervous system have
neurotoxicity. Resiliency is the brain’s
ability to withstand or recover from
cellular stressors. Substances called
neurotrophic factors are responsible
for the growth and survival of neurons
during childhood development and
maintenance of neurons in adulthood.

Evidence of Neuroplastic Changes
in Patients With Mood Disorders

Imaging studies have shown that
structural and neuroplastic changes oc-
cur in the brains of patients with mood
disorders. Reduced metabolic activity
and cortical volume in the subgenual
prefrontal cortex was found in patients
with bipolar or unipolar depression.51

Reduced hippocampal volume was
shown in patients with unipolar de-
pression.52 Reductions in neuronal and
glial cell volume and density in the
dorsolateral prefrontal cortex were
found in patients with bipolar disor-
der.53 Glial cell density and neuronal
size were reduced in patients with ma-
jor depressive disorder (MDD).54 Simi-
lar reductions were reported in patients
with schizophrenia, but no difference
was found in patients with bipolar dis-
order compared with control subjects.54

Dr. Sanacora observed that, of particu-
lar relevance for mood disorders, re-
duced levels of brain-derived neuro-
trophic factor (BDNF) have been
found at autopsy in the hippocampus

and prefrontal cortex55,56 of suicide
victims and in serum of live depressed
patients.57

Effects of Stress on Neuroplasticity
Major depressive episodes are

known to be triggered by stressful life
events.58 Observing the effects of stress
on the brain forms a model for describ-
ing the effects of depression on the
brain, stated Dr. Sanacora. Stress has
been shown to cause neuroplastic
changes by inducing atrophy of pyra-
midal neurons in the medial prefrontal
cortex of animals.59 Chronic psychoso-
cial stress also decreased hippocampal
volume and reduced the size and num-
ber of glial cells in animals,60 similar
to the changes seen in several brain
regions of patients with MDD.54

Neurobiological Mechanisms
Affected by Stress and Targeted by
Mood Disorder Treatment

Chronic stress can affect cellular
mechanisms and processes, causing
harmful neuroplastic changes.61 Nor-
mally, activation of receptors found on
the cellular membrane leads to stimu-
lation of signal transduction cascades,
the mechanism by which cells tran-
scribe their effects from the synaptic
membrane into the cytosol inside the
cell. These cascades can lead to the
phosphorylation of kinases and en-
zymes that have multiple effects on the
brain. Activation of some signal trans-
duction cascades can activate kinases
that lead to apoptosis or neurotoxicity;
activation of other cascades can acti-
vate kinases or enzymes that are
antiapoptotic. A healthy brain main-
tains a delicate balance of apoptotic
and antiapoptotic activity, and this
balance of plasticity is constantly
changed throughout life by the activa-
tion of membrane receptors. Processes
inside the nucleus, including gene ex-
pression and chromatin remodeling,
can also be affected by these cascades.

Chronic stress can have a negative
effect on the brain by attacking several
different mechanisms. Understanding
those mechanisms can aid in the devel-

opment and use of drugs that act in
various ways to counteract the effects
of stress, thereby treating mood disor-
ders.62,63 Dr. Sanacora proceeded to de-
scribe systems thought to be affected
by stress and therefore may be treat-
ment targets.

Glutamatergic system. The gluta-
matergic system is believed to be a
treatment target because it is heavily
affected by stress. Glutamate is the
major excitatory neurotransmitter in
the brain; it is necessary for most forms
of learning and is involved in most
aspects of human behavior. Excessive
stimulation of glutamate leads to in-
creased calcium influx, which ulti-
mately leads to an increase in free rad-
icals, increased expression of apoptotic
factors, and cell damage and atrophy.
Research has shown that stress can
cause an increase in glutamate release
in the prefrontal cortex64 and hip-
pocampus,65 potentially causing neu-
rotoxicity in both of these areas.66

Some agents that target the glutama-
tergic system and may help balance
glutamate release are N-methyl-D-
aspartate (NMDA) antagonists such
as ketamine, group I metabotropic an-
tagonists, group II metabotropic modu-
lators, agents that act on the voltage-
dependent neuronal sodium channels
that modulate glutamate release such
as lamotrigine, agents that activate the
α -amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid (AMPA) re-
ceptors, and agents that increase gluta-
mate uptake.

Glucocorticoid system. Stress also
affects the glucocorticoid system, spe-
cifically the hypothalamic-pituitary-
adrenal axis, one of the central stress-
response systems. Activation of the
cortisol glucocorticoid receptor has di-
rect effects on gene expression, lead-
ing to many apoptotic pathways. Sev-
eral drugs are now thought to modulate
this effect, in 3 possible ways. First,
glucocorticoid antagonists such as
mifepristone are thought to directly an-
tagonize the effects of glucocorticoid
at various sites both inside and out-
side the brain. Other agents such as
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metyrapone are thought to affect the
synthesis of glucocorticoids and may
have some effects on mood. Third,
corticotropin-releasing factor an-
tagonists seem to block the effect of
corticotropin-releasing hormone
within the brain and regulate the re-
lease in the adrenal gland through ac-
tivation of the pituitary gland.

Monoaminergic system. The mono-
aminergic system has long been con-
sidered a main source of stress-
triggered adverse events such as mood
disorders. The regulation of mono-
amine transmission can be targeted by
the classic monoaminergic agents,
such as selective serotonin reuptake
inhibitors, tricyclic antidepressants,
monoamine oxidase inhibitors, and a-
typical antipsychotics. The down-
stream signal transduction cascades
associated with these neurotransmitter
systems may also be targets using a
phosphodiesterase inhibitor like
rolipram.

Neurotrophic factor system. The
neurotrophic factor system, specifi-
cally BDNF, is also affected by stress
and is a target for treatment. Activa-
tion of BDNF leads to antiapoptotic
activity that is involved in cell main-
tenance and survival. Increases in
BDNF expression in the hippocampus
have been shown in animals and hu-
mans with antidepressant agents, exer-
cise, and electroconvulsive therapy
(ECT).67,68 Antidepressant treatment
has also been shown to increase serum
BDNF levels.69

Apoptotic and antiapoptotic ki-
nases. Stress affects the brain through
apoptotic and antiapoptotic kinases
or enzymes. The apoptotic glycogen
synthase kinase (GSK-3β) and the
antiapoptotic protein Bcl-2 have
gained prominence in the field in re-
lation to mood disorders. Two of the
most clinically useful drugs in treating
bipolar disorder—lithium and valproic
acid—inhibit GSK-3β activity and
increase Bcl-2 levels in the frontal
cortex.70,71

Gene expression. While all of the
targeted mechanisms described above

can affect gene expression, gene ex-
pression can also be affected in the
long term by change within the
nucleus. Chromatin remodeling within
the nucleus can chronically alter gene
expression through histone acetylation
and methylation, changing the struc-
ture of the DNA and determining
which genes are expressed and which
are silenced. This process might ex-
plain how early childhood trauma
could have long-lasting consequences
into adulthood. Valproic acid72 and
ECT73 are known to have effects on
histone acetylation and may, therefore,
target this mechanism.

Stress. Finally, Dr. Sanacora em-
phasized that a target of treatment for
mood disorders is stress itself. The di-
rect effects of stress or perceived stress
may be modulated with psychothera-

pies such as cognitive-behavioral
therapy, interpersonal therapy, and so-
cial rhythm therapy. Exercise has many
effects consistent with neuroresiliency
that also may be useful in directly treat-
ing stress and providing antidepressant
effects.

Conclusion
Neuroplastic changes in the brain

are believed to play a major role in the
pathogenesis and pathophysiology of
mood disorders, summarized Dr.
Sanacora. The conceptualization of
mood disorders in terms of neuroplas-
tic mechanisms represents a break from
the classic psychiatric model of neu-
rochemical deficits. Using the neu-
roplasticity model of mood disorders,
specific neurobiological mechanisms
can be targeted for treatment.

Selecting Appropriate Maintenance Treatments for Bipolar
Disorder

The long-term management of bi-
polar disorder is a crucial part of treat-
ment, said Michael E. Thase, M.D.,
because no curative treatments exist.
The medications available can be seen
as symptom-controlling or illness-
suppressing.

Ideal treatments for long-term man-
agement of bipolar disorder would ef-
fectively treat and delay recurrence of
both manic and depressive episodes.
Preventing early relapse may lead to a
more benign course of illness, so long-
term treatment should be considered
after a single severe manic episode.42

Recurrences of the illness devastate
patients’ working and home lives, in-
crease the risk of suicide, and affect
health.74

Patients need to understand that
abrupt discontinuation of, or nonadher-
ence to, medication can increase the
risk of recurrence and that treatment is
long-term.42 Clinicians may be able to
help patients accept treatment by call-
ing it indefinite rather than lifelong be-
cause lifelong treatment may become
unnecessary in the future as genetic

vulnerabilities and gene-environment
interactions are better understood and
more curative treatments are developed.

Treatment Options
Medications used to initiate treat-

ment may be continued as maintenance
therapy, or different treatment may be
used in the maintenance phase than was
used acutely. Dr. Thase reminded clini-
cians that the polarity of the index epi-
sode tends to predict the polarity of the
next episode,6 which he suggested could
reflect that, in the modern era, relapse
of the index episode is more common
than recurrence. He then summarized
potential maintenance treatment op-
tions, although not all have FDA ap-
proval for maintenance (see Table 1).

Lithium. Dr. Thase stated that the
mood stabilizer lithium has been shown
to be about 20% more effective in the
prevention of bipolar relapse than pla-
cebo, but, as Dr. Nierenberg noted,
lithium is more effective in prevent-
ing relapse to mania than relapse to
depression.75 Although lithium is a
good example of a treatment that can be
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initiated for acute treatment and con-
tinued as maintenance treatment, it has
a relatively narrow therapeutic win-
dow, and some patients find lithium
therapy hard to maintain over months
or years of preventive therapy. A natu-
ralistic study76 of 402 patients found
that after 5 years of treatment, 27.9%
of patients had stopped taking lithium,
38.1% still took lithium but had expe-
rienced at least 1 relapse, and 23.4%
continued to take lithium with no re-
currences; 10.7% were not available
for interview at 5-year follow-up.
Among patients with therapeutic blood
levels of lithium, 88.0% spent at least
50% less time in the hospital yearly
than they did pretreatment, and 43.0%
of these patients had no recurrences of
illness.76

Valproate. Since its approval for
treatment of acute mania in bipolar
disorder, valproate has overtaken lith-
ium in terms of market share, even
though valproate is not formally indi-
cated for recurrence prevention. For
example, the ratio of initial filled pre-
scriptions for lithium versus divalproex
changed from about 6:1 in 1994 to
about 1:2 in 2001.77 However, whereas
the prophylactic effects of lithium for
prevention of suicidal behaviors is well
accepted, the data are less certain for
valproate and, in one study,77 the risk

of suicide attempt or death was 1.5 to 3
times higher in patients treated with
divalproex than it was in those treated
with lithium.

Atypical antipsychotics. Dr. Thase
noted that, since the introduction of
atypical antipsychotics, clinicians have
moved away from monotherapy for
both short-term therapy and long-term
prophylaxis. Among patients treated
for 1 year in the Stanley Foundation
Bipolar Network, a mean number of
4.1 psychotropic medications was
taken.78 Atypical antipsychotics are
increasingly added to mood stabilizers
early in treatment for breakthrough
mania.

Olanzapine was the first atypical
antipsychotic to be FDA-approved for
maintenance treatment of bipolar
disorder (see Table 1). In a 47-week
study,48 previously manic patients
treated with olanzapine or divalproex
showed no significant difference in
rates of relapse into mania or depres-
sion (42.3% vs. 56.5%, respectively).

An 18-month study79 of relapse
prevention in patients with bipolar I
disorder compared olanzapine in com-
bination with lithium or valproate to
treatment with lithium or valproate
monotherapy; no significant differ-
ences were found in the rates of syn-
dromic or symptomatic relapse to ei-

ther mania or depression or in time to
syndromal relapse to either mania or
depression. However, treatment with
combination therapy significantly in-
creased time to symptomatic relapse
(monotherapy, 42 days; combination
therapy, 163 days; p = .023). If a pa-
tient taking a mood stabilizer experi-
ences relapse, adding an antipsychotic
might be clinically useful.

Aripiprazole is also an approved
maintenance treatment. In a 100-week
relapse prevention study,80 patients
who were originally stabilized on ari-
piprazole treatment (over 26 weeks)
were randomly assigned to aripipra-
zole or placebo for maintenance
therapy (over 74 weeks). Aripiprazole
monotherapy was found effective for
relapse prevention and maintained
good tolerability and safety profiles.

In 2008, quetiapine received FDA
approval for use in combination with
the conventional mood stabilizers lith-
ium and valproate on the basis of 2
controlled preventive studies.40

Clinicians need to be vigilant for
side effects of antipsychotics, note Dr.
Thase. Besides EPS, weight gain and
other signs of metabolic syndrome
should also be monitored. Early in the
course of therapy, a baseline waist size
and fasting glucose level should be
established. Vigorous early interven-

Figure 5. Time to Intervention for (A) Depressive Episode and (B) Manic, Hypomanic, or Mixed Episode With Lamotrigine,
Lithium, and Placeboa

aReprinted with permission from Goodwin et al.82

bLamotrigine vs. placebo, p = .009; lithium vs. placebo, p = .120; lamotrigine vs. lithium, p = .325.
cLamotrigine vs. placebo, p = .034; lithium vs. placebo, p < .001; lamotrigine vs. lithium, p = .030.
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tion for weight gain as little as 5 pounds
within a few weeks can improve
outcomes.

Antidepressants. Long-term antide-
pressant therapy may be effective for a
subset of patients. A study81 of 84 pa-
tients successfully treated for acute
bipolar depression with a mood stabi-
lizer and adjunctive antidepressant fol-
lowed the patients for 1 year. Of these
patients, 43 (51%) stopped antidepres-
sant treatment within 6 months after
remission. Depressive relapse occurred
in 70% of patients who discontinued
antidepressant treatment within 6
months and in 36% of patients who
continued antidepressant treatment
beyond 6 months.

Lamotrigine. Lamotrigine is the
only agent approved for maintenance
treatment in bipolar disorder that is not
also approved for acute phase therapy.
Compared with placebo, lamotrigine
showed significant (p = .034) efficacy
for prevention of manic episodes and a
more robust effect in prevention of de-
pressive episodes (p = .009; Figure
5).82 Dr. Thase noted that although la-
motrigine is relatively weak for the pre-
vention of mania, it is an important
medication to consider for long-term
prevention when depression prophy-
laxis is the primary goal. Limitations
of lamotrigine include lack of approval
for acute phase therapy and a relatively
high risk of dermatologic reactions that
can lead to severe systemic conditions
such as Stevens-Johnson syndrome.
To minimize this risk, lamotrigine
should be started at a low dose and
slowly titrated upwards.83 Combina-
tions with other medications such as
valproate that might result in higher
blood lamotrigine levels should be used
with caution.

Factors that Contribute to Relapse
Several factors appear to contribute

to relapse of bipolar episodes. A large
study over 2 years84 showed that 34.7%
of subjects had a depressive relapse,
while 13.8% had a manic, hypomanic,
or mixed episode. Each residual manic
symptom at recovery increased the risk

of depressive relapse by about 20%.
Dr. Thase suggested that clinicians be
alert for subtle mixed states as targets
for ongoing treatment.

Obesity is another risk factor for
failure of preventive treatment.85 Pa-
tients with obesity experienced shorter
times to depressive recurrence and
higher rates of recurrence than patients
without obesity. Dr. Thase remarked
that obesity may interfere with antide-
pressant treatment, higher doses of
medication may be needed, and life-
style adjustments associated with obe-
sity may have a depressing effect.

Summary
Dr. Thase reiterated the importance

of helping patients with bipolar disor-
der stay well after initial treatment and
of maximizing patients’ functional ca-
pacity. Several medications are avail-
able for maintenance treatment, and
clinicians should consider the indi-
vidual patient characteristics when se-
lecting therapies. Dr. Thase stressed
that psychoeducation and focused psy-
chotherapy should not be overlooked.
Clinicians should also monitor the pa-
tient for long-term treatment safety and
tolerability.

Drug names: aripiprazole (Abilify),
bupropion (Aplenzin, Wellbutrin, and
others), carbamazepine (Carbatrol, Equetro,
and others), clozapine (FazaClo, Clozaril,
and others), divalproex (Depakote and others),
gabapentin (Neurontin and others), haloperidol
(Haldol and others), imipramine (Tofranil
and others), ketamine (Ketlar and others),
lamotrigine (Lamictal and others), lithium
(Eskalith, Lithobid, and others), metyrapone
(Metopirone), mifepristone (Mifeprex),
olanzapine (Zyprexa), olanzapine-fluoxetine
(Symbyax), oxcarbazepine (Trileptal and
others), paroxetine (Paxil, Pexeva, and others),
quetiapine (Seroquel and others), risperidone
(Risperdal and others), tiagabine (Gabitril),
topiramate (Topamax), valproate sodium
(Depacon and others), valproic acid (Depakene
and others), ziprasidone (Geodon), zonisamide
(Zonegran and others).

Disclosure of off-label usage: The
chair has determined that, to the best
of his knowledge, gabapentin, ketamine,
oxcarbazepine, tiagabine, topiramate,
and zonisamide are not approved by the
U.S. Food and Drug Administration for
the treatment of bipolar disorder.
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