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Abstract

The goal of pharmacological treatment of bipolar disorder is to prevent future occurrences of
mood episodes. To achieve this goal, medications must demonstrate efficacy in the preven-
tion of both manic/hypomanic and depressive relapses/recurrences. Currently, the efficacy of
most pharmacological agents in the maintenance treatment of bipolar disorder has been stud-
ied using relapse prevention designs, in which only patients who tolerate and respond to a
studied drug(s) in the acute phase (mania or depression) can enter the maintenance phase.
Subsequently, the results from relapse prevention studies are not generalizable, not only
because of the design, but also because of different index mood episodes. So far, however,
only lithium and lamotrigine, and to some extent divalproex, have been investigated in both
manic and depressive index episodes, while olanzapine and aripiprazole have been evaluat-
ed in manic index episodes. To facilitate the application of currently available data, this chap-
ter will systematically examine randomized, blinded, controlled maintenance studies
enrolling ≥100 patients and lasting ≥6 months.

Introduction

Symptomatic patients with Bipolar I disorder experience depressive symptoms
three to four times more commonly than manic symptoms [1], while sympto-
matic patients with Bipolar II disorder experience depressive symptoms
approximately 39 times more commonly than hypomanic symptoms [2]. In a
prior report of 593 subjects who screened positive for bipolar disorder, mod-
erate to extreme impairment in work, social life, and family interactions
occurred significantly more often from depressive than manic symptoms [3].
In addition, significant psychosocial impairment during illness-free periods
was more strongly predicted by the number of past depressive episodes than
past manias [4, 5]. Moreover, there is a higher risk for suicide in bipolar dis-
order than in other major psychiatric disorders, particularly during depressive
episodes [6–8].
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From these findings, it is evident that the prevention of acute major depres-
sive episodes is critical in order to reduce the morbidity and mortality associ-
ated with bipolar disorder. This necessarily involves the discovery and imple-
mentation of more effective treatments during the maintenance phase.
Disappointingly, the prevention of bipolar depression during maintenance
treatment is less well studied compared with the prevention of mania. More
importantly, most maintenance studies have used relapse prevention designs
instead of prophylaxis designs. “In the prophylaxis design, any patient who is
euthymic, regardless of how that person got well, is eligible to be randomized
to drug versus placebo or a comparator. In the relapse prevention design, only
those patients who respond acutely to the drug being studied are eligible to
enter the maintenance phase, when they are randomized to remain on the drug
or be switched (usually abruptly) to placebo and/or an active
comparator…Thus results from a prophylactic design are generalizable,
whereas those from a relapse prevention trial are not.” (p. 709) [6]. Evidence
suggests the index mood episode often predicts the polarity of future relapse
at different times after remission [9], but it also may predict different respons-
es to treatment (see below) [10]. Likely, results from patients initially present-
ing with mania may not be applicable to those initially presenting with depres-
sion or vice versa. Even results from studies with the same index mood polar-
ity may not be generalizable because of differences in inclusion and exclusion
criteria or other variations in study designs. Therefore, an understanding of
these differences is important when considering generalizability to clinical
practice. To achieve this goal, we will provide an overview of the various trial
methodologies and summarize key efficacy findings from existing bipolar
maintenance studies.

Methodology in bipolar maintenance research

Although there is little consensus on the methodology of bipolar maintenance
studies, the methods that have evolved the most include study enrollment,
study design, outcome measures, and statistical analysis [6, 11]. These com-
ponents can directly affect interpretation of the results and will be reviewed
independently.

Study enrollment

Due to different inclusion and exclusion criteria, selection biases stemming
from study enrollment are unavoidable. Most early maintenance studies pub-
lished between 1970 and 1976 tended to evaluate small cohorts of patients,
typically from 5 to 40 patients per arm. Most studies only enrolled patients
who were hospitalized. At the time of these early studies, concepts such as
Bipolar II disorder, secondary bipolar disorder, and rapid cycling were not yet
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introduced into practice; only mood-congruent psychotic features were
allowed. Furthermore, the use of hospitalization to confirm a diagnosis of
mania was commonly employed. Consequently, patients with mania enrolled
into the early studies tended to have classic euphoric mania. After redefining
the criteria for the diagnosis of mania in DSM-III in 1980 and permitting out-
patients into the study, more recent maintenance studies probably included
less-impaired patients who were more likely to respond to placebo treatment
[11].

Study design (crossover versus parallel)

Crossover designs were used in some early lithium maintenance studies. In a
typical crossover study, each patient’s response under treatment A is compared
with his or her response under treatment B. The advantage of this design is the
increased homogeneity of the study population. The primary disadvantage
associated with the use of a crossover design is the increased risk for false-pos-
itive results due to abrupt discontinuation of the initial treatment [11].

In a parallel study design, all patients are randomized to different treatments
at the beginning of the study. The advantage of the parallel design is that it is
less dependent on the crossover design’s assumption that each individual
patient has a similar disease process prior to and during a treatment, and gen-
erally produces a lower dropout rate because each patient is exposed to only
one treatment. The primary disadvantage of the parallel design is the distur-
bance caused by spontaneous remissions or erratic, short-lived fluctuations in
mood states. Most maintenance studies have used an open label stabilization
phase in which all patients receive active drug(s), followed by random assign-
ment to different treatment arms in a parallel fashion. The ‘enriched’ nature of
the sample tends to increase homogeneity, similar to the crossover design. Like
the crossover scheme, the parallel discontinuation design used in most recent
maintenance studies might also inflate the response of the studied drugs.

Outcome measures

Most early lithium studies did not measure mood severity with standardized
rating scales, such as the Hamilton Rating Scale of Depression (HAM-D) or
the Young Mania Rating Scale (YMRS). Typically, these trials evaluated effi-
cacy through general indices of outcome during the study period. Such out-
comes included the number of manic and depressive episodes, the probability
of relapsing into a manic or depressive episode, experiencing a relapse severe
enough for hospitalization, or experiencing a relapse severe enough for a phar-
macological intervention. More recent maintenance studies have used stan-
dardized rating scales to quantify the minimum severity for an index episode
or DSM-IV criteria for a mood episode. The advantage of using rating scales
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is that they can detect rather minor changes in illness severity. However, they
are limited by their cross-sectional assessment of a period of 7 days prior to
the completion of the rating scale. Some recent studies have used the time to
intervention as a primary outcome measure, but each individual study has its
own criteria for intervention [11].

Statistical analyses

Early maintenance studies used responder analyses with little or no distinction
between primary and secondary outcome measures. The proportion of patients
who experienced a relapse or recurrence was commonly compared [12–14]
with the exception of one study that used additional Kaplan-Meier life table
analysis [15]. This approach is inadequate for a maintenance study because it
does not consider the length of time that patients remain well before relapsing.
A further drawback of this method is that the number of patients withdrawing
prematurely without experiencing a relapse is either ignored or analyzed incor-
rectly.

The use of survival analysis has become the standard method of examining
data from bipolar disorder maintenance studies. Relapse prevention trials typ-
ically assess the length of time after open stabilization, starting at the point of
randomization and ending when relapse or recurrence has occurred. These sur-
vival data are commonly depicted with a Kaplan-Meier curve, which can also
be used to demonstrate median survival (the time at which 50% of patients
have relapsed/recurred). There are several methods available to conduct sig-
nificance testing on time-to-event data, including log rank, Cox proportional
hazards, and the Wilcoxon two-sample test. The log rank test is the most com-
monly used method and was used in the lamotrigine/Lamictal® [16–18], arip-
iprazole/Abilify® [19], and olanzapine/Zyprexa® maintenance studies [20].
Cox regression testing was used in the other olanzapine maintenance studies,
presumably because of its flexibility, which permits the use of multiple pre-
dictors and covariates [21, 22]. In the divalproex/Depakote® maintenance
study, life-table methods were constructed to compare survival curves using
the Wilcoxon test because of this method’s sensitivity to early group differ-
ences [23]. However, the primary problems with survival analysis techniques
derive from sample size and drop-outs. As the sample size decreases over time
due to drop-outs, a survival analysis is most valid for the earlier portion of the
curves, where there are a larger number of patients in the study [6].

The index mood episode

In relapse prevention studies, an index mood episode (a presenting mood
episode) is commonly used to start a trial of a study drug, although each study
has its own severity requirement (Tab. 1). The importance of the index mood
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episode is that not only may it bring patients into acute treatment; it may also
predict the mood polarity of future relapses, as well as treatment response.
After reviewing 11 published articles, Calabrese and colleagues concluded that
patients presenting with depression for a maintenance study tended to relapse
into depression, and that those presenting with mania tended to relapse into a
manic, hypomanic, or mixed episode with a ratio of about 2:1 to 3:1; this was
particularly true during the first few months after randomization [24].
However, the polarity of a new mood episode differed depending on the time
after randomization from an index mood episode. Relapses within the first 90
days were more likely to be of the same polarity as the index mood episode,
while relapses after 180 days were more likely to be of the opposite polarity
as the index mood episode [9]. Furthermore, in a post hoc analysis of a bipo-
lar maintenance study [10], Shapiro and colleagues found that lithium
monotherapy or the combination of lithium and imipramine were superior to
imipramine alone in prevention of relapses in patients presenting with mania,
but not in those presenting with depression.

Clearly, any drug must be studied with different index mood episodes, and
the study must last long enough to show a spectrum of efficacy in the preven-
tion of early and later mood relapses. However, due to the nature of bipolar dis-
order, no consensus has been achieved for the ideal duration of a bipolar main-
tenance study. Investigators have purported that ‘pure’ maintenance efficacy of
maintenance studies cannot be established if the study duration is shorter than
6 months [6, 25]. Therefore, in this chapter, randomized, blinded, controlled
trials with an index episode of mania or depression enrolling ≥100 patients and
lasting more than 6 months will be systematically reviewed.

Agents studied in both manic and depressive mood episodes

So far, only lithium and lamotrigine have been studied in patients presenting
with a manic or depressive episode. In most early studies, patients were
‘enriched’ with lithium monotherapy or a lithium + imipramine/Tofranil®
combination before they were randomized. In recent studies, patients have
been ‘enriched’ with lamotrigine (Tabs 1 and 2).

Lithium or lithium + imipramine (mildly enriched)

Lithium’s observed acute antimanic efficacy led to mania being studied as the
index episode for a number of early maintenance studies. In response to criti-
cisms raised over the use of crossover designs in some early lithium studies
and the skepticism relating to its maintenance efficacy, Prien and colleagues
(1973) published two randomized, single-blinded (rater-blinded) prospective
maintenance studies [12, 13]. In these studies, hospitalized manic patients
were stabilized with lithium (lithium-enrichment) and hospitalized depressed

166 K. Gao et al.



Pharmacological treatment of the maintenance phase of bipolar depression 167

Ta
bl

e
2.

Su
m

m
ar

y
of

m
ai

nt
en

an
ce

st
ud

ie
s

du
ri

ng
ra

nd
om

iz
ed

,b
lin

de
d,

co
nt

ro
lle

d
ph

as
e

M
ed

ia
n

tim
e

to
R

at
es

of
re

la
ps

e/
in

te
rv

en
tio

n/
re

la
ps

e
re

cu
rr

en
ce

(%
)

(A
ct

iv
e

ar
m

ve
rs

us
PB

O
fo

r
(A

ct
iv

e
ar

m
ve

rs
us

PB
O

PB
O

-c
on

tr
ol

le
d

tr
ia

ls
)

or
fo

r
PB

O
-c

on
tr

ol
le

d
(A

ct
iv

e
ve

rs
us

ac
tiv

e
fo

r
tr

ia
ls

)
or

(A
ct

iv
e

ac
tiv

e
co

m
pa

ra
to

r
tr

ia
ls

)
ve

rs
us

ac
tiv

e
fo

r
ac

-

E
nr

ic
hm

en
t

tiv
e

co
m

pa
ra

to
r

tr
ia

ls
)

In
de

x
m

oo
d

ep
is

od
e

D
ur

at
io

n
C

om
pl

e-
Pr

im
ar

y
ou

tc
om

e
m

ea
su

re
A

ny
M

an
ia

D
ep

re
ss

-
A

ny
M

an
ia

D
ep

re
ss

-
R

an
do

m
iz

at
io

n
cr

ite
ri

a
R

an
do

m
iz

ed
tr

ea
tm

en
ts

tio
n

(%
)

m
oo

d
io

n
m

oo
d

io
n

A
ge

nt
s

st
ud

ie
d

in
bo

th
m

an
ia

an
d

de
pr

es
si

on
in

de
x

ep
is

od
es

L
it

hi
um

or
Im

ip
ra

m
in

e
[1

2]
D

ep
re

ss
io

n
L

i(
0.

5–
1.

4
m

E
q/

L
),

n
=

18
24

m
on

th
s

45
*

O
cc

ur
re

nc
e

of
af

fe
ct

iv
e

—
—

—
† 28

¥
11

22
¥

A
ft

er
re

m
is

si
on

Im
i(

50
–2

00
m

g/
da

y)
,n

=
13

ep
is

od
es

(h
os

pi
ta

liz
at

io
n

† 77
54

31
PB

O
,n

=
13

or
su

pp
le

m
en

ta
ry

dr
ug

)
—

—
—

† 77
38

62

L
it

hi
um

[1
3]

M
an

ia
L

i(
0.

5–
1.

4
m

E
q/

L
),

n
=

10
1

24
m

on
th

s
59

*
Fr

eq
ue

nc
y

an
d

se
ve

ri
ty

of
—

—
—

42
¥

32
¥

16
A

ft
er

re
m

is
si

on
PB

O
,n

=
10

4
re

la
ps

e
80

68
26

(h
os

pi
ta

liz
at

io
n-

“s
ev

er
e”

—
—

—
re

la
ps

e,
su

pp
le

m
en

ta
ry

dr
ug

-“
m

od
er

at
e”

)

L
it

hi
um

an
d

Im
ip

ra
m

in
e

[1
5]

**

D
ep

re
ss

io
n

or
m

an
ia

L
i(

0.
45

–1
.1

m
E

q/
L

)
+

30
m

on
th

s
17

**
*

O
cc

ur
re

nc
e

of
af

fe
ct

iv
e

—
—

—
—

28
22

R
SD

M
S

<
7,

Im
i(

75
–1

50
m

g/
da

y)
,n

=
36

ep
is

od
es

G
A

S
>

60
L

i(
0.

45
–1

.1
m

E
q/

L
),

n
=

42
(R

D
C

C
ri

te
ri

a
of

M
D

E
or

—
—

—
—

26
29

fo
r

2
m

on
th

s
Im

i(
75

–1
50

m
g/

da
y)

,n
=

36
M

E
an

d
G

A
S

≤
60

)
—

—
—

—
53

28

(C
on

tin
ue

d
on

ne
xt

pa
ge



168 K. Gao et al.

Ta
bl

e
2.

(C
on

tin
ue

d)

M
ed

ia
n

tim
e

to
R

at
es

of
re

la
ps

e/

E
nr

ic
hm

en
t

in
te

rv
en

tio
n/

re
la

ps
e

re
cu

rr
en

ce
(%

)

In
de

x
m

oo
d

ep
is

od
e

D
ur

at
io

n
C

om
pl

e-
Pr

im
ar

y
ou

tc
om

e
m

ea
su

re
A

ny
M

an
ia

D
ep

re
ss

-
A

ny
M

an
ia

D
ep

re
ss

-
R

an
do

m
iz

at
io

n
cr

ite
ri

a
R

an
do

m
iz

ed
tr

ea
tm

en
ts

tio
n

(%
)

m
oo

d
io

n
m

oo
d

io
n

L
am

ot
ri

gi
ne

[1
6]

D
ep

re
ss

io
n

LT
G

(5
0,

20
0,

40
0

m
g/

da
y)

,
76

w
ee

ks
17

T
im

e
to

in
te

rv
en

tio
n

20
0

da
ys

,
p

=
ns

L
on

ge
r,

50
16

35
C

G
I-

S
≤

3
fo

r
n

=
22

1
(a

dd
iti

on
al

ph
ar

m
ac

o-
p

=
0.

02
9

p
=

0.
04

7
at

le
as

t4
w

ee
ks

th
er

ap
y

or
el

ec
tr

o-
co

nv
ul

si
ve

th
er

ap
y)

L
i(

0.
8–

1.
1

m
E

q/
L

),
n

=
12

1
17

17
0

da
ys

,
L

on
ge

r,
p

=
ns

47
8

38
p

=
0.

02
9

p
=

0.
02

6
PB

O
,n

=
12

1
10

93
da

ys
56

16
40

L
am

ot
ri

gi
ne

[1
7]

M
an

ia
LT

G
(1

00
–4

00
m

g/
da

y)
,

76
w

ee
ks

5
T

im
e

to
in

te
rv

en
tio

n
14

1
da

ys
,

N
E

,
N

E
,

48
35

14
C

G
I-

S
≤

3
fo

r
n

=
59

(a
dd

iti
on

al
ph

ar
m

ac
o

p
=

0.
02

p
=

ns
P

=
0.

02
at

le
as

t4
w

ee
ks

th
er

ap
y

or
el

ec
tr

o-
L

i(
0.

8–
1.

1
m

E
q/

L
),

n
=

46
2

co
nv

ul
si

ve
th

er
ap

y)
29

2
da

ys
,

N
E

,
N

E
,

41
18

23
p

=
0.

00
3

p
=

0.
00

6
p

=
ns

PB
O

,n
=

70
0

85
da

ys
20

3
da

ys
26

9
da

ys
71

41
30

L
it

hi
um

an
d

di
va

lp
ro

ex
[1

8]
M

an
ia

/h
yp

om
an

ia
L

i(
0.

92
m

E
q/

L
),

n
=

32
20

m
on

th
s

16
T

im
e

to
tr

ea
tm

en
tf

or
a

18
w

ee
ks

,
N

E
,

N
E

,
56

22
34

in
3

m
on

th
s

m
oo

d
ep

is
od

e
p

=
ns

p
=

ns
p

=
ns

H
A

M
-D

-2
4

≤
20

,
V

al
(7

7
μg

/m
l)

,n
=

28
29

(e
m

er
gi

ng
sy

m
pt

om
s

of
45

w
ee

ks
N

E
36

w
ee

ks
50

22
29

Y
M

R
S

≤
12

,
a

re
la

ps
e

G
A

S
≥

51
fo

r
≥

4
w

ee
ks

ju
dg

in
g

by
In

ve
st

ig
at

or
or

a
fu

ll
re

la
ps

e)

(C
on

tin
ue

d
on

ne
xt

pa
ge

)



Pharmacological treatment of the maintenance phase of bipolar depression 169

Ta
bl

e
2.

(C
on

tin
ue

d)

M
ed

ia
n

tim
e

to
R

at
es

of
re

la
ps

e/

E
nr

ic
hm

en
t

in
te

rv
en

tio
n/

re
la

ps
e

re
cu

rr
en

ce
(%

)

In
de

x
m

oo
d

ep
is

od
e

D
ur

at
io

n
C

om
pl

e-
Pr

im
ar

y
ou

tc
om

e
m

ea
su

re
A

ny
M

an
ia

D
ep

re
ss

-
A

ny
M

an
ia

D
ep

re
ss

-
R

an
do

m
iz

at
io

n
cr

ite
ri

a
R

an
do

m
iz

ed
tr

ea
tm

en
ts

tio
n

(%
)

m
oo

d
io

n
m

oo
d

io
n

A
ge

nt
s

st
ud

ie
d

on
ly

in
m

an
ia

in
de

x
ep

is
od

e
A

ri
pi

pr
az

ol
e

[1
9]

M
an

ia
A

R
IP

(1
5

or
30

m
g/

da
y)

,
10

0
w

ee
ks

18
T

im
e

to
re

la
ps

e
fo

r
a

L
on

ge
r,

L
on

ge
r,

p
=

ns
33

¥
12

¥
14

Y
M

R
S

≤
10

,
n

=
78

m
oo

d
ep

is
od

e
p

=
0.

01
1

p
=

0.
00

5
M

A
D

R
S

≤
13

fo
r

PB
O

,n
=

83
19

(M
an

ic
,d

ep
re

ss
ed

,o
r

52
23

16
≥

6
w

ee
ks

m
ix

ed
,d

is
co

nt
in

ua
tio

n
du

e
to

la
ck

of
ef

fi
ca

cy
)

L
it

hi
um

an
d

O
la

nz
ap

in
e

[2
0]

M
an

ia
O

L
Z

(1
3.

5
±

4
m

fg
/d

ay
),

52
w

ee
ks

47
Sy

m
pt

om
at

ic
m

oo
d

L
on

ge
r,

—
—

30
14

¥
16

Y
M

R
S

≤
12

,
n

=
21

7
ep

is
od

e
re

cu
rr

en
ce

p
=

0.
07

H
A

M
-D

-2
1

≤
8

L
i(

0.
69

7
±

0.
14

m
E

q/
L

),
33

(Y
M

R
S

≥
15

,
—

—
39

23
11

n
=

21
4

H
A

M
-D

-2
1

≥
15

)

O
la

nz
ap

in
e

[2
1]

M
an

ia
O

L
Z

(5
–2

0
m

g/
da

y)
,

48
w

ee
ks

21
T

im
e

to
sy

m
pt

om
at

ic
17

4
da

ys
,

£ N
E

,
£ 49

da
ys

,
47

¥
12

¥
30

Y
M

R
S

≤
12

,
n

=
22

5
re

la
ps

e
p

=
0.

00
1

p
<

0.
00

1
p

<
0.

00
1

H
A

M
-D

-2
1

≤
8

fo
r

PB
O

,n
=

13
6

7
(Y

M
R

S
≥

15
,

22
da

ys
£ 26

da
ys

£ 18
da

ys
80

32
39

2
co

ns
ec

ut
iv

e
H

A
M

-D
-2

1
≥

15
or

ho
s-

w
ee

kl
y

vi
si

t
pi

ta
liz

at
io

n
fo

r
an

y
m

oo
d)

L
it

hi
um

or
V

al
pr

oa
te

an
d

O
la

nz
ap

in
e

[2
2]

M
an

ia
L

i(
0.

76
m

E
q/

L
)

or
31

Sy
nd

ro
m

ic
re

la
ps

e
§ 16

3
da

ys
,

17
2

da
ys

,
16

3
da

ys
,

37
20

23
Sy

nd
ro

m
ic

re
m

is
si

on
V

al
(6

7.
8

μg
/m

l)
(D

SM
-I
V

cr
ite

ri
a

fo
r

p
=

ns
p

=
ns

p
=

0.
07

1
+

O
L

Z
(8

.6
m

g/
da

y)
,n

=
51

18
m

on
th

s
a

m
an

ic
,m

ix
ed

or
L

i(
0.

74
m

E
q/

L
)

or
10

de
pr

es
si

ve
ep

is
od

e)
&

42
da

ys
59

da
ys

55
da

ys
55

29
40

V
al

(6
6.

3
μg

/m
l)

sy
m

pt
om

at
ic

re
la

ps
e

+
PB

O
,n

=
48

(Y
M

R
S

≥
15

,
H

A
M

-D
-2

1
≥

15
)

(C
on

tin
ue

d
on

ne
xt

pa
ge

)



170 K. Gao et al.

Ta
bl

e
2.

(C
on

tin
ue

d)

M
ed

ia
n

tim
e

to
R

at
es

of
re

la
ps

e/

E
nr

ic
hm

en
t

in
te

rv
en

tio
n/

re
la

ps
e

re
cu

rr
en

ce
(%

)

In
de

x
m

oo
d

ep
is

od
e

D
ur

at
io

n
C

om
pl

e-
Pr

im
ar

y
ou

tc
om

e
m

ea
su

re
A

ny
M

an
ia

D
ep

re
ss

-
A

ny
M

an
ia

D
ep

re
ss

-
R

an
do

m
iz

at
io

n
cr

ite
ri

a
R

an
do

m
iz

ed
tr

ea
tm

en
ts

tio
n

(%
)

m
oo

d
io

n
m

oo
d

io
n

D
iv

al
pr

oe
x,

lit
hi

um
or

bo
th

,o
th

er
s,

or
no

ne
[2

3]
M

an
ia

,p
ar

tia
lly

V
al

(7
1–

12
5

μg
/L

),
n

=
18

7
12

m
on

th
s

# 38
T

im
e

to
an

y
m

oo
d

27
5

da
ys

,£
>

36
5

da
ys

,£ 12
6

da
ys

,
—

—
27

¶

re
co

ve
re

d
fr

om
ep

is
od

e
p

=
ns

p
=

ns
p

=
ns

m
an

ia
,e

ut
hy

m
ic

L
i(

0.
8–

1.
2

m
E

q/
L

),
n

=
91

# 24
(M

R
S

≥
16

or
re

qu
ir

in
g

18
9

da
ys

,
£ 29

3
da

ys
,

£ 81
da

ys
,

—
—

28
¶

af
te

r
m

an
ia

ho
sp

ita
liz

at
io

n)
or

p
=

ns
p

=
ns

p
=

ns
M

A
R

≤
11

,
PB

O
,n

=
94

# 25
(a

nt
id

ep
re

ss
an

tu
se

or
17

3
da

ys
£ 18

9
da

ys
£ 10

1
da

ys
—

—
26

¶

D
SS

≤
13

,
di

sc
on

tin
ua

tio
n

G
A

S
≥

60
fo

r
≥6

da
ys

be
ca

us
e

of
de

pr
es

si
ve

sy
m

pt
om

s)

*
R

el
ap

se
d

pa
tie

nt
s

w
er

e
al

lo
w

ed
to

co
nt

in
ue

th
e

st
ud

y;
†

D
at

a
fr

om
a

re
an

al
ys

is
of

th
e

or
ig

in
al

st
ud

y
[1

4]
;

¥
Si

gn
if

ic
an

t
di

ff
er

en
ce

(P
<

0.
05

to
<

0.
00

1)
;

**
R

es
ea

rc
h

D
ia

gn
os

tic
C

ri
te

ri
a

fo
r

pr
im

ar
y

m
aj

or
de

pr
es

si
ve

di
so

rd
er

or
m

an
ic

di
so

rd
er

;
**

*
E

xc
lu

di
ng

th
os

e
te

rm
in

at
ed

w
hi

le
in

go
od

cl
in

ic
al

st
at

e
du

ri
ng

ye
ar

1
(1

3%
),

te
rm

i-
na

te
d

w
hi

le
in

go
od

cl
in

ic
al

st
at

e
du

ri
ng

ye
ar

2
(3

%
),

an
d

re
m

ai
ne

d
w

el
lf

or
th

e
st

ud
y

du
ra

tio
n

(2
2%

);
£

E
st

im
at

ed
25

%
tim

e
to

re
la

ps
e;

§
th

er
e

w
as

al
so

no
si

gn
if

ic
an

t
di

ff
er

en
ce

be
tw

ee
n

co
m

bi
na

tio
n

th
er

ap
y

an
d

m
on

ot
he

ra
py

in
de

la
yi

ng
th

e
tim

e
to

sy
nd

ro
m

ic
re

la
ps

e,
94

da
ys

ve
rs

us
41

da
ys

,
p

=
0.

74
2;

#
Pa

tie
nt

s
re

ce
iv

in
g

an
tid

e-
pr

es
sa

nt
s

fo
r

de
pr

es
si

on
w

er
e

al
lo

w
ed

to
co

nt
in

ue
th

e
st

ud
y;

¶
D

at
a

fr
om

a
po

st
ho

c
an

al
ys

is
of

th
e

or
ig

in
al

st
ud

y
[2

6]
.

A
bb

re
vi

at
io

ns
:A

R
IP

,a
ri

pi
pr

az
ol

e,
C

G
I-

S,
C

lin
ic

al
G

lo
ba

l
Im

pr
es

si
on

–
Se

ve
ri

ty
sc

al
e;

D
SS

,D
ep

re
ss

io
n

Se
ve

ri
ty

sc
al

e;
G

A
S,

G
lo

ba
lA

ss
es

sm
en

t
sc

al
e;

H
A

M
-D

-2
1,

H
am

ilt
on

D
ep

re
ss

io
n

R
at

in
g

sc
al

e
21

ite
m

s;
H

A
M

-D
-2

4,
H

am
ilt

on
D

ep
re

ss
io

n
R

at
in

g
sc

al
e

24
ite

m
s;

Im
i,

im
ip

ra
m

in
e;

L
i,

lit
hi

um
;

LT
G

,
la

m
ot

ri
gi

ne
;

M
A

D
R

S,
M

on
tg

om
er

y
–

A
sb

er
g

D
ep

re
ss

io
n

R
at

in
g

Sc
al

e;
M

A
R

,M
an

ia
R

at
in

g
Sc

al
e;

M
D

E
,m

aj
or

de
pr

es
si

ve
ep

is
od

e,
M

E
,m

oo
d

ep
is

od
e;

n,
nu

m
be

r
of

pa
tie

nt
s;

N
E

,n
ot

ev
al

u-
ab

le
;n

s,
no

si
gn

if
ic

an
ce

;O
L

Z
,o

la
nz

ap
in

e;
PB

O
,p

la
ce

bo
;R

SD
M

S,
R

as
ki

n
Se

ve
ri

ty
of

D
ep

re
ss

io
n

an
d

M
an

ia
Sc

al
e;

V
al

,v
al

pr
oa

te
or

di
va

lp
ro

ex
;Y

M
R

S,
Y

ou
ng

M
an

ia
R

at
in

g
Sc

al
e.



(bipolar or unipolar) patients were stabilized with lithium-imipramine (lithi-
um-imipramine-enrichment) after the remission of an acute episode, and prior
to discharge from the hospital (Tab. 1). After stabilization, depressed patients
were randomized to receive lithium, imipramine, or placebo [12]. In the pri-
mary outcome analysis, bipolar patients treated with placebo or imipramine
experienced more episodes than patients receiving lithium. However, the dif-
ferences were statistically significant during months 5 to 24, but not at the 4
month endpoint. The superiority of lithium in preventing any mood episode
relapse compared to imipramine and placebo was further demonstrated when
the 24-month data were analyzed as a whole [14]. The difference between the
lithium and the imipramine groups was due almost entirely to the higher inci-
dence of manic episodes in the imipramine group. However, the difference
between the lithium and placebo groups was due to both manic and depressive
episodes (Tab. 2).

In the mania study [13], patients were randomized to receive lithium or
placebo after stabilization. 70 of 104 patients on placebo had at least one
severe relapse compared to only 31 of 101 on lithium (p < 0.001), but no sig-
nificant difference was found in the rate of moderate relapses between the two
groups. Analysis of first or second year results yielded similar findings.
Despite the fact that stabilizations were carried out after remissions (mild
enrichments) of the acute episodes for both studies, these results may not be
generalizable to modern clinical practice due to the unstructured diagnostic
criteria for bipolar disorder. Furthermore, as with other early prospective stud-
ies, the abrupt discontinuation of lithium in the placebo or imipramine group
might have inflated the effect of lithium.

In order to provide more definitive data regarding the long-term preventive
treatment of recurrent affective illness, Prien and colleagues (1984) published
a double-blinded study of lithium, imipramine, or both in a mixed group of
patients with mania, bipolar depression, or unipolar depression [15]. In con-
trast to the prior studies that enrolled only hospitalized patients, this study per-
mitted the inclusion of outpatients. In addition, diagnoses were based on the
Research Diagnostic Criteria (RDC), which were used to define major depres-
sive or manic episodes. Subjects were also required to have a Global
Assessment Scale (GAS) score of ≤60, but hospitalization was not required
(Tabs 1 and 2).

The primary analysis showed no difference in the rates of depressive recur-
rence among the three groups (Tab. 2). However, there was a significantly
higher rate of manic recurrence in the imipramine monotherapy group than in
the lithium monotherapy group (Tab. 2). The Kaplan-Meier life-table analysis
showed that lithium alone and lithium in combination with imipramine were
superior to imipramine monotherapy in delaying the recurrences of mood
episodes. When analyzed by the study index mood episode, patients with a
manic or mixed episode responded much better to lithium alone or in combi-
nation with imipramine as compared with imipramine alone, with correspon-
ding success rates of 53%, 47%, and 8% respectively. By contrast, there were
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no significant differences among the three treatments for patients with a
depressive index episode, with corresponding success rates of 22% for lithium,
18% for the combination, and 9% for imipramine alone.

Allowing outpatients into the study and using less restricted treatment dur-
ing the open-label phase made the results of this study more generalizable.
However, like many other early studies of lithium, the time to relapse into
mania or depression was not used as a primary outcome. Again, the abrupt dis-
continuation of lithium in the imipramine alone group might have increased
the risk of relapse for this group.

In a post hoc analysis of this study that used Kaplan-Meier survival analy-
sis (product-limit method) and a Cox regression model [10], Shapiro and col-
leagues not only replicated the initial findings, but also determined that
patients with a manic index episode who took imipramine were almost 11
times more likely to have a recurrence than subjects taking lithium, and five
times more likely than those taking the combination. More importantly, among
patients with a depressive index episode, the treatments differed significantly.
The combination was significantly superior to imipramine, but it failed to
reach statistical superiority to lithium alone. Patients with a depressive index
episode taking imipramine were three times more likely to suffer a recurrence
than those taking the combination. During a 24 month period, the estimated
median time in remission for those with a manic index episode was not calcu-
lable for the lithium alone group because fewer than half of patients relapsed;
time in remission was 14.8 months for those patients taking the combination,
and 3.1 months for those taking imipramine alone. The median time in remis-
sion for those with a depressive index episode was 3.4 months for lithium, 7.6
months for combination, and 4.8 months for imipramine, respectively. This
post hoc analysis highlighted the limitations of statistical analyses performed
in previous studies.

Lamotrigine (moderately enriched)

The efficacy of lamotrigine in the maintenance treatment of bipolar disorder
was compared with lithium and placebo among patients with both mania and
depression index episodes [16, 17]. The design of these two studies was quite
similar except for the study index mood episode (Tabs 1 and 2). Patients were
‘enriched’ by responding to open treatment with lamotrigine adjunctively or as
monotherapy prior to randomization. In the depression study [16], the median
times to treatment intervention were 93 days for placebo, 170 days for lithium,
and 200 days for lamotrigine (combined 200 mg/day and 400 mg/day). Both
lithium and lamotrigine were superior to placebo in prolonging the time to
intervention for any mood episode (Tab. 2). Lithium and lamotrigine did not
differ from each other on this measure. The median times to depression inter-
vention were similar between lithium and placebo, but significantly longer
with lamotrigine as compared with placebo. On the other hand, the median
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time to mania intervention was significantly longer in lithium- than placebo-
treated subjects. Once again there was no significant difference between lithi-
um and lamotrigine. The rates of depression relapse were lower in the lamot-
rigine group, but rates of manic relapse were lower in the lithium group
(Tab. 2).

In the mania study [17], both lamotrigine and lithium were significantly
superior to placebo on the median time to intervention for any mood episode
(141 days for lamotrigine, 292 days for lithium, and 85 days for placebo).
Lamotrigine and lithium did not differ from each other on this measure.
Lamotrigine, but not lithium, was superior to placebo at prolonging the time to
a depressive episode. Lamotrigine and lithium did not differ on this measure.
In contrast, lithium, but not lamotrigine, was superior to placebo at prolonging
time to a manic/hypomanic/mixed episode. A trend favored lithium over lam-
otrigine on this parameter (p = 0.09). There were fewer incidences of depres-
sive relapse in the lamotrigine group, but fewer incidences of manic relapse in
the lithium group (Tab. 2).

These trials represent the first studies ever conducted in a Bipolar I popula-
tion in which lithium differentiated from placebo using DSM-IV criteria and
modern survival analytic methods, providing some of the strongest evidence
available for the efficacy of lithium in the maintenance treatment of bipolar
disorder. By using time to intervention for an emerging mood episode as the
primary outcome measure, the threshold for detecting a treatment ‘failure’ was
essentially lowered, improving the overall sensitivity for mood worsening
[16]. Both studies also slowly tapered lithium for those subjects who received
lithium during the open-label phase, rather than abruptly discontinuing the
dose. However, these studies have several methodological limitations. In the
depression study, comparisons between lithium and lamotrigine are problem-
atic because of the unbalanced design and because the a priori primary effica-
cy analysis combined lamotrigine 200 mg/day and 400 mg/day. As with other
studies, in both studies patients with co-morbid anxiety disorders (except for
generalized anxiety disorder), substance use disorders, or those who were cur-
rently suicidal were excluded. In addition, both studies employed an
‘enriched’ double-blind discontinuation design, and only about half of patients
entering the open-label phase were randomized with completion rates of ≤20%
(Tabs 1 and 2).

Lithium and divalproex (moderately enriched)

The efficacy of lithium in the maintenance treatment of bipolar disorder was
also compared with divalproex in a lithium-divalproex ‘enriched’ group with
rapid cycling Bipolar I or II disorder. Although a history of at least one episode
of hypomania, mania, or a mixed episode within 3 months of the study was
required (Tab. 1), 58% of patients presented with depression, 36% with hypo-
mania/mania/mixed state, and 7% with euthymia at the screening visit [18].
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The primary analysis did not find significant differences between lithium and
divalproex in the time to treatment for a mood episode, the time to premature
discontinuation for any reason, the time to treatment for depression, and the
time to treatment for a hypomanic/manic/mixed episode. The rates of mood
episode relapse were also similar between the two groups (Tab. 2).

Several aspects of the study design were innovative. The open-label stabi-
lization extended up to 6 months, which was longer than any of the previous-
ly conducted maintenance studies. The results from the combination of dival-
proex and lithium, two commonly used treatments for bipolar disorder, are
likely to be clinically meaningful. The 20-month duration of the maintenance
phase of this study was also longer than most recently conducted maintenance
studies in bipolar disorder. More importantly, this study included 62% of
patients with Bipolar II disorder that other recent maintenance studies did not
include. However, the study had several limitations: 1) the sample size was
modest; 2) lithium levels were kept at a minimum of 0.8 mEq/L and divalproex
levels at a minimum of 50 μg/ml, which might have disadvantaged the dival-
proex arm; 3) because the combination of lithium and divalproex possessed
better acute and continuation efficacy for mania/hypomania than depression,
more patients with depressive episodes not responsive to the combination
might have been excluded from the maintenance phase; and 4) this study only
included patients with rapid cycling. Therefore, the results might not be appli-
cable to other populations.

Agents only studied in manic episodes

The trend of using mania as a study index episode for maintenance trials has
continued unabated in recent years (Tabs 1 and 2). In addition to the limita-
tions of relapse prevention trials, the data from a manic index mood episode
may not be applicable to patients presenting with a depressive episode [10]
(although lithium and lamotrigine have been studied in both index mood
episodes, showing similar results regardless of the index mood state [16, 17]).
However, a discussion of these mania studies may shed light on the efficacy of
these agents in preventing depressive relapses.

Aripiprazole (highly enriched)

Aripiprazole is the second atypical antipsychotic to be studied in the mainte-
nance treatment of bipolar disorder with a manic index mood episode [19].
This study used the most stringent criteria to date to define stability before ran-
domization, i.e., YMRS total score ≤10 and MADRS score of ≤13 maintained
for at least six consecutive weeks (Tabs 1 and 2). At the end of week 26, the
time to relapse was significantly longer for the aripiprazole group. A second-
ary analysis determined that aripiprazole was superior to placebo in delaying
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manic relapse, but no significant difference was observed in the time to depres-
sive relapse (Tab. 2). Overall, aripiprazole-treated patients had significantly
fewer mood relapses and manic relapses than placebo-treated patients, but
there was no significant difference in rates of depressive relapses between the
two groups (Tab. 2). The double-blind phase was extended to an additional 74
weeks. At the end of 100 weeks, the results were similar. In addition to other
potential limitations (Tabs 1 and 2), this study was limited by the fact that only
36% of patients completed the open-label treatment, the lowest in a non-rapid
cycling population.

Olanzapine (highly enriched)

Among antipsychotics, olanzapine is the most studied antipsychotic in the
maintenance treatment of bipolar disorder [20–22]. The studied population
was either ‘enriched’ with olanzapine monotherapy [21], olanzapine combina-
tion therapy with lithium [20], or olanzapine adjunctive therapy to mood sta-
bilizers [22]. All olanzapine maintenance studies were extensions of acute
mania studies in which only those patients who tolerated and responded to the
treatments were randomized (Tabs 1 and 2). In the monotherapy study [21], the
estimate median time to symptomatic relapses was significantly longer in
patients treated with olanzapine compared to that of placebo (Tab. 2). For
relapse into mania or depression alone, the estimated 25th percentile time to
relapse was significantly longer in the olanzapine group than in the placebo.
The rates of symptomatic relapse into any mood were significantly lower in
olanzapine-treated patients. However, olanzapine was more effective in pre-
venting manic relapse than depressive relapse (Tab. 2). Similar results were
also observed among those subjects who received a combination of olanzapine
and lithium during the open-label treatment [20]. Olanzapine and lithium did
not significantly differ in the proportion of patients who had a depressive
recurrence. However, significantly fewer olanzapine-treated patients had the
recurrence of a manic or mixed episode. In contrast, in patients who had inad-
equate response to mood stabilizer during the first two weeks, the efficacy of
adjunctive olanzapine to mood stabilizer was not robust even in the prevention
of manic relapses [22] (Tab. 2).

These three olanzapine maintenance studies possess unique features. In the
monotherapy study [21], the time to symptomatic relapse was used as the pri-
mary outcome measure, which may detect patients with symptoms before clin-
ical intervention. In addition, hazard ratios were calculated to quantify the
magnitude of difference between olanzapine and placebo in the odds of relaps-
ing into a mood episode. In the lithium-olanzapine enriched study [20], a
4-week period of discontinuation was employed to minimize the withdrawal
effect associated with the discontinuation of lithium and olanzapine. Potential
limitations of the three studies are summarized in Tables 1 and 2.
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Lithium, divalproex, or both (mildly enriched)

In the first maintenance study employing modern methods such as DSM-III
diagnostic criteria for bipolar disorder, time to intervention as a primary out-
come, and survival analysis methodology [23], the efficacy of divalproex was
compared with lithium and placebo in Bipolar I patients who had a recent
manic episode (Tab. 1). In the primary analyses, the time to development of any
mood episode did not differ significantly among the treatment groups, although
a trend was observed favoring divalproex over lithium (p = 0.06). Some sec-
ondary outcome measures also favored divalproex over lithium (Tab. 2).

One should interpret these negative results cautiously. First, the lithium
group had a larger proportion of patients who dropped out of the study due to
intolerance or to non-compliance with treatment. Second, fewer patients were
randomized to the lithium group than to divalproex because of a 2:1:1 ratio of
assignment, which reduced the power for lithium-placebo comparisons.
Another factor that might have contributed to the surprisingly good outcomes
in the placebo group was that patients with milder forms of bipolar disorder
were selected for this group; thus, the disease burden was milder in the ran-
domized patients than the non-randomized. Although the treatment during the
open-label phase was at the discretion of clinicians, the sample was somewhat
‘enriched’ with divalproex, lithium, or both.

Conclusions and clinical implications

Data from these relapse prevention trials have shown that lamotrigine and lithi-
um are effective in preventing depressive and manic relapses, respectively,
regardless of the index mood episode polarity. Both olanzapine and aripipra-
zole are effective in preventing manic, but not depressive relapses when
patients present with mania. The efficacy of divalproex in maintenance treat-
ment requires further study. Obviously, the generalizability of these results is
limited, not only because of differences inherent to each individual trial, but
also because of the universal exclusion of patients with co-morbid conditions
such as substance use disorders, anxiety disorders, and those with severe sui-
cidality. Therefore, when choosing an agent for maintenance treatment of
bipolar disorder, it should always be kept in mind that most maintenance stud-
ies to date only enrolled patients with Bipolar I disorder during a manic
episode, and that all these results were biased in some way because of the
relapse prevention design.

Although results from a relapse prevention study are not generalizable, this
design will continue to be used because of regulatory requirements for approv-
ing new drugs or indications, commercial interests in bipolar research, and the
feasibility of conducting a study [11]. There will never be a perfect study even
with a prophylaxis design. Future studies should not only focus on efficacy, but
should also strive for improved generalizability. The generalizability of a
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relapse prevention study can be increased by broadening the inclusion criteria
of the study and using less ‘enriched’ treatments during the open-label phase.

Furthermore, the restricted inclusion criteria of most published studies to
date can often exclude patients with severe illness. Because placebo response
rates in less-impaired patients are higher, it is difficult to detect differences
between a study drug and placebo if only less severely ill patients are enrolled
into the study. However, the inclusion of the severely ill may pose legal and
ethical challenges. Use of randomized add-on designs such as those employed
in the epilepsy studies may help relieve this problem [11]. Gradual discontin-
uation of open-label drugs may reduce ‘false’ efficacy of the studied drugs
whether it is a crossover or a parallel scheme. Because the polarities of mood
episodes are different from the index mood episode at different times after ran-
domization [9], the duration of any study – prophylaxis or relapse prevention
– should last long enough (at least 12 months), and analyses should be divid-
ed into the first 6 months and afterward so that a spectrum of efficacy in the
prevention of early and later relapses can be demonstrated. These early and
late relapses may represent different pathological processes. In terms of analy-
sis, the time to event survival analysis data and rate of occurrence of manic or
depressive episodes should be reported; this will provide information on how
fast, how often, and what kind of mood episodes occur. In addition, hazard
ratios should be calculated to quantify the magnitude of difference between a
drug and placebo on the odds of relapsing into a mood episode.

In conclusion, it is clear that more longitudinal maintenance studies for
bipolar depression are urgently needed, especially in patients presenting with
an index depressive episode. Achieving adequate methodological rigor without
sacrificing overall study feasibility has become an important scientific focus.
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