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he evaluation of antimanic compounds has typi-
cally involved the random assignment of subjects
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Background: There is increasing interest on
the part of investigators and the public at large in
finding ways to study and improve treatments for
the seriously mentally ill without exposing such
individuals to unnecessary risks. One group of
particular interest in this regard are patients suf-
fering from acute mania. We set out to define
“exit” criteria or novel clinical endpoints that
might help to assess the efficacy of antimanic
compounds. We sought a method that would
be safer, more economical, and less sensitive to
nonspecific factors in the clinical environment
while still allowing unambiguous assessment
of efficacy.

Method: From a pool of subjects being
screened for or already participating in inter-
vention studies, we retrospectively identified 76
admissions of patients with a manic or mixed epi-
sode according to DSM-IV. We fit a mixed-effects
regression model to all available data obtained
using the Bech-Rafaelsen Mania Scale from
admission to day 28 of treatment. Using the esti-
mated model coefficients, we obtained empirical
Bayes (EB) estimates of each subject’s trend co-
efficients based on (1) all available data and
(2) data through day 11 of treatment for mania.

Results: We found a high correlation (r = .67)
between EB estimates of final response at day 28
and actual day 28 scores on the Bech-Rafaelsen
scale based on scores through day 11. When sub-
jects were categorized as full, partial, or nonre-
sponders according to their final Bech-Rafaelsen
score, we were able to show that only 2 of the 23
predicted nonresponders became full responders,
27 of the 31 predicted full responders became full
responders, and 16 of the 22 predicted partial
responders became partial or full responders.

Conclusion: We conclude on the basis of
this chart review study that it should be possible
to define exit criteria for trials assessing the effi-
cacy of antimanic compounds on the basis of
relatively short duration exposure to experimental
treatment.
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T
to a placebo-controlled trial of several weeks’ duration,
with the result that subjects assigned to the placebo arm
may experience relatively little relief of their symptoms
and are withdrawn from the trial only in the face of
deterioration. This classical approach, i.e., evaluating dif-
ferences in mean rating scale score changes over time
between groups, requires a large number of patients and
lengthy trials. Furthermore, it extends unnecessarily the
treatment period of subjects not responding to placebo,
ineffective compounds, or ineffective doses. It is possible
that clinical trials evaluating antipsychotic and antimanic
compounds may be unnecessarily long in duration. All of
these problems raise ethical as well as clinical concerns.

Although we subscribe to the need for randomized
controlled trials to evaluate efficacy for new compounds,
reassessing the types of clinical endpoints in such trials
might be appropriate. Therefore, we set out to define
“exit” criteria or novel clinical endpoints that might help
to assess the efficacy of antimanic compounds in a way
that would be safer, more economical, and less sensitive
to nonspecific factors in the clinical environment while
still allowing unambiguous assessment of efficacy. Our
concerns with safety had to do with the reduction of un-
necessary patient exposure to placebo or ineffective com-
pounds, as well as to ongoing severe symptomatology
that, in itself, may carry significant clinical risks. With
respect to the efficiency of such trials, our goal was to
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develop methods that would facilitate testing of new com-
pounds with smaller groups of patients that could be as-
sessed in trials of shorter duration. Furthermore, we be-
lieve that the definition of “exit” criteria, i.e., criteria for
removing patients very early in a trial in the face of indi-
cators that they are unlikely to respond later in the trial,
would have the advantage of producing results that are
less subject to nonspecific factors in the treatment envi-
ronment. The shorter the duration of exposure to the clini-
cal environment, particularly that of an inpatient unit with
a high staff-to-patient ratio and multiple therapeutic ac-
tivities, the less likely it is that the patient is responding to
factors in the environment rather than to the compound
being tested. Theoretically, this approach could lead to a
more robust separation between responders and nonre-
sponders, thus requiring fewer subjects to achieve ad-
equate power, while decreasing the length of the trial. In
addition to avoiding unnecessary exposure to ineffective
treatments, such an approach could provide a more favor-
able balance between the costs and benefits of indication
trials, both for the subjects involved in such trials and for
the companies sponsoring them.

In the context of studies of acute mania, we thought
that study exit criteria might be defined by clinical de-
terioration or failure to improve by a set percentage on
an appropriate mania rating scale within a set time frame.
To define such exit criteria, we conducted a detailed data-
base and chart review of relevant ongoing studies of
bipolar disorder being conducted under the auspices of the
Depression and Manic Depression Prevention Program at
the Western Psychiatric Institute and Clinic in Pittsburgh
(Pa.) and then made use of new statistical techniques to
estimate later treatment response on the basis of clinical
ratings of response early in the treatment of an acute
manic episode.

METHOD

 Subjects were included in the analyses if they had en-
tered 1 of 2 ongoing research protocols sponsored by the
National Institute of Mental Health (Maintenance Thera-
pies in Bipolar Disorder, MH-29618, Dr. Frank, principal
investigator; Pharmacotherapy of Treatment-Resistant

Mania, MH-50634, Dr. Mallinger, principal investigator).
Subjects participating in either of these protocols, who
were hospitalized for a manic or mixed episode according
to DSM-IV during their treatment, provided the data for
the present report. Data were retrospectively collected
from the hospital charts during the admission stay of all
subjects. Among all admissions for a manic or mixed
episode, we identified 76 admissions, experienced by 49
patients for whom sufficient data were available to be
included in the development of the exit criteria. Of these
49 patients, 32 experienced only 1 admission, 10 experi-
enced 2, 4 patients experienced 3 admissions, and 3 pa-
tients experienced 4 admissions during the period covered
by our chart review. Demographic and clinical character-
istics of these 49 patients are displayed in Table 1. Sub-
jects were predominantly young adults of white back-
ground with multiple previous manic and depressive
episodes. Fifty-five percent of the admissions were volun-
tary. The mean length of stay was 3.0 ± 1.6 weeks, with
a median of 2.9 weeks. Medication equivalence was ob-
tained by using the relative oral potency values for each
drug from the Psychotropic Drug Handbook.1 Medication
equivalence was computed for benzodiazepines and
neuroleptics separately for each inpatient week. During
week 1, 57 subjects took benzodiazepines with a mean
equivalence of 2.98, and 67 subjects took neuroleptics
with a mean equivalence of 3.26. The number of subjects
receiving benzodiazepines during week 2 dropped to 47
with a mean equivalence of 2.49, and 62 took neuroleptics
with a mean equivalence of 4.62 (numbers of patients take
into account all 76 admissions and thus exceed 49; also,
some subjects took multiple drugs).

Information included in the development of the exit
criteria included twice-weekly Bech-Rafaelsen Mania
Scale2 ratings for the first 14 days of admission. The
Bech-Rafaelsen Mania Scale is a 12-item instrument used
to measure manic symptoms on the day of assessment. A
total score of 15 or greater indicates a syndromal mania.
The Bech-Rafaelsen ratings were made by research staff
for any patient identified as a potential protocol partici-
pant. A subset (≈ 35%) of the Bech-Rafaelsen ratings
were made retrospectively via chart review (as opposed
to direct patient interview) and were completed prior to
any grouping of subjects for the present report. For some
calculations, as noted, the Bech-Rafaelsen ratings were
summarized as the mean across each week; daily scores
were used in the regression analysis.

Statistical Methods
The changes between week 1 and week 2 were com-

pared with paired t tests. In the case of subjects with more
than 1 admission, it was assumed that each admission was
an independent observation. We fit a mixed-effects regres-
sion model (see Gibbons et al.3 for a review of the model
with application in the context of psychiatric research) to

Table 1. Characteristics of 49 Patients With Manic or Mixed
Episodesa

Characteristic Value

Age, y 34.5 ± 12.0 (32.0)
Men, N (%) 20 (41)
White, N (%) 43 (88)
Never married, N (%) 32 (65)
No. of manic episodes 5.0 ± 4.8 (3)
No. of depressive episodes 4.2 ± 4.0 (3)
Age at first manic episode, y 24.5 ± 8.4 (22)
Age at first depressive episode, y 21.5 ± 7.1 (20)
aValues shown as mean ± SD (median) unless otherwise specified.
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all available data from each admission through day 28.
The mixed-effects regression model is an alternative tech-
nique that can be used to impute missing observations
from longitudinal studies. Like the last-observation-
carried-forward (LOCF) technique, missing observations
are assumed to be random and ignorable.4 The mixed-
effects regression model is preferred over the LOCF since
it allows us to model the change in manic symptoms over
time instead of assuming a plateau of treatment effect.5

The primary objective of this analysis was to estimate
the final Bech-Rafaelsen scores that were available for
each subject (up to day 28) from all available data be-
tween day 0 and day 11. Day 11 was chosen because it
was early enough to be used as a predictor of short-term
outcome and far enough along in the treatment period to
provide the maximum amount of data in our sample. Day
28 was chosen as the admission endpoint because 4 weeks
is typical for mania treatment. The model included an in-
tercept and linear and quadratic trend coefficients to de-
scribe the overall temporal pattern. All terms in the model
were random such that the time trend for each admission
had unique (i.e., person-specific) coefficients. Using the
estimated model coefficients (i.e., mean trend parameters
and variance-covariance matrix of the person-specific de-
viations from the mean trend parameters), we then ob-
tained empirical Bayes (EB) estimates of each subject’s
trend coefficients6 based on all available data for each ad-
mission and a second set of EB estimates based only on
the available data from each admission through day 11. As
described by Laird and Ware6 and Gibbons et al.,3 in using
this approach each subject can be measured on a different
number of days in the first 11 days and even on different
days during this time period, which is a distinct advantage
of the application of the mixed-effects model in this con-
text. Using these EB estimates of the person-specific
trend, we can then estimate the predicted Bech-Rafaelsen
score at any point in time. The best estimate is based on
all available data from each admission (i.e., through day
28). The analysis provides a measure of the accuracy of
prediction of outcome at day 28 from data collected on
days 1 to 11. To assess the validity of the model, we ran
Pearson correlations between the EB estimated score and
the actual final day score. To check the validity of the
model in subjects remitting earlier in their treatment, we
reran this analysis on a subset of 24 subjects whose actual
final scores were recorded between day 9 and 14.

RESULTS

Comparisons of mean ± SD clinical ratings for weeks
1 and 2 on the Bech-Rafaelsen scale showed a change
from 23.6 ± 7.7 to 14.6 ± 9.3 at the end of the second
week (p = .001). These comparisons reveal substantial
differences between weeks 1 and 2 that are both clinically
and statistically significant. Encouraged by these results,

we went on to examine the question of whether Bech-
Rafaelsen rating scale scores obtained before the end of
the second week of treatment could be used to predict
response status and thus lead to the development of exit
criteria. The criterion for response was a score of less
than 8 on the Bech-Rafaelsen scale, and the criterion for
nonresponse was a score of 14 or above. We used a qua-
dratic model to accommodate some nonlinearity toward
day 28 for the Bech-Rafaelsen scores (see Figure 1). We
used the Bech-Rafaelsen score through day 11 to predict
those patients who would respond preliminarily to anti-
manic drug treatment. In this step, the nonresponders ac-
cording to the Bech-Rafaelsen scale would be dropped
from the trial.

Analysis of Bech-Rafaelsen Mania Scores
The analysis of the available Bech-Rafaelsen data

through day 28 from the 76 admissions revealed that
there was very little person-specific variability in the qua-
dratic trend coefficients; therefore, the quadratic term
was treated as a fixed parameter in the model. The
mean intercept was 27.99, linear trend was –1.42 (Bech-
Rafaelsen units per day), and the quadratic term was
0.022 (squared Bech-Rafaelsen units per day). The
mean ± SD variance in intercepts was 52.83 ± 7.26), the
mean variance in linear trends was 0.06 ± 0.25, and the
correlation between intercepts and slopes was r = –.52.
Figure 1 reveals that the model fits the average level re-
sponse process extremely well. Restricting the EB esti-
mates to only the available data during the first 11 days
showed some degradation in predictive value (r = .67 be-
tween the day 11 EB estimates of the final score and the
actual final score and r = .86 with the EB estimate that
used all available data through day 28). Figure 2 shows
observed versus estimated Bech-Rafaelsen Mania Scale
final score using day 1–11 and day 1–28 models. Using
all available data, the correlation between the EB esti-
mated score and the actual final day score (up to day 28)
was r = .87. In a subset of 24 subjects with final score re-
corded between days 9 and 14, the correlation between
the observed values and the 28-day estimate was r = .69;

Figure 1. Observed Versus Estimated Mean Bech-Rafaelsen
Mania Scale Scores Over Time Using Day 1–11 Model
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the correlation with the 11-day estimate was r = .89. This
indicates that the model fits the observed data quite well
at an individual subject level as well.

To further examine predictive validity, we categorized
subjects’ admissions into 3 groups based on status at day
28: responders, Bech-Rafaelsen scores of 0 to 7; partial
responders, Bech-Rafaelsen scores of 8 to 13; and nonre-
sponders, Bech-Rafaelsen scores of 14 or more (Figure 3).
Inspection of Figure 3 reveals that using the predicted
final Bech-Rafaelsen score from data obtained during the
first 11 days of treatment, only 2 of 23 predicted nonre-
sponders proved to be responders (marginal homogeneity
test, exact p = .0232). Conversely, of the 31 predicted
responders, none were actually nonresponders. Twenty-
seven of the 31 predicted full responders became full re-
sponders. Sixteen of the 22 predicted partial responders
became partial or full responders. Combining the groups
of responder and partial responder, among 53 subjects pre-
dicted to be in one of these categories, only 6 actually did
not respond. Interestingly, we found no significant differ-
ences among the 3 groups on demographic or clinical
history characteristics, suggesting that early treatment
response data alone may be sufficient to predict later
response.

DISCUSSION

This chart-review study sought to determine whether it
might be possible to define exit criteria for conducting
future trials assessing the efficacy of antimanic com-
pounds. Such exit criteria would enable the early identifi-
cation and removal of subjects unlikely to demonstrate a
subsequent response (and ultimately a full remission) to
the treatment to which they were assigned in a random-
ized controlled trial. Initial results from our efforts to de-
velop such exit criteria for trials of antimanic compounds
appear very promising. Also interesting was the fact that
when grouped by full response, partial response, and non-
response, the subject groups did not differ from each other
in demographic or clinical history characteristics. Perhaps
most important and encouraging, we found that early re-

sponse based upon data at day 11 predicts final response
and remission.

Also noteworthy is the very high sensitivity and ac-
ceptable specificity of the early response/ultimate remis-
sion prediction. Particularly encouraging, from our point
of view, is the very low likelihood (2 of 76 admissions
examined) that someone predicted to be in the nonre-
sponse group will go on to a clear remission of symptoms
as a full responder. Thus, removing someone early in a
trial is unlikely to deny him or her access to a treatment
that would have ultimately brought about a clear remis-
sion of symptoms.

Our results suggest that relatively simple, easily ob-
tained information allows one to define patients unlikely
to respond before the end of week 2 of treatment and that
there is a strong relationship between failure to respond
early in treatment and subsequent failure to remit. Thus,
patients whose early treatment is not characterized by a
trajectory of rapid decline in Bech-Rafaelsen scores could
confidently be removed early in trials.

There are a number of caveats in interpreting these re-
sults. First, the study population was relatively small in
size. Second, the data come from a tertiary referral setting
in an academic medical center with a relatively high
nurse-to-patient ratio that may not be representative of all
settings in which antimanic compounds are evaluated. In
this report, about 35% of the ratings were derived from a
retrospective chart review. However, it should be noted
that the ratings relevant to the exit criteria are easily com-
pleted and represent only a formal method for recording
the minimum clinical monitoring necessary for the care of
manic or mixed patients. Finally, it should be noted that
there was no standardization of the pharmacotherapy re-
ceived by the patients in this investigation, although the
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Figure 3. Estimated Versus Actual Response Defined by
Bech-Rafaelsen Mania Scale Scores for Patients Comprising
76 Admissionsa

aValues represent number of patients in each response group; ranges in
parentheses designate Bech-Rafaelsen scores that correspond to the
response groups. Marginal homogeneity test, exact p = .0232.

Figure 2. Observed Versus Estimated Bech-Rafaelsen Mania
Scale Final Score Using Day 1–11 and Day 1–28 Models

30

25

20

15

10

5

0
0 10 20 30 40

E
st

im
at

ed

Observed

Day 1�28 Model
Day 1�11 Model

424



© Copyright 2001 Physicians Postgraduate Press, Inc.

One personal copy may be printed

426 J Clin Psychiatry 62:6, June 2001

Frank et al.

treatment environment was highly comparable across all
treatment episodes studied. Nonetheless, we must ac-
knowledge the possibility that different criteria would
have emerged had all patients received the same com-
pound on a standardized dosing schedule.

The criteria we propose would, of course, benefit from
prospective testing in a new study of a single antimanic
compound or, ideally, in a series of studies of a variety of
compounds for demonstrating drug-placebo differences.
We note also that the use of stringent algorithms for dose
escalation and for the use of rescue medication could
make these parameters more useful in distinguishing early
failure of treatment.

A further caveat is the complexity of studying bipolar
disorder in general. To date, we do not have a good under-
standing of the relationship between early response and
subsequent sustained remission. While investigators have
explored such relationships in unipolar disorder,7 no such
investigations of bipolar disorder have been carried out.
The situation is complicated by the fact that when a pa-
tient evidences a remission of mania as measured by a
mania rating scale, he or she may or may not be free of
mood symptoms and, indeed, may be progressing into

depression. Our criteria begin to approach this critically
important feature of mania treatment.

The general model we propose for exit criteria might
well be applied to other psychotic conditions. The further
development of such methods will require innovative
working relationships among investigators, the pharma-
ceutical industry, and the U.S. Food and Drug Administra-
tion to bring safe, efficacious drugs to the market rapidly.
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