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Background: An intramuscular (IM) formulation of
olanzapine has been developed because there are no rapid-
acting IM atypical antipsychotic drugs currently avail-
able in the United States for treating acute agitation in
patients with schizophrenia.

Methods: Recently hospitalized acutely agitated pa-
tients with schizophrenia (N=270) were randomized to
receive 1 to 3 IM injections of olanzapine (2.5, 5.0, 7.5,
or 10.0 mg), haloperidol (7.5 mg), or placebo within 24
hours. A dose-response relationship for IM olanzapine
in the reduction of agitation was assessed by measuring
the reduction in Positive and Negative Syndrome Scale
Excited Component (PANSS-EC) scores 2 hours after the
first injection. Safety was assessed by recording adverse
events and with extrapyramidal symptom scales and elec-
trocardiograms at 24 hours after the first injection.

Results: Olanzapine exhibited a dose-response relation-
ship for reduction in agitation (F1,179=14.4; P�.001). Mean
PANSS-EC reductions 2 hours after the first injection of

olanzapine (2.5 mg=−5.5; 5.0 mg=−8.1; 7.5 mg=−8.7; 10.0
mg=−9.4) were superior to those with placebo (−2.9; P=.01
vs olanzapine at 2.5 mg; P�.001 for each other olanzap-
ine dose) but not with haloperidol (−7.5). A dose of 5.0,
7.5, or 10.0 mg of olanzapine caused a greater reduction
in agitation than placebo 30 minutes after the first injec-
tion. There were no differences between treatment groups
for hypotension, the most frequently reported adverse event,
or for clinically relevant changes in the QTc interval. There
was a greater incidence of treatment-emergent parkinson-
ismduring treatmentwith IMhaloperidol (16.7%) thanwith
2.5 (P=.03), 5.0 (P=.03), or 7.5 mg (P=.01) of IM olan-
zapine (0%) or with placebo (0%) (P=.01).

Conclusions: Intramuscular olanzapine at a dose of 2.5
to 10.0 mg per injection exhibits a dose-response rela-
tionship in the rapid treatment of acute agitation in pa-
tients with schizophrenia and demonstrates a favorable
safety profile.
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A CUTE AGITATION is com-
mon in patients with
schizophrenia and may be
accompanied by destruc-
tive and/or violent behav-

ior.1-3 Rapid treatment with intramuscular
(IM) typical antipsychotic and/or benzo-
diazepine agents may be essential to pre-
vent injury to the patient or others.4,5 How-
ever, IM typical antipsychotics are
associated with acute dystonia,6,7 akathi-
sia,8 neuroleptic malignant syndrome,9 and
electrocardiographic (ECG) abnormali-
ties including prolongation of the QTc in-
terval.10,11 Intramuscular benzodiazepines
may cause excessive sedation leading to res-
piratory depression,12-15 ataxia, and confu-
sion.16 These adverse events present a
greater risk when typical antipsychotic
agents and benzodiazepines are adminis-
tered together and/or intravenously.17-20

An IM formulation of an atypical an-
tipsychotic agentmaypresent several treat-

ment advantages when rapid treatment of
acute agitation is essential in patients with
schizophrenia.Atypicalantipsychoticagents
are significantly less likely tocauseextrapy-
ramidalsymptomsthantypicalantipsychotic
agents.21-23 Inaddition, someatypicalagents
(eg,olanzapineandrisperidone),butnotall
(sertindole or ziprasidone [Pfizer Pharma-
ceuticals,NewYork,NY,unpublisheddata,
2000]), have a more favorable ECG safety
profile thanspecific(eg, thioridazineordro-
peridol), but not all (haloperidol), typical
antipsychoticagents.10,22-24Furthermore,oral
atypicalantipsychoticagentsarewidelyused
for long-term maintenance therapy, and an
IM atypical antipsychotic agent may there-
fore facilitate the transition to oral atypical
maintenance therapy.25

This study tested the a priori primary
hypothesis that 2.5, 5.0, 7.5, and 10.0 mg
per injection of IM olanzapine would ex-
hibit a dose-response relationship in reduc-
ing agitation in patients with schizophre-
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nia, as measured by the mean change on the Positive and
Negative Syndrome Scale Excited Component
(PANSS-EC)26 from the time of first injection until 2 hours
later. This study also tested the following secondary hy-
potheses: (1) IM olanzapine would be superior to IM pla-
cebo in reducing acute agitation and no different from 7.5
mg of IM haloperidol at 2 hours after the first injection;
(2) the efficacy of IM olanzapine in reducing agitation would
be confirmed by measuring response rates, benzodiaz-
epine use, and injection frequency and by the use of addi-
tional rating scales for agitation and general psychiatric sta-
tus; (3) the efficacy of IM olanzapine would be sustained
for a clinically useful period (24 hours); and (4) IM olan-
zapine would have a better overall safety profile than IM
haloperidol. The dose of 7.5 mg of IM haloperidol was cho-
sen based on the literature20,27-29 and clinical experience in-
dicating that both 5.0-mg and 10.0-mg doses are com-

monly used to treat acute agitation; thus, 7.5 mg represents
a compromise between these doses. In addition, a dose-
response analysis suggests that escalating doses up to 7.5
mg results in an incremental enhancement of efficacy, but
doses that exceed 7.5 mg to 10.0 mg do not appreciably
increase immediate efficacy for most patients and may cause
additional adverse effects.30

RESULTS

PATIENT CHARACTERISTICS AND DISPOSITION

Most of the 270 patients (IM olanzapine: n=48 for 2.5 mg,
n=45 for 5.0 mg, n=46 for 7.5 mg, and n=46 for 10.0 mg;
IM haloperidol: n=40; IM placebo: n=45) who partici-
pated in this study were white (65.9%) men (57.4%), with
ages ranging from 18 to 73 years (mean±SD age, 36.3±10.7

SUBJECTS AND METHODS

Recently hospitalized patients 18 years or older who had been
clinically diagnosed by the study investigators as having
schizophrenia, schizophreniform disorder, or schizoaffec-
tive disorder (according to the DSM-IV31) were recruited by
the site investigators based on their suitability as defined by
inclusion and exclusion criteria. All patients had a total score
of 14 or higher (of a maximum of 35) on the PANSS-EC with
a score of 4 or higher (of a maximum of 7) on at least 1 item
and were acutely agitated to the extent that parenteral an-
tipsychotic therapy was warranted. However, patients were
not so agitated that they were unable to provide informed
consent or cooperate with the requirements of the study.
Thus, patients were physically and verbally overactive and
were occasionally hostile, destructive to property, or threat-
ening, but no patient required physical restraint or was vio-
lent toward other individuals. Patients with significant medi-
cal disorders, including alcohol and/or drug dependency, were
excluded from this trial.

The study was conducted at 4 sites in Croatia (69 pa-
tients), 1 in Italy (3 patients), 3 in Romania (82 patients),
and 6 in South Africa (116 patients). The study protocol
was approved by local ethical review boards. The review
boards approved the use of placebo given the hospitalized
status of all participating patients, the 5:1 randomization
ratio for active treatment vs placebo, the brief duration of
the study (24 hours), and the use of active medication based
on the clinical judgment of the investigator at the time of
randomization. Written informed consent was obtained from
all patients and from a relative or legal representative when
required by local law or custom.

PROCEDURE

The study consisted of a screening period and a 24-hour
IM treatment period. Patients were not allowed to receive
any antipsychotic treatment during the screening period,
which lasted for a minimum of 2 hours. On entering the
treatment period, patients were randomly allocated to treat-
ment with 2.5, 5.0, 7.5, or 10.0 mg per injection of IM olan-
zapine, 7.5 mg per injection of IM haloperidol, or IM pla-
cebo by the assignment of treatment kits. The doses of IM
olanzapine were based on data from 2 previous open-label

pilot clinical trials (N=118) in which doses from 2.5 to 10.0
mg were found to be safe and effective.32,33 Intramuscular
haloperidol was chosen for comparison because it is the
most frequently used IM antipsychotic worldwide for treat-
ing acute agitation in patients with schizophrenia.34

Patients could receive a maximum of 3 injections within
the 24-hour treatment period. Second and third injections
were administered at the discretion of the investigator, as
clinically indicated. The second injection was allowed after
2 hours had passed since the first injection, and a third in-
jection was allowed after 4 hours had elapsed since the sec-
ond injection, with both to have been administered within
20 hours after the first injection. All investigators, raters, clini-
cal staff involved with patient care, and patients were kept
blind to treatment assignment throughout the study. To en-
sure blinding, unblinded third-party personnel, who played
no role in evaluating patients, were trained to handle and
administer injections in identical, unmarked syringes.

Concomitant treatment with alpidem, anorectics, an-
tiemetics, antiarrythmics, carbamazepine, methyldopa, neu-
roleptics, phenobarbital, reserpine, or zolpidem tartrate was
prohibited during the study. Concomitant treatment with
benzodiazepines was prohibited from 4 or more hours be-
fore until 3 or more hours after administration of the first
injection. Thereafter, patients who received 1, 2, or 3 in-
jections of the study drug were permitted to receive 0, 1,
or 2 benzodiazepine doses, respectively (2-4 mg of loraze-
pam [IM or oral], 10-20 mg of diazepam [IM, intrave-
nous, or oral], 10-30 mg of oxazepam [oral], or 5-50 mg
of clorazepate [IM or oral]), each dose being administered
1 or more hours after the previous injection of the study
drug. Anticholinergic medication was permitted for the treat-
ment of newly emergent extrapyramidal symptoms, but pro-
phylactic use was prohibited.

ASSESSMENTS

Efficacy

Patients were assessed by the study investigators (14 in-
vestigators, all of whom underwent training and inter-
rater reliability testing) at the screening visit, immediately
prior to and at 30, 60, and 90 minutes and 2, 4, 6, 12, and
24 hours after the first injection. The primary efficacy mea-
sure was the PANSS-EC, which includes the items
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years) and a mean±SD age at onset of illness of 25.1±7.3
years. There were no treatment group differences at base-
line for any patient characteristics (Table 1).

Almost all patients (268 or 99.3%) completed the
24-hour IM treatment period. Two patients (0.7%) re-
ceiving 5.0 mg of IM olanzapine discontinued treat-
ment (lack of efficacy; physician decision), but both were
included in efficacy and safety analyses because post-
baseline data were collected on these individuals.

EFFICACY

PANSS-EC Change From Time of First Injection
Until 2 Hours Later

A monotonic dose-response relationship existed across
the IM olanzapine dose range (F1,179=14.4; P�.001). All

IM olanzapine doses and 7.5 mg of IM haloperidol were
superior to IM placebo in reducing agitation, but IM olan-
zapine at 2.5 mg was less effective than any of the other
IM olanzapine doses or IM haloperidol (Table 2). Pa-
tients treated with 5.0, 7.5, or 10.0 mg of IM olanzapine
had greater mean improvement than those given IM pla-
cebo at all time points (Figure). The groups given 2.5
mg of IM olanzapine or IM haloperidol did not show
greater mean improvement compared with those given
IM placebo until 60 minutes after the first injection.

There was a monotonic dose-response relationship
across the IM olanzapine dose groups (�2

1=12.0; P�.001)
for PANSS-EC response rates 2 hours after the first IM in-
jection. Greater response rates were observed with IM olan-
zapine at 2.5 mg (50.0%; �2

1=9.1; P=.003), 5.0 mg (62.6%;
�2

1=16.7; P�.001), 7.5 mg (73.9%; �2
1=26.5; P�.001), and

10.0 mg (80.4%; �2
1=34.4; P�.001) and with IM halo-

tension, uncooperativeness, hostility, poor impulse con-
trol, and excitement and was derived from the PANSS by its
originators using a principal-components factor analysis.26

The PANSS-EC was chosen as the primary efficacy measure
because (1) it has high face validity in the measurement of
agitation; (2) data from agitated and nonagitated patients who
had participated in a registration trial of oral olanzapine
(n=1996) provided confirmatory validation of the PANSS-EC
(Eli Lilly and Company, Indianapolis, Ind, unpublished data,
1997); and (3) it is rated by physician observation as op-
posed to patient participation and thus is well suited for the
assessment of agitation because it avoids the need for inter-
action that could exacerbate agitation. The validity of each
PANSS-EC recording was ensured by requiring investi-
gators to read PANSS-EC item descriptors and complete
separate record pages at each evaluation.

Agitation was further assessed with the Agitated Be-
havior Scale (ABS)35 and the Agitation Calmness Evalua-
tion Scale (ACES) (Copyright 1998, Eli Lilly and Com-
pany; all rights reserved), a single-item scale developed by
Eli Lilly and Company on which 1 indicates marked agi-
tation; 2, moderate agitation; 3, mild agitation; 4, normal;
5, mild calmness; 6, moderate calmness; 7, marked calm-
ness; 8, deep sleep; and 9, unable to be aroused. The
PANSS-derived Brief Psychiatric Rating Scale (BPRS) and
Clinical Global Impressions–Severity (CGI-S) scale36 were
used to assess general psychiatric status.

Safety

During the 24-hour treatment period, safety was assessed by
clinical examinationand laboratory investigations, recording
spontaneouslyreportedadverseevents,completingtheSimpson-
Angus37 and Barnes Akathisia Scales,38 and recording ECGs
duringscreeningor immediatelyprior to the first IMinjection
andat2and24hoursafter the first IMinjection.TheECGQT
interval correction formula was QTc=QT/RR1/2.

STATISTICAL METHODS

A dose-response relationship on the PANSS-EC at 2 hours
after the first IM injection was investigated across IM olan-
zapine treatment groups using a linear trend test with con-
trast coefficients of −3, −1, 1, and 3 for IM olanzapine at
2.5 mg, 5.0 mg, 7.5 mg, and 10.0 mg, respectively.

Comparisons among IM olanzapine treatment groups,
between IM olanzapine and IM placebo groups, and be-
tween IM olanzapine and IM haloperidol groups were per-
formed using analysis of variance models (raw data) that
took into account treatment and country. The analysis was
not planned a priori to assess investigator site effects, al-
though these were performed post hoc. Adjustments for mul-
tiple comparisons were not performed for the pairwise com-
parisons. Comparisons between treatment groups at each
of the 30-, 60-, and 90-minute assessment times were also
performed.

Response was defined a priori as a 40% reduction or
more in PANSS-EC score from baseline to 2 hours after the
first IM injection because open-label studies showed that
a 40% PANSS-EC score reduction reasonably represented
the rapid, substantial, and sustained reduction in agita-
tion desired when an IM antipsychotic is adminis-
tered.32,33 Response rates were compared across all treat-
ment groups using the stratum-adjusted Pearson �2 test
(Cochran-Mantel-Haenszel option; SAS statistical soft-
ware version 6.08 [SAS Institute Inc, Cary, NC]) control-
ling for country. Pairwise comparisons were also per-
formed using the Cochran-Mantel-Haenszel statistic,39

stratifying by country, and the Breslow-Day test40 to inves-
tigate the homogeneity of odds ratios across countries. A
dose-response relationship for response rates was investi-
gated using the extended Mantel-Haenszel correlation sta-
tistic,41 stratifying by country.

Categorical data (demographic variables, reasons for
study discontinuation, treatment-emergent adverse events,
incidence of benzodiazepine and anticholinergic use, and
potentially clinically significant ECGs) were evaluated in
a pairwise fashion using the Fisher exact test. The inci-
dence of treatment-emergent parkinsonism (the propor-
tion of patients with a Simpson-Angus Scale total score �3
during the 24-hour IM period among those with a total score
�3 at baseline) and treatment-emergent akathisia (the pro-
portion of patients with a Barnes Akathisia Scale global score
[item 4] �2 during the 24-hour IM period among those
with a score �2 at baseline) were evaluated in a pairwise
fashion using the Fisher exact test. To determine whether
there was an association between treatment and number
of IM injections received (1, 2, or 3), a Cochran-Mantel-
Haenszel test was performed stratifying by country. All hy-
pothesis tests were performed using 2-tailed tests.
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peridol (60.0%; �2
1=15.0; P�.001) than with IM pla-

cebo (20.0%). Greater response rates were observed with
IM olanzapine at 7.5 mg (�2

1=5.7; P=.02) and 10.0 mg
(�2

1=10.2; P�.001) than at 2.5 mg, whereas there were
no differences between any IM olanzapine dose (includ-
ing 2.5 mg) and IM haloperidol.

Additional Efficacy Measures

On the ABS, ACES, and BPRS Total and Positive scales, all
IM olanzapine and IM haloperidol groups showed greater
mean improvement at 2 hours after the first IM injection
than the IM placebo group, except IM olanzapine at 2.5 mg
on the ACES and IM haloperidol on the BPRS Positive
(Table3).ComparedwithIMhaloperidol,greater improve-
ment was observed on the ABS with IM olanzapine at 7.5
mg (t261=2.4; P=.02) and 10.0 mg (t261=2.3; P=.02) and on
theACESwith IMolanzapineat10.0mg(t261=2.3; P=.02).

At 24 hours after the first IM injection, on the
PANSS-EC, ABS, ACES, BPRS Total, and BPRS Positive
scales, all IM olanzapine treatment groups showed greater
mean improvement than the IM placebo group except
IM olanzapine at 2.5 mg on the BPRS Positive (t262=1.8;
P=.07) (Table 4). On the CGI-S at 24 hours, patients
receiving 5.0 mg (t261=2.2; P=.03) and 7.5 mg (t261=3.1;
P=.003) of IM olanzapine showed greater improvement

0

–5

–1

–2

–3

–4

–7

–6

–8

–9

–10

30 60 90 120

Time, min

M
ea

n 
Ch

an
ge

IM Olanzapine, 2.5 mg
IM Olanzapine, 5.0 mg
IM Olanzapine, 7.5 mg
IM Olanzapine, 10.0 mg
IM Haloperidol, 7.5 mg
Placebo

Mean change in Positive and Negative Syndrome Scale Excited Component
score from baseline to each time point within 2 hours after the first
intramuscular (IM) injection. For IM olanzapine at 2.5 mg vs IM placebo,
P=.65 at 30 minutes, P=.05 at 60 minutes, P=.02 at 90 minutes, and P=.01
at 120 minutes. For IM olanzapine at 5.0 mg vs IM placebo, P=.03 at 30
minutes and P�.001 at 60, 90, and 120 minutes. For IM olanzapine at 7.5
mg vs IM placebo, P=.007 at 30 minutes and P�.001 at 60, 90, and 120
minutes. For IM olanzapine at 10.0 mg vs IM placebo, P=.05 at 30 minutes
and P�.001 at 60, 90, and 120 minutes. For IM haloperidol at 7.5 mg vs IM
placebo, P=.34 at 30 minutes and P�.001 at 60, 90, and 120 minutes.

Table 1. Patient Characteristics at Baseline*

Characteristic

Treatment

IM Olanzapine,
2.5 mg
(n = 48)

IM Olanzapine,
5.0 mg
(n = 45)

IM Olanzapine,
7.5 mg
(n = 46)

IM Olanzapine,
10.0 mg
(n = 46)

IM Haloperidol,
7.5 mg
(n = 40)

IM Placebo
(n = 45)

Age, mean ± SD, y 36.2 ± 10.5 35.1 ± 10.1 35.9 ± 11.3 36.7 ± 12.1 37.4 ± 10.6 36.7 ± 10.3
Age at onset, mean ± SD, y 25.0 ± 6.5 23.9 ± 7.6 25.9 ± 7.4 25.3 ± 8.1 25.9 ± 6.9 24.9 ± 7.7
Sex: M 31 (64.6) 27 (60.0) 26 (56.5) 26 (56.5) 22 (55.0) 23 (51.1)
Race

White 29 (60.4) 31 (68.9) 29 (63.0) 32 (69.6) 25 (62.5) 32 (71.1)
African 11 (22.9) 11 (24.4) 12 (26.1) 11 (23.9) 12 (30.0) 8 (17.8)
Western Asian 2 (4.2) 0 0 0 0 2 (4.4)
Other 6 (12.5) 3 (6.7) 5 (10.9) 3 (6.5) 3 (7.5) 3 (6.7)

*Data are presented as number (percentage) unless otherwise indicated. IM indicates intramuscular; sample size, number of patients with a baseline and at
least 1 postbaseline measurement within the stated period.

Table 2. Mean PANSS-EC Score Change From Baseline to 2 Hours After the First IM Injection (LOCF)*

Therapy
Sample

Size
Baseline,

Mean (SD)
Change,

Mean (SD)

t †; P

vs IM
Olanzapine,

5.0 mg

vs IM
Olanzapine,

7.5 mg

vs IM
Olanzapine,

10.0 mg

vs IM
Haloperidol,

7.5 mg
vs IM

Placebo

IM olanzapine, 2.5 mg n = 48 18.3 (2.4) −5.5 (4.6) 2.6; .01 3.2; .001 3.8; �.001 2.0; .04 2.6; .01
IM olanzapine, 5.0 mg n = 45 19.7 (3.4) −8.1 (5.3) . . . 0.6; .55 1.1; .26 0.5; .63 5.1; �.001
IM olanzapine, 7.5 mg n = 46 18.9 (2.6) −8.7 (5.0) . . . . . . 0.5; .60 1.1; .28 5.7; �.001
IM olanzapine, 10.0 mg n = 46 19.3 (2.6) −9.4 (4.9) . . . . . . . . . 1.6; .12 6.3; �.001
IM haloperidol, 7.5 mg n = 40 19.3 (3.1) −7.5 (5.9) . . . . . . . . . . . . 4.5; �.001
IM placebo n = 45 18.8 (2.8) −2.9 (4.7) . . . . . . . . . . . . . . .

*PANSS-EC indicates Positive and Negative Syndrome Scale Excited Component; IM, intramuscular; LOCF, last observation carried forward; sample size,
number of patients with a baseline and at least 1 postbaseline measurement within the stated period; and ellipses, not applicable.

†degrees of freedom = 262.
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than those receiving IM placebo. Intramuscular halo-
peridol was different from IM placebo at 24 hours on the
BPRS Positive (t262=2.3; P=.02) and ABS (t262=2.0; P=.05).
At 24 hours, patients given the 7.5-mg (t262=2.5; P=.02)
and 10.0-mg (t262=2.2; P=.03) doses of IM olanzapine
showed greater mean improvement on the ABS than those
receiving IM haloperidol.

Benzodiazepine Use

During the 24-hour IM treatment period, the incidence of
benzodiazepine use was greater during treatment with IM
placebothanwithanydoseof IMolanzapineorIMhaloperi-
dol. There were no differences between any of the IM olan-
zapinedosegroupsandtheIMhaloperidolgroup(Table5).

Dosage Administered and Injection Frequency
During the 24-Hour IM Treatment Period

The mean total study medication dosages administered
to patients in each group during the 24-hour IM treat-

ment period are shown in Table 5. There was an overall
treatment group difference in the proportion of patients
receiving 1 to 3 IM injections (�2

5=54.8; P�.001), with
the number of injections different between each active
treatment group and the IM placebo group.

SAFETY

Spontaneously Reported Treatment-Emergent
Adverse Events During the 24-Hour IM

Treatment Period

Overall, the most frequently reported adverse event was
hypotension (IM olanzapine at 2.5 mg, 4.2% [2/48 pa-
tients]; IM olanzapine at 5.0 mg, 4.4% [2/45 patients];
IM olanzapine at 7.5 mg, 2.2% [1/46 patients]; IM olan-
zapine at 10.0 mg, 4.3% [2/46 patients]; IM haloperidol,
0% [0/40 patients]; IM placebo, 0% [0/45 patients]), al-
though no between-group differences were observed.
Acute dystonia occurred in 0% (0/185 patients) of pa-
tients treated with IM olanzapine, 0% (0/45 patients) of

Table 3. Mean Change From Baseline to 2 Hours After the First IM Injection (LOCF) in Additional Efficacy Measures*

Efficacy Measure

Change From Baseline to 2 h, Mean (SD)

IM Placebo
(n = 45)

IM Olanzapine,
2.5 mg
(n = 48)

IM Olanzapine,
5.0 mg
(n = 45)

IM Olanzapine,
7.5 mg
(n = 46)

IM Olanzapine,
10.0 mg
(n = 46)

IM Haloperidol,
7.5 mg

(n = 39)†

BPRS Total −3.7 (5.5)‡ −8.2 (9.1)# −10.4 (7.5) −12.0 (7.0) −12.0 (5.9) −9.2 (7.2)§
BPRS Positive −0.4 (1.3)‡ −1.5 (3.1) −1.7 (2.8) −2.1 (2.9) −1.9 (2.3) −1.4 (2.2)
ABS −3.0 (5.0)‡ −5.8 (5.5)¶ −9.0 (5.5) −10.5 (5.6)� −10.4 (5.7)� −7.7 (5.2)§
ACES 0.7 (1.2)‡ 1.3 (1.5)¶ 2.3 (1.9) 2.4 (1.7) 2.6 (1.7)� 1.8 (1.6)§

*IM indicates intramuscular; LOCF, last observation carried forward; sample size, number of patients with a baseline and at least 1 postbaseline measurement
within the stated period; BPRS, Brief Psychiatric Rating Scale; ABS, Agitated Behavior Scale; and ACES, Agitation Calmness Evaluation Scale (Copyright 1998, Eli
Lilly and Company; all rights reserved).

†n = 40 for ACES.
‡P�.05 vs all IM olanzapine treatment groups, except IM olanzapine at 2.5 mg on the ACES.
§P�.05 vs IM placebo.
�P�.05 vs IM haloperidol at 7.5 mg.
¶P�.05 vs all other IM olanzapine treatment groups.
#P�.05 vs IM olanzapine at 7.5 mg and 10.0 mg.

Table 4. Mean Change From Baseline to 24 Hours After the First IM Injection (LOCF) in Efficacy Measures*

Efficacy Measure

Change From Baseline to 24 h, Mean (SD)

IM Placebo
(n = 45)

IM Olanzapine,
2.5 mg
(n = 48)

IM Olanzapine,
5.0 mg
(n = 45)

IM Olanzapine,
7.5 mg
(n = 46)

IM Olanzapine,
10.0 mg
(n = 46)

IM Haloperidol,
7.5 mg
(n = 40)

PANSS-EC −3.1 (3.3)‡ −4.9 (4.3) −5.5 (4.9) −5.5 (4.1) −5.9 (5.2) −4.5 (4.0)
BPRS Total† −4.3 (5.4)‡ −8.4 (7.4) −9.2 (7.8) −9.6 (7.5) −9.0 (7.7) −7.3 (7.5)
BPRS Positive −0.6 (2.2)‡ −1.5 (2.3) −2.0 (2.6) −1.9 (2.7) −1.7 (2.4) −1.8 (3.0)§
ABS −2.6 (4.0)‡ −5.7 (4.2) −6.7 (5.9) −7.7 (5.8)� −7.4 (7.0)� −5.0 (4.1)§
CGI-S −0.2 (0.6) −0.3 (0.5) −0.5 (0.8)§ −0.6 (0.7)§ −0.4 (0.5) −0.4 (0.6)
ACES 0.5 (0.7)‡ 0.9 (0.8) 1.1 (1.1) 1.0 (1.0) 0.9 (0.9) 0.8 (0.7)

*IM indicates intramuscular; LOCF, last observation carried forward; sample size, number of patients with a baseline and at least 1 postbaseline measurement
within the stated period; PANSS-EC, Positive and Negative Syndrome Scale Excited Component; BPRS, Brief Psychiatric Rating Scale; ABS, Agitated Behavior
Scale; CGI-S, Clinical Global Impressions–Severity; and ACES, Agitation Calmness Evaluation Scale (Copyright 1998, Eli Lilly and Company; all rights reserved).

†Mean (SD) baseline BPRS Total scores (using 0-6 scoring for each item) were as follows: IM placebo, 35.5 (9.13); IM olanzapine at 2.5 mg, 36.0 (9.0);
IM olanzapine at 5.0 mg, 40.0 (9.2); IM olanzapine at 7.5 mg, 37.8 (8.9); IM olanzapine at 10.0 mg, 37.7 (7.3); and IM haloperidol, 37.9 (9.5).

‡P�.05 vs all IM olanzapine treatment groups, except IM olanzapine at 2.5 mg on the BPRS Positive.
§P�.05 vs IM placebo.
�P�.05 IM haloperidol at 7.5 mg.
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those receiving IM placebo, and 5.0% (2/40 patients) of
those treated with IM haloperidol, with no between-
group differences.

Treatment-Emergent Extrapyramidal Symptoms
and Anticholinergic Use During

the 24-Hour IM Treatment Period

Treatment-emergent parkinsonism was less common in
patients treated with IM olanzapine (2.5-7.5 mg, 0%
[0/107 patients]; 10.0 mg, 2.9% [1/35 patients]) and IM
placebo (0% [0/37 patients]) than with IM haloperidol
(16.7% [6/36 patients]), with differences (Fisher exact
test) noted between IM haloperidol and IM olanzapine
at 2.5 mg (P=.03), 5.0 mg (P=.03), and 7.5 mg (P=.01)
and vs IM placebo (P=.01). Treatment-emergent akathi-
sia was less common in patients treated with IM olanza-
pine (2.5 mg, 7.5 mg, and 10.0 mg, 0% [0/129 patients];
5.0 mg, 4.8% [2/42 patients]) and IM placebo (0% [0/42
patients]) than with IM haloperidol (7.9% [3/38 pa-
tients]), although no between-group differences were ob-
served.

Anticholinergic medication was received by 3 pa-
tients (7.5%) treated with IM haloperidol and 1 patient
(2.1%) treated with 2.5 mg of IM olanzapine, with no
between-group differences.

Changes in ECG QTc Intervals During
the 24-Hour IM Treatment Period

No patient had an increase in the QTc interval of 500 mil-
liseconds or greater, and there were only small baseline-
to-24-hour end point changes in mean±SD QTc inter-
vals, with none being clinically relevant (IM olanzapine
at 2.5 mg, −4.3±22.3; IM olanzapine at 5.0 mg, −3.1±23.2;
IM olanzapine at 7.5 mg, −2.8±19.6; IM olanzapine at
10.0 mg, −1.9±31.0; IM haloperidol at 7.5 mg, 6.5±24.7;
IM placebo, 1.2±21.5). The incidence of potentially clini-
cally significant QTc interval values, based on the sex-
specific criteria of a QTc interval of 430 milliseconds or
more for men and 450 milliseconds or more for women
(IM olanzapine at 2.5 mg, 0% [0/45 patients]; IM olan-
zapine at 5.0 mg, 9.8% [4/41 patients]; IM olanzapine at
7.5 mg, 4.4% [2/45 patients]; IM olanzapine at 10.0 mg,
7.9% [3/38 patients]; IM haloperidol, 14.3% [5/35 pa-

tients]; IM placebo, 19.0% [8/42 patients]), was greater
during treatment with IM olanzapine at 5.0 mg (P=.05),
IM haloperidol (P=.01), and IM placebo (P=.002) than
with IM olanzapine at 2.5 mg and with IM placebo vs IM
olanzapine at 7.5 mg (P=.05).

COMMENT

This study demonstrated a dose-response relationship
for IM olanzapine across the dose range of 2.5, 5.0, 7.5,
and 10.0 mg per injection for a reduction in agitation, as
measured by changes on the PANSS-EC from the time of
first injection until 2 hours afterward. Intramuscular
olanzapine at doses of 2.5, 5.0, 7.5, and 10.0 mg and IM
haloperidol at 7.5 mg were superior in efficacy on the
PANSS-EC compared with IM placebo 2 hours after the
first IM injection, and this effect was sustained with IM
olanzapine for up to 24 hours. Although hypotension
was the most frequently reported treatment-emergent
adverse event overall, there were no between-group dif-
ferences or clinically relevant changes in the QTc inter-
val. Spontaneously reported acute dystonia did not occur
in any of the 185 IM olanzapine-treated patients but
did occur in 2 of the 40 IM haloperidol-treated patients.
Treatment-emergent parkinsonism was more common
during treatment with IM haloperidol than with either
IM olanzapine or IM placebo.

This study has several limitations. First, it was de-
signed to have sufficient power to detect differences be-
tween each dose of active medication and placebo rather
than between individual doses of active medication. Sec-
ond, the study was not designed to recruit adequate num-
bers of patients at all investigator sites to investigate po-
tential differential treatment effects between sites;
however, results from the 6 largest recruiting sites (ac-
counting for 193/270 patients [71.5%]) were consistent
with the overall findings comparing each active treat-
ment group with IM placebo. Third, the initial injection
of active medication was so efficacious in most patients
that a second or third injection was rarely required; thus,
there is limited data on repeated dosing, particularly for
IM olanzapine at 10.0 mg. Fourth, benzodiazepines were
used in this study as described previously, and these may
confound the efficacy outcomes. However, benzodiaz-
epine use was limited, and it is likely that any potential

Table 5. Dosage Administered, Injection Frequency, and Benzodiazepine Use During the 24-Hour IM Treatment Period*

Treatment

IM Placebo
IM Olanzapine,

2.5 mg
IM Olanzapine,

5.0 mg
IM Olanzapine,

7.5 mg
IM Olanzapine,

10.0 mg
IM Haloperidol,

7.5 mg

24-h study drug dosage, mean (SD), mg . . . 4.0 (1.5) 6.9 (2.7) 9.8 (3.8) 12.6 (4.9) 9.9 (4.6)
Patients receiving 2 or 3 injections, %† 66.7 52.1 35.5 28.3 23.9‡ 25‡
Benzodiazepine use, %§ 35.6� 10.4 4.4 4.3 8.7 0
Benzodiazepine dosage, mean (SD), lorazepam

equivalents
3.4 (1.1) 3.2 (1.1) 2.0 (0.0) 3.0 (1.4) 3.5 (1.0) 0

*IM indicates intramuscular; ellipses, not applicable.
†The number of injections was significantly different (Fisher exact test; P�.001 in all cases) between each active treatment group and placebo.
‡�2 test; P�.05 vs IM olanzapine at 2.5 mg.
§Benzodiazepines were not permitted until 3 or more hours after the administration of the first injection of the study drug.
�Fisher exact test; P�.05 vs all IM olanzapine treatment groups and IM haloperidol at 7.5 mg.
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bias would favor IM placebo because IM placebo-
treated patients received significantly more benzodiaz-
epines than IM olanzapine-treated patients. Fifth, a medi-
cation history was not collected. Nevertheless, because
of the chronic nature of schizophrenia and related dis-
orders, most patients were probably receiving antipsy-
chotic medication. Sixth, DSM-IV diagnoses of schizo-
phrenia, schizophreniform disorder, or schizoaffective
disorder were determined by the site investigators using
all available information; however, structured diagnos-
tic interviews were not obtained. Finally, although the
study patients had schizophrenia and were sufficiently
agitated to be appropriate candidates for parenteral an-
tipsychotic therapy, they were not so agitated that they
were unable to provide informed consent or participate
in the clinical trial. Therefore, it will be important to de-
termine if our data generalize to patients who are more
agitated than those studied. The moderate level of agi-
tation, the 24-hour duration of the study, and the use of
second and third injections and concomitant benzodi-
azepines probably account for the high completion rates
(99.3%).

Doses of 5.0, 7.5, and 10.0 mg of IM olanzapine were
superior to IM placebo on the PANSS-EC by 30 minutes
after the first IM injection, indicating a rapid onset of effect
with these doses. Intramuscular olanzapine also re-
sulted in greater improvement than IM haloperidol on
the ABS (7.5 mg and 10.0 mg) and ACES (10.0 mg). In
addition, 7.5 mg of IM haloperidol was not different from
IM placebo on the PANSS-EC at 24 hours after the first
injection, whereas all doses of IM olanzapine were. The
response rates for IM olanzapine at 5.0 to 10 mg and IM
haloperidol at 7.5 mg were more than double those of
IM placebo and superior at 2 hours after the first IM in-
jection. Overall, these efficacy results provide evidence
of the superiority of IM olanzapine at 5.0, 7.5, and 10.0
mg and haloperidol at 7.5 mg compared with IM pla-
cebo in the treatment of acute agitation in schizophre-
nia. Furthermore, these data suggest that 10.0 mg of IM
olanzapine may have efficacy advantages in comparison
with 7.5 mg of IM haloperidol, as reflected by its more
rapid onset of effect, the ABS and ACES results, and the
persistence of effect at 24 hours.

Acute dystonia is frightening and distressing to pa-
tients and has been associated with noncompliance with
medication.42,43 Acute dystonia was spontaneously re-
ported in 5.0% (2/40) of IM haloperidol-treated pa-
tients but in none of those treated with IM olanzapine
or IM placebo. Furthermore, there was a lower inci-
dence of treatment-emergent parkinsonism among IM
olanzapine-treated patients than IM haloperidol-treated
patients; in addition, numerically more patients treated
with IM haloperidol than with IM olanzapine received
anticholinergic medication. These findings are in keep-
ing with previous comparisons of oral olanzapine vs oral
haloperidol44 and suggest that IM olanzapine may have
safety advantages compared with IM haloperidol regard-
ing extrapyramidal symptoms.

The incidence of the most frequently reported ad-
verse event in patients treated with IM olanzapine (hy-
potension) was no different from that with IM placebo.
Furthermore, there were no differences in the ECG QTc

interval from the time of first injection until 2 or 24 hours
later for any of the IM olanzapine treatment groups com-
pared with IM haloperidol or IM placebo. This result is
in accordance with findings from previous oral olanza-
pine studies45-47 and suggests that the ECG safety of IM
olanzapine is comparable with that of IM placebo. The
ECG safety of IM haloperidol was further confirmed by
this study.

Overall, these results suggest that IM olanzapine has
a safety profile similar to that of oral olanzapine and may
be superior in this regard to IM haloperidol. To address
potential safety concerns regarding repeated IM olanza-
pine dosing, we conducted an open-label pharmacoki-
netics study of 3 consecutive doses of IM olanzapine at
10.0 mg given 4 hours apart within 24 hours.32 These data
demonstrated that olanzapine plasma concentrations were
all within the range of steady-state plasma concentra-
tions observed with a daily oral dose of olanzapine. Thus,
if doses of 10 mg per injection of IM olanzapine are used,
it seems prudent to recommend that the cumulative daily
dose of olanzapine (including orally administered
olanzapine) should not exceed 30 mg until further
experience is gained with this formulation in the clini-
cal setting.

In summary, this study provides evidence that 2.5,
5.0, 7.5, and 10.0 mg per injection of IM olanzapine ex-
hibit a dose-response relationship in the treatment of acute
agitation in patients with schizophrenia and demon-
strate a favorable safety profile. A dose of 10.0 mg per
injection of IM olanzapine is probably most effective for
the majority of patients.

Submitted for publication September 7, 2000; final revi-
sion received February 8, 2001; accepted August 13, 2001.

This study was sponsored by Eli Lilly and Company,
Indianapolis, Ind.

Corresponding author and reprints: Alan Breier, MD,
Lilly Research Laboratories, Eli Lilly and Company, Lilly
Corporate Center, DC 1748, Indianapolis, IN 46285
(e-mail: Breier_Alan@lilly.com).

REFERENCES

1. Binder RL, McNiel DE. Contemporary practices in managing acutely violent pa-
tients in 20 psychiatric emergency rooms. Psychiatr Serv. 1999;50:1553-1554.

2. Krakowski M, Czobor P. Violence in psychiatric patients: the role of psychosis, fron-
tal lobe impairment, and ward turmoil. Compr Psychiatry. 1997;38:230-236.

3. Noble P, Rodger S. Violence by psychiatric inpatients. Br J Psychiatry. 1989;
155:384-390.

4. Citrome L, Volavka J. Violent patients in the emergency setting. Psychiatr Clin
North Am. 1999;22:789-801.

5. Volavka J. The Neurobiology of Violence. Washington, DC: American Psychiat-
ric Press; 1995.

6. Casey DE. Motor and mental aspects of extrapyramidal syndromes. Int Clin Psy-
chopharmacol. 1995;10(suppl 3):105-114.

7. Ayd FJ Jr. A survey of drug-induced extrapyramidal reactions. JAMA. 1961;175:
1054-1060.

8. Van Putten T, Marder SR. Behavioral toxicity of antipsychotic drugs. J Clin Psy-
chiatry. 1987;48(suppl 9):13-19.

9. Keck PE Jr, Pope HG Jr, Cohen BM, McElroy SL, Nierenberg AA. Risk factors for
neuroleptic malignant syndrome: a case-control study. Arch Gen Psychiatry. 1989;
46:914-918.

10. Reilly JG, Ayis SA, Ferrier IN, Jones SJ, Thomas SHL. QTc interval abnormali-
ties and psychotropic drug therapy in psychiatric patients. Lancet. 2000;355:
1048-1052.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 59, MAY 2002 WWW.ARCHGENPSYCHIATRY.COM
447

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 07/28/2014



11. Warner JP, Barnes TR, Henry JA. Electrocardiographic changes in patients re-
ceiving neuroleptic medication. Acta Psychiatr Scand. 1996;93:311-313.

12. Cohen S, Khan A. Respiratory distress with use of lorazepam in mania [letter].
J Clin Psychopharmacol. 1987;7:199-200.

13. Hatta K, Takahashi T, Nakamura H, Yamashiro H, Endo H, Kito K, Saeki T, Masui
K, Yonezawa Y. A risk for obstruction of the airways in the parenteral use of le-
vomepromazine with benzodiazepine. Pharmacopsychiatry. 1998;31:126-130.

14. Forster A, Gardaz JP, Suter PM, Gemperle M. Respiratory depression by mid-
azolam and diazepam. Anesthesiology. 1980;53:494-497.

15. Modell JG. Further experience and observation with lorazepam in the manage-
ment of behavioral agitation [letter]. J Clin Psychopharmacol. 1986;6:385-387.

16. Lader MH. Limitations on the use of benzodiazepines in anxiety and insomnia:
are they justified? Eur Neuropsychopharmacol. 1999;9(suppl 6):S399-S405.

17. Pilowsky LS, Ring H, Shine PJ, Battersby M, Lader M. Rapid tranquilization: a
survey of emergency prescribing in a general psychiatric hospital. Br J Psychia-
try. 1992;160:831-835.

18. Iwahashi K, Nakamura K, Miyatake R, Suwaki H, Hosokawa K. Cardiac effects of
haloperidol and carbamazepine treatment. Am J Psychiatry. 1996;153:135.

19. Stimmel GL. Benzodiazepines in schizophrenia. Pharmacotherapy. 1996;16:
148S-151S.

20. Levy RH. Sedation in acute and chronic agitation. Pharmacotherapy. 1996;16:
152S-159S.

21. Lader M. Some adverse effects of antipsychotics: prevention and treatment.
J Clin Psychiatry. 1999;60(suppl 12):18-21.

22. Casey DE. Side effect profiles of new antipsychotic agents. J Clin Psychiatry. 1996;
57(suppl 11):40-45.

23. Love RC. Novel vs conventional antipsychotic drugs. Pharmacotherapy. 1996;
16:6-10.

24. Buckley NA, Sanders P. Cardiovascular adverse effects of antipsychotic drugs.
Drug Saf. 2000;23:215-228.

25. Wright P. Schizophrenia and related disorders. In: Stern J, Phelan M, eds. Core
Psychiatry. London, England: WB Saunders; 2000:279-282.

26. Kay SR, Sevy S. Pyramidical model of schizophrenia. Schizophr Bull. 1990;16:
537-545.

27. Reschke RW. Parenteral haloperidol for rapid control of severe, disruptive symp-
toms of acute schizophrenia. Dis Nerv Syst. 1974;35:112-115.

28. Anderson WH, Kuehnle JC, Catanzano DM. Rapid treatment of acute psychosis.
Am J Psychiatry. 1976;133:1076-1078.

29. Neborsky R, Janowsky D, Munson E, Depry D. Rapid treatment of acute psy-
chotic symptoms with high- and low-dose haloperidol: behavioral consider-
ations. Arch Gen Psychiatry. 1981;38:195-199.

30. Baldessarini RJ, Cohen BM, Teicher MH. Significance of neuroleptic dose and
plasma level in the pharmacological treatment of psychoses. Arch Gen Psychia-
try. 1988;45:79-91.

31. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition. Washington, DC: American Psychiatric Association;
1994.

32. Wright P, Jewell H, Mitchell M, Hatcher B, Brook S, Kiesler G, Bergstrom R. A
preliminary study of the safety, efficacy, and pharmacokinetics of intramuscular
(IM) olanzapine in patients with acute nonorganic psychosis [abstract]. Schizophr
Res. 1999;36:318.

33. Wright P, Kiesler G, Mitchell M, Jewell H, Birkett M, Selemani S, VanWyk C, Brook
S. Safety and efficacy of intramuscular (IM) olanzapine in patients with acute
nonorganic psychosis [abstract]. Schizophr Res. 1999;36:318.

34. Milton GV, Jann MW. Emergency treatment of psychotic symptoms. Clin Phar-
macokinet. 1995;28:494-504.

35. Corrigan JD, Mysiw WJ. Agitation following traumatic head injury: equivocal evi-
dence for a discrete stage of cognitive recovery. Arch Phys Med Rehabil. 1988;
69:487-492.

36. Guy W. ECDEU Assessment Manual for Psychopharmacology. Bethesda, Md:
US Dept of Health, Education, and Welfare; 1976.

37. Simpson GM, Angus JWS. A rating scale for extrapyramidal side effects. Acta
Psychiatr Scand. 1970;212:11-19.

38. Barnes TRE. A rating scale for drug-induced akathisia. Br J Psychiatry. 1989;
154:672-676.

39. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retrospec-
tive studies of disease. J Natl Cancer Inst. 1959;22:719-748.

40. Breslow NE, Day NE. Statistical Methods in Cancer Research, 1: The Analysis of
Case-Control Studies. Lyon, France: International Agency for Research on Can-
cer; 1980.

41. Stokes ME, Davis CS, Koch GG. Categorical Data Analysis Using the SAS Sys-
tem. Cary, NC: SAS Institute Inc; 1995.

42. Weiden PJ, Shaw E, Mann JJ. Causes of neuroleptic noncompliance. Psychiatr
Ann. 1986;16:571-575.

43. Fleishhacker WW, Meise U, Gunther V, Kurz M. Compliance with antipsychotic
drug treatment: influence of side effects. Acta Psychiatr Scand. 1994;382(suppl):
11-15.

44. Tran P, Dellva MA, Tollefson GD, Beasley CM, Potvin JH, Kiesler GM. Extrapy-
ramidal symptoms and tolerability of olanzapine vs haloperidol in the acute treat-
ment of schizophrenia. J Clin Psychiatry. 1997;58:205-211.

45. Tran P, Hamilton SH, Kuntz AJ, Potvin JH, Andersen SW, Beasley CM, Tollefson
G. Double-blind comparison of olanzapine vs risperidone in the treatment of schizo-
phrenia and other psychotic disorders. J Clin Psychiatry. 1997;17:407-418.

46. Beasley CM, Hamilton SH, Crawford AM, Dellva MA, Tollefson GD, Tran PV. Olan-
zapine vs haloperidol: acute-phase results of the international double-blind olan-
zapine trial. Eur Neuropsychopharmacol. 1997;7:125-137.

47. Beasley CM, Tollefson G, Tran P. Safety of olanzapine. J Clin Psychiatry. 1997;
58(suppl 10):13-17.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 59, MAY 2002 WWW.ARCHGENPSYCHIATRY.COM
448

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 07/28/2014


