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This double-blind study investigated the efficacy and safety 
of rapid-acting intramuscular olanzapine in treating 
agitation associated with Alzheimer’s disease and/or 
vascular dementia. At 2 h, olanzapine (5.0 mg, 2.5 mg) and 
lorazepam (1.0 mg) showed significant improvement over 
placebo on the PANSS Excited Component (PANSS-EC) 
and Agitation–Calmness Evaluation Scale (ACES), and 
both 5.0 mg olanzapine and lorazepam showed superiority 
to placebo on the Cohen-Mansfield Agitation Inventory. At 
24 h, both olanzapine groups maintained superiority over 
placebo on the PANSS-EC; lorazepam did not. Olanzapine 
(5.0 mg) and lorazepam improved ACES scores more than 
placebo. Simpson–Angus and Mini-Mental State 
Examination scores did not change significantly from 

baseline. Sedation (ACES 

 

�

 

8), adverse events, and 
laboratory analytes were not significantly different from 
placebo for any treatment. No significant differences among 
treatment groups were seen in extrapyramidal symptoms or 
in corrected QT interval at either 2 h or 24 h, and no 
significant differences among treatment groups were seen in 
vital signs, including orthostasis. Intramuscular injection 
of olanzapine may therefore provide substantial benefit in 
rapidly treating inpatients with acute dementia-related 
agitation.
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It has been estimated that 5% of people older than 65,
and up to 20% of those aged 80 and older, are affected
by dementia (Gurland and Cross 1982; Small and Jarvik
1982). Of these, nearly half exhibit behavioral distur-
bances, such as agitation, wandering, and violent out-
bursts (Kunik et al. 1994). Agitation has been defined as
“inappropriate verbal, vocal, or motor activity not ex-
plainable by apparent needs or confusion” (Cohen-
Mansfield 1986), and includes both physically and ver-
bally aggressive behaviors such as hitting, biting, and
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screaming, and nonaggressive behaviors such as pac-
ing, wandering, and continual requests for attention. In
nursing home patients with dementia, the prevalence of
these disturbances may be as high as 75% (Deutsch and
Rovner 1991).

Severe symptoms of agitation may require rapid
treatment in the form of parenteral medication when a
very rapid onset is required or when patients refuse or
cannot take oral agents. In some instances, the use of
medication is less desirable than alternative methods
such as behavioral intervention. However, occasions
arise where a pharmacological intervention is unavoid-
able and in the best interests of the patient. Lorazepam
is commonly used for treatment of acute agitation, and
the benzodiazepines are currently among the few
agents available in a parenteral formulation for treat-
ment of agitation. Use of orally administered atypical
antipsychotics such as olanzapine and risperidone has
met with some success in treating behavioral distur-
bances in patients with dementia (Clark et al. 2001; De
Deyn et al. 1999; Katz et al. 1999; Street et al. 2000). A
parenteral formulation of a second-generation antipsy-
chotic might offer some advantage over their corre-
sponding oral formulations due to faster onset of effect
and utility where the patient cannot, or will not, accept
oral treatment (Bianchetti et al. 1980; Schaffer et al.
1982). Rapid tranquilization with parenteral typical an-
tipsychotic agents may induce hypotension (Marsden
and Jenner 1980; Schwartz and Brotman 1992), car-
diotoxicity (Lawrence and Nasraway 1997; Rao 1996),
and extrapyramidal side effects (EPS) (Foster et al. 1997;
Salzman et al. 1991), all of which are of particular con-
cern in an elderly population because of their enhanced
susceptibility to EPS (Caligiuri et al. 1999). Until now,
rapidly acting, parenterally administered atypical neu-
roleptics have been unavailable in the United States.

Olanzapine is an atypical neuroleptic agent that has
been approved for oral treatment of both schizophrenia
and acute mania. A previous study has shown positive
results with the use of a rapidly acting intramuscular
formulation of olanzapine in the treatment of agitation
associated with psychosis in elderly patients with
schizophrenia (Wright et al. 2000). The present study
investigates the efficacy and safety of intramuscular in-
jection of olanzapine in the treatment of agitation asso-
ciated with dementia, testing the hypothesis that olan-
zapine is more effective than placebo in treating
agitation.

 

METHODS

Study Group

 

Patients in this study were clinically agitated inpatients,
hospitalized or nursing home residents, aged 55 or
older, who met either National Institute of Neurological

and Communicative Disorders and Stroke—Alzhe-
imer’s Disease and Related Disorders Association or
DSM-IV (American Psychiatric Association 1994) crite-
ria for possible or probable Alzheimer’s disease (AD),
vascular dementia, or a combination of both (“mixed
dementia”). Patients were initially screened on the basis
of chart reviews, staff interviews, and recommenda-
tions by the investigators and patients’ family mem-
bers. For study inclusion, patients must have scored

 

�

 

14 on the Excited Component of the Positive and
Negative Syndrome Scale (PANSS; Kay et al. 1986); for
description of Excited Component, see Assessments
section), have at least one individual PANSS item score

 

�

 

4 on a scale of 1–7, and be diagnosed with clinically
significant agitation for which treatment with a parenteral
agent is indicated. Patients were excluded if they re-
ceived benzodiazepines, antipsychotics, or anticholiner-
gics within 4 h prior to the first injection of study drug,
if they received psychostimulants or reserpine within
one week prior to study drug administration, or an in-
jectable depot neuroleptic within less than one dosing
interval of study initiation, if they had been diagnosed
with any serious neurological condition other than AD
or vascular dementia that could contribute to psychosis
or dementia, if they had laboratory or ECG abnormali-
ties with clinical implications for the patient’s participa-
tion in the study, or if they were judged to be at serious
risk of suicide. Prior to participation, all patients or their
designated representatives signed an informed consent
document approved by the study site’s Institutional Re-
view Board.

 

Study Design

 

This was a multicenter, randomized, double-blind, pla-
cebo-controlled parallel study, conducted at 33 sites in
the United States, two in Russia, and three in Romania.
Study Period I consisted of a screening period to assess
patients’ eligibility for enrollment. A screening electro-
cardiogram (ECG) was performed within 6 h prior to
the first injection. If it was not possible to obtain an
ECG within 6 h prior to the first injection, an ECG
which had been obtained within two weeks prior to the
first injection was used as baseline. Study Period II be-
gan with initiation of preliminary evaluations for the
first injection, and continued for 24 h. Randomization
was performed in a 1:1:1:1 ratio between IM olanzapine
2.5 mg (Olz2.5), IM olanzapine 5.0 mg (Olz5.0), IM
lorazepam 1.0 mg (Lzp), and IM placebo treatment
groups. A second and third injection were optional, ad-
ministered as needed in the clinical opinion of the in-
vestigator, but within 20 h of the first injection. Injec-
tions 1 and 2 consisted of olanzapine 2.5 mg, olanzapine
5.0 mg, lorazepam 1.0 mg, or placebo, depending on the
patient’s assigned treatment group. Injection 2, if deemed
clinically necessary, was given at least 2 h after injection
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1. The doses of injection 3, if deemed necessary, were as
follows: the Olz5.0 group received olanzapine 2.5 mg,
the Olz2.5 group received olanzapine 1.25 mg, the Lzp
group received lorazepam 0.5 mg, and the placebo group
received olanzapine 5.0 mg (“crossover” patients), for a
maximum drug exposure of 12.5 mg of olanzapine, 6.25
mg of olanzapine, 2.5 mg of lorazepam, and 5.0 mg of
olanzapine, respectively. Injection 3 was given at least 1
h after injection 2. If a patient required treatment with
another therapeutic agent for agitation after injection 3,
that patient was discontinued from the study.

 

Assessments

 

Patients’ levels of agitation were assessed prior to the
first dose, every 30 min for the first 2 h, and at 4, 6, and
24 h post first injection. Assessment scales included the
PANSS Excited Component (PANSS-EC; Kay et al.
1986; Kay and Sevy 1990; Lancon et al. 2000; Linden-
mayer et al. 1995; Wolthaus et al. 2000), Cohen–Mans-
field Agitation Inventory (CMAI; Cohen-Mansfield
1986; Cohen-Mansfield et al. 1990), and the Agitation–
Calmness Evaluation Scale (ACES). The PANSS-EC
subscale consists of five items of the PANSS: poor im-
pulse control, tension, hostility, uncooperativeness, and
excitement. The CMAI is a 30-item, 7-point rating scale
used to rate the frequency with which patients exhibit
agitated behavior. The ACES is a Lilly internally devel-
oped scale ranging from 1 

 

�

 

 marked agitation to 9 

 

�

 

unarousable. This scale has a high convergent validity
and high reliability. The degree of convergent validity
was explored by investigating the relationship between
the ACES and the PANSS-EC and the CMAI. In both
cases, a large and significant correlation was found
with the ACES (

 

r 

 

�

 

 

 

�

 

.71, 

 

p

 

 

 

�

 

 .0001; and 

 

r 

 

�

 

 

 

�

 

.59, 

 

p

 

 

 

�

 

.0001, respectively). During inter-rater testing, a high
degree of reliability was found, with an average concor-
dance of 83.6%. Average concordance within one point
was 98.7%.

The a priori primary objective in this study was to as-
sess the efficacy of 5.0-mg IM olanzapine compared
with placebo in improving severity of agitation at 2 h
post first injection, as measured by reduction from base-
line on the PANSS-EC. Additional, secondary measures
of agitation at the 2-h timepoint included the CMAI and
the ACES. Changes from baseline to 24 h post first injec-
tion also served as additional efficacy measures, using
the PANSS-EC, the PANSS-derived Brief Psychiatric
Rating Scale (BPRS; Overall and Gorham 1962) total
and positive symptomatology cluster, CMAI, ACES,
Mini-Mental State Examination (MMSE; Folstein et al.
1975), and Clinical Global Impression–Severity of Ill-
ness scale (CGI-S; Guy 1976) for dementia.

As an additional measure of baseline severity of ill-
ness, patients were assessed with the Neuropsychiatric
Inventory/Nursing Home version (NPI/NH; Wood et
al. 2000). The NPI/NH evaluates psychopathology in

patients with AD and other dementias, and is based on
responses obtained by a trained interviewer from the
primary caregiver who was involved in the ongoing care
of the patient in the month prior to the study. The NPI/
NH consists of 10 behavioral and 2 neurovegetative
items, with the score of each item, if present, represent-
ing the product of symptom frequency (1 

 

�

 

 occasionally
to 4 

 

�

 

 very frequently) times severity (1 

 

�

 

 mild to 3 

 

�

 

severe). For each item, an Occupational Disruptiveness
score is obtained and encompasses the work, effort, time,
or distress a particular behavior causes the staff care-
giver (0 

 

�

 

 no disruption to 5 

 

�

 

 very severe or extreme).
At screening, medical history, psychiatric assessment,

physical examination, electrocardiographs (ECGs), vital
signs, and laboratory profile were obtained. Extra-
pyramidal symptoms were assessed with the Simpson-
Angus Scale. Adverse events were detected by clinical
evaluation and spontaneous report throughout the
study. To this end, observers and staff were trained to
report any physiological or psychological change while
maintaining patients under continuous observation.
ECGs were recorded at screening and endpoint (both
2 h and 24 h post first injection, and/or upon discontin-
uation after randomization).

 

Statistical Methods

 

Patient data were analyzed on an intent-to-treat basis
(Gillings and Koch 1991). For analysis of last-observa-
tion-carried-forward (LOCF) mean change from base-
line to endpoint, patients with a baseline and at least
one postbaseline measurement were included in the
analysis. In the change from baseline to 24-h endpoint
analyses, endpoint scores for placebo patients were de-
fined as the last observation prior to the third injection.
All tests were 2-tailed, with an 

 

�

 

 level of .05. To deter-
mine if olanzapine was more efficacious than placebo,
an analysis of variance (ANOVA) was applied to the
mean change in PANSS-EC scores from baseline to 2 h
post first injection. The model initially included terms
for treatment, country, and treatment-by-country inter-
action. Tests of interaction were deemed significant at
an 

 

�

 

 level of .10. If the interaction was deemed nonsig-
nificant, the term was removed from the model, and the
between-treatment group 

 

p

 

 value was obtained from
the main effects model. Comparisons among treatment
groups were evaluated using contrasts of the least-
square means. Continuous data of changes from base-
line within treatments were analyzed by Wilcoxon’s
Signed Rank Test. Comparisons between patients in
nursing home settings and those in hospital settings
were made using Student’s 

 

t

 

-test.
Response rates were calculated from the PANSS-EC

score using an LOCF technique. A responder was de-
fined a priori as any patient who achieved at least a 40%
reduction in PANSS-EC score from baseline to endpoint
at 2 h post first injection. Response rates and categorical
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data (demographic variables, reasons for study discon-
tinuation, study drug injection frequency, treatment-
emergent adverse events, incidence of concomitant
drug use, incidence of extrapyramidal symptoms, and
incidence of oversedation) were evaluated using Fisher’s
exact test. To assess treatment-emergent parkinsonism,
the proportion of patients with a Simpson–Angus total
score 

 

�

 

3 during the 24-h study period was calculated
from among those with a total score 

 

�

 

3 at baseline. This
definition was established a priori and has been used in
previous olanzapine studies (Sanger et al. 1999; Tran et
al. 1997). Kaplan–Meier estimates of time to response
on the PANSS-EC during the 2 h post first injection
were compared among treatment groups using a log-
rank test.

 

RESULTS

Patient Characteristics and Disposition

 

In total, 331 patients entered the screening phase of the
study, of whom 272 were randomized to treatment.
Among the 59 patients who were not randomized, rea-
sons for nonrandomization included Criteria Not Met
(n 

 

�

 

 43), Physician Decision (n 

 

�

 

 9), Patient Decision (n 

 

�

 

5), and Adverse Event (n 

 

�

 

 2). Demographics of the
randomized patients did not differ significantly among
the four treatment groups. Most patients were Cauca-
sian (92.3%), the majority were female (61.0%), and the
average age was 77.6 years (

 

SD

 

 

 

�

 

 9.7; range, 54–97).
The percentage of patients taking at least one concomi-
tant medication was not significantly different among
treatment groups. The percentage of patients complet-
ing the 24-h post first injection period and not discon-
tinuing the study was roughly equal among the three
active-treatment groups (Olz2.5, 94.4%; Olz5.0, 92.4%;
Lzp, 89.7%; placebo, 88.9%). No patients withdrew due
to an adverse event, and discontinuations due to lack of
efficacy were approximately equal among the treat-
ment groups (Olz2.5, 5.6%; Olz5.0, 3.0%; Lzp, 7.4%; pla-
cebo, 2.8%). Of the 31 “crossover” patients who transi-
tioned from placebo to a third injection consisting of 5-
mg olanzapine, 25 (80.6%) completed the study, 5
(16.1%) withdrew due to lack of efficacy, and one (3.2%)
withdrew due to an adverse event (tachycardia).

The overall mean baseline MMSE score was 11.8 (

 

SD

 

 

 

�

 

7.1), indicating moderate cognitive impairment. Pa-
tients from nursing homes were significantly more cog-
nitively impaired than those from hospital inpatient
settings (nursing homes: 9.0, 

 

SD

 

 

 

�

 

 8.6, n 

 

�

 

 59; hospi-
tals: 12.6, 

 

SD

 

 

 

�

 

 6.3, n 

 

�

 

 185; 

 

t

 

 

 

�

 

 2.98, 

 

p

 

 

 

�

 

 .004). Mean
BPRS total score (possible range: 0–108) at baseline was
35.8 (

 

SD

 

 

 

�

 

 10.4), indicating mild psychiatric illness,
with nursing-home patients again showing greater de-
bilitation (nursing homes: 39.0, 

 

SD

 

 

 

�

 

 9.7, n 

 

�

 

 60; hospi-
tals: 34.8, 

 

SD

 

 

 

�

 

 10.4, n 

 

�

 

 203; 

 

t

 

 

 

�

 

 2.88, 

 

p

 

 

 

�

 

 .005). NPI/
NH scores at baseline likewise indicated mild-to-mod-

 

erate levels of psychotic and depressive/dysphoric
symptomatology, and moderate levels of anxiety. Mea-
surements of the caregivers’ distress, brought about by
patients’ psychotic and behavioral symptoms, indicated
moderate levels of occupational disruptiveness. Overall
mean baseline PANSS-EC score was 19.75 (

 

SD

 

 

 

�

 

 13.00),
ACES score was 2.18 (

 

SD

 

 

 

�

 

 0.71), and CMAI score was
6.97 (

 

SD

 

 

 

�

 

 6.00), corresponding to moderate-to-severe
levels of agitation. PANSS-EC scores indicated that
nursing-home patients were slightly but significantly
more agitated than hospitalized patients (nursing
homes: 20.9, 

 

SD

 

 

 

�

 

 4.5, n 

 

�

 

 63; hospitals: 19.4, 

 

SD

 

 

 

�

 

 4.1,
n 

 

�

 

 209; 

 

t

 

 

 

�

 

 2.35, 

 

p

 

 

 

�

 

 .02). The treatment groups were
comparable at baseline on all measures. Measures of
adverse events at baseline indicated that many patients
had compromised cardiac health: 41.2% had hyperten-
sion, 32.0% had some degree of coronary artery disease,
including histories of myocardial infarctions, 12.9% had
congestive heart failure, and 12.9% had cerebrovascular
and/or peripheral vascular disease. In addition, there
were 13.2% with chronic respiratory disease, 11.4%
with diabetes, and 13.6% with hypothyroidism.

Significantly more patients in the placebo group (31
of 67, 46.3%) required a third injection than in either
olanzapine-treatment group (Olz5.0: 11 of 66, 16.7%;
Fisher’s exact test, 

 

p

 

 

 

�

 

 .001; Olz2.5: 18 of 71, 25.4%;
Fisher’s exact test, 

 

p

 

 

 

�

 

 .01) or in the lorazepam-treat-
ment group (14 of 68, 20.6%; Fisher’s exact test, 

 

p

 

 

 

�

 

.002). Differences among the three active-treatment
groups were not significant. Conversely, significantly
more patients in the Olz5.0 group (42 of 66, 63.6%) re-
quired only one injection, compared with the patients
in the placebo group (28 of 67, 41.8%; Fisher’s exact test,

 

p

 

 

 

�

 

 .02). However, the number of patients requiring
only one injection was not significantly greater than
placebo for the Lzp (40 of 68, 58.8%; Fisher’s exact test, 

 

p

 

 

 

�

 

.06) or Olz2.5 (42 of 71, 59.2%; Fisher’s exact test, 

 

p

 

 �
.06) groups. Differences among the three active-treat-
ment groups were not significant.

Efficacy Results

Two Hours Post First Injection. At 2 h post first injec-
tion, patients in both the Olz5.0 and Lzp treatment
groups showed significantly greater improvement rela-
tive to placebo on all three measures of agitation, while
patients receiving 2.5-mg olanzapine showed signifi-
cantly greater improvement relative to placebo in their
PANSS-EC and ACES scores (Tables 1 and 2). Differ-
ences among the three active-treatment groups on the
three measures of agitation were not significant. Pa-
tients in all four treatment groups showed significant
improvements from baseline (p � .001) on all three
measures of agitation. Mean score on the ACES for
Olz2.5 at the 2-h endpoint was 4.07 (4 � normal), 4.05
for Olz5.0, 4.35 for Lzp, and 3.18 (3 � mild agitation) for
the placebo group, indicating that patients treated with
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olanzapine and lorazepam did not experience excessive
sedation.

Analysis of variance of the mean PANSS-EC scores
within the 2 h post first injection revealed an overall
treatment difference that became significant by the 60-
min timepoint (F3,266 � 2.73, p � .04). However, differ-
ences among the three active-treatment groups, exclu-
sive of the placebo group, were not significant at any
timepoint. Olz5.0 was significantly more efficacious
than placebo at 30 min postinjection, the first postbase-
line timepoint at which the PANSS-EC was adminis-
tered (Olz5.0: mean �5.09, SD � 5.80, n � 66; placebo:
mean �3.29, SD � 5.41, n � 66; F1,265 � 3.86, p � .05;
Figure 1). This superiority was maintained at all succes-

sive timepoints (60, 90, 120 min). Olz2.5 scores showed
significantly greater improvement relative to placebo
only at the 120-min timepoint (Olz2.5: mean, �7.86, SD �
6.05, n � 71; placebo: mean, �5.27, SD � 6.87, n � 67;
F1,266 � 5.14, p � .02), although Olz2.5 showed signifi-
cant improvement relative to baseline by the first time-
point at 30 min (mean, �4.90, SD � 5.19, n � 71; Wil-
coxon’s Signed Rank Test, p � .001) and at each
subsequent timepoint. Improvement with lorazepam
became significantly superior to placebo at the 60-min
timepoint (Lzp: mean –7.47, SD � 5.59, n � 68; placebo:
mean –5.12, SD � 5.76, n � 66; F1,266 � 6.44, p � .01),
and this improvement was maintained until the 2-h
timepoint. No significant differences were found be-

Table 1. Primary Measure of Efficacy—Mean Change in PANSS-EC Score from Baseline 
at 2 Hours Post First Intramuscular Injection (LOCF)

Variable

Olanzapine
2.5 mg

(n � 71)

Olanzapine
5.0 mg

(n � 66)

Lorazepam
1.0 mg

(n � 68)

Placebo

(n � 67)

Total �7.86 (6.05)* �8.67 (6.97)** �8.49 (6.55)** �5.27 (6.87)
Individual Items
 Poor Impulse Control �1.39 (1.39) �1.71 (1.62)* �1.62 (1.45)* �1.06 (1.48)
 Tension �1.86 (1.44)* �1.82 (1.60)* �1.76 (1.56)* �1.16 (1.69)
 Hostility �1.20 (1.49) �1.65 (1.50)** �1.50 (1.70)* �0.81 (1.84)
 Uncooperativeness �1.68 (1.50)** �1.82 (1.55)*** �1.60 (1.44)** �0.96 (1.50)
 Excitement �1.73 (1.38) �1.67 (1.62) �2.00 (1.62)** �1.28 (1.65)

*p � .05 relative to placebo, analysis of variance, uncorrected for multiplicity.
**p � .01 relative to placebo, analysis of variance, uncorrected for multiplicity.
***p � .001 relative to placebo, analysis of variance, uncorrected for multiplicity.
Abbreviations: LOCF, last observation carried forward; PANSS-EC, Positive and Negative Syndrome

Scale–Excited Component subscale.

Table 2. Additional Measures of Efficacy—Mean Change from Baseline at 2 and 24 
Hours Post First Intramuscular Injection (LOCF)

Variable
Olanzapine 2.5 mg

(n � 71)
Olanzapine 5.0 mg

(n � 66)
Lorazepam 1.0 mg

(n � 68)
Placebo
(n � 67)

2 Hours Post First IM Injection, Mean (SD)

CMAI �3.77 (2.93) �3.97 (3.89)* �4.18 (3.52)* �2.78 (3.40)
ACES 1.80 (1.61)* 1.88 (1.86)** 2.19 (1.83)** 1.04 (1.66)

24 Hours Post First IM Injection, Mean (SD)

PANSS-EC �6.44 (6.00)* �6.29 (6.75)* �5.75 (5.99) �3.81 (6.20)
BPRS Total �10.51 (11.50) �10.59 (11.31) �9.12 (10.27) �10.29 (11.72)
BPRS Positive �1.72 (3.50) �1.86 (3.39) �1.32 (3.32) �2.09 (3.80)
CMAI �2.82 (3.21) �3.36 (3.92) �2.82 (3.08) �2.21 (3.57)
ACES 0.90 (1.19) 1.29 (1.49)** 1.07 (1.12)* 0.63 (1.14)
CGI-S �0.38 (0.80) �0.47 (0.89) �0.46 (0.80) �0.59 (0.92)
MMSE Total 0.31 (2.29) 0.10 (3.01) 0.08 (3.04) 0.37 (3.62)

*p � .05 relative to placebo, analysis of variance, uncorrected for multiplicity.
**p � .01 relative to placebo, analysis of variance, uncorrected for multiplicity.
***p � .001 relative to placebo, analysis of variance, uncorrected for multiplicity.
Abbreviations: ACES, Agitation–Calmness Evaluation Scale; BPRS, Brief Psychiatric Rating Scale; CGI-I,

Clinical Global Impressions – Improvement of Illness Scale; CGI-S, Clinical Global Impressions – Severity of
Illness Scale; CMAI, Cohen-Mansfield Agitation Inventory; LOCF, last observation carried forward; MMSE,
Mini-Mental State Exam; PANSS-EC, Positive and Negative Syndrome Scale–Excited Component subscale.
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tween patients in nursing-home versus hospital settings
on any measures of efficacy.

Clinical response, defined a priori as �40% improve-
ment from baseline in PANSS-EC score, was achieved
at 2 h post first injection in 44 of the 66 Olz5.0 patients
(66.7%; Fisher’s exact test, p � .001 relative to placebo),
44 of the 71 Olz2.5 patients (62.0%; Fisher’s exact test,
p � .006 relative to placebo), and 49 of the 68 Lzp patients
(72.1%; Fisher’s exact test, p � .001 relative to placebo),
compared with 25 of 67 patients (37.3%) in the placebo
group. Differences among the active-treatment groups
were not significant.

As an additional post hoc measure of improvement,
categorical analyses were conducted based on the inci-
dence rates of the number of patients with at least one
PANSS-EC individual item score �4 (at least moderate
psychopathology) at baseline and all five item scores
�4 (mild-to-none) at the 2-h endpoint. All three active-
treatment groups had a significantly higher incidence
of improved patients (Olz5.0: 46 of 66, 69.7%; Fisher’s
exact test, p � .001; Olz2.5: 45 of 71, 63.4%; Fisher’s ex-
act test, p � .006; Lzp: 48 of 68, 70.6%; Fisher’s exact test,
p � .001) at 2 h post first injection than were seen in the
placebo group (26 of 67, 38.8%). No significant differ-
ences in incidence rates were seen among the active-
treatment groups.
Twenty-four Hours Post First Injection. At 24 h post
first injection, changes from baseline had lessened for
all four treatment groups relative to the 2-h timepoint
on all three measures of agitation (Table 2). Changes
from baseline on the PANSS-EC were still significantly
greater than placebo for the two olanzapine groups

(placebo: mean �3.81, SD � 6.20, n � 67; Olz5.0: mean
�6.29, SD � 6.75, n � 66, t266 � �2.26, p � .02; Olz2.5:
mean �6.44, SD � 6.00, n � 71, t266 � �2.45, p � .02),
whereas the change in the lorazepam group was no
longer significant (mean –5.75, SD � 5.99, n � 68, t266 �
�1.91, p � .06). The improvement seen in ACES scores
at 24 h was still significantly greater than placebo
(mean 0.63, SD � 1.14, n � 67) in both the Olz5.0 (mean
1.29, SD � 1.49, n � 66, 2-tailed pairwise t266 � 3.04, p �
.003) and the Lzp groups (mean 1.07, SD � 1.12, n � 68,
t266 � 2.13, p � .03). Improvement in ACES scores for
Olz2.5 (mean 0.90, SD � 1.19, n � 71, t266 � 1.26, p �
.21) was no longer significantly greater than that for the
placebo group, although Olz2.5 still showed significant
improvement from baseline (Wilcoxon’s Signed Rank
Test, p � .001). At 24 h, there were no significant differ-
ences between placebo and either olanzapine group or
lorazepam on the BPRS total, BPRS Positive, CMAI,
CGI-S, or MMSE total. Patients in hospital settings had
a greater mean improvement in CGI-S scores at 24 h
(mean, �0.54; n � 179) than patients in nursing homes
(mean, �0.21, n � 58; t214.4 � �3.77, p�.001).

Categorical analyses were again conducted based on
the incidence rates among the treatment groups at 24 h
post first injection of the number of patients with at
least one PANSS-EC individual item score �4 at base-
line and all five item scores �4 at endpoint. As at the
2-h timepoint, all three active-treatment groups had
higher improvement incidence rates (Olz5.0: 38 of 66,
57.6%; Fisher’s exact test, p � .001; Olz2.5: 40 of 71,
56.3%; Fisher’s exact test, p � .001; Lzp: 39 of 68, 57.4%;
Fisher’s exact test, p � .001) than were seen in the pla-
cebo group (18 of 67, 26.9%), but no significant differ-
ences were seen among the active-treatment groups.

Safety Results

Extrapyramidal symptom scores on the Simpson–An-
gus Scale were not significantly different among the
four treatment groups at baseline, and they did not
change significantly from baseline to endpoint. Base-
line-to-endpoint changes in the two olanzapine-treat-
ment groups and in the lorazepam-treatment group
were not significantly different from those in the pla-
cebo group. Overall and within-group categorical dif-
ferences in the incidence of treatment emergent parkin-
sonism were not significant.

Treatment-emergent adverse events (Table 3) were
not significantly different from placebo in any active-
treatment group. MMSE scores, indicative of cognitive
state, were not substantially changed from baseline in
any treatment group, and no significant differences
were seen in mean change scores among the four treat-
ment groups (Table 2). Using the treatment-emergent
occurrences of ACES values of 8 (“deep sleep”) or 9
(“unarousable”) as a categorical measure of overseda-

Figure 1. Visitwise change in PANSS Excited Component
score (LOCF) from baseline to 2 h post first injection of olan-
zapine, lorazepam, or placebo. Intramuscular administra-
tion of olanzapine 5.0 mg was significantly more efficacious
than placebo at every post-baseline timepoint (30, 60, 90, 120
min). Olanzapine 2.5 mg was more efficacious than placebo
at the 120-min timepoint. Lorazepam 1.0 mg was more effi-
cacious than placebo at 60, 90, and 120 min post first injec-
tion. *p � .05 relative to placebo, analysis of variance.
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tion, no differences were seen in incidence rates among
the olanzapine, lorazepam, and placebo groups at any
time, either during the 2-h (Fisher’s exact test, p � .84)
or 24-h period (Fisher’s exact test, p � .81) post first in-
jection. The incidence of the adverse event somnolence
was also not significantly different between treatment
groups (Table 3), and all instances of somnolence were
determined to be moderate or mild.

No statistically or clinically significant overall differ-
ences were seen among the treatment groups in any vi-
tal sign, including orthostasis, or in any laboratory ana-
lyte, including plasma glucose levels. Analysis of
electrocardiographic data at 2 h post first injection re-
vealed a significant decrease from baseline in corrected
QT interval (QTc) in the Lzp group (�6.18 ms, SD �
20.59, n � 63; Wilcoxon’s Signed Rank Test, p � .007)
which was not seen at 24 h. Similarly, the Olz2.5 group
showed a significant decrease relative to baseline in
QTc at 24 h (�7.41 ms, SD � 21.80, n � 68; Wilcoxon’s
Signed Rank Test, p � .009), while placebo led to a sig-
nificant increase in QTc relative to baseline (	5.44 ms,
SD � 20.16, n � 64; Wilcoxon’s Signed Rank Test, p �
.048). In a categorical analysis of QTc, a baseline inter-
val �500 ms followed by a postbaseline interval �500
ms at any time was classified as abnormal (Morganroth
et al. 1993). There was no statistically significant overall
difference among the treatment groups in the incidence
of QTc intervals �500 ms and no statistically significant
pairwise comparisons between treatment groups at ei-
ther 2 h or 24 h. Two patients (3.3%) in the Olz5.0
group, one patient (1.5%) in the Olz2.5 group, three pa-
tients (4.7%) in the Lzp group, and three patients (4.8%)
in the placebo group exceeded this threshold during the
24-h period. No other potentially clinically significant
ECG changes were observed.

DISCUSSION

Treatment of agitation in elderly patients with demen-
tia currently relies on pharmacotherapy with one or

more of a variety of different agents, including the ben-
zodiazepines, neuroleptics, and putative mood stabiliz-
ers such as 
-adrenergic antagonists, carbamazepine,
and lithium (Cohen-Mansfield et al. 1990). Of these, the
neuroleptics and benzodiazepines are the most fre-
quently prescribed (Devanand and Levy 1995). Benzo-
diazepines may be most useful for as-needed adminis-
tration for infrequent agitation or for short-term
treatment of agitation accompanied by anxiety (Class et
al. 1997). Moreover, the benzodiazepines are associated
with a number of risks, such as dependence and toler-
ance, amnestic effects, high levels of daytime sedation,
and respiratory depression. Lorazepam and oxazepam
have been the preferred benzodiazepine agents due to
their short half-lives and lack of active metabolites (Bar-
clay 1985; Greenblatt and Divoll 1983). Lorazepam, in
particular, has been demonstrated to be at least as effec-
tive as haloperidol in controlling agitation in psychosis
but without the attendant extrapyramidal toxicity of
the typical antipsychotics (Salzman 1988; Salzman et al.
1991), to which the elderly are particularly susceptible
(Caligiuri et al. 1999). These advantages, along with
lorazepam’s frequent clinical use, led to the decision to
include its IM formulation as a comparator in the
present study.

Neuroleptics are by far the best-documented and
most commonly used treatment for agitation in demen-
tia (Devanand and Levy 1995). Currently, only the typi-
cal antipsychotics have been accessible in parenteral
form until now, as no IM formulation of an atypical
antipsychotic has been available in the United States.
Use of the typical antipsychotics is associated with a
number of drawbacks, however, including a greater in-
cidence of extrapyramidal symptoms, endocrine distur-
bances (eg, prolactin elevations), and, particularly with
parenteral preparations, induction of orthostatic hy-
potension. This is of great concern in treating elderly
patients, who may be especially vulnerable to the ex-
trapyramidal and cardiovascular effects of neurolep-
tics, even at low doses. The availability of an IM formu-
lation of olanzapine may offer safety advantages in the

Table 3. Treatment-Emergent Adverse Events Reported during 24 Hours Post First 
Intramuscular Injection (incidence �3% in any treatment group)a

COSTART Term
Olanzapine 2.5 mg

(N � 71) n (%)
Olanzapine 5.0 mg

(N � 66) n (%)
Lorazepam 1.0 mg

(N � 68) n (%)
Placebob 

(N � 67) n (%)

Accidental Injury 1 (1.4%) 2 (3.0%) 3 (4.4%) 0 (0.0%)
ECG Abnormal 1 (1.4%) 2 (3.0%) 0 (0.0%) 0 (0.0%)
Headache 2 (2.8%) 2 (3.0%) 1 (1.5%) 0 (0.0%)
Hypertension 0 (0.0%) 2 (3.0%) 2 (2.9%) 1 (1.5%)
Somnolence 3 (4.2%) 2 (3.0%) 7 (10.3%) 2 (3.0%)
Vasodilatation 0 (0.0%) 2 (3.0%) 0 (0.0%) 0 (0.0%)
Sinus Bradycardia 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (3.0%)

a No statistically significant differences were seen among treatment groups.
b Excludes data subsequent to third injection for crossover placebo patients.
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parenteral treatment of agitation. Oral administration
of olanzapine has been shown previously to control
psychotic symptoms and behavioral disturbances in
elderly patients with Alzheimer’s disease (Clark et al.
2001; Street et al. 2000), and this drug has been espe-
cially recommended for patients with dementia who
exhibit “sundowning” behavior (Expert Consensus
Guideline Series 1998). Intramuscular delivery of olan-
zapine provides a rapidly acting treatment for agitation
in aggressive or hyperactive patients or those refusing
oral medication, and may confer the advantages that
have been reported for other parenteral formulations
over their corresponding oral preparations, such as
rapid onset (Dubin et al. 1985; Schaffer et al. 1982) and
higher steady-state plasma concentrations (Kahn et al.
1990; Simpson et al. 1978).

Treatment of agitation in the elderly necessitates a
careful assessment of risk benefit. On the one hand, the
patient’s condition requires prompt and effective action
to bring the agitation quickly under control. On the
other hand, the fragility of the elderly patient, com-
bined with the greater likelihood of their comorbidity
and comedication, requires a cautious approach to dos-
ing, so as to limit drug exposure and minimize risk. The
minimum effective dose is best, particularly in view of
evidence that higher loading doses do not necessarily
bring about greater efficacy (Battaglia et al. 1997). In the
present study, the dosing scheme was designed to min-
imize patients’ drug exposure. To this end, ceilings of
12.5 mg of olanzapine, 6.25 mg of olanzapine, and 2.5
mg of lorazepam, respectively, were imposed on the
three active-treatment groups. In addition, patients in
the placebo group were allowed a 5.0-mg dose of olan-
zapine as their third injection. Levels of sedation, cogni-
tive state, incidence of adverse events, and an objective
measure of extrapyramidal symptomatology all indi-
cated that patients in the active treatment groups did
not differ significantly from patients treated with pla-
cebo in these areas.

In this study, the three active-treatment groups ap-
peared for the most part to be comparable in efficacy.
At the 2-h timepoint, all four groups had improved
from baseline. Olz5.0 and Lzp were significantly supe-
rior to placebo on all three measures of efficacy, while
Olz2.5 was superior on the primary measure of efficacy,
the PANSS-EC. These findings are consistent with those
from previous studies comparing the effects of IM ad-
ministration of lorazepam and typical neuroleptics, in
which lorazepam was shown to be as effective as its
typical neuroleptic comparator, but with fewer associ-
ated adverse events (Foster et al. 1997; Salzman 1988;
Salzman et al. 1991). Comparative studies involving a
placebo comparator have been lacking, however, mak-
ing interpretation of past results difficult when juxta-
posed with the results of studies involving oral admin-
istration that show no difference in efficacy between the

typical neuroleptic and placebo (Auchus and Bissey-
Black 1997). In a metaanalysis of the use of neuroleptics
to treat agitation in dementia, Schneider et al. (1990)
concluded that no single typical agent was better than
another, and that this class of drugs produced only
modest improvement of agitated behavior, equivalent
to an 18% improvement above placebo. In the present
study, olanzapine brought about a 30% improvement
above placebo, as measured from clinical response rates
(�40% improvement in PANSS-EC score). The greater
improvement seen here with olanzapine may therefore
represent a greater efficacy of the atypical neuroleptics
relative to the older typical drugs. However, this possi-
bility remains to be substantiated in further studies of
atypical versus typical neuroleptics in the treatment of
agitation.

In the present study, the highest dose of olanzapine
also appeared to have the fastest onset of effect. Olz5.0
showed significantly greater improvement than pla-
cebo on the PANSS-EC by the first timepoint at 30 min
postinjection, and maintained this superiority at each
succeeding timepoint in the 24-h study. Lorazepam re-
quired 60 min to show greater improvement than pla-
cebo, and Olz2.5, which improved significantly from
baseline by the 30-min timepoint, required 2 h to sepa-
rate from placebo. Both olanzapine treatments re-
mained effective longer than lorazepam, however, as
both Olz5.0 and Olz2.5 were still significantly superior
to placebo on the PANSS-EC at the 24-h timepoint,
whereas lorazepam no longer was. Unfortunately, little
information is available on the immediate timecourse of
other treatments for agitation. One study (Battaglia et
al. 1997) comparing IM injection of either lorazepam or
haloperidol showed the two had approximately equal
timecourses in controlling agitation, but combined ad-
ministration of the two was more effective than either
monotherapy by the 1-h timepoint. However, this dif-
ference disappeared by the 2-h timepoint.

No significant differences were found in the im-
provement of levels of agitation between patients from
nursing home settings versus those from hospital set-
tings, although patients in the hospital settings showed
a greater improvement in CGI-S scores of levels of de-
mentia at 24 h. This is in spite of the fact that the nursing
home patients were more severely demented, as shown
by lower MMSE scores at baseline. This may indicate
that the hospitalized group were temporarily underper-
forming on the MMSE as a result of their acute agitation.
These findings are interesting, as there is little in the lit-
erature to indicate differential outcomes between pa-
tients in these two settings. On the one hand, cognitive
function tends to be more impaired among hospital in-
patients relative to nursing home patients (Nagatomo et
al. 1997; Teitelbaum et al. 1991), and more dependent
patients are more likely to be concentrated in hospital
settings (Campbell et al. 1990). On the other hand, activ-
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ities of daily living appear to be more impaired in nurs-
ing home patients (Nagatomo et al. 1997), and these
patients show more depression and behavioral deterio-
ration than do patients in hospital settings (Linn et al.
1985). The more severe agitation and psychopathology
seen in the nursing home patients in the present study
may therefore reflect the greater debilitation in behav-
ioral state that has been seen in other analyses (Linn et
al. 1985). Furthermore, the general absence of major
treatment differences in the present study may repre-
sent the broad efficacy and tolerance of the pharmaco-
logical interventions, regardless of setting.

As indicated by Simpson–Angus scores, significant
changes in patients’ parkinsonian symptomatology
were not observed in any of the three active treatment
groups. This is a particular consideration in administer-
ing neuroleptics to elderly patients with dementia, who
exhibit higher than normal incidences of extrapyrami-
dal symptoms, even in the absence of previous expo-
sure to neuroleptics (Girling and Berrios 1990). Another
concern in treating the elderly is postural hypotension
(Masand 2000), which can lead to dizziness and the risk
of injury from falls. In the present study, no increase
was observed in the incidence of hypotension or dizzi-
ness during treatment with either of the administered
agents. The use of the PANSS-EC, CMAI, and ACES
scales allowed a distinction to be made between the
treatment-emergent sedation and improvement in lev-
els of agitation. Mean ACES scores improved from
baseline with each of the three active treatments at both
the 2-h and 24-h timepoints to levels that did not exceed
mild calmness, indicating that efficacy generally was
achieved by both olanzapine and lorazepam without
clinically significant sedation. Moreover, as indicated
by the absence of any significant change in MMSE
score, neither agent had any detectable effect on pa-
tients’ level of cognition.

This study was not without its limitations. For exam-
ple, due to the difficulty of discriminating akathisia
from agitation, there were no objective measurements
made of patients’ levels of akathisia, nor were objective
measures of dystonia used. The study relied instead on
unsolicited reports of adverse extrapyramidal events to
supplement the measurements made with the Simp-
son–Angus Scale. This was a deliberate decision based
on the need to limit the number of measurements made
over the brief duration of this study. On the other hand,
the use of both a placebo and an active comparator is a
strength of this study. Moreover, the use of not only the
PANSS-EC but also the CMAI and ACES allowed dis-
crimination between the effects of the interventions on
agitation versus potential treatment-emergent sedation.

In summary, this report details the findings from the
first study of the use of an IM formulation of an atypical
neuroleptic in the rapid treatment of agitation in elderly
patients with dementia. The results indicated that IM

injection of 2.5 mg or 5.0 mg of olanzapine or 1.0 mg of
lorazepam significantly improved patients’ levels of ag-
itation. The 5.0-mg dose of olanzapine had the fastest
onset, and both doses of olanzapine were longer lasting
than lorazepam. No significant differences among treat-
ment groups were seen in extrapyramidal symptoma-
tology, cognitive state, levels of sedation, or incidence
of adverse events. Results from the analysis of QTc in-
tervals did not demonstrate a significantly increased
risk of QTc prolongation in patients treated with IM
olanzapine or lorazepam when compared with placebo.
No other clinically or statistically significant treatment
differences were seen in any other vital sign, including
orthostasis, or in any laboratory analyte, including non-
fasting plasma glucose. These results suggest that this
rapidly acting intramuscular formulation of olanzapine
may contribute significantly to the treatment of patients
with acute dementia-related agitation.
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