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Summary Agitation is a common presenting problem in emergency departments and 
treatments currently range from de-escalation techniques to medications, in either oral or 
intramuscular forms. Oral medications can be diverted and have a relatively long delay of 
onset. This delay is problematic for agitated patients in that the agitation may escalate prior 
to onset of action of the medication. This can lead to the need for intramuscular medications 
or even physical restraints. Regarding intramuscular medications, they tend to work more 
quickly but are highly invasive. A new delivery system using loxapine is currently being 
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Practice points

 � Dosing: Staccato® loxapine (Alexza Pharmaceuticals, CA, USA) delivers a fixed dose of 5 or 10 mg in a single-use 
inhaler. 

 � Indications: the US FDA is considering approval for one dose in a 24-h period for agitation in schizophrenia or 
bipolar disorder. 

 � Time course of efficacy: data is very promising with some change seen as early as 10 min.

 � Tolerability: inhaled loxapine was found to be tolerable, with the three most noted side effects as taste, 
sedation and dizziness.

 � Tolerability (special note): in the schizophrenia trial, three subjects reported bronchospasm or wheezing. 
The FDA has taken this under special consideration and may limit use to settings that can offer increased 
respiratory support.

 � Drug interactions: loxapine has multiple possible drug–drug interactions. Inhaled loxapine will be a once-only 
administration in 24 h and only during agitation so interactions should be minimal. The exception would be 
concomitant use of CNS depressants, which should be used with caution.

 � Implications: inhaled loxapine will offer emergency department physicians/psychiatrists an alternative 
to current practice in treating agitated bipolar and schizophrenic patients. This may limit the need for 
intramuscular medications and, possibly, restraints.
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Agitation is broadly defined and, while most cli-
nicians can say ‘I know it when I see it’, very few 
can succinctly define the term. The reason for 
this is that agitation is actually a cluster of symp-
toms, rather than a specific symptom or disease 
state. In fact, agitation can be caused by a general 
medical condition [1–3], alcohol or other drug 
intoxication, or withdrawal [4], as well as decom-
pensated psychiatric disorders, such as schizo-
phrenia [5] or bipolar disorder [6]. Recently, the 
American Association for Emergency Psychiatry 
produced consensus guidelines around agitation 
evaluation and treatment. It was noted that agi-
tation can be caused by a myriad of physical 
disease states, and when etiology is unknown, 
a complete evaluation should occur [7]. Physical 
symptoms of agitation include irritability, 
restlessness with excessive or semipurposeful 
motor activity and heightened responsiveness 
to internal and external stimuli [8]. Severity can 
range from mildly agitated and redirectable to 
severely agitated, and possibly aggressive. Some 
find the use of scales to be helpful in addressing 
the level of agitation. In fact, Damsa and col-
leagues found that when they routinely used the 
Positive and Negative Syndrome Scale (PANSS)-
Excitatory Component on agitated patients, the 
need for restraints declines by 27% [9]. Violence 
is sometimes seen in those with severe agitation 
but the link between the two is still unknown. 
In baseline assessment data of schizophrenic 
subjects enrolled in the National Institute of 
Mental Health Clinical Antipsychotic Trials of 
Intervention Effectiveness, patients with spe-
cific clusters of symptoms were found to have 
an increased risk for violence, with those exhibit-
ing ‘positive’ psychotic symptoms at higher risk 
of exhibiting violent behavior [10].

There are various forms of treatment for agita-
tion. If the level of agitation is low, de-escalation 
techniques are used and, if known, the underlying 
reason for the agitation is treated. A good example 
of this is treating acute pain. For pain, treatment 
is directed at the source of the pain (e.g., acute 
abdomen may warrant surgery) and also directed 
at amelioration of the pain symptom, as well as 
related anxiety or agitation. When it comes to 
bipolar disorder, mania or an acute exacerbation 
of schizophrenia, the treatment for the agitation 
and the primary disease might be the same. In 

the emergency department (ED) setting, typical 
and atypical (first and second generation, respec-
tively) antipsychotics and benzodiazepines are 
used to help lessen the agitation and treat the 
underlying illness. The American Association 
for Emergency Psychiatry  psychopharmacology 
guidelines recommend using antipsychotics as 
the first-line agent for psychosis-driven agitation 
over benzodiazepines. They recommend using 
benzodiazepines only if the first dose of the anti-
psychotic is insufficient [11]. The main problem 
is that the time-to-symptom relief for the medi-
cations is not rapid, generally with a delay of 
15–60 min [12–16]. Currently, medications used 
in the ED setting are available in an oral for-
mulation or as an intramuscular (im.) injection. 
The oral medications have a slower time-to-peak 
plasma concentration (although this does not 
necessarily equate to a longer time for onset of 
action) and the im. medications are invasive. The 
choice of medication has to do with risks and 
benefits associated with each medication, as well 
as the route of administration. Administration 
orally versus intramuscularly is largely associated 
with the cooperation level of the patient. As the 
patient becomes increasingly agitated, the range 
of choices narrow. For the mildly-to-moderately 
agitated patient, an oral medication can be used. 
As agitation increases, there may be less coopera-
tion – necessitating rapidly dissolving medications, 
liquid haloperidol or im. medications. 

Medications that are commonly used for agi-
tation include first-generation antipsychotics, 
such as haloperidol, and droperidol. Droperidol 
is a preanesthetic that has not been approved for 
psychiatric use in the USA. The second-gener-
ation antipsychotics, also referred to as atypical 
antipsychotics, include risperidone, ziprasidone, 
olanzapine, aripiprizole, quetiapine, paliperi-
done, iloperidone and asenapine. Risperidone 
and olanzapine are both available in a rapidly 
dissolving formulation and asenapine is sub-
lingual and absorbed through the mucosa. Also 
of note is that haloperidol is available in a liquid 
form. These rapidly dissolving and liquid forms 
of medications are especially useful if diversion 
of the medication (‘cheeking’) is suspected. Oral 
medications usually work well for the mildly-
to-moderately agitated patient, along with other 
forms of de-escalation techniques. Intramuscular 

reviewed by the US FDA for use in agitation in schizophrenia and bipolar disorder. Staccato® 
loxapine offers rapid delivery of loxapine by inhalation into deep lung tissue, allowing for 
rapid absorption into system circulation.



Inhaled loxapine for rapid treatment of agitation in schizophrenia & bipolar disorder review

future science group www.futuremedicine.com 255

formulations, available in the US, include halo-
peridol, droperidol, ziprasidone, olanzapine and 
aripiprazole. As noted previously, this form of 
medication is highly invasive. Sometimes it is 
the method of choice for the patient however, 
in most instances, im. medications are given 
emergently. ‘Emergency medication’ will have 
different specific meaning, based on jurisdic-
tion but it generally describes when medication 
is given against a patient’s will to help ensure 
safety. Emergency medication is often saved for 
the patient considered to be at imminent risk 
of harming themselves or others – the highly 
agitated patient.

In 2009, Alexza Pharmaceuticals (CA, USA) 
completed two Phase III trials using a new 
delivery system. This system uses a single-dose, 
single-use hand-held inhaler, detailed elsewhere 
[17,18]. To use the inhaler, the patient is instructed 
to take one deep breath through the mouth of 
the inhaler, followed by a short breath hold. 
The oral inhalation initiates rapid heating of 
a thin film lined with loxapine to form a drug 
vapor. This vapor condenses into an aerosol with 
particles in the 1–3 micron range, allowing for 
delivery of the medication into deep lung tissue. 
This leads to rapid absorption into systemic cir-
culation with little deposition in the oropharynx 
[19]. The trials used loxapine for acute agitation 
in schizophrenia and bipolar disorder.

Loxapine has been available in oral form for 
many years, predating the newer generation anti-
psychotics. Loxapine is a mid-potency typical 
neuroleptic that has been shown, like atypical 
antipsychotics, to be more effective in treating 
negative symptoms of schizophrenia. At low 
doses, the rate of extrapyramidal side effects is 
similar to atypical antipsychotics but as dose 
is increased, the rate becomes similar to other 
first-generation antipsychotics. Side effects of 
oral loxapine include parkinsonian-like symp-
toms such as tremor, masked facies and ridgity, 
akathisia, drowsiness, dry mouth, constipation 
and weight changes. Loxapine has been found 
to be equally effective as trifluoperazine [20] and 
perphenazine [21] in small, head-to-head trials. 
It has been shown to have a positive affect on 
schizophrenia and has also been considered in 
the treatment of psychotic depression [22] and 
bipolar disorder [23]. A 2007 Cochrane study 
concluded that loxapine is an option for schizo-
phrenic patients who require rapid tranquiliza-
tion [24]. The review included 41 studies, com-
paring loxapine to haloperidol, thiothixene, 

risperidone, clozapine and quetiapine. Another 
finding was that loxapine exhibited a similar 
degree of adverse events compared with the 
 typical and atypical agents [24].

As described previously, the only forms of 
medication available to the ED physician are 
oral and im. The oral formulation cannot, in 
most cases, be used in the highly agitated patient 
and are easily diverted. When diversion is sus-
pected, liquid haloperidol, a rapidly dissolving 
or sublingual atypical antipsychotic can be used. 
Otherwise, the only option is im. medication. 
This is highly invasive and often reserved for 
the most agitated patient. The time of onset is 
relatively long for both, especially when consid-
ering that the patient is agitated and the goal 
is rapid tranquilization. Staccato® loxapine 
(Alexza Pharmaceuticals, CA, USA) offers a very 
 different option. 

indications & usage of Staccato loxapine
This medication and delivery system have been 
studied in patients exhibiting agitation, with 
a diagnosis of either schizophrenia or bipolar 
disorder. The effect of this medication deliv-
ery system on agitation from other etiologies 
has not been studied and thus is unclear. The 
US FDA is currently considering approval of 
this medication with the provision that use be 
restricted to facilities that can offer advanced 
airway management. 

Dosage & administration
Inhaled loxapine has been shown to be effica-
cious at 5- and 10-mg dosing. The instrument 
is a single-use inhaler that administers a fixed 
dose with a moderate breathing attempt. The 
FDA is considering approval of one dose in a 
24-h period. 

Clinical pharmacology
Loxapine is a dibenzoxazepine, blocking post-
synaptic 5-HT

2A
 and mesolimbic D1, D2 and 

D4 receptors in the brain [25]. There is also hista-
minic (H1), muscarinic (M) and adrenergic (a1 
and 2) blockade. Oral dosage is between 50 and 
200 mg/day. Plasma half-life is approximately 
4 h, with a terminal half-life of up to 19 h. For 
inhaled loxapine, the dose has been found to 
be effective at 5 or 10 mg per administration 
and studies allowed up to three doses/24 h 
[26]. Loxapine is metabolized in the liver and 
largely excreted through the kidneys. The major 
metabolites are the active 7-hydroxyloxapine, 
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the nonactive 8-hydroxyloxapine and to a lesser 
extent, N-desmethyl loxapine (amoxapine).

Clinical evidence
Alexza Pharmaceuticals has completed 
Phase I–III trials. Two Phase III trials were 
completed, the first with agitated subjects with 
schizophrenia, the other with bipolar disorder. 
Alexza submitted a new drug application to 
the FDA in 2010. The FDA expressed concern 
regarding safety in patients with asthma and 
other respiratory disease. The Advisory Panel 
supported its use for one dose in a 24-h period, 
with certain provisions [101].

Phase i
The purpose of this study was to determine safety 
and pharmacokinetics in a healthy population. 
This was a randomized, single-center, double-
blind, placebo-controlled, dose-escalation trial 
[27]. Five doses of loxapine, administered through 
the Staccato device, were studied ranging from 
0.625 to 10 mg. The 10-mg dose was found to 
be generally tolerable, however those who were 
in this arm of the study were more likely to 
complain about side effects, especially dizziness 
and somnolence. There were no serious adverse 
events.

The peak plasma concentration had a median 
time of 2 min. The terminal phase half-life was 
found to be 5.7 h. Dose proportionality occurred 
across the dose range.

Phase ii
This randomized, multicenter, placebo-con-
trolled trial was completed in order to deter-
mine efficacy and safety in agitated patients 
with schizophrenia [26]. The scales used in the 
Phase II and III trials included: PANSS [28], 
Clinical Global Impression (CGI) scale [29] 
and Behavioral Activity Rating Scale (BARS) 
[30]. The PANSS has a series of subscales. The 
excitatory component (PEC) subscale measures 
symptoms of agitation. The PEC has measures 
for excitement, hostility, tension, uncooperative-
ness and impulse control. CGI-Severity is the 
scale used at baseline and ranges from one (nor-
mal) to seven (most extremely agitated patients). 
Postdrug administration, CGI-Improvement was 
performed. This scale ranges from one (very 
much improved) to seven (very much worse). 
BARS is used to measure the degree of agitated 
behavior from one (difficult or unable to arouse) 
to seven (violent, requires restraint).

In this Phase II trial, 129 patients were random-
ized into three groups receiving a single dose of 0 
(placebo), 5 or 10 mg of Staccato loxapine, respec-
tively. The primary end point was the absolute 
change in PEC at 2-h postdose. A secondary end 
point was change in PEC from baseline throughout 
the 24-h period. The PEC was measured at 10, 20, 
30, 45 and 90 min, and 2-, 4- and 24-h postdose. 
Other secondary end points were included. BARS 
was administered at 10, 20, 30, 45 and 90 min and 
2-, 4- and 24-h postdose. CGI-Improvement was 
measured at 2-h postdose. Time to rescue medication 
was followed throughout the study period.

The results of this study showed that the PEC 
score for the 10-mg dose was statistically significant 
at 2 h, with a mean change of -8.56 (standard devia-
tion ± 4.90) compared with placebo (-4.98 ± 4.13), 
but no statistical significance at the 5-mg dose. For 
secondary end points, CGI-Improvement, mea-
sured at 2 h, was statistically significant in both 
5-mg (p = 0.0067) and 10-mg (p = 0.0003) groups. 
Improvement in PEC score with 10-mg dosing was 
significant at 20 min and continued throughout the 
study. Also, for those in the 10-mg dosing group, 
the BARS began showing statistical significance at 
30 min and this improvement continued throughout 
the duration of the study period.

Phase iii
There were two Phase III trials conducted using 
Staccato loxapine. The studies were largely the 
same, diverging at patient population. The first 
trial examined the effect of Staccato loxapine 
on agitated patients with a diagnosis of schizo-
phrenia [31]; the second trial focused on those with 
bipolar disorder [32]. Similar to the Phase II trial, 
patients were randomized to either: 0-mg (pla-
cebo), 5-mg or 10-mg dose groups. All groups 
used the Staccato system for administration. Once 
randomized, no patient dropped out for inability 
or refusal to take a dose of study medication (pla-
cebo or loxapine). The outcome measures were the 
same, except the BARS was not used as a second-
ary outcome. Only one dose was allowed in the 
first 2 h. After that point, subjects could receive 
up to two additional doses of the study drug or 
rescue medication within the 24-h study period.

There were 344 patients in the schizophrenia 
trial [31]; 115 received 0-mg, 116 received 5-mg, 
and 112 received 10-mg dosing. Both the 5- and 
10-mg dose were found to have a statistically 
significant reduction in PEC score, compared 
with placebo, with p-values of p = 0.0004 and 
p < 0.0001, respectively (Table 1).
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Similarly to the Phase II trial, secondary end 
points, with the exception of the BARS, were 
measured. CGI-Improvement scores showed 
statistically significant change from baseline in 
both groups when compared with placebo. To 
better understand the significance, a responder 
analysis was performed for those who had a 
CGI-Improvement score at 2 h of either one 
(very much improved) or two (much improved). 
Of those that received a 5-mg dose, 57% were in 
this category and 67% who received 10-mg dos-
ing were also found to be very much improved 
or much improved. Both groups showed statisti-
cally significant response compared with 36% of 
responders in the placebo group.

The PEC was measured throughout the 
study – at 10, 20, 30, 45 and 90 min and at 2, 
4 and 24 h, as another secondary outcome mea-
sure. The 10-mg dose exhibited a statistically sig-
nificant change (p < 0.0001) in as few as 10 min 
and the change remained statistically significant 
through the 24-h period (p < 0.0001). For this 
scale, the 5-mg dosing group was studied post-
hoc and showed statistically significant improve-
ment by 10 min (p = 0.0003) and continued to 
have an effect over 24 h (p < 0.05).

Another measured outcome was ‘time to re-
dose’ (need for another dose of study medication) 
prior to the 4-h postdose time point. Those that 
required more than one dose included 32% of 
the 5-mg group, 25% of the 10-mg group (statis-
tically significant when compared with placebo; 
p = 0.0076) and 44% of the placebo group. This 
demonstrates a dose–response pattern.

The Phase III bipolar trial [32] included 314 study 
subjects with agitation. The methods of the study 

were the same as the schizophrenia trial; using the 
same primary and secondary outcome measures. 
Similarly to the schizophrenia trial, the change 
in PEC showed statistical significance at 2-h 
postdose for both the 5- and 10-mg groups, with 
p-values <0.0001 (Table 2). There was also a rapid 
onset of effect at the 10-mg dose with statistically 
significant (p < 0.0001) improvement at 10 min, 
compared with placebo. The responder analysis, at 
2-h postdosing, was also favorable with 66% for the 
5-mg group (p ≤ 0.0001) and 74% for the 10-mg 
dosing group (p < 0.0001), compared with placebo 
at 28%. A dose–response pattern was also found 
in this study, with the need for redosing at the 
4-h time point of 40% (p = 0.0019) for the 5-mg 
group and 25% (p < 0.0001) for the 10-mg group, 
 compared with 64% of those receiving placebo.

Tolerability and safety were examined in both 
Phase III trials, which is discussed in the  following 
section. 

Adverse reactions
The most common side effects in both studies 
were taste, sedation and dizziness (Table 3). In 
the schizophrenia study [31], wheezing or bron-
chospasm was reported in three participants who 
received loxapine. One participant, who had 
received the 10-mg dose, had moderate broncho-
spasm. The bronchospasm was relieved with use 
of albuterol but led to withdrawal from the study. 
Two participants, receiving the 5-mg dose, had 
mild wheezing that resolved without treatment. 
One participant in the 10-mg dosing group had 
a mild cough that resolved without treatment. 
There were no reports of coughing, wheezing or 
bronchospasm during the bipolar trial. 

Table 1. Schizophrenia study Positive and Negative Syndrome Scale excitatory component 
scores: Phase iii.

Study arm Baseline (mean) 2-h postdose (mean) p-value change from baseline

0 mg (n = 115) 17.4 11.8 –
5 mg (n = 116) 17.8 9.8 0.0004
10 mg (n = 112) 17.6 9.0 <0.0001
Data taken from [31].

Table 2. Bipolar study Positive and Negative Syndrome Scale excitatory component scores: 
Phase iii.

Study arm Baseline (mean) 2-h postdose (mean) p-value change from baseline

0 mg (n = 105) 17.7 12.9 –
5 mg (n = 104) 17.4 9.3 <0.0001
10 mg (n = 105) 17.3 8.3 <0.0001
Data taken from [32].
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In the schizophrenia trial, six subjects 
reported severe adverse reactions; three in the 
10-mg group and three in the placebo group. 
In the 10-mg group, one participant had severe 
sedation that resolved without treatment, 
another experienced both neck dystonia and 
oculogyrations which resolved with benztro-
pine, and the third experienced infectious gas-
troenteritis, which was judged to be unrelated 
to treatment. In the placebo arm, one partici-
pant had a worsening of schizophrenic symp-
toms that required hospitalization, another had 
severe agitation that resolved with medication 
and the third reported severe headache and 
nausea that resolved with medication. 

In the bipolar trial [32], one participant in the 
5-mg group reported akathisia that resolved with 
benztropine. Another subject, in the same group, 
was found to have moderate hypotension that 
resolved without intervention. In the 10-mg arm, 
one patient was found to have mild hypertension 
that resolved without treatment. In this group 
there was one severe adverse event in the form of 
severe sedation that resolved without treatment. 
Two participants in the 10-mg group discontinued 
for moderate anxiety.

There were no deaths or life-threatening 
adverse events in either study. 

Drug interactions
Loxapine undergoes extensive metabolization 
by phenol conjugation, aromatic hydroxylation, 
N-oxidation and N-demethylation. Metabolites 

are excreted in urine, mainly in the form of con-
jugates, and in feces mainly in the unconjugated 
form. There are no absolute contraindications in 
the use of loxapine but caution is needed when 
combined with CNS depressants, especially 
benzo diazepines and alcohol. Also, since loxapine 
lowers the seizure threshold, combination with 
other medications that also lower the threshold 
should be limited. Many interactions are related to 
using other medications that increase or decrease 
neurotransmitters that are also affected by loxap-
ine. Examples of this include use with other dopa-
mine antagonists (possibly leading to neuroleptic 
malignant syndrome), serotonin antagonists (pos-
sibly leading to serotonin syndrome) and dopamine 
agonists (leading to counteracting effects). 

In the case of inhaled loxapine, drug–drug 
interactions should be limited in duration, 
as this medication is not intended to be used 
 chronically, but rather, on an as-needed basis. 

Use in specific populations
The two Phase III trials focused on the general 
adult population, with agitation as a primary 
symptom of either bipolar disorder or schizo-
phrenia. The age group studied did not include 
the pediatric or geriatric populations. The study 
populations were narrowly defined in order to 
meet FDA requirements. Since agitation is not a 
disease state, patients had to have an illness that 
causes agitation. Since agitation can be caused 
by many sources, the parameters of the study 
limit generalization. 

Table 3. Reported side effects greater than 2% of patients in Phase iii studies.

Schizophrenia study Bipolar study

Side effect Placebo (%), 
n = 115

5 mg (%),  
n = 116

10 mg (%), 
n = 113

Placebo (%), 
n = 105

5 mg (%), 
n = 104

10 mg (%), 
n = 105

Dysgeusia (taste) 3 9 11 6 17 17
Dizziness 10 5 11 8 6 5
Sedation 10 13 11 3 7 6
Oral hypoesthesia 0 1 4 – – –
Headache 14 3 3 9 4 2
Somnolence 3 3 3 – – –
Nausea 5 1 2 – – –
Vomiting 3 1 1 – – –
Agitation 3 0 0 – – –
Throat irritation – – – 1 0 4
Fatigue – – – 3 4 3
Stomach 
discomfort

– – – 2 3 1

Diarrhea – – – 3 1 0
Data taken from [31,32].
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There is concern regarding the use of 
this delivery system for patients at risk for 
broncho spasm, especially asthma. The 
FDA’s Psychopharmacologic Drugs Advisory 
Committee narrowly recommended (voting 
9–8, with one abstention) the use of this medica-
tion and only with the provisions that use should 
not exceed one dose within 24 h and that the 
FDA’s Risk Evaluation and Mitigation Strategy 
(REMS) must be followed [101]. One major factor 
in the REMS is limiting inhaled loxapine use to 
facilities capable of providing advanced airway 
management. Because the Advisory Committee 
recommended approval only if the REMS is in 
place, the FDA found that the submission plus 
Committee recommendations caused a major 
change from the original submission. This 
allowed for an extension of the Prescription 
Drug User Fee Act (PDUFA) goal date to May 
2012 [102]. Although these steps are promising, 
inhaled loxapine has yet to be approved for use.

Conclusion
Agitation broadly describes a core cluster of 
symptoms that can be caused by multiple 
medical and psychiatric disease states. Typical 
and atypical antipsychotics, as well as benzo-
diazepines are commonly used to lessen agita-
tion. Loxapine is a well-known, midpotency, 

typical antipsychotic. Loxapine has had a num-
ber of head-to-head trials for schizophrenia and a 
Cochrane study found that loxapine is an option 
for schizophrenic patients who require rapid 
tranquilization [24]. Alexza Pharmaceuticals 
has completed Phase I–III studies on a com-
bination medication-delivery system; Staccato 
loxapine. The device is a single-dose inhaler that 
delivers loxapine into deep lung tissue, which 
leads to rapid systemic circulation. This delivery 
has shown intravenous-like pharmacokinetics. 
Staccato loxapine is not yet on the market, sec-
ondary to FDA concerns. These concerns have 
been addressed and are to be reviewed. The 
implication of this medication-delivery system 
is that treatment teams will have an alternative 
to currently available treatments, in the form of 
a noninvasive, patient-friendly medication with 
an ultra-rapid onset of action. 
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