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ABSTRACT 

 

Aim 

To examine the efficacy and safety of (1) midazolam-droperidol vs droperidol and (2) midazolam-

droperidol vs olanzapine for methamphetamine-related acute agitation. 

Design and setting  

A multi-centre, randomised, double-blind, controlled, clinical trial was conducted in two Australian 

emergency departments, between October 2014 and September 2015. 

Participants 

Three hundred and sixty-one patients, aged 18-65 years, requiring intravenous medication sedation 

for acute agitation were enrolled. We report the results of a sub-group of 92 methamphetamine-

affected patients. 

Intervention and comparator 

Patients were randomly assigned to receive either an intravenous bolus of midazolam 5 mg-

droperidol 5 mg combined, droperidol 10 mg or olanzapine 10 mg. Two additional doses were 

administered, if required: midazolam 5mg, droperidol 5mg or olanzapine 5mg, respectively. 

Measurements 

The primary outcome was the proportion of patients adequately sedated at ten minutes. Odds ratios 

with 95% confidence intervals (ORs, 95%CI) were estimated. 

Findings  

The baseline characteristics of patients in the three groups were similar. At 10 minutes, significantly 

more patients in the midazolam-droperidol group [29/34 (85.3%)] were adequately sedated 

compared with the droperidol group [14/30 (46.7%), OR 6.63 (2.02-21.78)] or with the olanzapine 
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group [14/28 (50.0%), OR 5.80 (1.74-19.33)]. The number of patients who experienced an adverse 

event (AE) in the midazolam-droperidol, droperidol and olanzapine groups was 7/34, 2/30 and 6/28, 

respectively. The most common AE was oxygen desaturation.  

Conclusion 

A midazolam-droperidol combination appears to provide more rapid sedation of patients with 

methamphetamine-related acute agitation than droperidol or olanzapine alone.  

 

Trial registration 

ACTRN12614000980639 

 

Key words 

Methamphetamine, sedation, droperidol, midazolam, olanzapine, emergency care, psychomotor 

agitation 
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INTRODUCTION 

 

Amphetamine-type stimulants, including methamphetamine, are used by 14-56 million people 

worldwide.1 As the number of people requiring treatment for methamphetamine use is also 

increasing, the drug’s related harms have become a focus of public health.1-4 In the United States 

(U.S.), Australia and Canada, the increased availability of high purity and relatively inexpensive 

methamphetamine has raised concerns among ambulance services and emergency departments 

(EDs).4-8   

 

Emergency department staff are experiencing high levels of aggression and violence as a result of 

increased methamphetamine use in the population.6 Although clinical guidelines recommend 

benzodiazepines alone (i.e. lorazepam, diazepam) to manage methamphetamine-related agitation,9, 

10  there is limited clinical trial data to support this recommendation. The absence of such evidence 

has posed further safety risks for the patient, hospital staff and community members.11   

 

Methamphetamine-related agitation may arise from direct stimulant effects of the drug, often 

compounded by sleep deprivation, hallucinations and delusions.12, 13 Rapid sedation provides a 

humane alternative to mechanical restraint, and allows clinicians to re-assess the patient after the 

acute effects of methamphetamine have worn off. 

 

Antipsychotic medications (e.g. droperidol or olanzapine), as monotherapy or in combination with 

benzodiazepines, have been commonly used in the ED to sedate patients with undifferentiated acute 
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agitation.14-17 However, few studies have reported sedation outcomes in methamphetamine-affected 

patients.  

 

A recent double-blind, randomised, controlled trial (RCT) concluded that a midazolam-droperidol 

combination is superior to droperidol or olanzapine monotherapy for sedation of the acutely 

agitated ED patient.18 Notably, approximately one quarter of the patients enrolled were 

methamphetamine affected. The applicability of these findings in methamphetamine-affected 

patients is unknown. The present study examined the efficacy and safety of the midazolam-

droperidol combination compared to droperidol or olanzapine monotherapy, in the subgroup of 

methamphetamine-affected patients enrolled in the RCT. 
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METHODS 

 

Study Design, Setting and Participants 

The RCT design has been reported elsewhere.18 Briefly, it was a multi-centre, randomised, double-

blind, controlled clinical trial undertaken in the EDs of two metropolitan, tertiary referral, 

Australian hospital EDs with annual censuses of 45,000 and 70,000 adult patients. Patients were 

enrolled between October 2014 and August 2015, inclusive. The RCT was registered on the 

Australian and New Zealand Clinical Trial Registry, (ACTRN12607000591459). 

 

Three hundred and sixty-one patients, aged 18 to 65 years (inclusive), requiring intravenous 

medication sedation for acute agitation were recruited.18 A subgroup of methamphetamine-affected 

patients were examined in this study. Patients were identified by self-report of methamphetamine 

use or from collateral reports from accompanying persons (e.g. police, ambulance officers). 

 

Ethics approval 

Human Research Ethics Committees (HRECs) at the Melbourne Health and Monash University 

approved the RCT. Due to agitation, informed consent was not possible and waiver of consent was 

granted. 

 

Interventions 

Patients were randomised to receive an intravenous bolus of midazolam 5mg-droperidol 5mg 

combination, droperidol 10mg only or olanzapine 10mg only. Two additional doses were 

administered, if required: midazolam 5mg, droperidol 5mg or olanzapine 5mg, respectively. Doses 
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were determined from clinical practice and previous trials.14, 15 The midazolam-droperidol 

combination was identical to that of Chan et al.14  

If adequate sedation was not achieved 5 minutes after two additional doses, the doctor could 

administer additional, open label, sedative medication(s) at his/her discretion. Observations of heart 

rate, blood pressure and oxygen saturation were recorded as routine ED care. Electrocardiograms 

(ECGs) were recorded within 30 minutes post-sedation if permitted by the patient’s condition. 

 

Main Outcome Measures 

The primary outcome was the proportion of patients adequately sedated at 10 minutes after the 

initial dose administration. Adequate sedation was defined as a score ≤ 2 based on a 6-point, 

validated Acute Arousal Scale19 (5=highly aroused, violent toward self, others, or property; 

4=highly aroused and possibly distressed or fearful; 3=moderately aroused, agitated, more vocal, 

unreasonable, or hostile; 2=mildly aroused, pacing, willing to talk reasonably; 1=settled, minimal 

agitation; 0=asleep). 

 

Secondary outcomes included time to adequate sedation, the need for additional doses, open label 

sedative medication to achieve adequate sedation, the ECG QTc interval and AEs.  

 

Statistical Analysis 

An a priori sample size calculation was not undertaken for this sub-study. However, a post 

hoc power calculation indicated that it had power of 0.87 and 0.75 to demonstrate a statistically 

significant difference in proportions of patients adequately sedated at 10 minutes between the 
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midazolam-droperidol group and the droperidol and olanzapine groups, respectively (alpha 0.05, 2-

sided).  

Simple logistic regression was used to identify potential patient characteristics associated with the 

primary outcome. The primary outcome was compared using χ2 test and simple logistic regression. 

Odds ratios (ORs) with 95% confidence intervals (CIs) are reported. The median times to adequate 

sedation were compared using the Wilcoxon rank-sum test and the 95%CI for the difference in 

medians were calculated using the cendif module. As this study was not powered to compare AE 

rates, AE data are reported descriptively. Analyses were performed using StataCorp. 2015. (Stata 

Statistical Software: Release 14. College Station, TX: StataCorp LP.) The level of significance was 

0.05. 
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RESULTS 

 

A total of 92 patients from the RCT18 were included in this sub-study and were distributed 

approximately equally across each study group (Figure 1). Seventy-three (73/92) patients required 

mechanical restraint for a median (interquartile range [IQR]) duration of 2.0 (0.13-4.25) hours. 

Security assistance was essential in all of these cases, and a median (IQR) duration of 33 (23-55) 

minutes of security staff time was required until the behavioural control was achieved. No patient 

characteristic was associated with the primary outcome (Table 1). 

 

At 10 minutes after the initial dose of study medication, over one third more patients in the 

midazolam-droperidol group were adequately sedated compared to the droperidol and olanzapine 

groups. The median time to sedation for the midazolam-droperidol group was significantly shorter 

than both the droperidol and olanzapine groups (Table 2).  

 

Forty-five (45/92) patients were adequately sedated with the initial dose of study medication and 

26/45 of these patients had been administered the midazolam 5mg-droperidol 5mg combination 

(Table 3). Of the 13/92 patients who required open label sedative medications, in addition to both 

additional doses of the study medication, only one patient was from the midazolam-droperidol 

group. 

 

Baseline systolic blood pressure (SBP) and heart rate were recorded in 41/92 patients. Thirty (30/41) 

patients presented with elevated SBP and 15/41 patients presented with a heart rate > 100 beats per 

minute. The highest recorded baseline SBP and heart rate for any patient was 186 mmHg and 137 
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beats per minute, respectively. The mean SBP and heart rate decreased significantly at 60 minutes 

after adequate sedation was achieved.  

 

An ECG was obtained within 30 minutes of the first dose in 77/92 patients: midazolam-droperidol 

31/34, droperidol 25/30 and olanzapine 21/28. The median (range) QTc intervals (msec) of the three 

groups were similar: 460 (350-504), 447 (339-493) and 441 (313-513), respectively.  

 

Seven, two and six patients experienced an AE in the midazolam-droperidol, droperidol and 

olanzapine groups, respectively (Table 4). The most common AE was oxygen desaturation and all 

cases were resolved within a minute without adverse clinical outcomes. ED length of stay and 

patient disposition are reported in Table 5. 
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DISCUSSION 

 

Patients intoxicated with methamphetamine commonly present with psychotic episodes featuring 

agitation and paranoid delusions.20 These patients have been reported to be more agitated and 

violent than patients with other illicit drug intoxication.21 This study affirms the perception that 

management of methamphetamine-related agitation is labour intensive, as the majority of these 

patients required lengthy attendance of security and clinical staff. A safe and effective protocol is 

urgently needed to minimise the burden of methamphetamine-related agitation in EDs. 

 

In this study, the intravenous midazolam-droperidol combination was more efficacious than the 

droperidol or olanzapine monotherapy in achieving rapid and adequate sedation. Anecdotally, high 

doses of sedative medications are frequently required to manage methamphetamine-related agitation.  

However, compared to the droperidol and olanzapine groups, most of the patients in the midazolam-

droperidol group were adequately sedated with only the initial dose of midazolam 5mg and 

droperidol 5mg. 

 

The AE profiles of the three regimens appeared to be similar, although respiratory events were 

slightly more common in the midazolam-droperidol group The risk of benzodiazepines in causing 

respiratory events is well documented.14-16, 22, 23 Importantly, all respiratory events in this study were 

easily managed with no clinical consequence. Among the 77 patients who had ECGs done within 30 

minutes after sedation, only two in the midazolam-droperidol group and one patient in the 

olanzapine group had a borderline QTc prolongation. However, no case required intervention or 

cardioversion. Dose-dependent QTc prolongation following droperidol administration has been 
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described.24-27 ECGs are not routinely obtained in the ED especially when patients are agitated. In 

this study, it is not known whether the borderline QTc prolongations were pre-existing conditions or 

medication-related.  

 

Methamphetamine causes cardiovascular complications similar to cocaine, and places heavy 

demands upon the cardiovascular system by increasing heart rate and blood pressure.13 Previous 

studies have recommended benzodiazepines as the first line treatment for cardiac toxicity associated 

with psychostimulant use.28 In this study, the midazolam-droperidol appeared to exert some benefit 

in reducing the SBP and heart rate. Importantly, no incidents of hypotension were reported.  

 

High dose benzodiazepine (e.g. midazolam) is often used to manage this patient group,22, 29 despite 

significant safety concerns.15, 16, 22 An observational study reported that high dose midazolam with 

frequent dosing (midazolam in 10mg increments, intramuscularly or intravenously, at 10 minutes 

intervals, up to 40mg) was not superior to normal dose, specifically in patients who had developed 

tolerance to benzodiazepines.22  As such, the midazolam-droperidol combination is potentially a 

safer and more efficacious option for patients who have pre-existing tolerance to benzodiazepines. 

 

Only one ED RCT has investigated the efficacy of intravenous droperidol and lorazepam in 

managing acute methamphetamine toxicity.30 In that  U.S.-based trial, patients in the droperidol 

group were sedated with a mean (SD) dose of 5.2 (1.1) mg. Notably, the patients in our droperidol 

group required nearly triple the dose of droperidol to be adequately sedated. Since the U.S. trial was 

conducted two decades ago, the purity of illicit methamphetamine has increased.5 The difference 
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observed may indicate a higher magnitude of harmful neurotoxicity effect caused by the shift in use 

from the low-purity powder methamphetamine to high purity crystal. 

 

We found that more than one half of the methamphetamine-affected patients required referral to 

emergency psychiatric services. This is consistent with previous studies that report a high 

prevalence of psychiatric co-morbidity among people who use methamphetamine.31, 32 This 

observation suggests a potential role of the midazolam-droperidol combination in the psychiatric 

setting for management of acute agitation in patients with concurrent methamphetamine use. 

Further research is required to provide definitive evidence.  

 

Although this is the first study to provide evidence of superior efficacy of the midazolam-droperidol 

combination for methamphetamine-related agitation in the ED, there are important methodological 

limitations. 

 

The major limitation is that it is a sub-study of a larger trial, with the usual methodological concerns 

of such an analysis (i.e. reduced power to detect an overall treatment effect).  However, our post 

hoc power analyses indicated that the study was well powered, and the ORs of the proportions of 

patients sedated at 10 minutes indicate a clear difference between the groups. The 95% CI of these 

ORs, however, were wide and a larger trial is recommended to provide a more precise estimate of 

the clinical effect. 

 

As patients in this study were only enrolled at two Australian EDs, the external validity may be 

questionable. However, our patients demonstrated similar characteristics to previous studies of 
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patients with methamphetamine-related ED visits.21, 22, 29, 33 These patients were predominantly male, 

the majority arrived with police attendance, and a high proportion of them had a history of illicit 

drug abuse.  
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CONCLUSION 

This study demonstrates that the intravenous midazolam-droperidol combination is superior to 

either intravenous droperidol or olanzapine monotherapy for the management of methamphetamine-

related acute agitation in the ED. These findings contribute to the limited published evidence in an 

area that consumes considerable emergency services resource. Given that methamphetamine users 

are usually transported to the ED in an agitated state, more research is needed to develop an 

evidence-based protocol for management of methamphetamine-related agitation. 
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Figure 1. Patient Flow (Modified CONSORT flow diagram) 
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 (n =30) 

Methamphetamine-
affected 
(n = 34) 

olanzapine group 
(n = 120) 
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 (n =118) 

Randomised (n=361) 
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Methamphetamine-
affected 
 (n = 28) 
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Methamphetamine-affected (n=0) 
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Table 1. Patient characteristics 

 

 midazolam- 

droperidol  

n=34 

droperidol  

n=30 

olanzapine  

n=28 

    

Age, years, mean (95%CI) 32  (29-35) 33  (29-36) 32 (28-35) 

    

Male, n (%) 24 (70.6) 21 (70.0) 22 (78.6) 

    

ATS category, n (%) 

1 (to be seen immediately) 2 (5.9) 1 (3.3) 4 (14.3) 

2 (to be seen within 10 minutes) 12 (35.3) 14 (46.7) 14 (50.0) 

3 (to be seen within 30 minutes) 19 (55.9) 13 (43.3) 10 (35.7) 

4 (to be seen within 60 minutes) 1 (2.9) 2 (6.7) 0 (0.0) 

5 (to be seen within 120 minutes) 0 (0.0) 0 (0.0) 0 (0.0) 

    

Time of Triage, n (%)    

00:00-06:59 5 (14.7) 8 (26.7) 6 (21.4) 

07:00-12:59 8 (23.5) 11 (36.7) 4 (14.3) 

13:00-18:59 12 (35.3) 7 (23.3) 9 (32.1) 

19:00-23:59 9 (26.5) 4 (13.3) 9 (32.1) 
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ICD-10 category, n (%) 

Mental illness 10 (29.4) 4 (13.3) 7 (25.0) 

Intoxication (drugs and/or alcohol) 24 (70.6) 24 (80.0) 20 (71.4) 

Organic illness 0 (0.0) 2 (6.7) 1 (3.6) 

    

Past psychiatric history, n (%) 16 (47.1) 10 (33.3) 11 (39.3) 

    

Illicit drug abuse history, n (%) 29 (85.3) 23 (76.7) 25 (89.3) 

    

Polydrug abuse history, n (%) 4 (11.8) 6 (20.0) 7 (25.0) 

    

Co-ingestion at time of presentation, n (%) 

Marijuana 2 (5.9)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              3 (10.0) 5 (17.9) 

Heroin 2 (5.9) 2 (6.7) 2 (7.1) 

GHB 1 (2.9) 0 (0.0) 0 (0.0) 

Ecstasy 0 (0.0) 1 (3.3) 1 (3.6) 

Alcohol 8 (23.5) 7 (23.3) 7 (25.0) 

    

Total duration of security attendance, 

minutes, median, IQR 

29 (20-47) 41 (29-61) 33 (22-58.5) 
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Need for mechanical restraint, n (%) 27 (79.4) 26 (86.7) 20 (71.4) 

    

Sedatives prior enrolment,* n (%) 9 (26.5) 7 (23.3) 6 (21.4) 

intramuscular midazolam  0 (0.0) 3 (10.0) 1 (3.6) 

oral diazepam  7 (20.6) 3 (10.0) 1 (3.6) 

oral olanzapine 7 (20.6) 1 (3.3) 5 (17.9) 

    

Police attendance on arrival, n (%) 28 (82.4) 20 (66.7) 23 (82.1) 

    

Mode of arrival, n (%) 

Ambulance 15 (44.1) 17 (56.7) 11 (39.3) 

Police 18 (52.9) 9 (30.0) 15 (53.6) 

Other† 1 (2.9) 4 (13.3) 2 (7.1) 

    

Referral made to EMH services, n (%) 24 (70.6) 18 (60.0) 19 (67.9) 

    

ED visit in the past 12 months, n (%) 

No previous visit 19 (55.9) 18 (60.0) 15 (53.6) 

1-4 visits  12 (35.3) 11 (36.7) 13 (46.4) 

>4 visits 3 (8.8) 1 (3.3) 0 (0.0) 

    

ATS=Australasian Triage Scale; ICD-10=International Classification of Diseases; GHB=Gamma Hydroxybutyrate; 

IQR=Interquartile range; EMH= Emergency Mental Health 
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*Sedatives prior enrolment included those administered in the out-of-hospital care setting (i.e. administered by 

ambulance officers) or in the ED. Patients may have more than one medication. 

†Other modes of transport include private travel (i.e. self, family, or friends).  
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Table 2. Proportion of patients sedated at specific time points after first dose administration and 

median times to adequate sedation 

 

 midazolam -

droperidol  

(n=34) 

droperidol  

(n=30) 

olanzapine 

(n=28) 

midazolam-

droperidol vs. 

droperidol 

midazolam-

droperidol vs. 

olanzapine 

Proportion 

sedated, n (%) 

 OR, 95% CIs OR, 95% CIs 

at 5 minutes 20 (58.8) 5 (16.7) 8 (28.6) 7.14 (2.2-23.21) 3.57 (1.23-

10.38) 

at 10 minutes 29 (85.3) 14 (46.7) 14 (50.0) 6.63 (2.02-

21.78) 

5.80 (1.74-

19.33) 

at 15 minutes 32 (94.1) 17 (56.7) 21 (75.0) 12.24 (2.47-

60.64) 

5.33 (1.01-

28.19) 

at 30 minutes 33 (97.1) 26 (86.7) 23 (82.1) 5.08 (0.54-

48.21) 

7.17 (0.79-

65.53) 

at 60 minutes 33 (97.1) 30 (100.0) 27 (96.4) - 1.22 (0.07-

20.47) 

    Difference in 

medians, 95% 

CIs 

Difference in 

medians, 95% 

CIs 

Time to adequate 5.0 (2.0- 11.5 (6.0- 10.5 (5.0- 6.5 (3-13) 5.5 (2-9) 
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sedation, median 

(IQR), min 

10.0) 22.3) 17.3) 

 

IQR=interquartile range 

Table 3. The need for additional parenteral sedative medication 

 

 midazolam-

droperidol 

(n=34) 

droperidol 

(n=30) 

olanzapine 

(n=28) 

Need for additional doses, n (%)  

1 additional dose 6 (17.6) 9 (30.0) 8 (28.6) 

2 additional doses 2 (5.9) 11 (36.7) 11 (39.3) 

    

Need for open label sedative 

medications to achieve adequate 

sedation, n (%) 

1 (2.9) 4 (13.3) 8 (28.6) 

    

Mean dose (SD), mg 6.5 (3)†  15 (4) 15 (4) 

    

† mean dose for midazolam; all patients in the midazolam-droperidol combination group received a fixed 

dose of droperidol 5mg 
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Table 4. Reported adverse events 

(Patients may have experienced more than 1 event) 

 

 midazolam-

droperidol  

(n=34) 

droperidol  

(n=30) 

olanzapine  

(n=28) 

Number of patients with reported events, n (%) 7 (20.6) 2 (6.7) 6 (21.4) 

Oxygen desaturation (SaO2 <90%) 5 (14.7) 2 (6.7) 4 (14.3) 

Airway obstruction*  4 (11.8) 1 (3.3) 0 (0.0) 

Bradycardia (SBP<80 mmHg) 0 (0.0) 0 (0.0) 1 (3.6) 

Prolonged QTc† (QTc >500ms) 2 (5.9) 0 (0.0) 1 (3.6) 

SaO2=Oxygen saturation; SBP= Systolic Blood Pressure 

*All cases were partial obstruction and resolved promptly following the airway intervention (i.e. chin lift or with 

insertion of airway adjuncts. 
†Two patients in the midazolam-droperidol combination group had a QTc (msec) of 501 and 504, 

respectively. One patient in the olanzapine group had a QTc of 513 msec. 
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Table 5. ED length of stay and patient disposition 

 midazolam-

droperidol  

(n=34) 

droperidol 

(n=30) 

olanzapine  

(n=28) 

 

ED LOS, hours median, (IQR) 

 

11.92 

(5.35-14.6) 

 

9.42 

(6.7-12.88) 

 

11.73 

(7.28-16.83) 

Patient Disposition, n (%)  

home 19 (55.9) 18 (60.0) 17 (60.7) 

ED short stay 4 (11.8) 3 (10.0) 1 (3.6) 

psychiatry ward 8 (23.5) 4 (13.3) 6 (21.4) 

medical ward 1 (2.9) 3 (10.0) 0 (0.0) 

other institution psychiatry ward 0 (0.0) 1 (3.3) 0 (0.0) 

correctional facility 1 (2.9) 1 (3.3) 2 (7.1) 

absconded 1 (2.9) 0 (0.0) 2 (7.1) 

LOS length of stay; IQR interquartile range 
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