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CONTEXT AND POLICY ISSUES  
 
Benzodiazepines are compounds that enhance the activity of gamma-aminobutyric acid 
(GABA)-A receptors by increasing the affinity of the receptors for GABA.2 Therefore, 
benzodiazepines are prescribed as anxiolytic medications. In Canada, the labeled indications 
include, the treatment of anxiety disorders, panic disorder, insomnia, seizure disorders, skeletal 
muscle spasticity, and alcohol withdrawal (Table 1).3  
 
The relative safety and effectiveness of the benzodiazepines led to their widespread use.5 Two 
benzodiazepines, clonazepam and diazepam, are classified by the World Health Organization 
as "essential drugs" that should be available in all countries for medical purposes.6 However, 
the use of benzodiazepines have also been associated with several adverse effects, including 
ataxia, dizziness, over-sedation, anterograde amnesia, and dependence.7 
 
The current review will evaluate the evidence regarding benzodiazepine dosing and the 
evidence supporting benzodiazepine watchful doses. Watchful doses are doses above which 
additional assessment and patient monitoring are required.  
 
Table 1. Summary of the Available Benzodiazepines in Canada 

Drug 
Maximum Indicated 
Dose (mg)* 

Diazepam 
Equivalent Oral 
Dose (mg)** 

Health Canada Indication 

Long-acting 

Chlordiazepoxide 40 20-50 Anxiety disorders 

Clorazepate 60 15 
Anxiety,  panic, seizure disorders, and alcohol 
withdrawal 

Diazepam 40 10 
Anxiety disorders, perioperative medication, 
seizure, skeletal muscle spasticity, and alcohol 
withdrawal 

Flurazepam 30 30 Insomnia 

Intermediate-acting 

Alprazolam 10 1 Anxiety and panic disorder 

Bromazepam 60 6-12 Anxiety disorders 
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Table 1. Summary of the Available Benzodiazepines in Canada 

Drug 
Maximum Indicated 
Dose (mg)* 

Diazepam 
Equivalent Oral 
Dose (mg)** 

Health Canada Indication 

Clobazam 80 20 Seizure disorders 

Clonazepam 20 0.5-2 Seizure disorders 

Lorazepam 4 1-2 
Perioperative medication, anxiety and seizure 
disorders 

Nitrazepam 10 10-20 Insomnia, seizure disorders 

Oxazepam 120 30 Anxiety disorders, alcohol withdrawal 

Temazepam 30 20-30 Insomnia 

Short-acting 

Midazolam† 0.1 mg/kg Not applicable Perioperative medication 

Triazolam 0.5 0.5 Insomnia 

* Information was obtained from Health Canada approved product monograph for each drug
3
  

** Equivalent doses are approximate and were retrieved from the Canadian National Opioid Use Guideline.
10

 
† Parenteral use only 

RESEARCH QUESTIONS  

 
1. What is the clinical evidence for safety of high-dose (>10 mg diazepam equivalent) 

benzodiazepine use? 
 
2. What is the clinical evidence regarding the safety of different watchful doses of 

benzodiazepines? 
 
3. What are the evidence-based guidelines regarding watchful dosing or high-dose of 

benzodiazepine? 

 
KEY FINDINGS  
 
The available evidence suggests that benzodiazepines can be used, under specific 
circumstances, in higher doses than 10 mg diazepam equivalent without major safety concerns. 
However, the available information does not support specific values for benzodiazepine watchful 
doses. 
 
METHODS  
 
Literature Search Strategy 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library (2012, Issue 10), University of York Centre for Reviews and Dissemination (CRD) 
databases, Canadian and major international health technology agencies, as well as a focused 
Internet search. No filters were applied to limit the retrieval by study type. Where possible, 
retrieval was limited to the human population. The search was also limited to English language 
documents published between January 1, 2007 and October 24, 2012. 
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed for relevance. Full texts of any relevant titles/abstracts were retrieved 
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and assessed. The final article selection was based on the inclusion criteria presented in Table 
2. 
 
Table 2: Selection Criteria 

Population 
 

Adults or adolescents receiving benzodiazepines 

Intervention 
 

Benzodiazepine (> 10mg diazepam equivalent)  

Comparator 
 

Other benzodiazepine doses or usual care 

Outcomes 
 

Safety, reduction in high dose prescribing, addiction, misuse/abuse, 
and clinical practice guidelines 

Study Designs 
 

Health technology assessment, systematic review, meta-analysis, 
randomized controlled trials, and non-randomized studies  

 
Exclusion Criteria 
Studies were excluded if they did not meet the selection criteria. Duplicate reports of the same 
outcomes from the same trials were also excluded. Studies evaluating benzodiazepines 
analogues were also excluded. 
 
Critical Appraisal of Individual Studies 
 
Critical appraisal of the included studies was based on study design. The methodological quality 
of the included randomized controlled trials was evaluated using the SIGN50 checklist for the 
controlled studies.12 The observational studies included in this review were evaluated using the 
SIGN50 checklist for the cohort studies.13 
 
For the included studies a numeric score was not calculated. Instead, the strengths and 
limitations of each study were described. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
A total of 348 potential citations were identified by the search in bibliographic database, with 328 
citations being excluded during the title and abstract screening based on irrelevance to the 
questions of interest. The full text documents of the remaining 20 articles were retrieved. Of 
these 20 articles, 15 did not meet the inclusion criteria and were excluded, leaving five articles 
that reported from five unique studies to be included in this review.1,4,8,9,11 The literature search 
did not identify any relevant health technology assessments, systematic reviews, meta-analyses 
or evidence-based clinical guidelines. A PRISMA diagram demonstrating the study selection 
process is presented in APPENDIX 1. 
   
Summary of Study Characteristics 
 
Five studies that addressed at least one of the two review questions about the safety of high 
and watchful doses of benzodiazepine were included in this review, including two RCTs 
evaluating efficacy and safety of the perioperative use of different doses of midazolam,1,8 one 
RCT that assessed the bioavailability and safety of different doses of diazepam in healthy 
volunteers,4 and two observational studies evaluating the safety of a high-dose midazolam 
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sedation protocol9 and the safety of long-term use of benzodiazepines in high doses.11 Details 
regarding primary study characteristics are tabulated in APPENDIX 2. 
 
Eren et al.1 and Talebi et al.8 conducted two RCTs in perioperative settings. The first trial 
evaluated the efficacy of dexmedetomidine in preoperative sedation. The trial treatment was 
compared against placebo and three doses of midazolam (0.02, 0.04, and 0.06 mg/kg) in an 
open-label design. The study evaluated the above interventions in patients undergoing minor to 
moderate surgical procedures under general anesthesia. The second trial evaluated the effects 
of intrathecal lidocaine on post-operative pain among male patients undergoing elective 
ipsilateral open inguinal herniorrhaphy under spinal anesthesia. The trial compared the 
combination of lidocaine with midazolam (fixed doses; 0.5 mg and 1 mg) to lidaocaine alone. 
The included patients in both trials were classified group I-II according to the American Society 
of Anesthesiologists (ASA). Group I-II ASA is defined as normal healthy patients or patients with 
mild systemic disease with no functional limitation.1,8 
 
The bioavailability and safety of intramuscular (IM) auto-injected diazepam was evaluated in 
healthy volunteers in an open-label, single-dose and crossover RCT.4 Three doses of diazepam 
(5, 10 and 15 mg) were compared to each other; the 10 mg diazepam administered by IM auto-
injection was compared to 10 mg diazepam administered by rectal gel. This trial provided safety 
information about dose-related adverse effects of diazepam. 
 
Spain et al.9 conducted a prospective observational study to evaluate the safety and 
effectiveness of a high-dose midazolam sedation protocol. Midazolam was administered in 10 
mg increments at 10 minutes intervals, starting with 10 mg and titrated up to 40 mg. The study 
evaluated this protocol among adult patients with severe behavioural disturbance suspected to 
be from psycho-stimulant use. Patients’ data were obtained from a single emergency 
department. 
 
Hermos et al.11 studied 6-year retrospective cohort data to evaluate the association of high, 
long-term benzodiazepine doses among post-traumatic stress syndrome (PTSD) patients. 
Authors retrieved data on patients diagnosed with PTSD and one of the following disorders:  
 

 alcohol dependence and abuse,  

 alcoholism-related medical and psychiatric diagnoses, 

 psychoactive drug dependence,  

 drug abuse and withdrawal syndromes  
 
Prescription patterns of alprazolam, clonazepam, diazepam and lorazepam were analyzed. The 
average treatment period was approximately 21 months, and the analysis focused on the high 
dose treatment as defined by an average daily dose in the top 10% for each agent. 
 
Summary of Critical Appraisal 
 
The strength and limitations of included studies are summarized in APPENDIX 3. 
 
The review included three randomized controlled trials; randomization method was not specified 
in the three trials.1,4,8 Two trials had an open-label design which could bias the evaluation of 
outcomes favoring one trial treatment over others.1,4 The trials by Eren et al.1 and Talbi et al.8 
included patients classified group I-II according to the American Society of Anesthesiologists. 
These patients are usually healthy patients or patients with mild systemic disease with no 
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functional limitations. These patients’ characteristics may limit the generalizability of safety 
results to more compromised patients who may develop respiratory depression and altered 
hemodynamics. Lamson et al.4 included healthy volunteers, but authors did not report on the 
experience history of the included patients with benzodiazepines. Long-term users of 
benzodiazepines may develop tolerance against some of its adverse events. 
 
Spain et al.9 used a prospective observational study design. The advantage of this design is that 
the intervention and outcomes are predefined; however, such design does not provide 
conclusive evidence to support clinical decisions because the treatment was not compared 
other interventions. Furthermore, the trial used fixed doses of midazolam; midazolam dosing is 
estimated by body weight. In order to generalize the results obtained from fixed dose 
interventions with midazolam, information about the weight of the included patients is required; 
however, authors did not report on this information. 
 
Hermos et al.11 used data from three large databases, and used patient-level data; both criteria 
provide reliability to the study and its results. However, the study was limited by the fact that 
benzodiazepine doses were estimated through the number of prescriptions and refills and not 
on the actual doses used by each patient. Another potential limitation is that the analysis did not 
take into account the concurrent use of different benzodiazepines; 291 patients of the 2,183 
enrolled in the study used more than one benzodiazepine concurrently. And finally, this study 
focused on the long-term use of benzodiazepines, and patients who use benzodiazepine for 
extended periods of time may develop tolerance to some of the adverse effects of 
benzodiazepines. Therefore, safety results obtained from this analysis should not be 
generalized to the acute or occasional prescription of benzodiazepines. 
 
Summary of Findings 
 
Eren et al.1 included 125 patients in the trial, and reported on adverse events including 
bradycardia, nausea and hypoxemia. No bradycardia or nausea events were recorded in any of 
the midazolam groups (0.02, 0.04, or 0.06 mg/kg). Six patients had hypoxemia; four (26.7%) in 
the 0.06 mg/kg group and two (13.3%) in the 0.04 mg/kg group. Only the 0.06 mg/kg was 
associated with statistically significantly higher prevalence of hypoxemia. Although the three 
doses of midazolam are below the maximum dose allowed by Health Canada approved product 
monograph (0.1 mg/kg), this study showed that adverse events increased with higher doses of 
midazolam. 
 
In their trial report, Lamson et al.4 reported the adverse events associated with three doses of 
diazepam (5 mg, 10mg and 15 mg). The reported results showed that both the 10 mg and 15 
mg groups had relatively higher total treatment-emergent events than the 5 mg group; total 
number (%) of events were 7 (30%), 7 (32%) and 4 (17%) respectively. One event of 
tachycardia was reported in each of the 5 mg and 15 mg groups, no events were reported in the 
10 mg group. 
 
Talbi et al.8 reported higher incidence of nausea in the 1 mg midazolam group when combined 
with lidocaine compared to lidocaine alone or lidocaine combined with 0.5 mg midazolam; the 
number of events (%) were 13 (93%), 8 (80%), and 10 (77%). Only one case of bradycardia 
was reported in the trial, and it was reported in the 0.5 mg midazolam + lidocaine group. 
 
The study by Spain et al.9 showed that adverse events were reported with the first dose of 
midazolam (10 mg) and reached a plateau by the third dose (total of 30 mg); the fourth dose 
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was not associated with new adverse events. However, the number of patients requiring the 
third and fourth dose was relatively small (n=7 and 5 respectively), and this fact changes any 
conclusion about the safety of higher doses of midazolam. Interpretation of the results is further 
complicated by the fact that the study used fixed dose-increments of midazolam rather than per-
weight titration, and it did not report weight information of the included patients. 
 
Hermos et al.11 included 2,183 patients who had 2,474 benzodiazepine treatment episodes. The 
analysis showed that benzodiazepine was used in higher doses than the maximum doses 
approved by Health Canada. In the trial, diazepam was used in high doses reaching 60 mg/day, 
the average daily dose (in the highest 10% of all dose ranges) was 37.5 mg. The average daily 
doses, in the highest 10% of all dose ranges, of alprazolam, clonazepam and lorazepam was 4 
mg. The report did not indicate any safety concerns associated with the use of benzodiazepines 
in high doses. Of the included population, 234 patients used the high doses of benzodiazepine 
for extended periods. Almost 60% of these patients were diagnosed with PTSD alone, 21% had 
PTSD associated with alcoholism and drug abuse, 14% had PTSD and alcoholism, and 6% had 
both PTSD and drug abuse. These results do not show causality relationship between high-
doses of benzodiazepine and substance dependence. However, authors suggested that 
considerable caution be applied in prescribing benzodiazepines to PTSD patients, particularly 
those with prior diagnoses of drug abuse or dependence. 
 
Limitations 
 
Benzodiazepines are relatively old drugs, with diazepam first introduced in the market in 1960s. 
Therefore, most of the clinical trials evaluating these drugs may have been conducted many 
years before our literature search limits, and consequently could not be reviewed. No systematic 
reviews or meta-analyses of the older literature were identified. However, a supplemental 
literature search suggested that expanding the inclusion limit to 10 years wouldn’t likely have 
added useful information. Further extension of the literature search limits beyond 10 years may 
identify additional relevant trials; however, this would also multiply the volume of literature to be 
screened and reviewed, and this is not feasible due to the scope and relatively short timelines of 
Rapid Response reviews. 
 
Fourteen members of the benzodiazepine family are available in Canada; of these, evidence on 
five drugs was discussed in this review. Furthermore, three out of five studies evaluated 
midazolam. The safety and efficacy results obtained for midazolam cannot be generalized to 
other benzodiazepine drugs because midazolam does not have an established diazepam oral 
equivalent dose. The available data for the other four drugs included in this review are not 
sufficient to support a watchful dose to be generalized for all benzodiazepine drugs. 
 
The literature search did not identify any health technology assessments, systematic reviews, 
meta-analyses or evidence-based clinical guidelines evaluating the review questions. 
Furthermore, the included studies were not designed specifically to answer our review questions 
directly; therefore, results from these trials may not be useful to support definitive conclusions 
about the watchful doses of benzodiazepines. 
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
This report evaluated the clinical evidence for the safety of high doses of benzodiazepines and if 
a watchful dose of benzodiazepines can be determined. Evidence-based guidelines were also 
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searched for but none were identified for inclusion. A total of three RCTs and two observational 
studies were retrieved. 
 
With respect to the safety of high-doses of benzodiazepines equivalent to 10 mg diazepam, 
data was limited to those obtained mainly from a non-randomized trial. It was reported that 
benzodiazepines could be used in doses higher than the 10mg diazepam-equivalent doses. For 
example, diazepam was used in daily average dose of 37.5mg, and 4 mg/day for alprazolam 
clonazepam and lorazepam. These findings must be considered in light of the fact that the study 
was not designed specifically to evaluate the safety of high doses of benzodiazepines.  
 
With regards to the clinical evidence regarding the safety of different watchful doses of 
benzodiazepines, the available evidence does not suggest any watchful doses for 
benzodiazepines. 
 
 
 
PREPARED BY:  
Canadian Agency for Drugs and Technologies in Health 
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APPENDIX 1: Selection of Included Studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

328 citations excluded 

20 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

20 potentially relevant reports 

15 reports excluded: 
-irrelevant intervention (14)14-27 
-irrelevant outcomes (1)28 
 

5 reports included in the review 
(Eren et al. 2011,1 Lamson et al. 
2011,4 Talebi et al. 2010,8 Spain 

et al. 2008,9 Hermos 200711) 

348 citations identified from 
electronic literature search and 

screened 

0 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 
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APPENDIX 2. Characteristics of the Included Studies 

 

Objectives and Design Population Intervention Comparator Notes 

Eren et al. 2011,
1
 Turkey 

To compare the efficacy of 
dexmedetomidine and 
midazolam in preoperative 
sedation. 
 
Randomized, open-label, 
single-dose study 

Patient undergoing minor or moderate in-hospital 
surgical procedures under general anesthesia. 
Patients were classified group I-II according to the 
American Society of Anesthesiologists. 

Dexmedetomide Placebo 
Midazolam (0.02 
mg/kg) 
Midazolam (0.04 
mg/kg) 
Midazolam (0.06 
mg/kg) 

The maximum dose for 
midazolam, as 
recommended by 
Health Canada 
approved product 
monograph, is 
0.1mg/kg. This trial 
provides dose-related 
safety information. 

Lamson et al. 2011
4
 -  

 To evaluate and compare 
the bioavailability and safety 
of diazepam administered by 
IM auto-injection or rectal 
gel. 
 
Randomized, open-label, 
single-dose, crossover study  

Healthy adult volunteers. Part I: 
Diazepam 5, 10, and  
15mg (each subject was 
crossed-over the three 
doses) administered by 
IM auto-injection 
Part II: 
Diazepam 10mg 
administered by IM auto-
injection 

Part I:  
the different 
doses were 
compared to 
each other 
 
Part II: 
Diazepam 10mg 
administered by 
rectal gel 

This trial was included 
to provide information 
about the dose-related 
safety of diazepam 

Talebi et al. 2010
8
 – Iran 

 To evaluate the effects of 
intrathecal lidocaine on post-
operative pain. 
 
Randomized double-blind 
controlled trial 

Male patients undergoing elective ipsilateral open 
inguinal herniorrhaphy under spinal anesthesia. 
Patients were classified group I-II according to the 
American Society of Anesthesiologists. 

 Intrathecal lidocaine 
5% (75mg) plus 
0.5mg midazolam 

 

 Intrathecal lidocaine 
5% (75mg) plus 1mg 
midazolam 

Intrathecal 
lidocaine 5% 
(75mg) 

The maximum 
midazolam 
recommended dose by 
Health Canada is 0.1 
mg/kg. This trial 
provides dose-related 
safety information.  

Spain et al. 2008
9
 – Australia 

To evaluate the safety and 
effectiveness of high-dose 
midazolam sedation 
protocol. 
 
Prospective observational 
study  

Adult patients with severe behavioural disturbance 
suspected to be from psychostimulant. Patients 
recruited in a single emergency department 

 midazolam in 10 mg 
increments, i.m. or 
i.v., at 10 min 
intervals, up to four 
doses 

Not applicable Midazolam was used in 
high doses; 10 mg up 
to 40 mg. The 
maximum dose 
recommended by 
Health Canada is 0.1 
mg/kg. 

Hermos et al. 2007
11

 - USA 

To evaluate the association Patients treated with benzodiazepine in the New Alprazolam, clonazepam, Lower doses of The trial was not 
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Objectives and Design Population Intervention Comparator Notes 

of high, long-term anxiolytic 
benzodiazepne doses 
among PTSD patients with 
and without substance 
abuse diagnoses. 
 
Retrospective observational 
6-year cohort study  

England Veteran Affaire Medical Centers and 
affiliated clinics 
 
The following clinical diagnoses were retrieved   
retrospectively:  
PTSD,  
Alcohol dependence and abuse,   alcoholism-
related medical and psychiatric diagnoses,  
Psychoactive drug dependence,  
Drug abuse and withdrawal syndromes 
 
Inclusion required that each substance abuse 
diagnosis was recorded prior to or concurrent with 
the initial benzodiazepine prescription. 

diazepam, or lorazepam.  
Treatment used in  
high dose (average daily 
dose for their longest 
treatment episode was in 
the top 10% for each 
agent), and  
for long-term treatment 
(average 21.3 months), 
 

benzodiazepine designed to determine 
either the therapeutic 
benefits or risks of 
long-term 
benzodiazepine 
prescriptions for PTSD 
patients with comorbid 
substance abuse 
diagnoses. 
 
Results from this trial 
can give insight on the 
high doses of 
benzodiazepine when 
used for extended 
duration 

PTSD= post-traumatic stress syndrome 
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APPENDIX 3. Critical Appraisal of the Included Studies 

 

Strengths Weaknesses 

Eren et al. 2011,
1
 Turkey 

 Treatment allocation was randomized; 
however, the randomization method was not 
specified. 

 The study included ASA I-II patients, these patients are usually not much compromised; furthermore, the 
average age was 37 years. These patients’ characteristics may limit the generalizability of safety results to 
geriatric and more compromised patients who may develop respiratory depression and altered 
hemodynamics. 

 The trial had an open-label design; therefore, outcomes assessment might be biased favoring 
dexmedetomide or the highest dose of midazolam in the efficacy outcomes or exaggerating safety outcomes 
for these two treatments. 

Lamson et al.4 2011 

 Treatment allocation was randomized; 
however, the randomization method was not 
specified. 

 

 The study recruited healthy volunteers, and this is ideal for pharmacokinetic studies. However, it was not 
reported if these subjects were benzodiazepine naïve or had prior experience with diazepam. Therefore 
safety outcomes could not be conclusive, because long-term use of benzodiazepine may develop tolerance 
against some of the adverse events.  

 The trial has an open-label design, and outcome evaluation might be biased. 

Talebi et al.8 2010 – Iran  

 The sample size was estimated based on the 
expected duration of anesthesia after 
operation. However, the trial’s main outcome 
was the severity of post-operative pain and 
not the duration of anesthesia. 

 Treatment allocation and outcome evaluation 
was double-blinded 

 The study included ASA I-II patients; these patients are usually not much compromised. These patients’ 
characteristics may limit the generalizability of safety results to more compromised patients who may develop 
respiratory depression and altered hemodynamics. 

 The trial patients were pre-medicated with 5mg oral diazepam 60 minutes before the intervention, the effect 
of combining midazolam with diazepam was not taken into consideration. 

Spain et al. 20089 – Australia 

 This was an observational study designed 
prospectively. 

 The average weight of the included patients was not reported. Midazolam dose is determined by patients’ 
weight; it would be challenging to generalize the results of this trial without information about patients’ weight. 

Hermos et al. 200711 - USA 

 The study retrieved and analyzed patient’ 
level data from three databases. The large 
size of the analyzed data provides reliability to 
the study results.  

 Benzodiazepine doses were estimated through the number of prescriptions and refills and not on the actual 
doses used by each patient. Although this might be the best way to estimate the doses retrospectively, this 
kind of estimation tends to exaggerate the amount and doses of drugs truly used. 

 291 patients had received concurrent benzodiazepines; the effect of this concurrent use was not taken into 
consideration in the dose estimation. 

 The study reported the rates of patients in each benzodiazepine dose category, but it did not provide the 
association/ risk measurements. 

 The study used data about patients who used benzodiazepines for long-term. This type of patients might 
have developed a sort of tolerance for the high doses of benzodiazepines; patients who use these drugs 
occasionally may not have the same tolerance. Therefore, the reported doses may not be generalizable to 
the acute use of benzodiazepines or drug naïve patients. 

ASA= American Society of Anesthesiologists; PTSD= post-traumatic stress syndrome 
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APPENDIX 4. Main Study Findings and Authors’ Conclusions 

 

Study Findings 
Authors’ Conclusions – Reviewer’s 
Comments 

Eren et al. 2011,
1
 – Turkey 

 

 125 patients were included 
Weight and adverse events reported for the study patients 

Authors concluded that dexmedetomidine is an 
effective agent for preoperative sedation, and it 
resulted in equal or even longer sedation 
compared to high dose (0.06mg/kg) of 
midazolam. 
Reviewer’s comments: 

The study used lower doses of midazolam 
than the maximum dose provided Health 
Canada product monograph for midazolam 
(0.1mg/kg). Only the highest dose (0.06mg/kg) 
was associated with statistically significantly 
higher prevalence of hypoxemia. 

 
 
Placebo 
(n=40) 

Midazolam 0.02mg/kg 
(n=15) 

Midazolam 0.04mg/kg 
(n=15) 

Midazolam 0.06mg/kg 
(n=15) 

Weight (kg), 
mean (SD) 

66.8 (11.8) 65.9 (11.0) 73.5 (14.2) 67.3 (7.6) 

Adverse Effects, n (%) 

Bradycardia 0 0 0 0 

Nausea 0 0 0 0 

Hypoxemia 0 0 2 (13.3) 4 (26.7) 

Lamson et al.
4
 2011 

 
Adverse events reported in subjects taking diazepam Diazepam IM administration via the 

autoinjector may offer a reliable method for 
caregivers to administer medication for the 
treatment of Acute repetitive seizures. 
 
There was no evidence of respiratory 
depression following IM diazepam 
administration with the autoinjector.  

Type of Adverse Event 
5mg IM  
(N=23), n(%) 

10mg IM 
(N=23),n(%) 

15mg IM 
(N=22), n(%) 

Treatment-emergent 4 (17.4) 7 (30.4) 7 (31.8) 

Serious 0 0 0 

Most common treatment-emergent adverse events 

injection site pain 1 (4.3) 5 (21.7) 6 (27.3) 

headache 1 (4.3) 2 (8.7) 1 (4.6) 

tachycardia 1 (4.3) 0 1 (4.6) 

Talebi et al.
8
 2010 – Iran  

 45 patients were included in this trial Authors concluded that the intrathecal 
midazolam, combined with lidocaine, was 
effective in reducing post-operative pain and 
was not associated with severe adverse 
events. 
Reviewer’s comments: 

The approximate average doses of midazolam 
per body weight were 0.01 mg/kg and 0.02 
mg/kg. The maximum recommended dose by 
Health Canada (0.1 mg/kg). 

 
Lidocaine 
alone (n=10) 

Lidocaine + 0.5 mg midazolam 
(n=13) 

Lidocaine + 1 mg midazolam 
(n=14) 

Weight, mean kg (SD) 63.6 (6.1) 65.6 (8.2) 63.1 (5.8) 

Adverse Effects, n (%) 

Nausea 8 (80) 10 (77) 13 (93) 

Emesis 0 5 (38) 0 

Headache 8 (80) 8 (62) 7 (50) 

Hypotension 0 0 0 

Bradycardia 0 1 (8) 0 
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Study Findings 
Authors’ Conclusions – Reviewer’s 
Comments 

Spain et al. 2008
9
 – Australia 

 62 patients were included in the trial 

 Midazolam was used in increments of 10mg up to four times 
 
Number and percentage of patients who failed safety criteria  

Authors concluded that there were significant 
safety concerns with potential therapeutic 
overdose occurring with the high-dose 
regimen. 
 
Reviewer’s comments: 

The maximum dose recommended by Health 
Canada is 0.1 mg/kg. Adverse events were 
reported for the lowest midazolam dose (10 
mg) and reached a plateau after the third dose 
(30 mg total). However, the trial did not report 
patients’ weight, and without this information it 
is difficult to conclude based on these results 

Safety Criteria 
1 dose 
(n=62), n% 

2 doses 
(n=20), n% 

3 doses 
(n=7), n% 

4 doses  
(n=5), n% 

GCS <8 4 (7) 3 (15) 1 (14) 0 

Airway adjunct 2 (3) 2 (10) 0 0 

BP <90 mmHg 3 (5) 3 (15) 1 (14) 0 

Cumulative total 9 (14) 17 (27) 19 (31) 19 (31) 

 

Hermos et al. 2007
11

 – USA 

2,183 PTSD patients were identified who had 2,474 benzodiazepine treatment episodes. 
 
Distribution by Percentiles of Benzodiazepine Doses Authors concluded that the study findings 

suggest that considerable caution be applied in 
prescribing benzodiazepines to PTSD patients, 
particularly those with prior diagnoses of drug 
abuse or dependence. 
 
Reviewer’s comments: 

The study reported that 234 patients used high 
doses of benzodiazepines for extended 
durations. Relative to the “equivalent oral 
doses” in Table 1, diazepam was used up to 
60 mg/day (1.5 times more than the maximum 
dose approved by health Canada), while 
alprazolam, clonazepam and lorazepam were 
used in doses 2 to 4 times higher than their 
10mg-diazepam equivalent doses 

Average daily dose 
percentile 

Alprazolam 
mg/day 
(n=277) 

Clonazepam 
mg/day 
(n=285) 

Diazepam 
mg/day 
(n=505) 

Lorazepam 
mg-day 
(n=823) 

Top 10%, 95%  
(90%,100%) 

4  
(3.3, 6) 

3.8  
(3, 7.9) 

37.5  
(30, 60) 

4  
(3, 8.1) 

Middle-quartiles, 50%  
(25%, 75%) 

1  
(0.5, 2) 

1.3  
(1, 2) 

11.7  
(7.7, 19.3) 

1.5  
(1, 2) 

 
Distribution of Benzodiazepine Doses in Patients With and Without Alcoholism and Drug Abuse 
Diagnoses 

Average daily doses, % 
of population 

PTSD + 
alcoholism 
n (%) 

PTSD + drug 
abuse 
n (%) 

PTSD + 
alcoholism + drug 
abuse, n (%) 

PTSD only 
n (%) 

Total, N=2,183 391 (17.9) 61 (2.8) 342 (15.7) 1,389 (63.9) 

Top 10%, N=234 34 (14.5) 13 (5.6) 50 (21.4) 137 (58.6) 

Middle quartile (25%, 
75%) N=1,113 

208 (18.7) 27 (2.4) 165 (14.8) 713 (64.1) 

BP= blood pressure; GCS= Glasgow Coma Score; IM= intramuscular; PTSD= post-traumatic stress syndrome 
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