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Underdosing of Midazolam in Emergency
Endotracheal Intubation
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Abstract
Objectives: To determine whether midazolam, when used
as an induction agent for emergency department (ED)
rapid-sequence intubation (RSI), is used in adequate and
recommended induction doses (0.1 to 0.3 mg/kg), and to
compare the accuracy of the dosing of midazolam for ED
RSI with the accuracy of dosing of other agents. Methods:
The authors conducted a systematic query of a prospectively
collected database of ED intubations using the National
Emergency Airway Registry data, gathered in 11 participat-
ing EDs over a 16-month period. A data form completed at
the time of emergency department intubation (EDI) enabled
analysis of patients’ ages, weights, and indications for EDI,
as well as the techniques and drugs used to facilitate EDI.
Data were analyzed to determine whether midazolam is
used in recommended doses during RSI. Patients intubated
with midazolam alone were compared with patients who
received other induction agents for RSI. Results: Of 1,288
patients entered in the study, 1,023 (79%) underwent RSI. Of
the 888 RSI patients with an age recorded, midazolam was

used as the sole induction agent in 140 (16%). The mean
(6SD) dosages of midazolam used in RSI were 2.6 (61.7)
mg in children (age # 18) and 3.7 (62.5) mg in adults (age
$19); the mean (6SD) dosages by weight were 0.08 (60.04)
mg/kg in children and 0.05 (60.03) mg/kg in adults. More
than half (56%) of the children, and nearly all (92%) of the
adults, received dosages lower than the minimum recom-
mended dosage (0.1 mg/kg). Of patients who received
barbiturates, only 21% of children and 21% of adults
received a dose lower than the minimum recommended.
When combined with another induction agent, midazolam
was dosed similarly to when it was used alone: mean adult
doses were 3.1 (61.2) mg and 0.04 (60.02) mg/kg.
Conclusions: Underdosing of midazolam during ED RSI is
frequent, and appears to be related to incorrect dosage
selection, rather than to a deliberate intention to reduce the
dose used. Key words: RSI; rapid-sequence induction; ED;
emergency department; midazolam; dose. ACADEMIC
EMERGENCY MEDICINE 2003; 10:329–338.

Midazolam is commonly used as an induction agent
for emergency department intubation (EDI). The
section on induction dosing in the midazolam drug
monograph states:

In the absence of premedication, an average adult under
the age of 55 years will usually require an initial dose of
0.3 to 0.35 mg/kg for induction, administered over 20 to

30 seconds and allowing 2 minutes for effect. In resistant

cases, up to 0.6 mg/kg total dose may be used for in-

duction, but such larger doses may prolong recovery. Un-

premedicated patients over the age of 55 years usually

require less midazolam HCl for induction. An initial dose

of 0.3 mg/kg is recommended. Unpremedicated patients

with severe systemic disease or other debilitation usually

require less midazolam HCl for induction. An initial dose

of 0.2 to 0.25 mg/kg will usually suffice. In some cases, as

little as 0.15 mg/kg may suffice.1

The recommended dose of midazolam for induction
in major textbooks is 0.1 to 0.3 mg/kg, encompassing
the manufacturer’s recommendations, and allowing
substantial (threefold) dose variation for various
clinical circumstances.2–5 In stable ED patients un-
dergoing rapid-sequence intubation (RSI), the upper
ranges of this dosing recommendation are indicated,
consistent with the use of full induction doses of other
agents used for ED RSI (e.g., etomidate 0.3 mg/kg,
sodium thiopental 3–5 mg/kg).

Most potent sedative agents used for EDI are not
commonly used in the ED for purposes other than
sedation. Although there have been a few reports of the
use of propofol or ultrashort-acting barbiturates for ED
procedural sedation, only midazolam is widely used
for this alternate purpose.6–8 Ketamine is frequently
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used for pediatric sedation, but is rarely used in se-
dation of adults because of undesirable side effects.9–11

Over more than ten years of teaching courses on
airway management, one of us (RMW) has observed
that physicians usually correctly identify the recom-
mended doses of induction agents for use in ED RSI,
and report using these doses. However, when mid-
azolam is discussed as an induction agent, the doses
identified by clinicians are generally much less than
the recommended induction dose (0.2–0.3 mg/kg),
and almost always less than the minimum induction
dose (0.1 mg/kg). Physicians almost uniformly report
using these markedly reduced doses of midazolam,
despite their use of the recommended doses of other
induction agents.

Adequate dosing of the induction agent is impor-
tant for several reasons:

1. The patient becomes unaware of the resuscitative
events, including neuromuscular blockade and
intubation.12 Patients paralyzed and intubated
while awake or inadequately sedated, in contrast,
may experience emotional and psychiatric dis-
turbances.13–15

2. Adverse hemodynamic responses to intubation,
especially catecholamine release with resultant
hypertension and tachycardia, are significantly
attenuated by adequate doses of induction
agents.16–20

3. Laryngoscopy and intubation during RSI are at-
tempted at the earliest possible time after the
neuromuscular blocking agent is administered. In
these circumstances, the effects of the induction
agent are additive to those of the neuromuscular
blocking agent. Thus, appropriate doses of effec-
tive induction agents improve laryngoscopic
grade at intubation.21–26

Accordingly, we undertook a study using data
acquired during the National Emergency Airway
Registry (NEAR) project pilot phase (NEAR I) to
determine the pattern of use of midazolam among
emergency physicians at our participating centers.
Our purpose was to determine the patterns of use
of midazolam in EDI and to assess compliance of
emergency physicians with recommended dosages
for midazolam when it is used as the induction agent
for ED RSI. A secondary purpose was to determine
whether any observed underdosing is a result of
reduction of the midazolam dose when midazolam
is being used in combination with other induction
agents. Finally, we wanted to compare the use of
midazolam with that of other induction agents, to
determine whether there is consistency in terms of
use of recommended induction doses of all agents.
Where underdosing was identified, we attempted to
determine whether underdosing was predicted by
specific patient characteristics, such as hypotension or
mental states.

METHODS

Study Design. The first phase of the National
Emergency Airway Registry (NEAR I) was initiated
in June 1996 as a consortium of 11 academic EDs in
the United States. All departments are staffed by full-
time emergency medicine (EM) attending physicians
and are affiliated with fully accredited EM residency
training programs. Non-EM resident physicians also
rotate through the majority of these departments and
participate in EDIs. Participating institutions are
certified as Level I (n ¼ 7), Level II (n ¼ 3), or Level
III (n ¼ 1) trauma centers and have an aggregate ED
census of 610,000 patient visits per year (range 25,000
to 120,000). Pediatric patients are treated in nine of the
EDs, which include one designated children’s hospi-
tal. Each hospital maintains individual protocols
regarding the policy and procedures for ED airway
management. EDIs are performed by resident physi-
cians at the discretion of, and supervised by, attending
physicians.

For the purposes of data collection, standard
definitions were agreed upon and a data form was
developed using an iterative process participated in
by most of the centers. Intubations done using any
sedative agent, but without neuromuscular blocking
agents, were defined as ‘‘sedative only’’ intubations
(SED). Intubations without any pharmacologic aid
were classified according to whether they were nasal
(NTI) or oral, and if oral were identified as ‘‘oral–no
medication’’ (NOM). The data form required physi-
cians to identify when a rapid-sequence technique
(RSI) was used, and data entry personnel verified that
neuromuscular blockade was used to ensure that the
designation ‘‘RSI’’ was appropriate.

This study was approved by the institutional
review board (IRB) of each participating institution.

Study Setting and Population. The patients anal-
yzed in this study were derived from the set of
patients in the NEAR I registry who were intubated
orally using a rapid-sequence technique, defined as
intubation facilitated by the use of neuromuscular
blockade, and indicated as RSI by the intubating
physician. Only patients whose age was recorded
were included, to allow the study patients to be
analyzed as pediatric (age # 18) and adult (age $ 19)
subgroups.

The ‘‘RSI: midazolam only’’ group was the central
group evaluated in this study. It was defined as all
patients enrolled in the registry who were intubated
orally after receiving neuromuscular blockade plus
midazolam, with no other induction agents. These
patients could receive additional noninduction
agents, such as atropine or lidocaine, in addition to
neuromuscular blockade and midazolam.

A second group, called the ‘‘RSI: midazolam &
other’’ group, was defined as all patients enrolled in
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the registry who were intubated orally after receiving
neuromuscular blockade plus midazolam and another
agent capable of being an induction agent. These
patients could receive other noninduction agents,
such as atropine or lidocaine in addition to neuro-
muscular blockade, midazolam, and the other in-
duction agent(s).

In order to compare the dosing of midazolam with
that of other induction agents known to cause
hypotension, a third subset of patients, called the
‘‘RSI: other benzodiazepine or barbiturate’’ group,
was defined as those patients who were intubated
orally after receiving neuromuscular blockade plus
diazepam, methohexital, or thiopental as the only
induction agent. The recommended induction dos-
ages for diazepam, methohexital, and thiopental in
mg/kg are 0.2–0.5, 1.0–3.0, and 3.0–5.0, respec-
tively.1–4,27 The lower end of each range was defined
as the cutoff for adequate dosing. Patients could
receive other noninduction agents, such as atropine
or lidocaine, in addition to neuromuscular blockade
and the induction agent.

A fourth group, called the ‘‘RSI: no midazolam’’
group, was defined as all patients who did not receive
midazolam in RSI. Note that the ‘‘RSI: other benzo-
diazepine or barbiturate’’ group is a subset of this
fourth group, which also includes patients induced
with ketamine, fentanyl, or etomidate.

Study Protocol. During the pilot phase of NEAR, data
were gathered prospectively over a 16-month period
(June 1996–September 1997) on patients requiring EDI
who presented to the 11 participating institutions.
After each EDI, the physician who intubated the pa-
tient completed a data form that included the patient’s
age, gender, weight, indication for intubation, tech-
nique of airway management, number of attempts,
complications, and names and dosages of all medi-
cations used to facilitate intubation.

Weights were determined from discussion with the
patient’s family or friends present at the time of the
intubation, or by the physician’s best estimate. These
estimates are the weights physicians used to calculate
drug dosing for induction agents, and therefore are the
best for assessing the patterns of physicians’ dosing.
No attempts to verify estimated weights were made
through further chart review: few critically ill patients
are weighed at the time of intubation, and many are
never weighed in the intensive care unit (ICU).

Data Analysis. Demographic data for the four groups
such as mean age, gender, and mean weights were
compared. Within each group, the primary indication
for intubation was analyzed in two ways: 1) trauma vs.
nontrauma indications, and 2) neurologic versus non-
neurologic disease. For the latter analysis, all patients
were divided into two groups: a) the ‘‘potentially

neurologically altered’’ or ‘‘PNA’’ group (patients with
head injury, drug/toxin, stroke, status epilepticus, or
coma) and b) the ‘‘not neurologically altered’’ or
‘‘NNA’’ group (all other indications for intubation).
This was designed to permit analysis of midazolam
dosing with respect to mental status (i.e., to allow for
deliberate reduction of the dose because of obtunda-
tion existing before initiation of RSI). In these analyses
of demographic data, we excluded any patients for
whom the necessary data were not available.

Student’s t-test and chi-square analysis were used
for all statistical comparisons. The p-value for sta-
tistical significance was set at 0.05. Ninety-five percent
confidence intervals (95% CIs) for means and for pro-
portions were calculated using standard published
formulae.28

RESULTS

A total of 1,288 EDIs from 11 participating centers
were prospectively entered into the database. Of 1,288
patients overall, 1,023 (79%) were intubated orally
using RSI. Of these 1,023 patients, 888 (87%) had the
age properly documented. These 888 patients consti-
tuted the overall study group: it included 124 children
and 764 adults. Of these 888 patients, 140 (16%) were
intubated orally with midazolam as the sole induction
agent (‘‘RSI: midazolam only’’ group). This included
18 children and 122 adults. One patient was excluded
because dosage was not recorded. For analyses of
dosage by weight, 13 patients were excluded because
the estimated weight was not recorded.

When midazolam was the sole induction agent for
RSI (‘‘RSI: midazolam only’’ group), the mean dosage
of midazolam used was 2.6 (61.7) mg (95% CI ¼ 1.8 to
3.4 mg) in children and 3.7 (62.5) mg (95% CI ¼ 3.2 to
4.2 mg) in adults (Figure 1). Seventy-seven percent of
patients (95% CI ¼ 69% to 84%) received exactly 2 mg,
4 mg, or 5 mg of midazolam. The mean dosages by
weight were 0.08 (60.04) mg/kg for children (95%
CI ¼ 0.06 to 0.10 mg/kg) and 0.05 (60.03) mg/kg for
adults (CI ¼ 0.05 to 0.06 mg/kg). Midazolam dosages
lower than the minimum recommended (\0.10 mg/
kg) were administered to 56% of children (95% CI ¼
30% to 80%) and 92% of adults (95% CI ¼ 85% to 96%)
(Figure 2). The mean age of children who were
underdosed was 13.6 (65.5) years, whereas the mean
age of children who were adequately dosed was 2.9
(62.1) years (t-test p \ 0.0005), suggesting that an
absolute dosage was being selected, rather than
a weight-based dosage.

Table 1 compares demographics of the groups of
adults intubated via RSI for whom age was recorded:
a) with midazolam as the only induction agent (‘‘RSI:
midazolam only’’); b) with midazolam in combination
with another potential sedative/induction agent
(‘‘RSI: midazolam & other’’); c) with a benzodiazepine
or barbiturate other than midazolam as the only
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induction agent (‘‘RSI: other benzodiazepine or
barbiturate’’); and d) all those who did not receive
midazolam as part of RSI (‘‘RSI: no midazolam’’).
Note that group c is a subset of group d. Patients
intubated with midazolam alone were older and less
likely to be trauma victims compared with patients
intubated with other agents. Patients intubated with
midazolam only were also less likely to have
neurological disorders than patients intubated with
other benzodiazepines and barbiturates. There was no
significant difference in estimated weight or gender
between groups.

Table 2 compares the same groups in children
intubated via RSI. There is no ‘‘RSI: midazolam &
other’’ group; this group was excluded because the
number was inadequate for analysis (2 patients). Like
adults, children intubated with midazolam alone
were less likely to be trauma victims compared with
patients intubated with other agents. There was no
significant difference in age, weight, gender, or the

proportion of patients who were potentially neuro-
logically altered (PNA) between groups.

Of the 888 patients in the study group, all of whom
received neuromuscular blockade, 47 (5%) were
intubated orally with midazolam in combination with
another sedative/induction agent (‘‘RSI: midazolam
& other’’ group). Because only two of these 47 were
pediatric patients, meaningful analysis of the pediat-
ric group was impossible, so only adult patients were
analyzed. There were 44 adult patients with dosages
recorded, including 35 adult patients with both
dosage and weight recorded. The agents that were
combined with midazolam were fentanyl (33), etomi-
date (7), and ketamine (4). Mean (6SD) dosages of
these drugs used in combination with midazolam
were as follows: fentanyl, 123 (649) mg; etomidate 22
(68) mg; and ketamine 115 (644) mg. Mean (6SD)
dosages by estimated weight of these drugs used
in combination with midazolam were fentanyl, 1.8
(60.8) mg/kg; etomidate 0.3 (60.2) mg/kg; and

Figure 2. Midazolam dosage by weight: incidence of underdosing. pedi ¼ pediatric.

Figure 1. Frequency of the midazolam dosages used. pedi ¼ pediatric.
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ketamine 1.4 (60.7) mg/kg. The mean dosage of
fentanyl is well below the induction dose of 15–30
mg/kg, demonstrating that the fentanyl was used in
low doses when it was combined with midazolam.
The etomidate and ketamine dosages are full in-
duction range dosages.1 Overall, mean (6SD) mid-
azolam dosage in these patients was 3.1 (61.2) mg
(95% CI ¼ 2.7 to 3.5 mg); mean dosage by weight was
0.04 (60.02) mg/kg (95% CI ¼ 0.04 to 0.05 mg). The
mean dosage of midazolam used in combination with
fentanyl was 3.3 (61.4) mg, in combination with
etomidate was 2.6 mg (61.1) mg, and in combination
with ketamine was 2.5 (61.0) mg.

Among patients intubated with RSI, there were 27
children who received thiopental as the sole induction
agent; there were 17, 39, and 37 adults who received
diazepam, methohexital, and thiopental, respectively.
These patients formed the ‘‘RSI: other benzodiazepine
or barbiturate’’ group. No patients received one of
these drugs in combination with another sedative
drug. In children, only one patient was intubated with
diazepam and none with methohexital, which pre-
cluded meaningful analysis of these subgroups, so
only the pediatric thiopental patients were analyzed.
Figure 3 compares the frequency of use of recom-
mended doses of these agents versus midazolam. In
pediatric patients, 56% of midazolam patients re-
ceived doses less than the recommended minimum
(95% CI ¼ 30% to 80%) versus 21% with thiopental
(95% CI ¼ 7% to 42%) (x2 p ¼ 0.02). In adults, 92% of
midazolam patients received doses below the recom-
mended minimum (95% CI ¼ 85% to 96%) versus 94%
with diazepam (95% CI ¼ 70% to 100%) (x2 p ¼ NS),
16% with methohexital (95% CI ¼ 5% to 33%) (x2 p \
0.00001), and 26% with thiopental (95% CI ¼ 12% to

43%) (x2 p \ 0.00001). Overall in adults, the barbitu-
rates methohexital and thiopental were underdosed
21% of the time compared with 92% for the benzo-
diazepines diazepam and midazolam.

DISCUSSION

We found a high incidence of midazolam under-
dosing when this drug was used for RSI. A potential
explanation is that physicians are concerned about
the potential for causing hypotension with the use
of midazolam, and therefore deliberately reduce the
dose. While some hypotension accompanies benzo-
diazepine induction, it is generally not a serious
problem. Many studies have reported the hemody-
namic effects of midazolam at dosages of 0.15–0.30
mg/kg. In relatively healthy, normovolemic patients,
midazolam at these dosages causes either no change
or only modest decreases in mean arterial pressure
(MAP) (#10 mm Hg).24–36 In studies of patients with
limited cardiac reserve, induction with 0.2 to 0.3 mg/
kg of midazolam causes mean decreases in MAP
ranging from about 10 mm Hg to about 20 mm
Hg.16,37–40 These modest hemodynamic effects were
seen using dosages of midazolam that were two to
three times the dose (0.1 mg/kg) we used as our
cutoff for underdosing, and four to six times the mean
dose we observed emergency physicians using in
adult patients. One additional study of patients with
severe mitral stenosis41 showed a decrease in MAP of
only 6 mm Hg after induction with 0.07 mg/kg of
morphine plus 0.1 mg/kg of midazolam; MAP
rapidly returned to baseline after intubation.

If underdosing of midazolam were caused by
a concern about hypotension, one would expect

TABLE 1. Demographic Data: Adults

n
Age

(Mean, yr)
Gender

(% Female)
Weight

(Mean, kg)
Trauma

(%)
PNA*
(%)

RSI: midazolam only 122 60.4 42 73.4 13 31
RSI: midazolam & other 47 53.5y 34 73.1 20 23
RSI: other benzodiazepine or barbiturate 93 50.1z 34 73.2 40z 55z
RSI: no midazolam 595 49.4z 35 73.1 35z 42

*PNA, potentially neurologically altered, includes head injury, drug/toxin, stroke, status epilepticus, and coma.
yp\ 0.05, compared with the RSI: midazolam only group. RSI ¼ rapid-sequence intubation.
zp\ 0.0005, compared with the RSI: midazolam only group.

TABLE 2. Demographic Data: Children

n
Age

(Mean, yr)
Gender

(% Female)
Weight

(Mean, kg)
Trauma

(%)
PNA*
(%)

RSI: midazolam only 18 9.2 44 44.6 31 50
RSI: other benzodiazepine or barbiturate 27 8.1 19 33.4 56 74
RSI: no midazolam 104 10.3 23 40.4 70y 53

*PNA, potentially neurologically altered, includes head injury, drug/toxin, stroke, status epilepticus, and coma.
yp\ 0.005, compared with the RSI: midazolam only group. RSI ¼ rapid-sequence intubation.
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similar underdosing of barbiturates, which are well
known for causing hypotension. In head-to-head com-
parisons versus midazolam, thiopental causes either
similar or greater degrees of hypotension.29–31,33,38,41

Yet among both children and adults in our study, the
incidence of underdosing of barbiturates (methohexital
and thiopental) was significantly less than the in-
cidence of underdosing of benzodiazepines (diazepam
and midazolam). Emergency physicians in this study
use a markedly reduced dose of barbiturates only
a small fraction as often as they do with benzodiaze-
pines. We therefore suspect that it is unlikely that
emergency physicians reduce their induction dosages
of midazolam solely out of a concern about the
potential to cause hypotension.

Another possible explanation for midazolam
underdosing is that the patients who receive mid-
azolam as the sole induction agent are a select group
who are perceived to require less sedation than
others, in that they are already obtunded before in-
tubation is initiated. If so, one would expect a dispro-
portionate share of these patients to have neurologic
injury, alteration, or disease. In fact, we found that
a comparable percentage of patients in the ‘‘RSI:
midazolam only’’ study group were ‘‘potentially
neurologically altered’’ when compared with other
study groups, even using our generously inclusive
definition. Thus, there is no evidence that the patients
receiving midazolam had greater obtundation of
mental status before intubation than did patients in
other groups.

The demographic data in Table 1 suggest those
patients receiving midazolam are, on average, ap-
proximately ten years older than those receiving other
agents. Some of these patients, especially those with
underlying cardiac dysfunction, may require lower
dosages of the induction agent in order to maintain an
adequate blood pressure. However, the lowest ade-
quate induction dose that is recommended even in
this group is 0.1 mg/kg, and we set our ‘‘adequate’’
dose at this level. Most patients in this study received
less than this minimally acceptable dose.

Thus, we suspect that the underdosing of mid-
azolam observed in this study is related to physician
factors rather than patient factors. This is a surprising
finding, given that the doses of other induction agents
used are within recommended ranges. Unlike most
other ED induction agents, benzodiazepines are
frequently used for other medical purposes, and
emergency physicians may tend to use the familiar
dosages commonly used for procedural sedation
when planning induction of anesthesia. This expla-
nation is supported by the following three findings:

1. That similar dosages of midazolam were used
whether or not it was combined with another
sedative/induction agent. When a full dose of
another induction agent is used, the midazolam is
presumably administered as a complementary
sedative or pre-induction agent.

2. That diazepam, which is also used for purposes
other than induction, is also regularly under-

Figure 3. Adequate dosing by induction agent.
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dosed, whereas barbiturates, which are rarely
used for other purposes, are much less commonly
underdosed. Furthermore, in the less common
situation in which barbiturates are used for pro-
cedural sedation, the dosing is close to the low
end of the induction dosing (unlike the benzodia-
zepines, in which sedation dosing is substantially
lower than induction dosing).

3. That the dosages used seem to reflect an absolute
milligram amount, rather than a calculated mg/
kg amount. This third point is emphasized by the
pediatric data, in which fairly constant doses were
administered across all pediatric age groups,
reaching adequate mg/kg doses only in young
(lightweight) patients.

Midazolam and diazepam are used for sedation of
agitated patients, sedation for procedures, and seizure
control. For obvious reasons, the dosages recommen-
ded for these purposes are lower than the dosages
recommended for typical induction. Forty-two per-
cent of adults in our study received 2 mg or less of
midazolam when it was the sole anesthetic induction
agent, regardless of their mental status before in-
tubation. It is feasible that emergency physicians
extrapolate the commonly used sedation dosages of
midazolam to induction, because they are comfortable
or familiar with these doses, but if so, they do not
consider that the patient will likely be aware when he
or she is intubated.

In RSI, the induction agent should render the
patient unconscious, preferably within 1 minute. This
optimizes intubating conditions, minimizes adverse
responses to intubation, and creates comfort without
recall for the patient. When midazolam is used for
induction in RSI, the dosage necessary to achieve un-
consciousness is at least 0.1 mg/kg, and double or
triple this dose is recommended in generally healthy,
hemodynamically stable patients.1

Taken together, these findings suggest that when
physicians use an agent for two related (sedation)
purposes, dosing recommendations may become
obscured. When a benzodiazepine is used for pro-
cedural sedation, the express purpose is to achieve an
endpoint of blunted responses and recall, but preser-
vation of protective airway reflexes. When used for
induction, the endpoint is to achieve general anesthe-
sia, in which the patient is unresponsive to noxious
stimuli and without protective airway reflexes. Choice
and dose of induction agent have been unequivocally
shown to influence intubating conditions, even in the
context of neuromuscular blockade, so the selection of
an inadequate dose of induction agent may make
intubation unnecessarily difficult. In addition, patient
perception and recall may not be fully blunted, and
undesirable hemodynamic responses to intubation
may ensue. It is noteworthy that when other agents
are used, such as thiopental or etomidate, the full-

recommended induction dose is generally given.
Dosing may be clearer in these circumstances because
these agents are generally used in the ED only for
induction for intubation.

Another possible confounder with respect to
physician selection of the appropriate induction dose
of midazolam may be the product packaging. The
administration of midazolam in dosages of 2, 4, or 5
mg in 77% of patients further supports this notion of
blurring of sedative and induction doses but also
suggests that the amount dispensed in a vial (most
commonly 2 or 5 mg) may affect the dosage chosen. In
the setting where a minimum 14-mg dose of mid-
azolam is indicated for induction of a relatively healthy
70-kg patient, it is possible that emergency physicians
and nurses are uncomfortable administering seven
vials of this drug at one time, particularly when
sedative applications require only one or two vials.
Drugs used only in the ED for induction, such as
etomidate and thiopental, are provided in ‘‘induction’’
dose-sized vials (20 mg for etomidate, 250 mg for
thiopental) and were much more appropriately dosed.

Because the patients appear unresponsive as a result
of their complete neuromuscular blockade, many
physicians do not appreciate that the patient may
actually remain awake. At the dosages used by emer-
gency physicians in these 11 centers (mean of 0.05
mg/kg), most adult patients receiving midazolam
are probably not asleep when they are intubated.
Patients undergoing RSI generally receive the in-
duction agent and neuromuscular blockade almost
simultaneously approximately 1 minute before in-
tubation. Gamble et al.42 assessed 20 patients’ degrees
of sedation up to 5 minutes after they received various
dosages of midazolam. One minute after these
patients received 0.15 mg/kg (three times the mean
used in this study, albeit in healthy patients), none
were asleep and only 10% were very drowsy. After 5
minutes, 20% were asleep and 50% were very drowsy.
Other studies of induction with 0.15 mg/kg of
midazolam have had similar findings.35,43 In one
study of children, 83% receiving 0.15 mg/kg and 33%
receiving doses three to four times greater than this
(i.e., 0.45 to 0.60 mg/kg) did not fall asleep at 3
minutes.44 Taken together, these observations suggest
that very few patients in our study received enough
midazolam to actually be asleep at the time of in-
tubation, with the caveat that our patients were gen-
erally sicker than the patients in these controlled
studies and thus would tend to be more sensitive to
induction agents.45 Fortunately, midazolam is a fairly
potent amnestic agent, and perhaps physicians are
overly optimistic in counting on the amnestic prop-
erties of midazolam to ensure that patients do not
recall the unpleasant experiences of neuromuscular
paralysis and oral intubation.

Some have argued that it is inconsequential
whether the patient is asleep as long as the airway
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is controlled safely. There are several potential
problems with this approach: First, RSI requires early
laryngoscopy, and the induction agent facilitates
intubation. Several recent studies clearly demonstrate
the effect of induction agent in facilitating laryngos-
copic view, even in the presence of neuromuscular
blockade.21–26 Adequate dosing of the induction
agent, in this case midazolam, improves laryngos-
copic view and the likelihood of successful early
intubation. Second, the stress of paralysis and
laryngoscopy without sedation results in catechol-
amine release, hypertension, tachycardia, and possi-
bly elevated intracranial pressure in the acute phase.
This is by no account desirable, and is largely
preventable with proper use of induction agents.16–20

Finally, awareness during neuromuscular blockade is
a very frightening experience that can lead to serious
emotional and psychiatric sequelae.12–15

LIMITATIONS

There are several limitations to our study. Although
we believe that we obtained prospective data on
consecutive intubations performed in each ED, we did
not conduct an audit to determine the proportion of
EDIs entered into the study. It is possible that there is
a reporting bias in that those EDIs that were entered
were not typical of all EDIs at these centers. If
a reporting bias existed, however, one might expect
even greater degrees of midazolam underdosing as
physicians using dosages below those recommended
might avoid reporting.

Weights were estimated by the physician perform-
ing the intubation. Although there is no way to
validate these weights, and they may be inaccurate,
they are nevertheless the weights the clinicians would
have used in calculating drug dosages, and thus tend
to validate, rather than invalidate our observation. For
the reasons mentioned previously (death in the hours
to days after intubation, changes in mass in the ICU,
that some patients are never weighed), there was no
way to obtain more accurate weight measurements.

Missing data points on our data forms may have
affected our results. Many patients whose ages,
weights, genders, indications for intubation, and drug
dosages were not recorded were eliminated from
analysis of these variables. Although the vital signs
before intubation were requested on the NEAR data
form, they were variably completed. We therefore
were unable to directly assess whether midazolam
was chosen as the induction agent in patients with
lower blood pressures, and whether this was the
rationale for underdosing.

We also requested Glasgow Coma Scale scores as
a marker of neurologic compromise, but these values
also were unreliably recorded. We therefore used the
indication for intubation as a surrogate marker of

altered mental status. Certainly, there are many
patients with nonneurologic complaints who develop
stupor because of their medical illness, such as
hypoxia or shock; these patients were not captured
in the ‘‘potentially neurologically altered’’ category.
We were unable to directly capture the mental status
of each patient enrolled in the study. Furthermore,
although we ruled out the possibility that there was
a disproportionate share of potentially neurologically
altered patients in the ‘‘RSI: midazolam only’’ group,
it is feasible that there was some quality or character
not detected by our data form in many of these
patients’ presentations that resulted in a high in-
cidence of deliberate dose reduction. However, this
would not explain dose reduction to levels below the
minimum recommended on such a large scale.

It might have been feasible to obtain some of the
additional information on vital signs and pre-in-
tubation mental status though retrospective chart
reviews, but due to the multicenter nature of the
study and privacy concerns, this was technically
impossible as it would have required multiple re-
peated petitions to IRBs, contact with and consent
from hundreds of patients, and a nationwide network
of research assistants.

This study was conducted at university-affiliated
EDs, many with faculty members interested in airway
management. These findings may not be representative
of EDs in the community, or even all university-
affiliated EDs. One would expect that the NEAR pilot
centers would pay close attention to appropriate
airway management, and it is therefore probable that
rates of midazolam underdosing are even higher in the
larger community. It is possible, in contrast, that less
experienced resident physicians at the NEAR pilot
centers are those choosing the relatively low doses of
midazolam for induction. If this were the case, how-
ever, one would expect that their supervising attending
physicians would be present and correct this error.

The comparison between the ‘‘RSI: midazolam
only’’ and ‘‘RSI: midazolam & other’’ dosing may be
underpowered to detect a difference in dosing of
midazolam between these two groups; that is, there
exists a possibility of type II error. The midazolam
dosing between these groups was so similar that even
if a statistical difference were to exist in larger sample
sizes, it would be unlikely to be clinically relevant.
This comparison is also limited by the fact that the
majority of ‘‘RSI: midazolam & other’’ patients
received fentanyl in the low dosages (mean of 1.8
mg/kg) that are used for pretreatment and are well
below what is necessary to achieve unconsciousness.
Furthermore, the ‘‘RSI: midazolam only’’ patients
were significantly older than the ‘‘RSI: midazolam &
other’’ patients. It is possible that, were these patients
younger, they would have received larger midazolam
dosages, and a difference would have emerged be-
tween these groups.
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The analysis of the ‘‘RSI: other benzodiazepine or
barbiturate’’ group also has limited power given the
small sample sizes, but the large difference in
frequency of underdosing between benzodiazepines
and barbiturates (Figure 3) resulted in significant
differences despite broad confidence intervals. In
addition, the ‘‘RSI: midazolam only’’ patients were
significantly older than this group. It is possible that,
were these patients younger, there would have been
a smaller difference between these groups. It seems
unlikely that age entirely explains this substantial
difference observed. The ‘‘RSI: midazolam only’’
patients were also significantly less likely to be
trauma victims than the patients in this group. It is
possible therefore, that part of the greater under-
dosing of midazolam can be attributed to more
cardiovascular medical illness in the ‘‘RSI: midazolam
only’’ group. Also, etomidate is commonly used in
trauma indications, which tend to occur in groups of
younger patients, thus leaving the older nontrauma
patients to receive midazolam.

The power of many of the comparisons of pediatric
patients is limited due to small sample sizes.

CONCLUSIONS

More than half of children, and nearly all adults,
intubated using rapid-sequence technique with mid-
azolam as the sole induction agent received dosages
lower than the minimum recommended for intuba-
tion of severely compromised patients. This appears
due to physician factors, in that the dose selected is
simply too low, without apparent clinical indication
for the dosage reduction. This systematic underdosing
is not observed with agents such as sodium thiopental
that are used only for anesthetic induction, and
packaged for this purpose, raising the likelihood that
the use of midazolam for procedural sedation and the
mode of packaging of midazolam combine to result in
dosing selection that is inadequate for rapid-sequence
intubation. Emergency physicians would be well
advised to review the dosing recommendations for
midazolam and to undertake education of ED staff
with respect to the correct dosing of midazolam for
emergency RSI.

The authors gratefully acknowledge the assistance of Dawn
DeCosta, NEAR study coordinator at Brigham and Women’s
Hospital, and the site investigators for the pilot phase of the
National Emergency Airway Registry, without whose tremendous
efforts this work would not have been possible: NEAR pilot centers:
Brigham and Women’s Hospital—Robert Vissers, MD, and Erik D.
Barton, MD, MS; Children’s Hospital Boston—Vincent Chiang, MD;
Cambridge Hospital—Slava Gaufberg, MD; Highland General
Hospital—Susan B. Promes, MD, and Kristi Koenig, MD; Maricopa
Medical Center—Charles Pollack, MD; Mount Auburn Hospital—-
Gary Setnik, MD; St. Lukes–Roosevelt Medical Center—Steven
Bernstein, MD; UC Davis Medical Center—John C. Sakles, MD; UC
San Diego Medical Center—Stephen R. Hayden, MD; University of

Louisville—Daniel Danzl, MD; and Vanderbilt University Medical
Center—Steven J. White, MD.

References

1. Mosby’s GenRx�, 8th Edition. St. Louis: Mosby–Year Book,
1998.

2. Walls RM. Airway management. In: Marx JA, Hockberger R,
Walls RM (eds). Emergency Medicine: Concepts and Clinical
Practice, 5th Edition. Philadelphia: Harcourt Health Sciences,
2002.

3. Miller RD (ed). Anesthesia, 4th Edition. New York: Churchill
Livingstone, 1994.

4. Nimmo WS, Rowbotham DJ, Smith G. Anaesthesia. London:
Blackwell Scientific, 1994.

5. Clarke RS. Intravenous induction agents: induction and
maintenance. In: Healy TE, Cohen PJ (eds). Wylie and
Churchill-Davidson’s A Practice of Anaesthesia, 6th Edition.
London: Edward Arnold, 1995.

6. Wright SW, Chudnofsky CR, Dronen SC, et al. Comparison of
midazolam and diazepam for conscious sedation in the
emergency department. Ann Emerg Med. 1993; 22:201–5.

7. Wright SR, Chudnofsky CR, Dronen SC, Wright MB, Borron
SW. Midazolam use in the emergency department. Am J Emerg
Med. 1990; 8:97–100.

8. Chudnofsky CR, Lozon MM. Sedation and analgesia for
procedures. In: Rosen P, Barkin R, (eds). Emergency Medicine:
Concepts and Clinical Practice, 4th Edition. St. Louis: Mosby–
Year Book, 1998.

9. Green SM, Rothrock SG, Lynch EL, et al. Intramuscular
ketamine for pediatric sedation in the emergency department:
safety profile in 1,022 cases. Ann Emerg Med. 1998; 31:688–97.

10. Dachs RJ, Innes GM. Intravenous ketamine sedation of
pediatric patients in the emergency department. Ann Emerg
Med. 1997; 29:146–50.

11. Aslam BH, Woods I. Intravenous sedation in accident and
emergency departments: a nationwide survey. Ann R Coll Surg
Engl. 1994; 76:19–21.

12. Domino KB, Posner KL, Caplan RA, Cheney FW. Awareness
during anesthesia: a closed claims analysis. Anesthesiology.
1999; 90:1053–61.

13. Cobcroft MD, Forsdick C. Awareness under anesthesia: the
patients’ point of view. Anesth Intensive Care. 1993; 21:837–43.

14. Moerman N, Bonke B, Oosting J. Awareness and recall during
general anesthesia. Facts and feeling. Anesthesiology. 1993;
79:454–64.

15. Bogetz MS, Katz JA. Recall of surgery for major trauma.
Anesthesiology. 1984; 61:6–9.

16. Kawar P, Carson IW, Clarke SJ, Dundee JW, Lyons SM.
Haemodynamic effects during induction of anaesthesia with
midazolam and diazepam (Valium) in patients undergoing
coronary artery bypass surgery. Anaesthesia. 1985; 40:767–71.

17. Mustola ST, Baer GA, Metsa-Ketela T, Laippala P. Haemody-
namic and plasma catecholamine responses during total
intravenous anaesthesia for laryngomicroscopy. Thiopentone
compared with propofol. Anaesthesia. 1995; 50:108–13.

18. Chraemmer-Jorgensen B, Hertel S, Strom J, Hoilund-Carlsen
PF, Bjerre-Jepsen K. Catecholamine response to laryngoscopy
and intubation. The influence of three different drug combi-
nations commonly used for induction of anaesthesia. Anaes-
thesia. 1992; 47:750–6.

19. Lindgren L, Yli-Hankala A, Randell T, Kirvela M, Scheinin M,
Neuvonen PJ. Haemodynamic and catecholamine responses to
induction of anaesthesia and tracheal intubation: comparison bet-
ween propofol and thiopentone. Br J Anaesth. 1993; 70:306–10.

20. Coley S, Mobley KA, Bone ME, Fell D. Haemodynamic changes
after induction of anaesthesia and tracheal intubation following
propofol or thiopentone in patients of ASA grade I and III. Br J
Anaesth. 1989; 63:423–8.

ACAD EMERG MED d April 2003, Vol. 10, No. 4 d www.aemj.org 337



21. Dobson AP, McCluskey A, Meakin G, Baker RD. Effective time
to satisfactory intubation conditions after administration of
rocuronium in adults. Comparison of propofol and thiopen-
tone for rapid sequence induction of anesthesia. Anaesthesia.
1999; 54:172–6.

22. Hans P, Brichant JF, Hubert B, Dewandre PY, Lamy M.
Influence of induction of anaesthesia on intubating conditions
one minute after rocuronium administration: comparison of
ketamine and thiopentone. Anaesthesia. 1999; 54:266–96.

23. Skinner HJ, Biswas A, Mahajan RP. Evaluation of intubating
conditions with rocuronium and either propofol or etomidate
for rapid sequence induction. Anaesthesia. 1998; 53:702–6.

24. Sparr HJ, Giesinger S, Ulmer H, Hollenstein-Zacke M, Luger
TJ. Influence of induction technique on intubating conditions
after rocuronium in adults: comparison with rapid-sequence
induction using thiopentone and suxamethonium. Br J
Anaesth. 1996; 77:339–42.

25. McConaghy P, Bunting HE. Assessment of intubating con-
ditions in children after induction with propofol and varying
doses of alfentanil. Br J Anaesth. 1994; 73:596–9.

26. Helbo-Hansen S, Ravlo O, Trap-Andersen S. The influence of
alfentanil on the intubating conditions after priming with
vecuronium. Acta Anaesth Scand. 1988; 32:41–4.

27. Dronen SC. Pharmacologic adjuncts to intubation. In: Roberts
JR, Hedges JR. Clinical Procedures in Emergency Medicine.
Philadelphia: W. B. Saunders, 1998.

28. Young KD, Lewis RJ. What is confidence? Part 2: detailed
definition and determination of confidence intervals. Ann
Emerg Med. 1997; 30:311–8.

29. White PF. Comparative evaluation of intravenous agents for
rapid sequence induction—thiopental, ketamine, and midazo-
lam. Anesthesiology. 1982; 57:279–84.

30. Celleno D, Capogna G, Emanuelli M, et al. Which induction
drug for cesarean section? A comparison of thiopental sodium,
propofol, and midazolam. J Clin Anesth. 1993; 5:284–8.

31. Luo A, Huang Y, Liu Y, Ren H, Jia N. Midazolam as a main
anesthesia induction agent—a comparison with thiopental and
diazepam. Chin Med Sci J. 1991; 6:172–4.

32. Schwander D, Sansano C. Cardiovascular changes during
intubation with midazolam as anaesthesia inducing agent.
Arzneimittel Forschung Arzneimittel-Forschung. 1981;
31(II),12a:2255–60.

33. Jensen S, Schou-Olesen A, Httel MS. Use of midazolam as an
induction agent: comparison with thiopentone. Br J Anaesth.
1982; 54:605–7.

34. Reitan JA, Soliman IE. A comparison of midazolam and
diazepam for induction of anaesthesia in high-risk patients.
Anaesth Intensive Care. 1987; 15:175–8.

35. Forster A, Gardaz J, Suter PM, Gemperle M. Midazolam as an
induction agent in anaesthesia: a study in volunteers. Br J
Anaesth. 1980; 52:907–10.

36. Boralessa H, Senior DF, Whitwam JG. Cardiovascular response
to intubation: a comparative study of thiopentone and
midazolam. Anaesthesia. 1983; 38:623–7.

37. Schulte-Sasse U, Hess W, Tarnow J. Haemodynamic responses
to induction of anaesthesia using midazolam in cardiac
surgical patients. Br J Anaesth. 1982; 54:1053–7.

38. Al-Khudhairi D, Whitwam JG, Chakrabarti MK, Askitopoulou
H, Grundy EM, Powrie S. Haemodynamic effects of mid-
azolam and thiopentone during induction of anaesthesia for
coronary artery surgery. Br J Anaesth. 1982; 54:831–4.

39. MacGillivray RG, Rocke DA, Mahomedy AE. Midazolam for
induction of anaesthesia in patients with limited cardiac
reserves: a comparison with etomidate. S Afr Med J. 1988;
73:101–3.

40. Samuelson PN, Reves JG, Kouchoukos NT, Smith LR, Dole KM.
Hemodynamic responses to anaesthetic induction with mid-
azolam and diazepam in patients with ischemic heart disease.
Anesth Analg. 1981; 60:802–9.

41. Puri GD, Palvannan S, Chari P, Singh H, Gujral JS. Midazolam
as an induction agent in mitral stenosis patients for closed
mitral commissurotomy. Ind J Med Res. 1993; 98:174–7.

42. Gamble JA, Kawar P, Dundee JW, Moore J, Briggs LP.
Evaluation of midazolam as an intravenous induction agent.
Anaesthesia. 1981; 36:868–73.

43. Fragen RJ, Gahl F, Caldwell N. A water soluble benzodiaze-
pine, Ro 21-3981, for induction of anesthesia. Anesthesiology.
1978; 49:41–3.

44. Salonen M, Kanto J, Iisalo E. Induction of general anesthesia in
children with midazolam—is there an induction dose? Int J
Clin Pharmacol Ther. 1987; 25:613–5.

45. Kanto J, Aaltonen L, Himberg JJ, Hovi-Viander M. Midazolam
as an intravenous induction agent in the elderly: a clinical and
pharmacokinetic study. Anesth Analg. 1986; 65:15–20.

338 Sagarin et al. d UNDERDOSING OF MIDAZOLAM


