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Abstract
Objective
To examine the use of benzodiazepines and the association between low benzodiazepine dose,
breakthrough seizures, and respiratory support in patients with status epilepticus.

Methods
In this cross-sectional analysis of adult patients with status epilepticus treated by an emergency
medical services agency from 2013 to 2018, the primary outcome was treatment with a second
benzodiazepine dose, an indicator for breakthrough seizure. The secondary outcome was
receiving respiratory support. Midazolam was the only benzodiazepine administered.

Results
Among 2,494 patients with status epilepticus, mean age was 54.0 years and 1,146 (46%) were
female. There were 1,537 patients given midazolam at any dose, yielding an administration rate
of 62%. No patients received a dose and route consistent with national guidelines. Rescue
therapy with a second midazolam dose was required in 282 (18%) patients. Higher midazolam
doses were associated with lower odds of rescue therapy (odds ratio [OR], 0.8; 95% confidence
interval [CI], 0.7–0.9) and were not associated with increased respiratory support. If anything,
higher doses of midazolam were associated with decreased need for respiratory support after
adjustment (OR, 0.9; 95% CI, 0.8–1.0).

Conclusions
An overwhelming majority of patients with status epilepticus did not receive evidence-based
benzodiazepine treatment. Higher midazolam doses were associated with reduced use of rescue
therapy and there was no evidence of respiratory harm, suggesting that benzodiazepines are
withheld without clinical benefit.

Classification of evidence
This study provides Class III evidence that for patients with status epilepticus, higher doses of
midazolam led to a reduced use of rescue therapy without an increased need for ventilatory
support.
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Status epilepticus is a neurologic emergency affecting approx-
imately 160,000 people in the United States each year.1–3 To
limit status epilepticus–related morbidity and mortality,
guidelines recommend emergent treatment with intramuscular
midazolam, IV lorazepam, or IV diazepam based on the results
of 2 high-quality randomized controlled trials.4–7 For out-of-
hospital status epilepticus, immediate benzodiazepine admin-
istration is provided by emergency medical services (EMS)
providers who administer first responder care as employees of a
given EMS agency. EMS agencies provide oversight and
training to their provider team in order to ensure the man-
agement of out-of-hospital medical emergencies is standardized
and high quality. Nonetheless, studies demonstrate that out-of-
hospital status epilepticus is frequently undertreated, as EMS
providers may not administer benzodiazepines or may ad-
minister them at doses lower than recommended.8–12

Undertreatment may occur because EMS providers believe
that recommended doses of benzodiazepines will cause re-
spiratory depression or that lower dosages and alternative
routes of administration will be equally effective for status
epilepticus, but there is limited evidence to support either of
these assumptions. Different benzodiazepine medications
and routes of administration have differential success in ter-
minating status epilepticus.6,7 Treatment with a lower ben-
zodiazepine dose has been shown to increase the likelihood
of recurrent seizures.13 Although high benzodiazepine
doses carry a theoretical risk of respiratory depression, trial
data using small sample sizes suggest that the risk of re-
spiratory depression may actually be higher for those who are
treated with lower benzodiazepine doses, perhaps due to
continued ictal activity.7 However, the exact relationship be-
tween rates of seizure termination as well as rates of re-
spiratory depression and benzodiazepine dose is incompletely
characterized.

Given the morbidity and potential costs associated with
undertreated status epilepticus, inadequate benzodiazepine
dosing could have large consequences. We used EMSmedical
record data to study the rate of evidence-based benzodiaze-
pine use and the association between benzodiazepine dose
and clinical outcomes in order to provide insight about the
scope and implications of this gap in care.

Methods
Standard protocol approvals, registrations,
and patient consents
This study was approved by the institutional review board of
the University of California, San Francisco.

Classification of evidence
The primary research question was to examine whether
higher doses of midazolam would reduce the rate of recurrent
seizure and respiratory depression among patients with status
epilepticus. This study provides Class III evidence that for
patients with status epilepticus, higher doses of midazolam led
to a reduced use of rescue therapy without an increased need
for ventilatory support.

Study design and setting
This is an analysis of EMS medical records of adult patients
evaluated for out-of-hospital status epilepticus from January
2013 to January 2018. The EMS agency provides EMS services
for an urban/suburban county with 11 cities and a population
of 1.6 million. Medical records are entered electronically and
include primary and secondary diagnostic impressions, which
providers select from a predetermined list. We examined the
association between midazolam dose and 2 clinical outcomes:
recurrent seizure and respiratory depression.

Selection of participants
Patients with seizure were identified as any patient with a
primary or secondary diagnostic impression indicating 1 of 3
seizure options: seizure-active, seizure-post, and seizure–not
otherwise specified (NOS). The EMS agency protocol defines
active seizures as 3 or more seizures within a 5-minute period
or any seizure lasting more than 5 minutes, which is similar to
guideline-based definitions of status epilepticus as 5 minutes
of continuous seizure activity or 2 or more seizures without
recovery of consciousness.4,14 Using temporal criteria of 5
minutes instead of 30 minutes to define status epilepticus has
been widely adopted to encourage earlier treatment. We have
chosen to employ this more practical definition and use the
term status epilepticus to refer to patients with a primary or
secondary impression of active seizures. Patients younger than
18 years were excluded (figure 1). We used these data to
examine the use of benzodiazepines among patients with
status epilepticus and examine the association between ben-
zodiazepine dose and 2 clinical outcomes: the need for rescue
therapy and the need for respiratory support.

Exposure
The primary exposure of interest was the initial midazolam
dose administered by an EMS provider. Midazolam is the only
benzodiazepine available for providers to administer at this
EMS agency. Providers have the option of administering
midazolam as an intramuscular, intranasal, IV, or intraosseous
medication. Agency protocol recommends either a single
dose of 0.1 mg/kg (up to a maximum dose of 6 mg) for
intramuscular, IV, or intraosseous administration or a single
dose of 5 mg for intranasal administration. This differs from

Glossary
CI = confidence interval; EMS = emergency medical services; GCS = Glasgow Coma Scale; IQR = interquartile range; NOS =
not otherwise specified; OR = odds ratio.
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national guidelines, which state that first-line evidence-based
treatment with midazolam requires administering the medica-
tion intramuscularly as a single 10-mg dose, and does not rec-
ommend the intranasal, IV, or intraosseous route of
administration. Agency protocol also does not recommend
treatment with IV lorazepam or IV diazepam, which are alter-
native first-line treatment options included in national guidelines.

Measurements and outcomes
Rates of midazolam use were calculated as (1) the proportion
of patients with status epilepticus who received any midazolam
dose and (2) the proportion of patients with status epilepticus
who received a midazolam dose of 5 mg or higher among those
who received any midazolam dose, which was the median
midazolam dose used during the study period and differs from
the guidelines recommending 10 mg as a single dose.

The primary outcome was the need for rescue therapy, de-
fined as treatment with a second benzodiazepine dose, which
was used as an indicator for ongoing seizure activity requiring
treatment; this has previously been used as a marker of status
epilepticus treatment failure.7,8 The data did not include de-
tailed information about clinically evident seizures, level of
consciousness, or electrographic seizures. The secondary
outcome was the need for respiratory support defined by the
use of ventilatory assistance (endotracheal intubation,
supraglottic airway, continuous positive airway pressure de-
vice, bag valve mask), an oropharyngeal airway, or a naso-
pharyngeal airway.

Patient age, sex, and race were extracted from the patient
record along with patient comorbidities, allergies, vital sign
data, and Glasgow Coma Scale (GCS) score. Race was

narrowed to 3 options: white, black, other/unknown. Patient
comorbidities were recorded when available and we included
2 relevant comorbidities: alcohol or drug use (patient-
reported or suspected by the provider) and epilepsy. We used
the initial vital sign values recorded because these were likely
most relevant to medication decisions. We also abstracted an
EMS provider’s experience treating patients with seizure by
calculating their case volume over the study period. Provider
case volume was defined as the number of records for out-of-
hospital seizure associated with a given provider’s name. Every
encounter has one provider who submits the documentation
and multiple EMS providers who are part of the treating team.
Provider case volume was equal to the number of cases for
out-of-hospital seizure that a given provider was the doc-
umenting member of the team, as this was the information
available in the medical record.

A subset of patients had duplicate records for the same patient
encounter, which occurred when separate evaluation and
transport teams were dispatched to a patient and each team
documented their encounter separately. We identified dupli-
cate records by matching patient name and encounter date.
There were 742 encounters with either duplicate or triplicate
records. To accurately record midazolam administration and
consolidate information into a single record, we developed an
algorithm for abstracting data based on subanalysis of these
files and included these cleaned records in the main dataset
(data available from Dryad: “Method to condense duplicate
emergency medical services records”).

Statistical analysis
We examined demographic data and clinical characteristics
using Pearson χ2 tests to compare categorical variables and

Figure 1 Data available on adult patients evaluated by an emergency medical services agency for out-of-hospital status
epilepticus (2013–2018)
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Student t tests to compare continuous variables. To compare
GCS and EMS provider case volume between groups, we used
Wilcoxon rank-sum tests because these variables were not
normally distributed.

For the patients with status epilepticus who received
midazolam, we examined the association between mid-
azolam dose and the need for rescue therapy and the need
for respiratory support by univariable and multivariable
logistic regression. We treated midazolam dose as a con-
tinuous variable in our primary analysis. We included pa-
tient and provider characteristics as covariates. Our
multivariable analysis was a mixed effects linear model,
which included a random agency-level intercept to address
potential clustering by ambulance provider. There were
missing baseline data for a small percentage of patients
who had received midazolam (systolic blood pressure
missing in 75 [4.9%], diastolic blood pressure missing in
89 [5.8%], oxygen saturation missing in 91 [5.9%], pulse
missing in 2 [0.1%], age in 1 [0.1%]). We used multiple
imputation to handle these missing observations in the
primary analysis.

In addition to the primary analysis, we treated midazolam
dose as a binary variable (receiving the median dose of 5 mg
or higher vs not) to determine whether our findings were
robust to this dose threshold and to ease interpretability. We
also explored the relationship between midazolam admin-
istration and outcomes further by incorporating route of
administration and the interaction between midazolam dose
and route in the model. We used average marginal effects to
better characterize the association between midazolam dose,
midazolam route, and our outcome variables. We further
evaluated respiratory outcomes by examining the association
between midazolam dose and the need for ventilatory as-
sistance (as opposed to all forms of respiratory support). All
tests were 2-sided and all reported odds ratios (ORs) are
from the adjusted models unless otherwise specified. Sta-
tistical significance was declared based on p < 0.05. Statistical
analyses were performed using Stata (version 15.1, Stata-
Corp, College Station, TX).

Data availability
Anonymized data related to the current article are available
and will be shared by request from any qualified investigator.

Table 1 Baseline characteristics of patients evaluated for out-of-hospital status epilepticus by midazolam
administrationa

Characteristic

All patients with status epilepticus Patients with status epilepticus who received any midazolam

No midazolam
(n = 957)

Any midazolam
(n = 1,537) p Valueb

Midazolam <5 mg
(n = 555)

Midazolam ≥5 mg
(n = 982) p Value

Age, y 52.5 ± 19.7 53.3 ± 19.1 0.35 52.9 ± 19.6 53.4 ± 18.9 0.61

Female 426 (44.6) 720 (46.9) 0.27 267 (48.2) 453 (46.1) 0.44

Race

White 266 (27.8) 381 (24.8) 0.03 141 (25.4) 240 (24.4) 0.78

Black 294 (30.7) 434 (28.2) 151 (27.2) 283 (28.8)

Other 397 (41.5) 722 (47.0) 263 (47.4) 459 (46.7)

Alcohol/drug use 163 (17.0) 199 (12.9) <0.0001 87 (15.7) 112 (11.4) 0.02

Epilepsy 582 (60.8) 1,023 (66.6) <0.0001 351 (63.2) 672 (68.4) 0.04

Systolic BP, mm Hg 146 ± 28.8 151 ± 31.9 <0.0001 148 ± 32.9 153 ± 31.1 0.01

SpO2, % 97 ± 6.0 96 ± 4.9 0.06 97 ± 3.6 96 ± 5.5 0.02

Pulse, beats/min 75 (7.8) 184 (12.0) <0.0001 104 (23.3) 110 (24.5) <0.0001

GCS

3–8 242 (25.3) 777 (50.7) <0.0001 239 (43.1) 538 (55.0) <0.0001

8–13 156 (16.3) 324 (21.1) 125 (22.6) 199 (20.3)

13–15 558 (58.4) 432 (28.2) 190 (34.3) 242 (24.7)

Provider case number 62.0 (32.0–108.0) 83.0 (40.0–125.0) <0.0001 93.0 (49.0–127.0) 78.0 (36.0–123.0) <0.0001

Abbreviations: BP = blood pressure; GCS = Glasgow Coma Scale; SpO2 = oxygen saturation.
Data presented as mean ± SD, n (%), or median (interquartile range).
a Characteristics measured according to whether a patient received any midazolam and whether a patient received a midazolam dose of 5 mg or higher.
b p Value refers to χ2 test for categorical variables, t test for normally distributed continuous variables (age, systolic BP, diastolic BP, pulse), andWilcoxon rank
sum for non-normally distributed continuous variables (provider case number).
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Persons interested in obtaining access to the data should
contact the corresponding author (E.L.G.).

Results
We identified 38,995 encounters for out-of-hospital seizure.
There were 3,401 (8.7%) patients with status epilepticus,
23,116 (59.3%) patients whose seizures had terminated, and
12,478 (32.0%) patients whose seizures were NOS. There
were 2,494 unique cases of status epilepticus (figure 1). Pa-
tients with status epilepticus had a mean age of 54 years and
there were 1,146 (46.0%) female patients.

Clinical characteristics and
benzodiazepine use
Among those with status epilepticus, 1,537 patients were
given midazolam at any dose, yielding a benzodiazepine ad-
ministration rate of 61.6% for status epilepticus. There were
982 patients who received a dose of midazolam that was 5 mg
or higher, which comprised 39.4% of all patients with status
epilepticus and 63.9% of patients with status epilepticus who
received midazolam at any dose (table 1). Zero percent re-
ceived the guideline-based dose of 10 mg. Patients received
midazolam as an intranasal (47.0%) and IV (38.3%) injection
more commonly than intramuscular (13.7%) and intra-
osseous (1%) injection. Those who received intranasal and
intramuscular midazolam were most commonly given a dose
of 5 mg (89.6% and 62.9%, respectively) and those who re-
ceived IV midazolam were most commonly given a dose less
than 5mg (69.1%). Of the 943 patients who received a dose of
midazolam that was 5 mg or higher, 938 (99.5%) received a
dose of 5 mg and only 5 patients (0.5%) received a dose
greater than 5 mg (table 2).

In univariable and multiple logistic regression analysis,
patients with epilepsy (OR, 1.4; 95% confidence interval
[CI], 1.2–1.7) and with a lower GCS score (GCS 8–12:
OR, 0.7; 95% CI, 0.5–0.9; GCS 13–15: OR, 0.3; 95% CI,
0.2–0.3) were more likely to receive midazolam. Providers
who administered midazolam had a median of 83 (inter-
quartile range [IQR] 40–125) seizure encounters during

the study period as compared to 62 (IQR 32–108) seizure
encounters among providers who did not administer mid-
azolam to patients with status epilepticus (OR, 1.0; 95% CI,
1.0–1.0), while those with more seizure encounters during
the study period were less likely to give a dose of 5 mg or
higher (OR, 0.7; 95% CI, 0.6–0.9) (table 1). The multi-
variable model had moderate discrimination (c statis-
tic 0.61).

Primary outcome: rescue therapy
Rescue therapy with a second dose of midazolam was required
in 282 of the 1,537 patients who received any dose of mid-
azolam (18.3%). Those who received rescue therapy were less
likely to have received a midazolam dose of 5 mg of higher,
were more frequently tachycardic, had a lower GCS, and were
evaluated by providers who had seen a higher number of pa-
tients with total seizure and status epilepticus during the study
period (table 3).

Patients who received a higher dose of midazolam were less
likely to require rescue therapy (unadjusted OR, 0.8; 95% CI,
0.7–0.9). In ourmixed effectsmodel examining the relationship
between the initial dose of midazolam and need for rescue
therapy, every additional milligram of midazolam was associ-
ated with lower odds of rescue therapy (OR, 0.8; 95% CI,
0.7–0.9), and the probability of requiring rescue therapy was
considerably lower among those who received 10 mg as
compared to 1 mg of midazolam (4.5% vs 32.3%, respectively,
using average marginal effects). Receiving a midazolam dose of
5 mg of higher was also associated with lower odds of receiving
rescue therapy after adjustment (OR, 0.6; 95% CI, 0.4–0.9)
(table 3).

We used a marginal effects analysis to examine the relation-
ship between route of administration, dose, and likelihood of
requiring rescue therapy. All routes of administration dem-
onstrated the same association between increasing dose and
decreased likelihood of rescue therapy; however, the change
in likelihood of rescue therapy between high and low doses
was higher for intraosseous and intramuscular injections than
intranasal and IV injections (figure 2).

Table 2 Prehospital midazolam administration by dose and route

Intramuscular Intranasal Intraosseous Intravenous Total

>0 to <5 mg 76 (37.1) 70 (10.0) 9 (64.3) 395 (69.1) 550

5 mg 129 (62.9) 629 (89.6) 5 (35.7) 175 (30.6) 938

>5 to <10 mg 0 (0.0) 2 (0.3) 0 (0.0) 2 (0.3) 4

10 mg 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 1

Total 205 702 14 572 1,493a

Data presented as n (%).
a This includes the 1,493 patients who have amidazolam route recorded. Therewere 5 (1%) patients who had a dose of 0–5mg and 39 (4%) patients who had a
dose of 5 mg where the route was not recorded.
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Secondary outcome: respiratory support
Of the 1,537 patients who received any dose of midazolam,
there were 678 patients (44.1%) who required any form of
respiratory support and 517 patients (33.6%) who required
ventilatory support. Those who required respiratory support
were more frequently male, were more likely to have
comorbid alcohol and drug use, were more likely to be
tachycardic, had lower oxygen saturation, had a lower GCS,
and were evaluated by providers who had seen a higher
number of total patients with seizure and status epilepticus
during the study period (table 4). Receiving a higher dose of
midazolam was not associated with an increased need for
respiratory support (unadjusted OR, 1.0; 95% CI, 0.9–1.0).
After adjusting for potential confounders in our mixed effects
models, receiving a higher dose of midazolam was associated
with a decreased need for respiratory support (OR, 0.9; 95%
CI, 0.8–1.0). Receiving a midazolam dose of 5 mg or higher
was associated with lower odds of respiratory support (OR,
0.8; 95% CI, 0.7–1.0). The interaction between route of

administration, dose, and respiratory support did not reach
statistical significance for any route of other than intraosseous
injection, which 14 patients received (figure 2).

Discussion
In a single-site study of adult patients with out-of-hospital status,
midazolam was administered in 62% of cases and there were no
patients who received midazolam at a dose and route consistent
with national guidelines. Higher midazolam doses were associated
with reduced use of rescue therapy and there was no evidence of
harm. If anything, higher doses were associated with a lower need
for respiratory support, perhaps due to successfully treated ictal
activity. These results suggest that a higher initial midazolam dose,
even if the dose is below that recommended in national guidelines,
is associated with increased rates of successful seizure termination.

The rate of midazolam administration was similar to benzo-
diazepine administration rates reported in past studies,

Table 3 Patient-level factors associated with rescue therapy among patients evaluated for out-of-hospital status
epilepticus who received any midazolam

Characteristic
No rescue therapy
(n = 1,255)

Rescue therapy
(n = 282) OR

Lower bound
95% CI

Upper bound
95% CI p Valuea

Initial midazolam dose 5.0 (3.0–5.0) 5.0 (2.0–5.0) 0.76 0.68 0.86 <0.0001

Midazolam ≥5 mg 825 (65.7) 157 (55.7)

Total midazolam dose 5.0 (3.0–5.0) 5.0 (5.0–7.0)

Age, y 53.0 ± 19.0 54.3 ± 19.7 1.0 1.00 1.01 0.20

Female 589 (46.9) 131 (46.6) 1.05 0.91 1.22 0.48

Race

White 314 (25.0) 67 (23.8) Ref

Black 362 (28.8) 72 (25.5) 0.92 0.68 1.06 0.15

Other 579 (46.1) 143 (50.7) 1.03 0.67 1.63 0.86

Alcohol/drug use 164 (13.1) 35 (12.4) 0.99 0.78 1.24 0.91

Epilepsy 834 (66.5) 189 (67.0) 1.29 1.19 1.40 <0.0001

Systolic BP, mm Hg 151 ± 31.8 152 ± 32.4 1.00 0.99 1.00 0.75

SpO2, % 96 ± 5.0 96 ± 4.3 1.01 1.01 1.01 <0.0001

Pulse, beats/min 107 ± 23.3 113 ± 27.4 1.01 1.00 1.03 0.06

GCS

3–8 594 (47.4) 183 (65.1) Ref

8–13 278 (22.2) 46 (16.4) 0.52 0.44 0.62 <0.0001

13–15 380 (30.4) 52 (18.5) 0.41 0.33 0.52 <0.0001

Provider case number 79 (36–123) 93 (52–131) 1.17 2.29 1.17 <0.0001

Abbreviations: BP = blood pressure; CI = confidence interval; GCS = Glasgow Coma Scale; OR = odds ratio; SpO2 = oxygen saturation.
Data presented as mean ± SD, n (%), or median (interquartile range).
a p Value refers to χ2 test for categorical variables, t test for normally distributed continuous variables (age, systolic BP, diastolic BP, pulse), andWilcoxon rank
sum for non-normally distributed continuous variables (provider case number).
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though these earlier studies were restricted to small cohorts of
pediatric patients, adult populations outside of the United
States, and preliminary analyses.8,9,15 In the 2 cohort studies,
the low rate of benzodiazepine administration was attributed
to ineffective identification of status epilepticus by prehospital
providers.9,15 However, we found low rates of benzodiazepine
use among patients who EMS providers had identified as
having active seizures, suggesting that the findings may rep-
resent a failure to deliver appropriate treatment in spite of
appropriately diagnosing status epilepticus. There are multi-
ple possible contributors to this non–evidence-based care. A
study examining barriers to the appropriate care of pediatric
patients with seizure identified inadequate clinical training,
concerns about respiratory depression, and systems barriers
to the administration of controlled substances as consistent
hurdles for a large number of providers.16 These same ob-
stacles likely impede adult status epilepticus management in
addition to discomfort with the diagnosis and management of
neurologic emergencies among some providers. The severity
of the problem and potential educational remedies deserve
further study. For instance, we were not able to capture pa-
tients whose diagnosis of status epilepticus was missed in the
prehospital setting, which, if substantial, may have lowered the
rates of benzodiazepine administration further. Conversely,
there may be patients who received an impression of active
seizures but did not meet criteria for status epilepticus
according to national guidelines. If these patients did not have
guideline-concordant status epilepticus and did not receive
midazolam, then removing them from the study cohort would
raise the observed proportion of patients with status epi-
lepticus who received midazolam. Yet, even among the pa-
tients who were treated with midazolam, nearly 40% were

given a dose less than 5 mg, demonstrating that those who
were treated for status epilepticus were often not treated
appropriately.

To our knowledge, previous studies have not closely charac-
terized the dose-dependent relationship between benzodiaz-
epine administration and seizure termination. Earlier studies
have provided strong evidence that benzodiazepines are ef-
fective in the treatment of status epilepticus andmany of these
studies have provided high-quality comparisons of the safety
and efficacy of different benzodiazepine drug types and
routes.7,8,17–20 However, there are limited data demonstrating
how seizure termination rates change with low vs high dosing
of a single medication type. Our finding that treatment with a
higher midazolam dose leads to decreased need for rescue
therapy therefore extends the literature and supports the
guideline recommendation for higher midazolam dosing.
Furthermore, whereas the perceived risk of respiratory de-
pression may contribute to the current practice of under-
dosing benzodiazepines, we found evidence that higher
midazolam doses are, if anything, associated with lower need
for respiratory support, although the majority of the mid-
azolam doses used in this study were lower than guideline
recommendations.

In addition, to our knowledge, the majority of studies com-
paring the efficacy of different benzodiazepine routes have
been performed in children and only compared 2 combina-
tions of dose and route.21 We were able to examine the in-
teraction between midazolam dose and midazolam route and
found the greatest difference in rates of rescue therapy at
lower midazolam doses. There were also minimal differences

Figure 2 Association between midazolam dose and rescue therapy or respiratory support

(A) Association betweenmidazolam dose and rescue therapy. (B) Association betweenmidazolam dose and respiratory support. Number of observations for
each dose and route available from Dryad (appendix “Detailed emergency medical services midazolam administration by dose and route”).23 Five patients
received a midazolam dose greater than 5 mg (3 intravenous, 2 intranasal, 0 intramuscular, 0 intraosseous).
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in rates of respiratory support across different routes of ad-
ministration. These findings suggest that different routes of
administration may be safe and effective when used at the
higher, guideline-concordant doses.

There are limitations to this study. First, incomplete and in-
accurate prehospital medical records could lead to mis-
classification of our study population. Providers may have
used the diagnostic impression of active seizures for patients
who did not meet criteria for status epilepticus and may have
missed status epilepticus for other patients. This would limit
the specificity and sensitivity of our definition. Thus, the rate
of benzodiazepine administration that we report applies to
patients identified as having status epilepticus by prehospital
providers in this EMS agency but does not necessarily cor-
respond to the rate of benzodiazepine administration among
patients with true status epilepticus nationally. We also re-
stricted our main analysis to patients with a diagnostic im-
pression of active seizures who had received midazolam at any
dose in order to increase the specificity of our definition and

ensure our outcome was sensible. Second, patients cared for
by the same EMS provider will be correlated but we did not
include EMS provider as a random effect because there are
multiple providers responding to every EMS call, and we were
unable to determine whether the EMS provider providing
documentation was the same provider making the clinical
decision about how to treat the patient. Third, we were unable
to confirm whether lack of rescue therapy truly represented
lack of seizure recurrence. EMS providers may have withheld
rescue therapy from patients who continued to have seizures,
and we did not have information about seizure recurrence in
the emergency department or other hospital outcomes such
as intensive care unit admission and in-hospital mortality.
Fourth, this study used a nonrandomized design to examine
the relationship between midazolam administration and
outcomes, which can lead to unrecognized differences be-
tween the patients who receive low as compared to high doses
of midazolam.We found differences in comorbidities and vital
sign values between the 2 populations, which were included as
potential confounders; however, there are potential sources of

Table 4 Patient-level factors associated with the need for respiratory support among patients evaluated for out-of-
hospital status epilepticus who received any midazolam

Characteristic No respiratory support (n = 859) Respiratory support (n = 678) p Valuea OR 95% CI p Value

Initial midazolam dose 5.0 (2.5–5.0) 5.0 (2.0–5.0) 0.28 0.91 0.84–0.99 0.02

Midazolam ≥5 mg 555 (64.6) 427 (63.0) 0.51

Total midazolam dose 5.0 (4.0–5.0) 5.0 (4.0–5.0) 0.50

Age, y 52.7 ± 19.3 54.0 ± 18.9 0.17 1.00 1.00–1.01 0.40

Female 432 (50.3) 288 (42.5) 0.00 0.76 0.61–0.94 0.01

Race

White 220 (25.6) 161 (23.7) 0.54 Ref

Black 234 (27.2) 200 (29.5) 1.24 0.91–1.68 0.17

Other 405 (47.1) 317 (46.8) 1.16 0.88–1.53 0.30

Alcohol/drug use 95 (11.1) 104 (15.3) 0.01 1.54 1.10–2.15 0.01

Epilepsy 579 (67.4) 444 (65.5) 0.43 1.01 0.80–1.28 0.93

Systolic BP, mm Hg 150 ± 31.1 153 ± 32.8 0.14 1.00 1.00–1.00 0.70

SpO2, % 97 ± 3.7 96 ± 6.1 <0.0001 0.97 0.95–0.99 0.01

Pulse, beats/min 105 ± 22.5 111 ± 25.7 <0.0001 1.01 1.00–1.01 <0.0001

GCS

3–8 371 (43.4) 406 (59.9) <0.0001

8–13 191 (22.3) 133 (19.6) 0.65 0.49–0.87 <0.0001

13–15 293 (34.3) 139 (20.5) 0.44 0.34–0.58 <0.0001

Provider case number 80 (35–123) 89 (46–125) 0.01 1.23 0.99–1.53 0.06

Abbreviations: BP = blood pressure; CI = confidence interval; GCS = Glasgow Coma Scale; OR = odds ratio; SpO2 = oxygen saturation.
Data presented as mean ± SD, n (%), or median (interquartile range).
a p Value refers to χ2 test for categorical variables, t test for normally distributed continuous variables (age, systolic BP, diastolic BP, pulse), andWilcoxon rank
sum for non-normally distributed continuous variables (provider case number).
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residual confounding such as seizure duration and etiology.
Nonetheless, higher midazolam doses were given to patients
with more severe vital sign abnormalities, who may be at
higher risk for recurrent seizure. In this circumstance, con-
founding would bias our results away from the protective
effect of midazolam that we found. Finally, we only included
patients from a single EMS agency. This inherently limits the
generalizability of our findings to other EMS agencies; how-
ever, the findings support previous findings in other pop-
ulations and we would expect the effect of benzodiazepine
dose and route on seizure termination to be consistent across
populations.22

Midazolam was either not administered or administered at a
dose lower than the guidelines recommend in the majority of
patients with status epilepticus evaluated by an EMS agency.
Undertreatment with midazolam was associated with in-
creased need for rescue therapy and did not affect rates of
respiratory complications. This finding identifies an impor-
tant gap in the treatment of status epilepticus and carries
important clinical implications if EMS agencies nationally
parallel this single-site experience. The next challenge will be
evaluating the true scope of the problem and identifying ef-
fective interventions to correct it.
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