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ABSTRACT

Background It is uncertain whether the adminis-
tration of benzodiazepines by paramedics is an effec-
tive and safe treatment for out-of-hospital status ep-
ilepticus.

Methods We conducted a randomized, double-blind
trial to evaluate intravenous benzodiazepines admin-
istered by paramedics for the treatment of out-of-hos-
pital status epilepticus. Adults with prolonged (lasting
five minutes or more) or repetitive generalized convul-
sive seizures received intravenous diazepam (5 mg),
lorazepam (2 mg), or placebo. An identical second in-
jection was given if needed.

Results Of the 205 patients enrolled, 66 received
lorazepam, 68 received diazepam, and 71 received pla-
cebo. Status epilepticus had been terminated on arri-
val at the emergency department in more patients
treated with lorazepam (59.1 percent) or diazepam (42.6
percent) than patients given placebo (21.1 percent) (P=
0.001). After adjustment for covariates, the odds ratio
for termination of status epilepticus by the time of ar-
rival in the lorazepam group as compared with the pla-
cebo group was 4.8 (95 percent confidence interval, 1.9
t0 13.0). The odds ratio was 1.9 (95 percent confidence
interval, 0.8 to 4.4) in the lorazepam group as com-
pared with the diazepam group and 2.3 (95 percent
confidence interval, 1.0 to 5.9) in the diazepam group
as compared with the placebo group. The rates of res-
piratory or circulatory complications after the study
treatment was administered were 10.6 percent for the
lorazepam group, 10.3 percent for the diazepam group,
and 22.5 percent for the placebo group (P=0.08).

Conclusions Benzodiazepines are safe and effective
when administered by paramedics for out-of-hospital
status epilepticus in adults. Lorazepam is likely to be
a better therapy than diazepam. (N Engl J Med 2007;
345:631-7.)
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ENERALIZED convulsive status epilepti-
cus is a condition of prolonged or repeated
seizures requiring rapid treatment. Benzo-
diazepines are the drugs of choice for initial
treatment because they are fast acting and effective.l.2
Several randomized trials of drug treatment for status
epilepticus in hospitalized patients have been conduct-
ed.l-34 However, patients with seizures and status ep-
ilepticus are commonly encountered outside of the
hospital by emergency-medical-services personnel. Tra-
ditionally, these patients have been transported quick-
ly to emergency departments for treatment. In recent
years, many emergency-medical-services systems have
implemented protocols that allow the intravenous ad-
ministration of benzodiazepines (principally diazepam)
by paramedics. However, the risks and benefits of treat-
ment with benzodiazepines outside of the hospital
have not been studied. Potential benefits include the
prevention of systemic and neurologic sequelae of pro-
longed convulsive seizures. Potential risks include res-
piratory depression and cardiovascular compromise
associated with benzodiazepines and misdiagnosis
leading to inappropriate treatment.2 We conducted a
randomized, double-blind, placebo-controlled trial to
determine whether the administration of benzodiaz-
epines by paramedics is an effective and safe out-of-
hospital treatment for status epilepticus and to deter-
mine whether lorazepam is superior to diazepam.

METHODS

Enrollment

The study methods are described in detail elsewhere.5 Between
January 4, 1994, and January 31, 1999, patients were enrolled and
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treated by paramedics of the San Francisco Department of Public
Health. During this period, the emergency-medical-services system
consisted of one physician-staffed base hospital and nine destination
hospitals. Paramedics trained in the study protocol established radio
contact with the base hospital and were authorized by a physician to
enroll patients after review of inclusion and exclusion criteria.

Study Design

Adults (18 years of age or older) with an out-of-hospital diagno-
sis of status epilepticus were randomly assigned to receive 5 mg of
diazepam, 2 mg of lorazepam, or placebo by intravenous injection
(over a period of one to two minutes). Status epilepticus was defined
as continuous or repeated seizure activity for more than five minutes
without recovery of consciousness. The study drug was administered
by paramedics only during generalized tonic—clonic seizure activity.
If seizures recurred or continued four minutes or more after the first
injection, then an identical second injection was administered. Thus,
patients received a maximum of 10 mg of diazepam or 4 mg of lor-
azepam. Patients were excluded if they had a pulse of less than 60
beats per minute, a systolic blood pressure of less than 100 mm Hg,
second- or third-degree atrioventricular block, sustained ventricular
tachyarrhythmia, asthma or chronic obstructive pulmonary disease,
a history of long-term use of benzodiazepines, or sensitivity to ben-
zodiazepines. Patients were also excluded if they were pregnant, if
intravenous access could not be established, or if they had been
transported by a private ambulance company or were in police cus-
tody. Open-label diazepam was immediately available in the event
of a difficult or unsafe extrication of a patient or if a patient was
considered to be at high risk for a life-threatening complication.

Paramedics documented seizure activity, respiratory status, car-
diovascular function, and level of consciousness every five minutes.
Standardized treatment for patients who remained in status epilep-
ticus at the time of arrival at the hospital was not required. How-
ever, a suggested treatment protocol was given to study personnel
and presented by paramedics in written form to physicians when the
patient arrived at the emergency department.?

Oversight, Central Review, and Consent

The study was approved by the San Francisco Department of
Public Health Emergency Medical Services Section, the California
Emergency Medical Services Agency, and the institutional review
boards of the University of California at San Francisco and at the
participating destination hospitals. Oversight was provided by an
external advisory committee, which was composed of four persons
with expertise in epilepsy and emergency medicine who were not af-
filiated with the study. This group reviewed the study annually and
was responsible for decisions regarding continuation or early termi-
nation of the study on the basis of interim safety analyses. Addi-
tional oversight was provided by a data safety and monitoring board
of the National Institutes of Health, which independently carried
out an annual review of the progress of the study and determined
whether the study could continue on the basis of the interim safety
analyses. All adverse events and deaths were reported promptly to
the institutional review boards of the destination hospitals, the
external advisory committee, and the data safety and monitoring
board. Demographic data were ascertained from the patient’s rec-
ord; the ethnic or racial group was assigned by investigators.

Because of the emergency nature of status epilepticus and the
unconscious state of the patient, enrollment took place under a
waiver of informed consent pursuant to federal regulations. The
rationale for the waiver was that diazepam, lorazepam, or no ben-
zodiazepines were used by various emergency-medical-services sys-
tems for the management of status epilepticus at the time of the
study and that insufficient data were available to determine the op-
timal out-of-hospital treatment for this condition.

Drug Treatment and Randomization

Coded study kits contained two 2.5-ml colored-glass syringes.
The syringes in a single study kit had identical contents: a 1.0-ml so-
lution of either 5 mg of diazepam (Schein, Florham Park, N.J.;

and Elkins—Sinn, Cherry Hill, N.J.) or 2 mg of lorazepam (Ativan,
Wyeth—Ayerst, Philadelphia) or a placebo solution (20 percent pro-
pylene glycol [vol/vol] in 0.9 percent sodium chloride) formulated
to mimic the viscosity of the active drugs. The number codes and
syringe contents were determined with the use of a computer-gen-
erated sequence of random numbers. Kits were stored on ambu-
lances in a light-proof, locked box without refrigeration and were
restocked every 60 days.¢

Outcomes and Measures

The primary outcome measure was termination of status epilep-
ticus by the time of arrival at the emergency department. Status ep-
ilepticus was considered to end at the time convulsive seizures ceased
if the patient subsequently regained consciousness. Status epilepticus
was considered to be ongoing when seizures were clinically evident,
when clinical seizures ended but the patient remained comatose and
an electroencephalogram indicated ongoing electrical seizure activ-
ity, or when a patient remained unconscious and subsequently had
a convulsive seizure requiring treatment with an antiseizure drug.

Five outcome measures were selected as secondary study end
points: out-of-hospital complications, complications at transfer, the
duration of status epilepticus before arrival at the hospital, the neu-
rologic outcome at discharge, and the disposition of the patient from
the emergency department. Out-of-hospital complications were de-
fined by the occurrence of a respiratory or cardiovascular compli-
cation after the administration of the study drug. Standardized cri-
teria for hypotension and cardiac dysrhythmias were applied.®
A respiratory complication was considered to be present if the pa-
tient received bag valve-mask ventilation or if intubation was at-
tempted. Complications at transfer were defined by the presence
of cardiorespiratory complications at the time the care of the pa-
tient was transferred from paramedics to emergency-department
personnel.®> The duration of status epilepticus before arrival at the
hospital was defined as the interval between administration of the
study drug and the termination of status epilepticus. Times were
censored on arrival at the emergency department (if seizures were
ongoing) or when out-of-hospital open-label drug treatment was
administered (as occurred with two patients in the placebo group
and two patients in the diazepam group). The neurologic outcome
at hospital discharge was evaluated relative to the base-line condi-
tion of the patient and categorized as an unchanged condition, a
condition characterized by new neurologic deficits, or death. The
location to which the patient was transferred from the emergency
department or the discharge or death of the patient was also select-
ed as a secondary end point. Since previous studies have shown that
the cause of status epilepticus is an important determinant of out-
come, we assigned patients into three prognostic groups (good, in-
termediate, and poor) according to the cause of status epilepticus.”s

Interim Safety Analyses

Interim safety analyses were performed after the enrollment of
25, 50, 100, and 150 patients. The O’Brien—Fleming procedure
was applied to each of the comparisons of active treatments and
placebo with the use of a two-tailed alpha level of 0.025.° Second-
ary analyses were performed with adjustment for covariates. The
interim analyses conducted when 150 subjects had been enrolled
yielded one significantly different pairwise comparison for the rate
of termination of status epilepticus on arrival at the emergency de-
partment. However, the data safety and monitoring board and ex-
ternal advisory committee both concluded that the data as a whole
did not support early termination.

Statistical Analysis

The target sample size of 210 patients was based on estimated re-
sponse rates (for the primary outcome) of 75 percent for lorazepam,
50 percent for diazepam, and 25 percent for placebo, with 80 per-
cent power and a two-sided significance level of 5 percent. Some
patients were enrolled more than once. Patients who received the
study drug were included in all analyses of the primary and sec-
ondary outcomes.
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Logistic-regression analysis was used to estimate the effects of
treatment on the primary outcome and to adjust for the potential
confounding effects of covariates (the intervals from the onset of sta-
tus epilepticus to treatment and from treatment to arrival at the
emergency department and the cause of status epilepticus).!0 We
compared the treatment groups with regard to the covariates using
analysis of variance for continuous covariates and chi-square tests for
categorical covariates. The logistic models included potentially con-
founding covariates as well as those with significantly different dis-
tributions among the study groups. The fit of the logistic model
was assessed with use of Hosmer—Lemeshow tests, and there was
no evidence of lack of fit. We calculated simultaneous 95 percent
confidence intervals using the Bonferroni method! for the com-
parisons of lorazepam with the other study treatments; that is, we

calculated 97.5 percent confidence intervals. We also calculated 97.5
percent confidence intervals for the comparisons of diazepam with
placebo. Differences in the duration of status epilepticus before ar-
rival at the hospital among the treatment groups were examined with
the use of proportional-hazards models.1? Initially, the distributions
of durations were compared with the use of Kaplan—Meier curves
and a log-rank test. Adjustments for potential confounders were
made with the use of proportional-hazards models and covariates.

RESULTS

A total of 567 events met the study definition of
status epilepticus. After exclusions (Fig. 1), the study
population consisted of 258 enrollments, representing

1623* encounters of
emergency-medical-services
personnel with adult patients

resulted in a “seizure” call
to the base station

567 met inclusion criteria

1066* encounters did
not meet the definition
of status epilepticus
(e.g., a single seizure
or no seizure in the
presence of paramedics)

297 were excluded
91 private ambulance
57 no intravenous access
82 cardiac dysrhythmia
28 sinus tachycardia
8 sinus bradycardia
46 other
33 hypotension
41 chronic benzodiazepine
use or sensitivity
24 pulmonary disease
14 in police custody
47 other (e.g., radio
communication failure)

10 cases missed

258 were randomly assigned
to treatment groups

Lorazepam group
91 episodes
66 patients
34 received one
injection (2 mg)
32 received two
injections (4 mg)

Placebo group
85 episodes
71 patients
29 received one
injection
42 received two
injections

Diazepam group
82 episodes
68 patients
41 received one
injection (5 mg)
27 received two
injections (10 mg)

Figure 1. Study Population.

Values marked with an asterisk are for the first 55 months of the study; for the final 5 months, emergency-medical-serv-
ices procedures were changed and paramedics were not required to call the base hospital for all seizures. All other values
are for the entire 61-month study period. The cases that were missed involved qualified patients, identified during retro-
spective review of the ambulance logs, who had not been enrolled. For excluded patients, more than one criterion may
apply. In one patient who received diazepam as the study treatment, the injection infiltrated the surrounding tissue.
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205 patients. We report only data from the first en-
rollment of each patient.

Patients in the three treatment groups did not differ
significantly with regard to age, sex, history of seizures,
cause of status epilepticus, or interval from treatment
to arrival at the emergency department; however, the
racial and ethnic groups of study patients were uneven-
ly distributed (Table 1). Race or ethnic group was add-
ed to subsequent regression analyses, but the effect
was minimal. The interval from the onset of status ep-
ilepticus to administration of the study treatment was
significantly longer in the placebo group than in the
active-treatment groups (P=0.001) but was not sig-
nificantly associated with outcome. This variable was
added to subsequent regression analyses.

TABLE 1. CHARACTERISTICS OF THE 205 PATIENTS ENROLLED
IN THE STUDY.*

LorAzEPAM  DIAZEPAM PLACEBO
Grour Grour GrouP
CHARACTERISTIC (N=66) (N=68) (N=71)
Age (yr) 49.9+20.1 50.4*+19.1 52.0=18.2
Male sex (%) 69.7 60.3 59.1
Race or ethnic group (%)t
American Indian or Alaskan 1.5 1.5 4.2
Asian or Pacific Islander 21.2 7.4 9.9
Black 18.2 16.2 29.6
Hispanic 9.1 20.6 8.5
White 48.5 54.4 46.5
Other 1.5 0 0
Unknown 0 0 1.4
History of seizures (%) 54.6 69.1 66.2
Cause of status epilepticus (%)
Low blood levels of antiepileptic 16.7 25.0 239
drugst
Refractory epilepsy 13.6 13.2 8.5
Alcohol abuse 9.1 11.8 9.9
Metabolic derangement 3.0 29 7.0
Toxic effects of drugs (recreation- 10.6 7.4 7.0
al or prescribed)
Anoxia or cardiopulmonary arrest 1.5 0 0
Infection in the central nerv- 7.6 7.4 5.6
ous system
Trauma 6.1 8.8 4.2
Tumor in the central nervous 6.1 4.4 9.9
system
Stroke 16.7 13.2 9.9
Nonepileptic seizures 3.0 4.4 7.0
Other 0 0 1.4
Unknown 6.1 1.5 5.6

Duration of status epilepticus 34.0+17.8 31.3+x14.5 46.7+38.8

before study treatment (min)§

Interval from study treatment 16.2£9.3 159%x9.3 16.5%8.2

to arrival at emergency depart-
ment (min)

*Plus—minus values are means £SD. Except as noted, differences among
the groups were not significant (P>0.05). Because of rounding, not all
percentages total 100.

tP=0.03 for the comparison among groups.

tValues are for patients with a history of epilepsy for whom antiepileptic
drugs were prescribed.

§P=0.001 for the comparison among groups by analysis of variance.
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Out-of-Hospital Treatment and Response

Status epilepticus was terminated by the time of ar-
rival at the emergency department in 59.1 percent of
patients given lorazepam, 42.6 percent of patients giv-
en diazepam, and 21.1 percent of patients given pla-
cebo (P=0.001) (Table 2). The odds ratios indicated
that termination of status epilepticus was more likely
with lorazepam than placebo (odds ratio, 5.4; 95 per-
cent confidence interval, 2.3 to 13.2) and with diaz-
epam than placebo (odds ratio, 2.8; 95 percent con-
fidence interval, 1.2 to 6.7). The odds ratio favored
lorazepam over diazepam, but the difference was not
significant (odds ratio, 1.9; 95 percent confidence in-
terval, 0.9 to 4.3). We obtained similar results using a
logistic-regression model for the binary variable of the
presence or absence of status epilepticus on arrival at
the emergency department and adjusting for covar-
iates. The odds of termination of status epilepticus on
arrival at the emergency department were 4.8 times
as high for the lorazepam group as for the placebo
group (95 percent confidence interval, 1.9 to 13.0),
1.9 times as high for the lorazepam group as for the
diazepam group (95 percent confidence interval,
0.8 to 4.4), and 2.3 times as high for the diazepam
group as for the placebo group (95 percent confi-
dence interval, 1.0 to 5.9).

Figure 2 presents Kaplan—Meier curves for the dis-
tribution of duration of status epilepticus before ar-
rival at the hospital in the three groups. These curves
were significantly different by the log-rank test (P<
0.001). When we used a proportional-hazards model
and adjusted for covariates, the times were significantly
shorter in the lorazepam group than in the placebo
group (relative hazard of ongoing status epilepticus,
0.34; 95 percent confidence interval, 0.17 to 0.71).
Times were shorter for patients in the lorazepam
group than for those in the diazepam group (adjust-
ed relative hazard, 0.65; 95 percent confidence in-
terval, 0.36 to 1.17), but the difference was not sig-
nificant.

Out-of-Hospital and Transfer Complications

An out-of-hospital complication (hypotension, car-
diac dysrhythmia, or respiratory intervention) occurred
in 7 (10.6 percent) of the patients treated with loraz-
epam, 7 (10.3 percent) of the patients treated with di-
azepam, and 16 (22.5 percent) of the patients given
placebo (P=0.08). The most common complication
was a change in respiratory status requiring ventilation
assistance by bag valve-mask or an attempt at intuba-
tion (7 patients given lorazepam, 6 given diazepam,
and 11 given placebo). Cardiorespiratory complica-
tions that persisted to the time when patients were
transferred to emergency-department personnel (com-
plications at transfer) occurred in 13 patients (7.0 per-

cent), with no significant differences between groups
(P=0.39).
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