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Effectiveness of Ketamine As a Rescue

Drug for Patients Experiencing

Benzodiazepine-Resistant Status

Epilepticus in the Prehospital Setting

OBJECTIVES: Accumulating basic science data, early clinical findings and var-
ious feasibility considerations have provided rationales for administering ketamine
as a proposed rescue medication for midazolam-resistant status epilepticus (SE)
in the logistically challenging prehospital environment. This report details the mul-
tiyear experience of paramedics managing midazolam-resistant SE following the
introduction of a ketamine-rescue protocol.

DESIGN: A 7-year, population-based, observational study was conducted to
evaluate outcomes of patients treated with IV, intraosseous, intramuscular, or
intranasal ketamine for SE despite sufficient midazolam dosings. Tracked out-
comes included: 1) rapid/sustained termination of clinical seizures in adults while
under paramedics’ care; 2) corresponding evaluations in children/adolescents; 3)
any concerning observations regarding need for assisted ventilation, intubation,
or other active interventions post-ketamine; and 4) any identifiable associations
between outcomes and circumstances, demographics, or medical history.

SETTING: Emergency response 9-1-1 system serving a large, diverse U.S.
county (jurisdictional population, 961,000/1,769 sq miles).

PATIENTS: Those receiving ketamine from paramedics for persistent seizures.

INTERVENTIONS: Adults and adolescents: 100 mg ketamine IV/intraosseous/
intramuscular/intranasal; children: 1 mg/kg intramuscular/intranasal.

MEASUREMENTS AND MAIN RESULTS: Among 81 total cases, 57 involved
adults (18-86 yr old) receiving the SE-midazolam + ketamine protocol. Ketamine
rapidly terminated convulsions in 56 (98.2%) without recurrence during prehos-
pital and hospital arrival phases. For approved reasons, paramedics administered
ketamine directly (no midazolam) in eight adults and one child, terminating convul-
sions in every case. Among 15 childhood/adolescent cases treated per protocol,
ketamine rapidly terminated SE activity in 11, but only mitigated it in four, including
two retrospectively judged to involve nonseizure activity and two involving intra-
nasal administration. Among all 81 ketamine-treated cases, there were no identi-
fiable clinically significant complications attributable to ketamine, particularly the
need for any additional active interventions.

CONCLUSIONS: Ketamine appeared to be consistently effective in treating
adults with ongoing out-of-hospital seizures that were resistant to sufficient dos-
ings of midazolam. Similar results were observed in children/adolescents.

KEYWORDS: status epilepticus; seizures; benzodiazepine-resistant convulsions;
ketamine; prehospital critical care

tatus epilepticus (SE) can result in substantial mortality and persistent
functional impairment in over a third of patients (1-5). Midazolam, a
fast-acting benzodiazepine, has become the first-line treatment in most
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@\ KEY POINTS

Question: \What options are available to respond-
ing 9-1-1 system paramedics when sufficient
doses of midazolam fail to terminate ongoing
seizures?

Findings: Consistent with basic science findings
of gamma-aminobutyric acid-A receptor down-
regulation and N-methyl-D-aspartate receptor
up-regulation during prolonged seizures, ketamine
rapidly terminated convulsions resistant to mid-
azolam treatment in greater than 98% of adults’
cases, without recurrence throughout the entire
prehospital phase of care. No clinically significant
complications were identified. Most children and
adolescents experienced similar results.

Meaning: For paramedics contending with on-
going out-of-hospital seizures resistant to suffi-
cient dosings of midazolam, ketamine appears to
be a very effective option for terminating seizures.

. J

emergency care settings. However, more than 25% of
patients treated out of hospital by paramedics will ex-
perience persistent clinical seizures with convulsive
motor activity despite sufficient benzodiazepine dos-
ings (6, 7). Although a relatively infrequent event, when
benzodiazepine-resistant SE does occur, it is a time de-
pendent critical care challenge for emergency medical
services (EMS) responders. Rapid hospital transport
becomes the default option but that can be a relatively
hazardous circumstance carrying significant risk for
progressive neurologic insults and physical harm for
both the patient and responders. Therefore, a readily
available second-line intervention to control persistent
seizures immediately would be of great benefit (5).

METHODS

Based on evolving laboratory studies and clinical ex-
perience, ketamine has been proposed as a second-line
rescue medication for midazolam-resistant SE in the
out-of-hospital setting (6, 8-37). Ketamine is carried
by many EMS agencies and can be given intramuscu-
larly with rapid onset, or even intranasally, when IV or
intraosseous access cannot be obtained in these con-
vulsing patients, particularly children.
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In 2016, an EMS agency serving a large, diverse U.S.
county ([38]; jurisdictional population 961,000/1,769
sq miles) introduced a protocol to administer ketamine
for midazolam-resistant SE (Appendix A, http://links.
Iww.com/CCX/B439). An investigation was planned
to observe how often clinical seizures were terminated
using this modified approach in both adults (age >
18 yr) and children/adolescents. Patients also were
observed for ketamine attributable complications.

Considered a test of change in real-world EMS
environments, this population-based study, con-
ducted from September 01, 2016, to April 30, 2023,
was designed as a descriptive observational investiga-
tion. Appendix B (http://links.lww.com/CCX/B439)
provides additional setting, demographics and design
information.

The protocol specified 100mg IV/intraosseous/
intramuscular or intranasal ketamine for adults and
adolescents when seizures persisted despite sufficient
midazolam dosings (7). Adolescents were defined
as those 17 years young or younger who manifested
signs of puberty (Appendix A, http://links.Iww.com/
CCX/B439). Younger children received 1 mg/kg intra-
muscular/intranasal when corresponding midazolam
dosings failed. SE was defined as seizures persisting
greater than 5 minutes or multiple ongoing seizures
with incomplete recovery of consciousness (1, 2).

Tracked outcomes included: 1) rapid and sustained
prehospital termination of clinical seizures while under
paramedics’ care including the emergency department
(ED) arrival phase (before ED staff assumed manage-
ment); 2) any observed seizure recurrence; and 3) fre-
quencyofassisted-ventilation/intubation or otheractive
interventions (e.g., IV fluid boluses) initiated post-
ketamine. When measurable in convulsing patients,
systolic blood pressure (SBP), oxygen saturation
(Spo,), and end-tidal co, (ETco,) were recorded to dem-
onstrate seizure-related aberrations (pre-ketamine)
and observe for post-ketamine changes. While recog-
nizing accuracy limitations in the prehospital setting,
any SBP less than 100 mm Hg, Spo, less than or equal
to 90%, and/or ETco, greater than or equal to 45mm
Hg was reported and analyzed.

Patients were evaluated for evidence of trauma,
pregnancy/recent pregnancy, fever, or hypoglycemia
and later analyzed for identifiable demographic, his-
torical, clinical, or circumstantial associations with ke-
tamine effectiveness.
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Comprehensive datasets were collected through elec-
tronic health records (CodeStat; Stryker, Portage, MI)
including automated capture and manual-entry com-
ponents. The software contained validation rules that
ensured complete dataset entry. Per protocol, supervi-
sors were notified about midazolam-resistant SE cases
to ensure follow-up and identify problems. County
government regulations allowed for abstracted follow-
up information from receiving facilities when EMS
requested it or when hospital liaisons provided alerts.

Summary descriptive statistics for pertinent patient
characteristics were reported as numbers and percent-
ages for categorical variables, and means (with sps)
and medians (with interquartile ranges) where appro-
priate for continuous variables. To evaluate associa-
tions between patient characteristics and convulsion
termination, multivariable logistic regression models
were performed to estimate odds ratios and 95% CI.
Statistical analyses used Stata/SE-Version 16.0 (Stata
Corporation, College Station, TX).

Procedures remained in accordance with ethical
standards of responsible committees on human ex-
perimentation and the 1975 Helsinki Declaration. The
Pearl Institutional Review Board approved the study
with waiver of informed consent (No. 2023-0153).
Strengthening the Reporting of Observational Studies
in Epidemiology guidelines (https://www.strobe-state-
ment.org/checklists/) were followed (Appendix C,
http://links.lww.com/CCX/B439).

RESULTS

During the multiyear study, paramedics managed
2098 seizure cases overall. Among these, 81 incidents
involved ketamine administration for SE, including
57 adult and 15 adolescent/childhood cases (n = 72)
applying the SE-midazolam + ketamine protocol. In
nine other incidents (eight adult/one child), paramed-
ics administered ketamine directly for preapproved
oft-protocol circumstances (e.g., family administered
sufficient benzodiazepine doses immediately before
paramedics arrived). Patient characteristics are pro-
vided in Table 1; and Appendix B (http://links.lww.
com/CCX/B439). None had hypoglycemia and only
three (one child/two adults) had significant fever. All
patients were transported to hospitals.

At least one dose of midazolam was adminis-
tered by paramedics in all 72 protocol cases before
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administration of ketamine (Supplemental Table
1, http://links.Iww.com/CCX/B439). A second dose
was not provided by paramedics in 18% (11 adult
and two childhood/adolescent cases), most often
because patients had received adequate dose equiv-
alents of benzodiazepines before paramedic arrival
on-scene. Except for two cases, all adult administra-
tions (first and second doses) involved 5 mg of mid-
azolam. First and second doses for nonadults ranged
from 0.5 to 5mg, with the latter dose given in ten
of 15 cases (Supplemental Table 1, http://links.lww.
com/CCX/B439).

For those 57 on-protocol adult cases, ketamine ad-
ministration usually involved IV infusion (75%); 11%
intramuscular, 9% intraosseous, and 5% intranasal.
Among off-protocol incidents (n = 9), eight involved
the IV route (seven adult cases and one child) while
one adult received intranasal administration. For the
15 on-protocol childhood/adolescent administrations,
eight were IV, four intramuscular, and three intranasal.

Thirty-one adult women received ketamine per
protocol; five had two separate incidents, one had
three, and one experienced four events. Among 15
adult men, one had two incidents. This case predom-
inance of women (n =41 vs. 16 men) contrasted with
9-1-1 seizure cases overall (55% women; Appendix
B, http://links.lww.com/CCX/B439). Seizure or
anti-seizure medication histories were documented
(Table 1) in 45 (79%).

For these 57 on-protocol adult events, ketamine rap-
idly terminated the clinical seizures in 56 without re-
currence throughout prehospital and ED arrival phases
(98.2%). The lone exception involved a chronically un-
responsive, institutionalized 64-year-old woman with
in-dwelling tracheostomy. Her midazolam-resistant
seizures ceased immediately after ketamine infusion
without recurrence prehospital (> 20 min), but a con-
vulsion was observed just after paramedics transferred
care. It was later reported that she had sepsis and was
later placed into hospice care.

In follow-up interviews, paramedics consistently
reported seizure termination within 1-2 minutes
of initiating treatment, well before the entire IV or
intraosseous dose (100 mg in a 50 mL drip) was deliv-
ered (typically taking 2-3 min to fully infuse). While
intramuscular-related cessations occasionally took 1-2
minutes longer, injections generally were delivered
earlier.
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TABLE 1.

Characteristics of Adults and Children Treated by Paramedics in the Prehospital Setting
With Ketamine for Benzodiazepine-Resistant Status Epilepticus (n = 72 Encounters)
As Well As Nine Other Patient Encounters in Which Paramedics Administered Ketamine

Directly (No Midazolam)

Midazolam First

Adults (> 18 yr Old)
(n = 57 Encounters)

Ketamine First

Children/Adolescents
(n = 15 Encounters)

Eight Adults, One Child
(n =9 Encounters)

Age, yr

Median (IQR) 35 (30-59)
Sex, % (n)

Female 71.9 (41)

Male 28.1 (16)
Race/ethnicity, % (n)

White/Caucasian 68.4 (39)

African-American 10.5 (6)

Hispanic/Latino 10.5 (6)

Pacific Islander/Asian 1.8 (1)

Unknown 8.8 (5)
Documented history of seizures or seizure medications % (n)

Yes 79.0 (45)

No 21.0 (12)
Fever (> 99.5°F), % (n)

Yes 3.5 (2)

No 98.2 (56)
Hypoglycemia, % (n)

Yes 0

No 100 (57)
Scene time, min

Median (IQR) 19.2 (14.6-22.7)
Transport time, min

Median (IQR) 10.6 (7.3-13.6)

14 (3.5-15.5) 30 (27-43) plus one
9-yr-old boy
66.7 (10) 55.6 (5)
33.3 (5) 44.4 (4)
26.7 (4) 89.9 (8)
13.3 (2) 11.1 (1)
46.7 (7) 0
0 0
13.3 (2) 0
86.7 (13) 100 (9)
1.3 (2) 0
6.7 (1) 0
93.3 (14) 100 (9)
0 0
100 (15) 100 (9)

15.4 (11.3-20.6) 17.8 (14.4-21.8)

16.0 (10.3-18.9) 10.2 (9.0-11.1)

IOR = interquartile range.

With limited variability in the primary outcome of
interest (56/57 with sustained convulsion cessation),
comparative statistical testing by either patient or en-
counter characteristics was precluded.

In the nine off-protocol incidents, family/medical
professionals already provided considerable (or re-
peated) benzodiazepine doses (e.g., rectal diazepam/
IV lorazepam) before paramedic arrival (n = 4) or ben-
zodiazepine “allergies” were reported (n = 4). Another
patient was considered “benzodiazepine-resistant”

4 www.ccejournal.org

based on prior experience. Ketamine rapidly termi-
nated seizures in all nine incidents (100%) including
an adult with protracted recurrent events before EMS
arrival. All nine had known seizure disorders.

Among the 15 childhood/adolescent on-protocol
cases, ketamine rapidly terminated clinical seizures
in 11 but only mitigated abnormal motor activity in
four. Two were young children who received ketamine
intranasal. Both experienced relative improvements,
but complete cessation was either delayed or remained
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unresolved. However, the unresolved case was assessed
subsequently to be acute post-asphyxial anoxic postur-
ing and the other received relatively low (0.5 mg) mid-
azolam doses.

One adolescent receiving full IV-midazolam + ke-
tamine protocol treatments had relative improvements
but did not have complete prehospital resolution.
Reportedly, she experienced a head injury the day be-
fore. She also had rapid/sustained seizure termination
post-ketamine during a prior incident. The fourth pa-
tient, an adolescent with a known seizure syndrome,
had immediate termination of convulsions, but some
abnormal motor activity appeared to persist. Later,
those movements were identified as his typical post-
ictal movements.

In the 11 child/adolescent cases with rapid/sus-
tained SE termination, paramedics administered only
one midazolam dose in two cases because family
members had already provided comparably equivalent
benzodiazepines doses (Supplemental Table 1, http://
links.Iww.com/CCX/B439).

Clinically, there were no apparent complications
attributable to ketamine and no active post-ketamine
interventions among all 81 cases. However, pre-
ketamine Spo, and ETco, aberrations were identified
in 15 of the 47 on-protocol adult patients with re-
corded data (Supplemental Table 2, http://links.lww.
com/CCX/B439).

Post-ketamine, vital signs, and respiratory metrics
were documented in 90%, all within normal limits. The
nine oft-protocol (ketamine only) cases had complete
datasets with no post-ketamine abnormalities iden-
tified (Supplemental Table 2, http://links.Iww.com/
CCX/B439). For the six on-protocol adult cases with
incomplete post-ketamine datasets, all were clinically
stable upon hospital arrival. Again, no concerning
post-ketamine problems or active interventions were
reported by paramedics or responding supervisors.

Among on-protocol childhood/adolescent cases
(n = 15), post-ketamine SBP and Spo, were undo-
cumented in six and two cases, respectively, but all
patients were reported as clinically stable upon hos-
pital arrival. Among cases with complete datasets,
abnormalities were absent. Only one adult and one
child received ventilatory support for significant pre-
ketamine desaturations and both improved post-
ketamine. That child was the one later identified as
having a post-anoxic posturing condition.

Critical Care Explorations

DISCUSSION

These data provide promising evidence that ketamine
should be considered as a potential rescue drug for
EMS systems encountering midazolam-resistant sei-
zures in the challenging prehospital environment.

No claim is made that ketamine is the “best” or “pre-
ferred” second-line agent for settings where expanded
pharmacies of anti-seizure medications are stocked
and immediately available. Rather, the clinical experi-
ences reported here indicate that ketamine is a feasible
option for paramedics contending with these actively
seizing patients. Ketamine consistently terminated
prehospital convulsions in adults, generally mitigated
related respiratory aberrations (Appendix B, http://
links.lww.com/CCX/B439) and facilitated less-risky
extrication and transport without clinically significant
complications.

Among limitations and caveats to consider,
midazolam-resistant SE is a high impact event but
is also relatively infrequent. Only 81 cases were re-
ported and the study involved a single EMS system
in one U.S. region. Most in-hospital follow-up
data were not included such as in-hospital out-
comes, seizure recurrence, other potential diag-
noses (e.g., psychogenic nonepileptic seizures), or
electrographic findings. Several studies indicate
that patients may stop convulsing but still have on-
going electrographic seizures (39-41). While keta-
mine consistently terminated convulsions (motor
activity), it may not have always controlled elec-
trographic seizures in every case. Future studies
should address these considerations.

Despite such limitations, the study findings
remained consistently positive over many years and
the sample size was relatively large for this infrequent
but high impact event ([6, 7]; Appendix B, http://links.
lww.com/CCX/B439). This particular 9-1-1 system also
provided several advantages for a pilot investigation,
namely a nonexclusionary population-based study co-
hort with patient care being provided within a matured
EMS system possessing relatively robust clinical and
operational oversight. In addition, the medical record
software required prospective capture of all study data
and the reported findings reflected real-world experi-
ences by providing descriptions of off-protocol cases
as well as treated patients who, in retrospect, were not
having seizure activity.
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This study also had its roots in basic science inves-
tigations indicating that benzodiazepine-targeted
gamma-aminobutyric acid-A receptors down-regulate
with ongoing seizures, whereas ketamine-targeted
N-methyl-D-aspartate receptors reciprocally up-
regulate (8-16). Damage to brain cells is common, severe
and progressive when seizures persist (3-5). Therefore,
this preliminary translational investigation provides
additional hope that such progressive damage may be
mitigated in these challenging prehospital scenarios.

As reported, two children receiving ketamine intra-
nasally did not experience rapid termination of con-
vulsions, suggesting a potential therapeutic limitation
of intranasal administration. One study involving out-
of-hospital midazolam-resistant pediatric SE cases
(n = 6) reported that ketamine uniformly suppressed
convulsions, but only IV (n = 5) and intramuscular
(n = 1) routes were used (27). Larger scale retrospec-
tive studies also indicate superiority of intramuscular
benzodiazepines over intranasal in seizing children
(42, 43). Accordingly, future research evaluating intra-
nasal ketamine is encouraged.

In summary, these results suggest that when SE is
resistant to sufficient dosings of midazolam, ketamine
appears to be effective and logistically feasible as a
rescue drug in the challenging prehospital environ-
ment. Larger investigations/trials should now be con-
ducted to corroborate these findings.
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The seizure management training, data collection, and related
quality assurance activities are routine functions for public safety
agencies providing medical care to the public.

The study was performed in the 9-1-1 emergency medical care
system of Palm Beach County, Florida, where emergency med-
ical responses are provided by Palm Beach County Fire Rescue
(PBCFR) responders under the supervision of the PBCFR Fire
Administrator (Fire Chief), Emergency Medical Services Chief,
and Chief Medical Officer.
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