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Abstract

OBJECTIVES: Benzodiazepines are the treatment for seizures in prehospital settings, but fail in
up to 40% of cases, leading to benzodiazepine refractory status epilepticus (BRSE). Early
treatment of BRSE is essential to prevent neurological damage and death. Ketamine, an N-
methyl-D-aspartate receptor antagonist used by emergency medical services (EMS) for a
variety of indications, has potential as a safe, effective prehospital treatment for BRSE.
However, safety and efficacy data for early treatment of patients with seizures are limited.
METHODS: We retrospectively analyzed patients treated by EMS clinicians with ketamine for
BRSE at a single urban ground-based EMS system between September 172021, and
December 1, 2023. Ketamine dose and route, patient characteristicsyand airway interventions
are described. Data were gathered from EMS records.

RESULTS: Forty-two patients aged 8 months to 79years, were included. Ketamine was
administered intramuscularly in 22 with an average dose of 3.3 mg/kg, and intravenously or
intraosseous in 20, with an average dose of:2.2 mg/kg. Ketamine stopped seizures in 38
patients (90.5%). Transient hypoxia occurred<n 9 patients (22%). Respirations were supported
with bag-valve-mask ventilation in"13 patients (31%), a supraglottic airway in three (7%), and
one patient was endotracheally.intubated (2.4%).

CONCLUSIONS: Ketamine appears safe and effective for prehospital treatment of BRSE.
Monitoring and intervention for respiratory complications appears necessary, but rates of these
complications aresconsistent with expected rates from seizures and appropriate benzodiazepine
dosing. These findings support ketamine’s use in EMS for BRSE. Larger prospective studies are

needed to confirm safety and efficacy.

Keywords: Ketamine, Benzodiazepine refractory status epilepticus, EMS, seizures, status

epilepticus, prehospital



INTRODUCTION

Seizures account for approximately 5-8% of all emergency medical services (EMS) encounters
and carry a significant risk of morbidity and mortality (1). Among adults, the mortality associated
with status epilepticus (SE) is 26%; among children, it is up to 3% (2-4). Seizures lasting greater
than 30 minutes are associated with an overall mortality rate of 19% (5). Rapid resolution of
seizures is essential to prevent progression to SE and the development of refractory SE
resulting in irreversible neurologic insult with cardiovascular and respiratory complications<(6).
Unfortunately, the overall survival from SE has changed little over the last 30 years in both
children and adults (7). In the prehospital setting, the first-line standard of care treatment for
seizure is benzodiazepines (8). However, up to 40% of adult and pediatric patients do not
respond to an appropriate dose of a benzodiazepine, referred:to as benzodiazepine refractory
status epilepticus (BRSE) (9, 10). Prehospital treatmentsfor BRSE is generally limited to

repeated benzodiazepine dosing and searching for'reversible causes (11, 12).

Current second-line treatments with levetiracetam, valproate, or fosphenytoin are only effective
in stopping SE in about 50% of patients with BRSE and are not generally available in the
prehospital setting (13, 14). Infa survey of EMS protocols, only 2 of 33 (11%) publicly available
state EMS protocols included recommendations for the treatment of seizures that continue after
initial treatment with a benzodiazepine (15). The lack of second-line treatment options in the
prehospital.setting,is multifactorial but includes the cost and challenges associated with
modifying the’EMS formulary. As a result, few patients receive a second-line medication prior to
hospital arrival despite recurrent or persistent seizure activity. This is especially true in pediatric
seizure management. Ramgopal et al. reviewed the National Emergency Medical Services
Information System (NEMSIS) and found only a very small proportion of children received a
second-line antiseizure medication (ASM) in the field (11). Shah et al., found that a significant

percentage of children have recurrent or ongoing seizures upon EMS arrival to the emergency



department. They performed a retrospective cross-sectional study of pediatric prehospital
seizure patients and found that 29% of patients had persistent or recurrent seizure activity on
emergency department (ED) arrival (7, 12). In light of the high frequency and mortality of
prolonged seizures associated with BRSE and the lack of evidence-based prehospital treatment
options, there is an urgent need to identify a safe, effective, and practical prehospital treatment

for BRSE.

Ketamine offers a pharmacologic alternative to traditional second-line ASMs. Ketamine is an N-
methyl-D-aspartate (NMDA) receptor antagonist with antiseizure properties first identified in
1975. During prolonged seizures, gamma-aminobutyric acid type a (GABAa) receptors, the
primary receptor target for benzodiazepines, decrease in numberiover time, making it less likely
that these medications will be effective in terminating seizure activity as the duration of status
epilepticus increases (10, 16-20). Conversely, NMDAreceptors are up regulated in prolonged
seizures, providing a potential therapeutic target for the use of ketamine to terminate seizures in
the context of BRSE. In the last decade, therexhas been a growing body of evidence describing
the safety and efficacy of ketamine as.an ASM, including prospective in-hospital trials in adult,
pediatric, and neonatal intensive ¢are“units (21-26). Case series, case reports, and
retrospective reviews have suggested that ketamine may be effective in treating BRSE in the

prehospital setting as .well)*"=%

Ketamine has become increasingly familiar and available to EMS clinicians as it is used for
various indications in the prehospital setting, including rapid sequence intubation, procedural
sedation, analgesia, and agitation.” 33" Ketamine offers several desirable qualities for use in
the prehospital setting, including relative preservation of cardiovascular and respiratory stability
when used for procedural sedation, agitation, pain, and rapid sequence intubation. Preliminary

data suggest this may also be true when used to treat BRSE (21, 28, 38). Additionally, ketamine



is shelf-stable at room temperature and at extremes of temperature (39, 40). Ketamine is
characterized by a very broad therapeutic index and can be delivered through multiple routes,
including intramuscular (IM), intravenous (IV), intraosseous (10), and intranasal (IN) (41, 42).
Considering the growing list of attributes, ketamine has been added to primary paramedic-level
education over the last decade (43, 44). Its use for the treatment of seizures is also increasing

over time (45, 46).

However, despite the potential advantages of ketamine, and its increasing popularity,.there is
still little clinical evidence to inform its use in the prehospital treatment of BRSE (47). As part of
a quality assurance effort in a single-ground urban EMS system, we implemented a new clinical
EMS seizure treatment protocol incorporating the use of ketamine,after the administration of 2
appropriately dosed benzodiazepines. We reviewed all encounters where ketamine was

administered for BRSE.

METHODS

Study design and setting

The Baylor College of Medicine (Houston, Texas, USA) Institutional Review Board approved
this retrospective chart review with a waiver of informed consent (H-51787). Harris County
Emergency Service District 11 Mobile Healthcare (HCESD11 MHC) is a ground-based EMS
agency in Greatern,Houston that employs approximately 250 EMS clinicians, including
paramedics,'/Advanced Emergency Medical Technicians (AEMTs), and Emergency Medical
Technicians (EMTS). In a service area encompassing 171 square miles, HCESD11 MHC
responds to more than 65,000 annual 9-1-1 calls for service. Paramedics have delayed
sequence intubation (DSI), supraglottic airway placement (SGA), and bag-valve-mask (BVM)

ventilation capabilities.



Clinical Protocol

On September 1, 2021, HCESD11 MHC updated its standard clinical protocol for the treatment
of patients with seizures to include the option of ketamine for the treatment of BRSE (Figure 1).
The protocol directs paramedics to administer 2 mg/kg 1V or 4 mg/kg IM of ketamine in
encounters where seizure persists following maximum midazolam dosing. The pediatric
midazolam dose is 0.2 mg/kg, which can be administered via 1V, IM, 10, or IN routes, with an
upper limit of 5 mg total. The adult midazolam dose is 5 mg IV or 10 mg IM with the ability-to
repeat once in five minutes if seizure activity persists. Rapid IM midazolam administration is
encouraged and preferred as the first-line treatment of prehospital seizures. Additional
medication administration was left to paramedic judgment. A pediatriciage-based medication
dose assistance application (The Handtevy System - Pediatric.Emergency Standards, Davie,
FL, USA) was used in all pediatric encounters. The onlysprotocol exclusion criteria included
known hypersensitivity to ketamine.

EMS clinician training on the new protocol included a'mandatory hour-long education program
on ketamine pharmacology and administration,during initial onboarding. Emphasis was placed
on the service’s existing requirement for robust patient monitoring, including continuous pulse

oximetry, waveform end-tidal.capnography (EtCO,), and 3-lead cardiac monitoring.

Case Review

A review initially performed as part of quality assurance, including all runs between September
1, 2021, and December 1, 2023. All electronic prehospital care reports (ePCR) were queried
for those receiving ketamine with a paramedic impression of seizure. Two expert reviewers (one
paramedic and one EMS physician) independently abstracted data. All encounters of ketamine
administration for BRSE also electronically triggered a real-time continuing quality improvement

(CQI) audit. Data were abstracted using the deidentified EMS ePCR.



All cases of ketamine use for BRSE during the study period were included in the analysis. For
purposes of case ascertainment, BRSE was defined as a paramedic’s impression of ongoing or
recurrent seizure activity after administration of two doses of a benzodiazepine. Based on chart
review, patients were excluded if ketamine was administered for an indication other than seizure
treatment, including pain, intubation induction, or agitation. Study population selection is shown
in Figure 2. All data were collected from EMS records. Emergency Department and hospital

outcome data were not included.

We reviewed data on patient characteristics, treatment, seizure termination, and safety. Patient
characteristics included demographics, prior seizure history, relevant'home medications, and
vital signs (before and after intervention). Treatment data included benzodiazepine and
ketamine dose, route of administration, and timing. Seizure termination was determined by
paramedic observed response documented in the narrative section of the patient chart. Safety
data included any documented episodes of hypoxia defined as a pulse oximetry reading <90%,

any use of BVM ventilation, SGA device insertion, or endotracheal intubation.

Statistical analysis

Descriptive statistics were used to summarize the data. Means and standard deviations were
reported for continuousvariables, while counts and percentages were reported for categorical
variables. Missing.data were not imputed. Analyses were performed using SAS software,

version 9.4 (SAS Institute).



RESULTS

Patient characteristics

There were 736 9-1-1 activations for impressions related to seizure, including 58 patients with
documentation of ketamine administration. Of those, three had the medication drawn up and
prepared but not administered, and 13 patients received ketamine for an indication other than
seizure. Therefore, 42 patients met the inclusion criteria and are described in this analysis in

Table 1.

Eighteen (42.9%) were pediatric and 24 (57.1%) were adult patients.The mean age was 44.8
years for adults and 6.7 years for children. The youngest patient was,8‘months old. There were
31 (73%) female patients. Thirty-three (78.5%) patients had a Known seizure diagnosis, and 28
of those 33 (84.8%) were on home seizure medications. One-patient had a vagal nerve
stimulator for treatment of seizures. Eight patients with a known history of seizures had received

a rescue medication prior to EMS arrival.

Treatment

Initial ketamine doses were administered IM in 47.6% (20/42) of encounters and IV in 47.6%
(20/42) of encounters+Twao patients received ketamine through the 1O route (4.8%, 2/42). The
median doses were 3.3'mg/kg for IM and 2.2 mg/kg for IV. Between patient variability in dose
was observed with IM dosing ranging from 1.3 to 4.4 mg/kg and IV dosing ranging from 1.6 to
4.4 mg/kg. However, 35/42 (83%) of patients received ketamine doses within 20% of the
protocol dose. Five adult and two pediatric patients received incorrectly high or low doses. The
dose was incorrectly low in five cases of IM administration and incorrectly high in two cases of
IV administration. Two patients received two doses of ketamine, and one received two doses

followed by an IV infusion. Four patients received only ketamine from EMS. Three of those



patients received two doses of benzodiazepine prior to EMS arrival. In those instances, EMS
administered only ketamine without additional doses of benzodiazepine. Six patients received

ketamine after receiving only one dose of a benzodiazepine.

Efficacy

Ketamine terminated clinically evident seizures in 38 (90.5%) patients. Thirty-five (92%) stopped
seizing after a single dose, including three that failed benzodiazepines prior to EMS arrival. Four
patients received only ketamine by EMS and seizures were terminated in all.cases. Regarding
route of administration, IM ketamine was successful in 20/22 (91%), IV in 17/18 (94%), and 10
in 1/2 (50%) as shown in Table 1. Three patients received multiple doses of ketamine. However,
in all these cases, only the first dose of ketamine was for seizure management. The additional
doses were to facilitate airway placement and subsequent,sedation, not seizure treatment.
There were four patients, two adults and two children,whoreither continued to have seizures or
had seizure recurrence after the administration ofiketamine while in the care of EMS. Per
protocol, repeat dosing of ketamine for refractory seizure was not allowed. The first patient was
a 15-year-old male on three home ASMs./He had successful seizure termination after a single
IM ketamine dose, but his seizureiactivity restarted 35 minutes later during a 50-minute
transport. The second patient was, a 46-year-old female on three home ASMs who was actively
seizing for 15 minutes prior to EMS arrival. She received two doses of IM midazolam prior to 10
ketamine. She was subsequently intubated for airway protection in the setting of refractory SE
and did not experience hypoxia. This patient also had a prolonged transport time of 51 minutes.
The third patient was a 5-year-old female with a history of a febrile seizure. She received two
doses of IV midazolam followed by a single dose of IV ketamine without resolution of seizure
activity. This patient did not experience hypoxia or receive an airway intervention. The fourth
patient was a 60-year-old female with one home ASM who continued to have seizure activity

after two doses of IM midazolam and one dose of IM ketamine. The ketamine was under-dosed



in this case by greater than 20%. This patient had no airway intervention or hypoxia after
ketamine. In each of the other cases, the ketamine dose administered was within 20% of the

protocol dose.

Safety

Transient hypoxia occurred in nine (22%) patients, six children and three adults. All patients with
hypoxia had a known history of seizures. Seven of the nine (78%) patients with hypoxia
received two doses of midazolam prior to ketamine administration. Two patients with:-hypoxia
received multiple benzodiazepines prior to EMS arrival and received only ketamine from EMS.
Respirations were supported by BVM ventilation alone in 13 patients,;"SGA placement in three,
and endotracheal intubation in one (any respiratory support iny18/42,43%). One additional
patient was chronically ventilator dependent. Five of thes23 with BVM only and one with SGA

placement, received support because of hypoxia.

In one patient, an SGA was placed for reported apnea following the administration of ketamine
IV. In the one patient who was endotracheally intubated, the indication was respiratory failure
after two doses of midazolam but'prior to ketamine administration. It was unclear from the chart
data and narrative if the Ketamine,was given for refractory SE or for intubation induction, so the
patient was kept in the final data set. This patient was a 46-year-old female with a known history
of refractory.seizures and had required intubation for respiratory failure during a previous
encounter. The indication for respiratory support could not be determined in other cases but was

likely in response to subjective perceptions of respiratory depression, sedation, or dissociation.

DISCUSSION

In this case series of 42 patients from a single EMS agency, ketamine was effective in treating



clinically evident BRSE in over 90% of cases. This report expands upon the previous description
of six children in the HCESD11 MHC system treated with ketamine for seizures (28). The
observed effectiveness of ketamine was also consistent with another recently published large
case series of prehospital ketamine use by EMS clinicians in 65 adults and 16 children with
seizures over a 7-year period in a Palm Beach County EMS system in Florida. They reported
seizure termination in 94% of cases (30, 48). However, there are differences in both.the dose
and administration process. Our protocol was weight-based dosing depending on route of
administration regardless of age whereas their study was fixed dosing for adults and weight-
based in pediatrics. Also, our protocol was for push dose ketamine whereas their study was an
infusion in a carrier fluid. Despite these variations between studies, efficacy is similarly high in
both our study and in the Palm Beach County study. These very high reported rates of efficacy
for ketamine in these case series compare favorably to the only clinical trial data of second line
anticonvulsants in the prehospital setting. In the SAMU Keppra trial 136 patients were
randomized to clonazepam plus levetiracetam orelonazepam plus placebo in France (49). In
that trial only 79% of patients had termination of seizures with no significant difference between
treatment groups. The observed rates.of seizure termination with ketamine in these prehospital
case series also compares favorablyto the 50% response rate observed in the emergency
department treatment in patients with BRSE with any of three conventional second line

anticonvulsants (levetiracetam, valproate, or fosphenytoin) in the ESETT study (13).

Safety in our case series was also comparable to that expected in patients treated for BRSE in
the prehospital setting. In our study, hypoxia was an uncommon side effect, occurring in only
nine patients. Our low rate of hypoxia is consistent with Scheppke et al who reported no
episodes of hypoxia following ketamine administration albeit with some gaps in documentation
of oxygen saturation and vital signs (30). Hypoxia is frequently observed in patients with BRSE

as a consequence of their seizures or because of prior treatment with benzodiazepines. Indeed,



Scheppke et al., observed abnormal oxygen saturation or EtCO, monitoring in 32% of BRSE
patients prior to ketamine administration. Our observed rate of hypoxia is also lower than in prior
reports in pediatric seizure patients receiving benzodiazepines alone. Pfeiffer et al. identified
prehospital hypoxia in 25% of 156 children with seizures treated with 2 doses of benzodiazepine
and 15% of 597 children treated with a single dose of benzodiazepine.(50) Shah et al., found
hypoxia in 12% of 304 children with seizures and documented oxygen saturations cared for by
EMS with or without benzodiazepines (12). Collectively these data suggest the hypoxia
observed in our case series is consistent with that anticipated in this patient population and is

not likely to be a consequence of ketamine administration.

Similarly, the rate of respiratory support provided to patients in,our. study is also consistent with
that expected in this prehospital seizure patient population. Inithe Prehospital Treatment of
Status Epilepticus (PHTSE) trial, 12% of participants withiseizures (24/200) treated with or
without benzodiazepines had a change in.respiratory status requiring ventilatory assistance with
a bag valve-mask or an attempt at intubation. In the Rapid Anticonvulsant Medication Prior to
Arrival Trial (RAMPART), the rate oftransient BVM support was not collected, but 1.4% of
patients with seizures (14/1023) and benzodiazepines had prehospital endotracheal intubation.
Respiratory support is provided more frequently in children with prehospital seizures. Pfeiffer
found that 32% of children with two doses of a benzodiazepine were provided respiratory
support (51), and'Shah et al. found that respiratory failure occurred in 17.1% of the 533
prehospital pediatric seizure patients either prehospital or in the ED (12). The observed rates of
respiratory support in our patients are, therefore, most likely attributable to their underlying
pathology. However, one may speculate on ways that ketamine may contribute to the use of
respiratory support. Although the pharmacology of ketamine is not typically expected to
contribute to respiratory failure, it causes a dissociative sedation that EMS clinicians may

interpret as airway compromise requiring assistance or airway protection, especially if they lack



familiarity with that response or do not allow for it in this clinical situation, as has been
previously suggested with respect to emergency physicians receiving dissociated patients given
prehospital ketamine for agitation (52). Additionally, EMS clinicians may have provided
respiratory support partly due to an elevated EtCO2 following a prolong seizure and not due to
hypoxia or medication effects. The interpretation of post-ictal irregular respirations or elevated
EtCO2 as respiratory failure may have contributed to the performance of an airway procedure.
In 8 of the 13 (61%) patients who received BVM support, there was a documented’EtCO2>50
mmHg. Finally, although transient laryngospasm was not reported in our case series, this known
infrequent complication of ketamine may have been an unrecognized or undocumented trigger

for some episodes of brief BVM respiratory support.

Regarding the dosing of medication, the high frequencysof,incerrect dosing has been
documented in prior literature, particularly in pediatric'seizure management (53-56). We
observed the first benzodiazepine dose given by EMS to be underdosed in 21% (8/38) of cases
suggesting this contributed little to the development of BRSE. Based on limited prior literature,
we chose a cutoff range of 20% outside protocol dosing to indicate a dosing error (55, 57).
Pediatric dosing was within 20% of the protocol dose in 89% of cases. Prior published research
in this area which shows @ roughly 30% rate of incorrect pediatric dosing (53, 57, 58). Adult
dosing errors occurred in 21% of cases, however all but one of these cases involved protocol
doses over,.250mg.IM and were underdosed by EMS clinicians. This suggests that EMS
clinicians may not be comfortable administering large doses of ketamine IM. The variations in
dosing observed in our study underscore the need for focused training and education to reduce
dosing errors (45). Of note, the work by Zitek et al., utilized fixed dosing in adults and reported
dosing errors in less than 6% of cases with similar efficacy. Finally, our study and Zitek et al.,
noted a 100% treatment success rate for BRSE in cases where ketamine was the only

medication administered by EMS clinicians. Future prospective research is necessary to



evaluate dosing, particularly fixed dosing, and route of administration of ketamine for BRSE.

Consideration should also be given to utilizing ketamine earlier in EMS treatment of SE.

LIMITATIONS

There are several limitations to our research. First, like any case series, these observational
data are uncontrolled and lack relevant comparators to confirm causality of seizure termination
after ketamine administration. However, the timing and high response rate strongly suggest a
treatment effect, although with only 42 patients, the precision of estimated effect'is limited.
Second, this study reflects the experience in a single high performing EMS agency and may not
be generalizable to other agencies with different call volumes, reseurees, training, or that serve
different patient populations. The recent publication of concordantresults in another EMS
system suggest that these findings are reproducible withrsimilarly trained personnel and
resources. Third, the implementation of this protocol was limited by practice variability in dosing
(or dosing errors) as previously discussed. It is unclear whether the use of lower and higher
than protocol-concordant dosing may have had positive or negative effects on either the efficacy
or safety of treatment. Fourth, the clinical diagnosis of seizures and seizure termination in the
acute care setting is always prone\to misclassification. Seizure mimics are common, and
diagnosis of status epilepticus is challenging in both the prehospital and ED setting. Missed
subtle, atypical, or subclinical seizures, or inclusion of psychogenic non-epileptic seizures may
also affect the reliability and precision of estimates of treatment effect from chart review (59).
Despite this misclassification, paramedic clinical impressions necessarily drive prehospital
treatment, so the observations in this case series have the advantage of being “real-world”
outcomes. Finally, lack of access to ED and subsequent clinical data precludes assessment of
safety events in the hospital or longer-term outcomes after ketamine treatment. Nevertheless,
termination of status epilepticus on hospital arrival has previously been shown in clinical trials to

result in less hospital and intensive care unit admission, and shorter lengths of stay, so the



observed improved rates of seizure cessation are likely indicative of meaningful downstream

outcomes (60).

CONCLUSIONS

Overall, ketamine was effective in the treatment of BRSE in our study, was more effective than
other BRSE agents previously studied in the hospital setting, and was consistent with the only
other large case series publication in this area (13, 48, 49). Although BVM ventilation was
common, hypoxia was not, and few patients needed an advanced airway_ aligning with prior
prehospital seizure research. Dosing variations occurred more commonly with IM administration
but was effective regardless of the difference. Our findings add4o growing evidence suggesting
ketamine is safe and effective in the treatment of BRSE with littlesimpact on respiratory status,

at a wide range of dosing, and by multiple routes ofiadministration.
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Figure 1: Pediatric (left) and adult (right) protocols for ketamine use in BRSE
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Figure 2: Patient inclusion/exclusion flowchart

Ketamine with
"Seizure" as
medic
impression
n=58

Ketamine not
administered
n=3

indication
n=13

Figure 2. Patienti sion/exclusion flowchart

?S)

Pediatric (left) and adult (right) protocols for ketamine use in BRSE




Table 1 Title: Description of Participants (n=42)

Description of Participants (n=42)

Criteria Total Hypoxia Airway Seizure
(n=9) Intervention Cessation
(n=18) (n=38)
All Ages (years) Mean 28 9/42 18 (42.9%) 38142 (90.5%)
(Range 0- (22%)
79)
Pediatric <18 18 (42.8%) | 6/18 11/18 (61.1%) 16/18 (89%)

(33.3%)

Adult >18

24 (57.2%) | 3/24
(12.5%)

7/24.429.2%)

22/24 (91.7%)

Gender (%)

Male

11 (27%) 2/9/(22%).*| 6/18 (33.3%)

10/11 (90.1%)

Female

31 (73%) 719 (78%) | 12/18 (66.7%)

28/31 (90.3%)

Prior Diagnosis of Seizure

Yes (n=33) 33/42 8/33 15/33 (45.5%) | 29/33 (87.9%)
(78.5%) (24.2%)

No (n=6) 6/42 0/6 (0%) | 2/6 (33.3%) 6/6 (100%)
(14.2%)

Unknown (n=3) 3/42 1/3 1/3 (33.3%) 3/3 (100%)
(7.1%) (33.3%)

Prior Seizure Diagnosis and Home Antiseizure Medication

Yes (n=28)

28 (66.7%) | 7/28
(25%)

12/28 (42.9%)

25/28 (89.3%)

No (n=10)

10 (23.8%) | 0/10 (0%) | 5/10 (50%)

9/10 (90%)




Other (VNS) (n=1) 1 (2%) 1/1 0/1 (0%) 1/1 (100%)
(100%)

Unknown (n=3) 3 (7.1%) 1/3 1/3 (33.3%) 3/3 (100%)
(33.3%)

Patients who received at least 1 dose of Benzodiazepine prior to Ketamine (n=38)

Pediatric 16/18 4/16 10/11 (91%) 16/18 (88.9%)
(89%) (25%)*

Adult 26/28 2/26 5/7 (71.4%) 22124(91.7%)
(93%) (7.7%)

Route of Administration of First Ketamine Dose

IV (n=18) 18/42 5/9 10/18(55.6%) 17/18 (94.4%)
(42.8%) (55.6%)

10 (n=2) 2/42 0/9 (0%) 2/2°(100%) 1/2 (50%)
(4.8%)

IM (n=22) 22/42 4/9 6/22 (27.3%) 20/22 (91%)
(52.4%) (44:4%)

Summary of patient encounters in the BRSE case series, detailing demographic information,

seizure history, airway support post-ketamine administration, and initial ketamine route of

administration. The table catégorizes patients by unique identifiers and provides a concise

overview of each patient's clinical course, including termination status and any hypoxia

episodes following ketamine use.

*One pediatric'patient did not have oxygen saturation reported.
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