
Received: 30May 2024 Revised: 29 July 2024 Accepted: 23 August 2024

DOI: 10.1002/emp2.13303

B R I E F R E PORT

Neurology

Evaluating the feasibility of prehospital point-of-care EEG: The
prehospital implementation of rapid EEG (PHIRE) study

Elan L. GutermanMD,MAS1,2 Mary P.MercerMD,MPH3,4 Andrew J.WoodMPH1

Edilberto AmorimMD1 Jonathan K. KleenMD, PhD1 Daniel GerardMS, NRP4

Colleen Kellison EMT-P3 Scott Yamashita BA5 Benjamin Auerbach1

Nikita JoshiMD5 Karl A. SporerMD4

1Department of Neurology, University of

California, San Francisco, California, USA

2Philip R. Lee Institute for Health Policy

Studies, University of California, San Francisco,

California, USA

3Department of EmergencyMedicine,

University of California, San Francisco,

California, USA

4EmergencyMedical Services, City of Alameda

Fire Department, Alameda, California, USA

5Department of EmergencyMedicine,

AlamedaHospital, Alameda, California, USA

Correspondence

Elan L. Guterman, Department of Neurology,

University of California, San Francisco, CA,

USA.

Email: elan.guterman@ucsf.edu

Meetings: Future presentation at the

American Neurological Association Annual

Meeting on September 14, 2024.

Supervising Editor: JuanMarch,MD

Funding information

National Institute of Neurological Disorders

and Stroke, Grant/Award Number:

K23NS116128

Abstract

Background: Point-of-care electroencephalography (EEG) devices can be rapidly

applied and do not require specialized technologists, creating newopportunities to use

EEG during prehospital care. We evaluated the feasibility of point-of-care EEG during

ambulance transport for 911 calls.

Methods: This mixed-methods study was conducted between May 28, 2022 and

October 28, 2023. EmergencyMedical Services (EMS) clinicians identified eligible indi-

viduals, provided emergent treatment, applied EEG, and obtained an EEG recording

during ambulance transport. Eligible patientswere aged 6 years or older and evaluated

for seizure, stroke, or altered mental status. EMS clinicians completed a survey and a

brief phone interview following every enrollment. Two epileptologists reviewed EEG

recordings for interpretability and artifact.

Results:Therewere 34 prehospital encounters inwhich EEGwas applied. Patients had

amean age of 69 years, and 15 (44%) were female. EEG recordings had amedian dura-

tion of 10min 30 s. It took EMS clinicians an average of 2.5min to apply the device and

beginEEGrecording. Therewere14 (47%) recordingswhere clinicians achieved ahigh-

quality connection for all 10 electrodes and 32 (94%) recordings thatwere sufficient in

quality to interpret. There were 24 (71%) recordings with six or more channels free of

artifact for 5 min or more. All clinicians agreed or strongly agreed that the device was

easy to use.

Conclusion: Among real-world prehospital encounters for patients with neurologic

symptoms, point-of-care EEG was rapidly applied and yielded EEG recordings that

could be used for clinical interpretation, demonstrating the feasibility of point-of-care

EEG in future prehospital care.
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1 INTRODUCTION

1.1 Background

Point-of-care electroencephalography (EEG) is a new technology with

the potential to enhance prehospital clinical care delivered by Emer-

gency Medical Services (EMS).1–5 While conventional EEG technology

is essential for monitoring brain electrical activity and guiding treat-

ment for neurologic emergencies in the hospital, its application in the

prehospital setting has been limited because of the time-consuming

application process and the need for specialized technologists. In con-

trast, point-of-care EEG devices can be rapidly applied, do not require

specialized technologists, and provide automated EEG interpretation

for use by non-epilepsy-trained providers.5–7 These advancements

in EEG technology present an opportunity to explore real-time neu-

romonitoring with EEG during prehospital care to facilitate early

detection and treatment of neurologic emergencies.

1.2 Importance

Patients with suspected seizure and stroke account for over 5% of

911 calls while patients with traumatic injuries, including traumatic

brain injury, account for an additional 20%.8–12 These patients rely on

EMS to identify their neurologic emergency. However, a large propor-

tion of these aremissed during EMS evaluation resulting in suboptimal

care.13–17 The use of EEG in the prehospital setting has the potential

to help identify these patients and ensure appropriate treatment on-

sceneand rapid transport to ahospital that candeliver the careneeded.

In light of this opportunity, two prior studies have examined the

feasibility of EEG during prehospital transport using devices with eight

and two electrodes. Both demonstrated the successful acquisition of

EEG data.1,2 Both also focused on limited-montage EEG with fewer

electrodes than conventional EEG because these smaller EEG systems

reduce the time required to deploy the device. Yet, despite the benefits

of limited-montage EEG systems, they record less electrical activity,

which may impact diagnostic performance. The 10-electrode Ceribell

EEG System is a circumferential montage point-of-care EEG device

widely implemented in the emergency department (ED) and hospital

because it is fast to apply andmaintains high sensitivity.6,7,18 However,

it has not been studied for use by EMS.

1.3 Goals of this investigation

The current study aimed to determine the feasibility of EMS acquiring

a 10-electrode point-of-care EEG recording in the prehospital setting.

2 METHODS

2.1 Study design and setting

The Prehospital Implementation of Rapid EEG (PHIRE) study was a

mixed-methods study using structured reviewof electroencephalogra-

The Bottom Line

Point-of-care electroenephalography (EEG) devices can be

rapidly applied and do not require specialized technologists,

creating new opportunities to use EEG during prehospi-

tal care. This mixed-methods study evaluated the feasibility

of point-of-care EEG during ambulance transport for 911

calls. Among 34 prehospital encounters in which EEG was

applied, it took emergency medical services (EMS) clinicians

an average of 2.5 minutes to apply the device and begin

EEG recording, and 32 (94%) recordings were sufficient in

quality to interpret. All clinicians agreed or strongly agreed

that the device was easy to use. These results demonstrate

the feasibility of incorporating point-of-care EEG in future

prehospital care.

phy (EEG) recordings, EMS clinician surveys, and field notes to examine

the feasibility of obtaining EEG recordings during real-world ambu-

lance transport for 911 calls. The studywas conducted at Alameda Fire

Department (AFD), a fire-based EMS agency in Northern California

that operates four responding ambulances and employs approximately

100 first responder EMS clinicians (paramedics and emergency medi-

cal technicians [EMTs]) to provide advanced life support response to

a population of roughly 75,000. Data were collected between May 28,

2022 and October 28, 2023. Enrollment was paused during the study

periodwhen research resourceswere limited. The Institutional Review

Board of the affiliated health system approved this study. It granted

a waiver of informed consent due to the minimal risk, the emergency

nature of the assessments, and the infeasibility of obtaining consent

at the time of the encounter. Although consent was not required,

EMS clinicians were instructed to inform patients and their legally

authorized representatives about the study, and if they declined

participation, they would not be enrolled. The study used the Ceribell

point-of-care EEG. Ceribell provided the EEG equipment (headbands

and recording devices) but hadno role in the study conception, funding,

design, data analysis, manuscript drafting, or publication decision.

2.2 Selection of participants

Eligible individuals included patients aged 6 years or older who were

being evaluated by EMS for suspected seizure, stroke, or altered men-

tal status during a 911 call, and whowere transported to two hospitals

(out of four hospitals in the region and 13 in the county). These criteria

were selected to study the use of EEG in a broad group of patients with

abnormal neurologic examination findings. Exclusion criteria included

patients who were combative, had a skull defect or scalp wound

precluding electrode placement, belonged to a protected population

including pregnant women and prisoners, or stated (or had a legally

authorized representative that stated) they chose not to participate in

the study.
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2.3 Study protocol

There was mandatory comprehensive training for all EMS clinicians

employed by AFD prior to study initiation. Training was a half-day ses-

sion that included lecture-based didactics covering the study protocol

andhuman subjects research, aswell as a skills verificationprocess that

confirmed all EMS clinicians could identify eligible patients and apply

the EEG device. The study team also provided training during shifts to

answer questions and refresh knowledge about the study. The study

protocol was identical for all EMS clinicians regardless of their level of

training (paramedic vs. EMT).

The device used for this study was the point-of-care EEG devel-

oped by Ceribell. This device has been cleared by the U.S. Food and

Drug Administration. It consists of a one-time use headband with 10

electrodes that create four electrode pairs in each hemisphere and

a handheld, wifi-enabled recording device. The electrodes are config-

ured circumferentially and cover the lateral regions of the brain but not

the midline or parasagittal regions where seizures occur infrequently.

The recording device collects patient information, displays the signal

quality for each electrode, records EEG data, streams the EEG record-

ing, and uploads the EEG recording to an online portal for remote

review of the EEG. There were three ambulances participating in

enrollment. Each ambulance was equipped with one recording device

andmultiple headbands to allow for successive enrollments (Figure 1).

EMS clinicians were instructed to identify eligible individuals dur-

ing routine clinical duties and initiate point-of-care EEG after treating

the patient according to the standard EMS agency treatment pro-

tocol, including addressing any emergent medical issues. One EMS

clinician applied the headband on-scene or in the ambulance by secur-

ing the headband above the patient’s ears, preparing each electrode by

rotating a knob to clear away hair, and dispensing gel. Simultaneously,

another EMS clinician connected the headband to the recording device

and entered patient information. The team of EMS clinicians would

then assess electrode signal quality, fix electrodes with poor connec-

tion quality, and start the EEG recording which was continued until

hospital arrival. After the encounter, point-of-care EEG recordings

were uploaded to an online portal and reviewed by two epileptologists

(E.A. and J.K.K.). EMS clinicians were blind to the EEG findings during

the encounter. EMS clinicians completed a survey and participated in a

brief unstructured phone interview to describe their experience.

2.4 Measurements

To measure the quality of the EEG data, two epileptologists (E.A. and

J.K.K.) reviewed each point-of-care EEG recording. Bandpass filters

in the review system were set at 1–70 Hz with a 60 Hz notch filter.

First, the reviewers determined whether an EEG recording was inter-

pretable, which was defined as having at least one EEG trace from a

bipolar electrode pair that was free of artifact and showing cerebral

signals. If the EEG was interpretable, the reviewers determined the

number of EEG electrode pairs that were free of artifact, the dura-

tion of time that each EEG channel was free of artifact, whether there

F IGURE 1 Point-of-care electroencephalography (EEG) device
and ambulance set-up.

was focal slowing during the EEG recording, and whether there was a

seizure during the EEG recording. When there was disagreement, the

reviewers examined the EEG recordings together to achieve consen-

sus. There was one encounter where the EEG recording was stopped

and restarted, and this was treated as one continuous recording.

To measure the feasibility of using a point-of-care EEG device, EMS

clinicians completed a survey after all encounters where EEG appli-

cation was attempted regardless of whether the attempt led to the

successful upload of an EEG recording. They were given the option

to complete the survey electronically or by phone. The survey docu-

mented which steps of the EEG application process were completed,

whether the EEG was applied in the field or ambulance, the number of

minutes used to apply the EEG device, the number of minutes used to

troubleshoot the electrode connection quality, ease of use (rated on a

5-point Likert scale), and barriers impeding the use of the EEG device.

EEG application steps and barriers to EEG use were predefined and

collected as dichotomous variables (yes vs. no). The number of min-

utes for EEG application and troubleshooting was estimated by the

EMS clinicians after the encounter. To qualitatively assess the feasibil-

ity of using a point-of-care EEG device, EMS clinicians were given an
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open-ended request toprovide “other comments” in a text boxand they

were asked to provide comments by phone. This phone call occurred

after the encounter andwas conducted by onemember of the research

team (E.L.G.) who asked a single question requesting additional feed-

back about their experience. The phone call was kept brief to ensure it

would be feasible for EMS clinicians to answer the question while they

were on shift. These comments were recorded as field notes.

We also collected clinical information about each patient from

the prehospital and hospital electronic health record, including age,

sex, race, ethnicity, suspected prehospital diagnosis, heart rate, blood

pressure, oxygen saturation, Glasgow Coma Scale score, and sus-

pected alcohol and drug use. The vital sign parameters were the first

measurements obtained by EMS during the prehospital encounter.

2.5 Analysis

We performed descriptive statistics to assess EEG data quality and

feasibility. The EEG data quality was analyzed as binary variables. We

calculated the proportion of EEG recordings that had 1 or more chan-

nels that were free of artifact in each cerebral hemisphere for at least

10 s, for at least 1 min, and for at least 5 min. We calculated the pro-

portion of EEG recordings that had six ormore channels that were free

of artifact for at least 10 s, for at least 1 min, and for at least 5 min. We

calculated the proportion of EEG recordings that had focal slowing and

the proportion of EEG recordings that captured a seizure. The provider

survey and patient clinical data were analyzed as binary and categor-

ical variables to describe the experience using point-of-care EEG and

the patient population for whom EEG was applied. Statistical analyses

were performed using Stata (Version 15.1, StataCorp).

For the qualitative assessment, field notes from the study were

reviewed after data collection was complete. Rather than perform a

coded thematic analysis, all field notes have been presented.

3 RESULTS

There were 34 prehospital encounters where point-of-care EEG was

applied. Patients had ameanageof 69.2 years (SD21years), 14 (41.2%)

were female, and themajority receiveda suspectedprehospital diagno-

sis of stroke (35.3%), altered mental status (23.5%), or seizure (14.7%)

(Table 1).

The point-of-care EEG recordings had amean duration of 13min 22

s. Of the 34 prehospital encounters with a point-of-care EEG record-

ing, there were 30 surveys completed by 11 EMS clinicians describing

the experience. EMS clinicians reported an average of 2.5 min to apply

the point-of-care EEG. There were 14 (47%) recordings with a high-

quality connection achieved for all 10 electrodes. All clinicians agreed

or strongly agreed that the device was easy to use (Table 2). The device

was typically applied by two or more clinicians working together. The

greatest challenges to using the device were entering patient informa-

tion into the recording device and achieving a high-quality connection

for all electrodes (Table 2; Table S1).

TABLE 1 Demographic and clinical characteristics of the patients.

Agea 69 (IQR 58, 85)

Female sex 11 (41.2%)

Race

Asian 2 (6%)

Black or African American 11 (32%)

White 18 (53%)

Unknown or not reported 1 (3%)

Other 2 (6%)

Hispanic/Latinx/Spanish ethnicity 1 (3%)

Preferred language

English 29 (85%)

Spanish 2 (6%)

Other 3 (9%)

Suspected prehospital diagnosisb

Stroke 12 (35%)

Alteredmental status 8 (24%)

Seizure/status epilepticus 5 (15%)

Other 9 (26%)

Systolic blood pressurec 150 (124, 166)

Diastolic blood pressure 92 (78, 104)

Heart rate 90 (75, 104)

Respiratory rate 18 (16, 20)

Oxygen saturation 97 (94, 99)

Blood glucose 120 (101, 154)

Body temperature 100.4 (98.8, 101)

Glasgow coma scale 14 (IQR 12, 15)

Suspected alcohol or substance use, N (%) 4 (12%)

Emergency department disposition

Hospital admission 13 (38%)

Transfer to different acute care hospital 5 (15%)

Discharge home or non-acute care facility 7 (21%)

Death 0 (0%)

Unknown 9 (26%)

aContinuous variables expressed as median and interquartile range (IQR);

categorical variables expressed as count and proportion (%).
bAll patients were evaluated for suspected stroke, altered mental status,

or seizure. For a subset of patients, EMS clinicians documented a different

primary diagnosis. For example, a patient may have had altered mental sta-

tus but received a primary diagnosis of sepsis. The alternative diagnoses

included sepsis, generalized weakness, abdominal pain, acute respiratory

distress, alcohol use, and diabetic hypoglycemia.
cVital sign measurements were the first documented vital signs collected

during the prehospital encounter.

Review of point-of-care EEG demonstrated that there were 32

(94%) recordings of adequate quality to interpret, 31 (91%) record-

ings with one or more channels free of artifact in each hemisphere

for 1 min or more, 26 (76%) recordings with one or more channels

free of artifact in each hemisphere for 5 min or more, and 24 (71%)
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TABLE 2 Feasibility of point-of-care electroencephalography
(EEG) during EmergencyMedical Services (EMS) evaluation.

EMS clinician experience (N= 30)

Time to apply EEGa 3min (IQR 2, 3)

Time to troubleshoot poor electrode

connection, mean

1min (1, 1)

Duration of EEG recording 10.5min (7.1, 13.5)

Location EEG applied

In ambulance 29 (97%)

On scene 1 (3%)

EEG application,N (%)

Headband placement 30 (100%)

Recorder set-up 30 (100%)

Electrode preparation 30 (100%)

Electrode signal check 29 (97%)

Achieving high-quality electrode signalb 14 (47%)

Starting recording 30 (100%)

Barriers to using EEG

Finding the correct headband size 1 (3%)

Recorder set-up 14 (47%)

Achieving high-quality electrode signal 13 (43%)

Movement during transport 3 (10%)

Patient confusion 1 (3%)

EEGwas easy to use,N (%)

Strongly disagree 0 (0.0)

Disagree 0 (0.0)

Neutral 0 (0.0)

Agree 19 (63%)

Strongly agree 11 (37%)

Quality of EEG recording (N= 34)

Interpretable data 32 (94%)

≥1 artifact-free channel in each hemisphere

10 s ormore 31 (91%)

1min ormore 31 (91%)

5min ormore 26 (76%)

≥ 6artifact-free channels

10 s ormore 30 (88%)

1min ormore 30 (88%)

5min ormore 24 (71%)

Seizure 0 (0%)

Focal slowing 1 (3%)

aDuration in minutes for all time variables; expressed as median and

interquartile range (IQR).
bHigh quality defined as a “green light” indicator for all 10 electrodes.

recordings with six or more channels free of artifact for 5 min or more

(Table 2). There was one recording that captured focal slowing and no

recordings that captured seizure. The two (6%) recordings that could

not be interpreted included one recording that was 2-s long and one

recording with substantial artifact.

4 LIMITATIONS

There are several limitations of this study. This studywas performed at

a single fire department with a track record of research collaboration

and the engagement of the EMS clinicians may not generalize to other

EMS agencies. The patientswho underwent EEGhad varied neurologic

complaints but were not critically ill or unresponsive. Thus, these data

do not speak to the use of point-of-care EEG among patients with high

clinical acuity. This study was performed in an urban area where the

time to transport patients is short and could not examine the quality

of EEG during longer ambulance rides. Lastly, we did not specifically

enroll patients expected tohave abnormal EEGrecordings; thus,wedid

not have the epileptologists provide a comprehensive clinical interpre-

tation and could not explore the performance of point-of-care EEG in

identifying abnormalities such as focal slowing or seizure.

5 DISCUSSION

Among real-world prehospital encounters for patients with neurologic

symptoms, point-of-care EEG was rapidly applied and yielded EEG

recordings that could be used for clinical interpretation. However, the

quality of EEG data varied substantially across recordings. Having a

team of EMS clinicians ensured that multiple individuals could work

together to apply the EEG so that device application was rapid, contin-

ued alongside routine prehospital care, andwas easy. Thesedata repre-

sent an important step in understanding the feasibility of incorporating

point-of-care EEG into ambulance-based prehospital care.

Because EEG recordings can be used to screen for neurologic

emergencies such as seizure and acute ischemic stroke, these findings

raise questions regarding the future implementation of point-of-care

EEG to inform treatment and triage decisions. Among prehospital

encounters, approximately 2% involve patients with suspected stroke

and 5% involve patients with suspected seizure.8–12 The use of EEG

in the prehospital setting has the potential to help EMS identify these

patients so that patients with status epilepticus receive first-line

benzodiazepine treatment on-scene and patients with acute ischemic

stroke undergo transport to an appropriately specialized center to

receive emergent care.19–21

Our finding that nearly 90% of EEG recordings were available for

interpretation and yielded EEG data with multiple channels that were

free of artifact reinforces the potential of acquiring high-quality EEG in

the out-of-hospital environment. There are a limited number of prior

studies exploring the feasibility of acquiring EEG data during ambu-

lance transport where emergent medical needs, movement, and the

involvement of clinicians without prior EEG experience complicate
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EEG use. A study of single-channel EEG used two electrodes from a

device that was designed for electrocardiography, not EEG, obtained

recordings in 67% of eligible patients with trauma who were undergo-

ing helicopter ambulance transport, and determined 84%of recordings

yielded interpretable information.2 A study of an eight-electrode EEG

among patients with stroke obtained interpretable information in two-

thirds of eligible patients.1 The findings of the current study add to

these studies demonstrating successful EEG application in a different

study with a widely used point-of-care EEG device.

These data find that point-of-care EEG is feasible for use in the

prehospital setting, raising questions about how to integrate these

data to improve routine prehospital clinical care as well as biomedical

research.
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