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Rapid Response Electroencephalography for
Urgent Evaluation of Patients in Community
Hospital Intensive Care Practice
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ABSTRACT

INTRODUCTION: Limited access to specialized technicians and trained neurologists results in delayed access
to electroencephalography (EEG) and an accurate diagnosis of patients with critical neurological problems.
This study evaluated the performance of Rapid Response EEG System (RR-EEG), which promises fast EEG
acquisition and interpretation without traditional technicians or EEG-trained specialists. METHODS: The new
technology was tested in a community hospital intensive care unit in Northern California. Three physicians
(without previous training in EEG) were trained by the manufacturer of the RR-EEG and acquired EEG without
the help of any EEG technicians. Time needed from order to EEG acquisition was noted. Quality of EEG and
diagnostic information obtained with the new EEG technology were evaluated and compared with the same
information from conventional clinical EEG system. RESULTS: Ten patients were tested with this new EEG
technology, and 6 of these patients went on to have conventional EEGswhen the EEG technicians arrived at the
site. In these cases, the conventional EEG was significantly delayed (11.2 ± 3.6 hours) compared with RR-EEG
(5.0 ± 2.4 minutes; P < .005). Use of RR-EEG helped clinicians rule out status epilepticus and prevent
overtreatment in 4 of 10 cases. Rapid Response EEG and conventional EEG systems yielded similar diagnostic
information. CONCLUSION: Rapid Response EEG can be set up by nurses, and diagnostic information about
the presence or absence of seizures can be appreciated by nurses. The RR-EEG system, compared with the
conventional EEG, did not require EEG technologists and enabled significantly faster access to diagnostic EEG
information. This report confirms the ease of use and speed of acquisition and interpretation of EEG information
at a community hospital setting using an RR-EEG device. This new technology has the potential to improve
emergent clinical decision making and prevent overtreatment of patients in the intensive care unit setting while
empowering nursing staff with useful diagnostic information in real time and at the bedside.

Keywords: Ceribell EEG, electroencephalography, new EEG procedure, new technology,
nonconvulsive seizure, rapid response, seizure, status epilepticus
S ubclinical seizures, including nonconvulsive sta-
tus epilepticus (NCSE), are prevalent in critically
ill patients. Approximately 10% to 20%of intensive

care unit (ICU) patients are subject to seizures, and
ions or comments about this article may be directed to
rvizi, MD PHD, at jparvizi@stanford.edu. Stanford University
l Center, Stanford, CA.

a Yazbeck, MD, John Muir Health, Walnut Creek, CA.

n Sra, MPH, John Muir Health, Walnut Creek, CA.

udy was funded by a research grant from Ceribell Inc
tain View, California) to John Muir Health.

ticle was presented as a poster at NCS 16th AnnualMeeting
tember 26, 2018, in Boca Raton, FL.

vizi is the co-founder of Ceribell and has founder shares in
pany. The other authors declare no conflicts of interest.

mental digital content is available for this article. Direct
itations appear in the printed text and are provided in the
and PDF versions of this article on the journal’s Web site
jnnonline.com).

ght © 2019 American Association of Neuroscience Nurses

0.1097/JNN.0000000000000476
90% of the seizures in critically ill patients are non-
convulsive and can only be diagnosed with EEG
monitoring.1–5 Accumulating data have shown that
prolonged nonconvulsive seizures lead to permanent
brain injury.6–14 Given the very high risks of missing
nonconvulsive seizures, clinicians tend to treat patients
with a relatively high risk of nonconvulsive seizures
empirically with anticonvulsant treatment, something
thatwas clearly seen in a recent study at a tertiarymedical
center.15 Although there is no documented evidence for
it, it is reasonable to assume that empiric antiepileptic
drug (AED) treatment may be especially prevalent in
community hospital settings where conventional electro-
encephalography (EEG) is not easily accessible. The
practice of empiric treatment may have undesirable
consequences because treatment with sedation agents
and antiepileptic medications (or AEDs) increases the risk
of intubation andother adverse events,whichmayprolong
hospitalization. Furthermore, without EEG, it is difficult to
confirm whether the given dose of AED is sufficient.

Current EEG technologies require dedicated techni-
cians for setup, neurologists for review, and financial
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support from the institution for equipment and infra-
structure. As a result, many community hospitals do
not have EEG capability, and patients with suspected
seizures must be transferred to another institution with
24/7 EEG infrastructure or treated empirically.

The recently developed Rapid Response EEG (RR-
EEG) system offers EEG acquisition by anyone without
previous training in conventional EEG systems. It can
be set up inminutes by nurses or physicians or any other
user and significantly shortens setup time compared
with conventional EEG.15 Rapid Response EEG also
provides on-device EEG waveform visualization and
therefore enables bedside evaluation. The device records
and transmits EEG in real time (using WiFi) to a cloud
portal (purchased license required), which enables re-
mote evaluation of the visual EEGwaveforms by trained
neurologists. For credentialing purposes, board certifica-
tion in clinical neurophysiology or epilepsy is needed
for formal interpretation of the EEG.

Besides visual EEG displays on the device and in
the cloud reviewing portal, the RR-EEG system also
offers a so-called brain stethoscope function that allows
the user to listen to the sound of the EEGand differentiate
between seizure and seizurelike activity (rhythmic or pe-
riodic discharges) versus nonseizure or non-seizurelike
patterns. Normal EEG patterns are heard as monotone
white noise, whereas abnormal EEG fluctuations caused
by seizure discharges are heard as rhythmic sharp
fluctuations in tone. In a recent study, the brain stetho-
scope function was validated.16 Medical students and
nurses without previous EEG training listened to EEG
sounds and performedwith high sensitivity for seizures
(95%–98%) as well as high specificity for seizure and
seizurelike activity (82%–84%).16 In another study, the
RR-EEG system was used by neurocritical care fellows
in 35 neuro-ICU patient cases within a large academic
hospital setting. After using the brain stethoscope func-
tion, physicians reevaluated their clinical suspicion for
seizure and decision for additional treatment.15 The cur-
rent study was designed prospectively to replicate the
feasibility and performance of the RR-EEG system in
a community hospital ICU, where conventional EEG
capability is limited.

Methods
Patient Population
Adult patients (≥18 years) with an altered mental status
(ie, Glasgow Coma Scale score ≤ 14) were enrolled in
the neuro-ICU during a 5-month period. Patients were
deemed at risk for nonconvulsive seizures or NCSE.
Conventional EEGs were performed for a subset of
6 patients as their standard-of-care procedures. This
study was approved by the institutional review board,
and patients' guardians and families were required to
be present at the bedside and sign written informed
consent (which limited the recruitment of subjects—
hence only 10 subjects in 5 months).

Rapid Response EEG Device
An RR-EEG System (Ceribell Inc, Mountain View,
California) was applied to the patient per manufacturer's
instructions. The RR-EEG system consists of a portable
8-channel EEG monitoring recorder that connects to a
10-lead headband (Figure 1). The system records and
displays visual EEG waveforms on the device, sonifies
EEG signal in real time with a brain stethoscope func-
tion, and transmits EEG records wirelessly to a cloud
server for remote reading stations. The headband is
placed around the head with leads 5 and 10 nearest the
occiput and the headband fastening in the front over
the forehead. Odd-numbered leads are on the left, and
even-numbered leads are on the right. Because the
device has 10 electrodes, 8 channels of visual EEG
are displayed in bipolar montage, similar to the lateral
channels of the double-banana montage. The brain
stethoscope function converts EEG signals into sounds
without any time compression (ie, speeding up the
playback). Sonification is applied to 1 temporal chan-
nel on each side.

Physician Evaluation for Seizures
After obtaining consent, the treating physician used
available clinical information at the time of bedside
evaluation, rated suspicion for nonconvulsive seizure
in each case, and decided whether the patient needed
treatment with additional AEDs.

After application of the RR-EEG device by ICU
staff, the physician listened to 30 seconds of EEG
sound from each hemisphere and reevaluated suspi-
cion for seizure and AED treatment decision. Then,
the physician visually reviewed the EEG waveforms
displayed on the RR-EEG device at the bedside and
again reevaluated suspicion for seizure and AED treat-
ment decision. The physician evaluation procedure
is illustrated in Supplementary Figure 1 (Supplemental
Digital Content 1, available at http://links.lww.com/
JNN/A196).

After the physician evaluated seizure suspicion and
treatment decisions for the patients, EEG recording
with the RR-EEG device was then continued for up



FIGURE 1 Rapid Response Electroencephalography (EEG) System

Note. The system consists of a handheld recording device connected to a 10-lead headbandwith wet electrodes. The recording device displays
and records the EEG waveform and converts the EEG to sound using a proprietary conversion algorithm.
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to 12 hours. If conventional EEG became available per
standard of care or if disconnection was needed for any
other reason, the Rapid Response device was discon-
nected. Clinical team members (physician and nurse)
also rated their experience related to the ease of use
of the Rapid Response recording device and headband.

Statistical Analysis
The study primary end points were clinicians' seizure
suspicion and treatment decision based on RR-EEG
data. Secondary end points were EEG setup time and
ease of use of the RR-EEG system. In patients with
conventional EEG recordings, setup time and diag-
nostic data were compared with those of the RR-EEG
system. Descriptive analysis was performed. P values
were calculated for categorical data (seizure suspicion
and treatment decision) and for continuous data (time
to EEG) using t test parametric comparisons.

Results
Ten patients were recruited for the study. The mean age
was 59.7 years, and 50%were female.MedianGlasgow
Coma Scale score was 9. Five patients were sedated,
8 patients were intubated, and 9 of 10 patients were pre-
emptively treated with antiepileptic medications. Four
patients presented with subarachnoid hematoma or other
intracranial hemorrhage. The demographic information
and patient clinical characteristics are described in
Supplemental Table 1 (Supplemental Digital Content
2, available at http://links.lww.com/JNN/A195).

Before the use of the RR-EEG, the treating physician
assessed the risk for nonconvulsive seizure based on
patient medical history and clinical presentation. In
5 patients, seizure suspicionwas high, and the physician's
decision was to add additional AEDs. In the other 5
cases, the physician's suspicion for seizure was low, and
the physician was not planning to add additional AEDs.
Rapid Response EEG was used for all 10 patients.
After listening to EEG sounds (30 seconds of the left
and right hemispheres, respectively), the treating phy-
sician reevaluated his or her seizure suspicion and
treatment decision. In the 5 high-suspicion cases, 4 as-
sessments were changed to low or no seizure suspicion
and treatment was deescalated; 1 patient remained in
the high-suspicion category. All 5 low-suspicion cases
remained of low suspicion for seizure, and the physician
would not add additional AED treatment. The changes
in physician diagnostic decision after using the brain
stethoscope function are shown in Supplemental Table
2 (Supplemental Digital Content 3, available at http://
links.lww.com/JNN/A197), and the changes in treat-
ment decision are illustrated in Supplemental Figure 2
(Supplemental Digital Content 4, available at http://
links.lww.com/JNN/A198).

After listening to the EEG sound, the treating physi-
cian also reviewed RR-EEG waveforms on the hand-
held device. Seizure suspicion and treatment decision
after the visual EEG review did not change from the
postsonification evaluations. Conventional EEG was
performed for 6 patients as part of their standard of
care. For the patient who had high seizure suspicion
post sonification, conventional EEG showed artifact
obscuring the right frontal and central leads, leaving
the diagnosis inconclusive. No electrographic seizure
was noted in the other 5 conventional EEG recordings
that lasted for 40 to 60 minutes each—suggesting a 5
of 5 concordance between the Rapid Response and
conventional EEG diagnoses.

Rapid Response EEG was significantly faster than
conventional EEG in setup time (P < .001). The mean
setup time for RR-EEG was 5.0 ± 2.4 minutes. For
the patients who also had conventional EEG performed
as part of their standard of clinical care per hospital pro-
cedure, it took the conventional EEG 11.2 ± 3.6 hours
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because of challenges in obtaining EEG on weekends
and after hours. Of the 6 conventional EEG, 5 cases
were ordered after regular hours. The average arrival
time for these cases were 12.29 ± 2.29 hours.

Clinical team members rated their experience related
to the ease of use of the RR-EEG recording device and
headband. In a scale of 1 to 5, with 1 being “very easy”
and 5 being “very difficult,” the average ease of use of
the headband and the device was rated as 1.9 ± 1.0
and 1.6 ± 0.8, respectively. This showed that the
RR-EEG device was easy to use.
F2
Discussion
The current study aimed to evaluate the feasibility and
performance of the RR-EEG system to detect seizures
in a community hospital ICU, where conventional
EEG was not available 24/7. Our data from 10 ICU
patients showed that the RR-EEG system can help
physicians evaluate the presence or absence of hemi-
spheric or generalized NCSE by listening to the sound
of the EEG at the bedside. Our results also demon-
strated that the RR-EEG system significantly reduced
time to EEG acquisition and led to a significant change
in treatment decisions, especially with the potential to
reduce unnecessary additional treatment in those who
are not actively seizing.
FIGURE 2 Conventional Versus New Pathwa

Note. This figure illustrates a case for Rapid Response EEG to highlight th
riplegic man who presented to the emergency department with a history
sive with eye twitching and eye deviation upward. On admission, his G
brain was negative for any acute changes. The patient was mildly hypote
acid, and was intubated (with midazolam drip). Conventional EEG was o
sponse EEG was at the bedside upon the patient's arrival to the intensive c
Response EEG sonification and visual on-screen EEG traces were evaluat
before EEG was high, but it was reduced to “very low” upon sonification
terpretation by an epileptologist confirmed the ICU physician's interpret
zures. The patient's anesthetics were gradually tapered down, and the
within 8 hours of admission. He was extubated and transferred to the ge
following day in the morning upon technician availability and showed m
Fast Access to EEG
The RR-EEG system provided rapid acquisition and
simplified interpretation of EEG information. The setup
time was 5 minutes on average. One factor contributing
to delays in acquiring conventional EEGwas the unavail-
ability of a trained EEG technician. Of the 6 conventional
EEGs performed per hospital standard of care, 5 occurred
after regular hours, 4 in the evening and 1 on a weekend.
The conventional EEG started in the morning on the
next business day in all 5 cases, with an average delay
of 12.5 hours. A case study for RR-EEG is presented
to highlight the difference in practice between 2 EEG
pathways (Figure 2).

By not requiring a dedicated technician to set up the
EEG, the RR-EEG system avoids this delay. The de-
vice was consistently rated by participating clinicians
as easy to use. The brain stethoscope and on-device
display provided instant sonification and visual feed-
back to the clinicians and helped them in their diagnos-
tic decision and treatment plan at the bedside.
Avoid Overtreatment
Early access to EEG informationmay significantly avoid
unnecessary overtreatment of patients and hence liberation
from mechanical ventilation sooner and subsequently
decreasing length of ICU stay. Although in this study,
ys for Electroencephalography (EEG)

e difference in practice between 2 EEG pathways. A 39-year-old quad-
of seizure disorder secondary to ruptured AVMwas found nonrespon-
lasgow Coma Scale score was 6 (1,1,4); computed tomography of the
nsive. He received additional levetiracetam, was loaded with valproic
rdered, but EEG technicians were not available after hours. Rapid Re-
are unit (ICU), and the ICU physician set it up within 2 minutes. Rapid
ed by the ICU physician as negative for seizures. Suspicion for seizures
and visual review of the patient's EEG at the bedside. Remote EEG in-
ation of the EEG as showing diffuse slowing without any ongoing sei-
patient started regaining consciousness and was back to his baseline
neral ward in the morning. Conventional EEG was performed on the
ild diffuse slowing.
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9 of the 10 patients were already treated with anticonvul-
sant medications, use of RR-EEG led to the exclusion
of status epilepticus in patients and, as such, prevented
additional overtreatment of these patients with high
confidence and eventually deescalated treatment when
appropriate.
Possible Financial Benefits
Although the financial analysis of using RR-EEG in
our hospital was beyond the scope of this study, we
are cognizant of several cost-saving opportunities that
the use of this new technology could provide. As
discussed at length by Kolls and colleagues,17 having
access to EEG in a community hospital leads to reduc-
tion in costs and to additional sources of revenue—to
name a few, prevention of patient transfers, reduction
in length of stay, reduction in the cost of unnecessary
intubations or overtreatment, and additional opportu-
nities for new billing revenue and for retention of
the patients and increased ICU census.
Limitations of the Study
We recognize that our current study only recruited a
very small number of subjects and a larger cohort of
patients is needed to address some of the same ques-
tions proposed here. Another major limitation of the
study is that all subjects recruited to our study had
been empirically premedicated with AEDs and we
could not find any subject with ongoing seizures.
A third limitation of the study pertains to lack of a
direct comparison between EEG signals recorded
with RR-EEG and with the conventional EEG sys-
tem. However, a direct comparison of the RR-EEG
with 2 of the most prevalent conventional EEG ma-
chines was recently published.18

Conclusion
This study was a mere feasibility study using the new
RR-EEG system on 10 patients in a community hos-
pital. Despite the limitations of the study, our findings
suggest that the new EEG system has the potential to
provide faster access to EEG and help guide treatment
decisions (although in this study, 9 of the 10 patients
were already treated with anticonvulsant medica-
tions) while minimizing the use of EEG technicians
and deescalating treatment choices, all of which
can ultimately lead to shortening length of stay and
lessening cost. This study with a small number of pa-
tients serves as a proof-of-concept study documenting
that early access to EEG information leads to reli-
able and correct exclusion of status epilepticus and
hence guiding the management of patients at risk for
nonconvulsive seizures.
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