
De Novo Summary (DEN140033)  Page 1 of 17 
 

DE NOVO CLASSIFICATION REQUEST FOR  
Brain Sentinel® Monitoring and Alerting System 

 
REGULATORY INFORMATION 
 
FDA identifies this generic type of device as: 
 
Non-EEG physiological signal based seizure monitoring system. The non-
electroencephalogram (non-EEG) physiological signal based seizure monitoring system is a 
non-invasive prescription device that collects physiological signals other than EEG to 
identify physiological signals that may be associated with a seizure. 
 
NEW REGULATION NUMBER:  21 CFR 882.1580 

 
CLASSIFICATION:  II 
 
PRODUCT CODE:  POS 

 
BACKGROUND 
 

DEVICE NAME: Brain Sentinel Monitoring and Alerting System  
 
SUBMISSION NUMBER:  DEN140033 
 
DATE OF DE NOVO:  November 10, 2014   
 
CONTACT:  LGCH, Inc. d/b/a Brain Sentinel 

115 N Loop, 1604 E., Suite 1203 
San Antonio, TX 78232-1399 

 
 

INDICATIONS FOR USE 
The Brain Sentinel Monitoring and Alerting System is indicated for use as an adjunct to 
seizure monitoring in adults in the home or healthcare facilities during periods of rest.  The 
device is to be used on the belly of the biceps muscle to analyze surface electromyographs 
(sEMG) signals that may be associated with generalized tonic-clonic (GTC) seizures and to 
provide an alarm to alert caregivers of unilateral, appendicular, tonic extension that could be 
associated with a GTC seizure. The System records and stores sEMG data for subsequent 
review by a trained healthcare professional. 
 

LIMITATIONS 
 
For prescription use only. 
 
The device is not a GTC seizure detection device and should not be used to guide medical 
therapy decisions. 

(
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The safety and effectiveness of the Brain Sentinel® Monitoring and Alerting System has 
not been established in monitoring sEMG signals that may be associated with seizures 
other than the GTCS. 
 
The safety and effectiveness of the Brain Sentinel® Monitoring and Alerting System has 
not been established in pediatric populations. 
 
The device is not intended to be used as a stand-alone monitoring device. 
 
The device is not intended to be used during physical activity. 
 
This device does not predict seizure onset. 
 
PLEASE REFER TO THE LABELING FOR A MORE COMPLETE LIST OF 
WARNINGS, PRECAUTIONS AND CONTRAINDICATIONS. 
 

DEVICE DESCRIPTION   
The Brain Sentinel Monitoring and Alerting System is a sEMG-based system for identifying 
sEMG activity that may be associated with generalized tonic-clonic seizures (GTCS). The device 
has two main components: the sEMG monitor and the base station. The sEMG monitor is worn 
on the patient’s upper arm and monitors EMG activity in the arm via cutaneous electrodes 
connected to the sEMG monitor. Upon identification of sEMG activity, the monitor 
communicates wirelessly to the base station, which alerts a healthcare provider or caregiver in 
one or more ways (e.g., audible alarm, text message, e-mail, etc.). 
 
Description of the sEMG Monitor  

 
(a) Front View   (b) Back View   (c) Harness 

 
Figure 1 – The sEMG Monitor (a) the front View, (b) the back view, and (c) the device 

harness  
 

The sEMG Monitor (Figure 1) is attached to the sEMG electrodes placed on a person’s upper 
arm over the belly of the biceps muscle. The Harness (c) is used to secure the Monitor to the 
patient’s arm in place so that the Monitor does not get separated from the electrodes. 
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placement is rotated by more than 45° from the midline of the anterior portion of the 
biceps, the recorded sEMG is weak and the device will not function properly.  During the 
course of study, the investigators determined that a significant number of the devices 
were not being placed properly over the biceps muscle.  Brain Sentinel contracted with an 
independent third-party company to review placement of the device. For each subject 
enrolled in the study, the clinical data includes captured video images from the video-
EEG records at initial device placement and each time the device was replaced. Three 
independent reviewers evaluated the placement of the device/electrode patch every time 
it was placed onto a subject’s arm. If at least two out of the three independent reviewers 
classified the placement as proper, Brain Sentinel included the data in the analysis of the 
device’s performance in the properly placed (PP) cohort. If two or more independent 
reviewers classified a placement as improper or unclear, Brain Sentinel did not include 
the data in in the PP cohort. Staff were retrained using revised device placement 
instructions and an additional ‘verification of placement step’ was added to the device 
placement protocol to verify adequate recording of the biceps sEMG signal with arm 
flexion.  After the revised instructions and placement protocol were implemented, the 
independent third-party company continued to review the video-EEG video tapes for 
proper placement. The subject device was evaluated as properly placed over 90% of the 
time after the sponsor revised the training material and instructions for use, indicating 
that training and labeling are adequate for the user to properly use the device.     
 
Improperly placed cohort (IP): Includes 50 subjects who either did not have the device 
properly placed (46) or were never attached to the sEMG monitoring device (4). 
 
Properly Placed (PP cohort): Includes subjects (n=149) with sEMG data continuously 
recorded while a device was properly placed for at least 1 placement (a placement was 
typically a day). One hundred twenty five (125) of the PP cohort subjects did not 
experience a GTC seizure while on study. 
 
PP cohort with GTC seizure: Includes 24 subjects with Brain Sentinel sEMG data who 
also experienced a GTC seizure as detected by vEEG. 
 
The device’s operating characteristics for PPA and false alarm rate were evaluated at a 
variety of threshold settings. The device’s threshold is referred to as a Z-value in the 
software and documentation. During the study, the device stored sEMG data that was 
recorded at a rate of 1000 Hz. The recorded sEMG data were processed after the subject 
left the study. Recorded sEMG data was post-processed at various threshold settings; the 
thresholds ranged from 105 – 225 in increments of ten.  
 
Study Safety Results 
A total of 28% (55/199) of subjects reported a device related adverse event during the 
trial. All events were reported to be mild to moderate and no serious adverse event was 
reported. Mild skin irritation was the most commonly reported adverse event, occurring 
in 17% (34/199) of the study population, and moderate skin irritation was the second 
most frequent event, occurring in 6% (11/199) of the study population. Most often, 
irritation resolved without treatment or sequelae. All skin irritation was reported to result 
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Figure 4 – Properly Placed Adult Cohort (N=106) PPA and False Alarm Rate 
(FAR) (per 8 hours) as a function of the sensitivity setting. Surface-EMG data 
recorded while subjects were properly wearing the Device were processed at a 
range of threshold settings. PPA is calculated as the number of potential GTC 
seizure events identified by the System’s algorithm divided by the number of 
GTC seizures identified by a panel of independent epileptologists. False alarms 
are events identified by the System that were not identified by the panel of 
independent epileptologists. The false alarm rate is expressed as the number of 
false alarms per eight hours. 

 
Results for the Secondary Endpoints 
Fifty-six subjects with an average age of 34 (range 19 – 66) completed the QOLIE-31-P 
inventory while enrolled in the study and again after the study. Fifteen (15) of these 
subjects experienced a GTC and 41 did not. No significant changes were observed 
between subscale scores before and after the study in both groups. 

Limitations 
There are several limitations regarding the data collected in this study. 
 
During the early phase of the study, the sponsor determined some devices were not 
properly placed. Therefore, the results include an ITM analysis of all adult subjects (139) 
and a PP analysis of 106 adult subjects. In the ITM cohort, the lower bound of the 95% 
CI PPA was 71% for the first and second seizures. In the properly placed (PP) devices 
adult cohort the lower bound of the 95% CI was 92% for the first and second seizures. 
Removing subjects in the properly placed cohort could have resulted in bias leading to 
uncertainty regarding the true PPA when the device is properly placed. 
 
It was expected that 50% of the subjects would experience a GTC seizure. However, the 
percent of adult subjects experiencing at least one GTC seizure was low, 16% (17/106). 
The PPR and FAR rates may differ in the general population of GTC subjects. 
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Data were not collected for outcomes relating to physical and neurological injuries or 
sudden unexpected death in epilepsy (SUDEP). The device has not been shown to 
decrease the likelihood of any of these events.   
 
The device was used only in the controlled environment of the EMU. Although some 
study subjects qualified for a home use study, no data was provided on the ability of the 
device to identify sEMG data that may be associated with a seizure or with false alarms 
that may be associated with normal daily activities at home. Therefore, the values 
reported may differ significantly in home use for behaviors that differ significantly from 
the behaviors recorded in the EMU. Recognizing that rest and quiet activity were the 
major activities in the EMU and not likely to vary considerably between the home and 
EMU setting, the indications for use have been limited to rest due to this concern.   
  

Conclusions 
 
When the device is properly placed, the lower bound on PPA of the 95% CI for the PP analysis 
was 92% for adults for the first and second seizures. ITM analysis for the adult patients group 
had a lower bound 95% CI of 71% for the first and second seizures. These lower bounds are 
consistent with the level of performance (70% for the lower bound 95% CI) that has previously 
been deemed acceptable for post-hoc EEG based seizure monitoring devices. The data shows the 
revised training to demonstrate proper placement of the device appears successful.  Due to 
uncertainty regarding the PPA and FAR during home use, the device is labeled as a monitor to be 
used as an adjunct to seizure monitoring in adults during rest.   
 
It was expected that 50% of the subjects would experience a GTC seizure.  However, the percent 
of subjects experiencing at least one GTC seizure was low (16% (17/106)) in the PP adult cohort 
of this study. This low percentage of subjects experiencing at least one GTC seizure may have 
also influenced the PPA and FAR rates. 
 
The device may provide information to caregivers when the subject is experiencing a GTCS. The 
settings may be adjusted by the physician increasing or decreasing the PPA and FAR and this 
approach is a factor to consider between the patient and the user.  For example, if the device is 
set to increase the likelihood of alerting sEMG activity, the high FAR rate may lead to alarm 
fatigue. 
 
The device safety has been reported from the clinical trial.  Twenty-eight percent (55/199) of 
subjects reported an adverse event during the trial. The most common adverse event was skin 
irritation, which was reported to be mild to moderate.  No serious adverse events were reported. 
 
Pediatric Extrapolation 
 
In this De Novo request, clinical data were not leveraged to support the use of the device in a 
pediatric patient population. 
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LABELING 
The user manuals are consistent with the performance data and cover all the hazards and other 
clinical relevant information that may impact use of the device.  The labeling satisfies the 
requirements of 21 CFR § 801.109 Prescription devices.  The physician and patient/caregiver 
labeling for the Brain Sentinel Monitoring and Alerting System includes: 
 

a) A detailed description of the operating characteristics, e.g., PPA, false alarm rate, of 
the device. 

b) A warning that the device is not a seizure detection device. 
c) A warning that the device is not to be used as a stand-alone monitoring device. 
d) A warning that the device is for monitoring GTC seizures and cannot be used for 

monitoring sEMG activity associated with other types of seizures. 
e) A warning that the safety and effectiveness of the device has not been established in 

children. 
f) A warning that the device is not to be used during physical activity. 
g) A warning that the device may not alert for all GTCS. 
h) A warning that there may be a delay between the manifestation of a GTCS and the 

alert from the sEMG signal. 
i) A detailed summary of the clinical performance testing, including any adverse events 

and complications. 
j) The qualifications and training requirements for device users including technicians 

and clinicians. 
k) Any instructions technicians and clinicians should convey to patients regarding the 

collection of sEMG data. 
l) Instructions to clinicians regarding how to set the device threshold to achieve the 

intended performance of the device for an individual patient. 
m) Separate training manuals for professionals (physician/technician) and lay persons 

(caregiver/patient). 
 
RISKS TO HEALTH 
Table 7 below identifies the risks to health that may be associated with use of the Non-EEG 
physiological signal based seizure monitoring system and the measures necessary to mitigate 
these risks. 
 
Table 7 – Identified Risks to Health and Mitigation Measures 
Identified Risk Mitigation Method 
Adverse tissue reaction Biocompatibility evaluation 
Equipment malfunction leading to injury to 
users (shock, burn) 

Electrical safety, thermal, and mechanical 
testing  
Electromagnetic compatibility testing 
Labeling 

Interference with or from other electrical 
devices 

Electromagnetic compatibility testing 
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Identified Risk Mitigation Method 
Incorrect alerts, including : 
 

1) Missing a seizure – device fails to 
identify  physiological signal that is 
associated with a seizure; or  

 
2) False alarm– device mistakenly 

identifies a physiological signal as 
being associated with a seizure  

Clinical performance testing 
Non-clinical performance testing 
Software verification, validation and hazard 
analysis 
Labeling  
Training 

 
SPECIAL CONTROLS:  
In combination with the general controls of the FD&C Act, the Non-EEG physiological signal 
based seizure monitoring system is subject to the following special controls: 
 

1. The technical parameters of the device, hardware and software, must be fully 
characterized and include the following information: 

 
a. Hardware specifications must be provided. Appropriate verification, validation and 

hazard analysis must be performed.  
b. Software, including any proprietary algorithm(s) used by the device to achieve its 

intended use, must be described in detail in the Software Requirements Specification 
(SRS) and Software Design Specification (SDS). Appropriate software verification, 
validation, and hazard analysis must be performed.  

 
2. The patient-contacting components of the device must be demonstrated to be 

biocompatible.  
 

3. The device must be designed and tested for electrical, thermal and mechanical safety and 
electromagnetic compatibility (EMC). 

 
4. Clinical performance testing must demonstrate the ability of the device to function as an 

assessment aid for monitoring for seizure related activity in the intended population and 
for the intended use setting. Performance measurements must include positive percent 
agreement (PPA) and false alarm rate (FAR).  
 

5. Training must be provided for intended users that includes information regarding the 
proper use of the device and factors that may affect the collection of the physiologic data. 

 
6. The labeling must include healthcare professional labeling and patient-caregiver labeling. 

The healthcare professional and the patient-caregiver labeling must include the following 
information: 

 
a. A detailed summary of the clinical performance testing, including any adverse events 

and complications. 
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b. Any instructions technicians and clinicians should convey to patients and caregivers 
regarding the proper use of the device and factors that may affect the collection of the 
physiologic data. 

c. Instructions to technicians and clinicians regarding how to set the device threshold to 
achieve the intended performance of the device. 

 
BENEFIT/RISK DETERMINATION 
The risks of the device are based on nonclinical laboratory studies as well as data collected in a 
clinical study described above.  Probable device-related adverse events include adverse tissue 
reaction and equipment malfunction leading to injury to users (shock, burn).  Risks associated 
with the use of the device include missing seizures and excessive false alarms leading to alarm 
fatigue. 
 
During the early phase of the study, the sponsor reported some devices were improperly placed, 
thus the sponsor revised the training materials accordingly. To address this change, the results 
included two analyses: i.e., an ITM analysis of all subjects (199) and a PP analysis of 149 
subjects. In the total cohort (ITM), the lower bound of the 95% CI PPA was 71% for adults for 
first and second seizures. In the properly placed (PP) devices cohort the lower bound of the 95% 
CI was 92% for adults for first and second seizures. Removing subjects could have resulted in 
bias leading to uncertainty regarding the true PPA of the study. Thus, to mitigate this risk, the 
Brain Sentinel Monitoring and Alerting System will be used as an adjunct to seizure monitoring.   
 
The probable benefits of the device are also based on nonclinical laboratory studies as well as 
data collected in a clinical study as described above.  The Brain Sentinel Monitoring and 
Alerting System uses electrodes on the biceps muscle to monitor sEMG activity that may be 
associated with GTC seizures. This is the first device in which sEMG signals will be used to alert 
subjects and caregivers that a seizure may be occurring. When the device was properly placed 
and the patients were at rest, the device was able to record sEMG data and produce alarms with a 
high PPA. The lower bound of the 95% CI of the PPA was 92% for patients with properly placed 
devices for the first and second seizures. This compares favorably with EEG-based seizure 
devices.  Therefore, it is likely that the patient and caregivers will experience a benefit. 
 
Additional factors to be considered in determining probable risks and benefits for the Brain 
Sentinel Monitoring and Alerting System include: proper device placement, characterization of 
the disease, , availability of alternative treatments or diagnostics, risk mitigation, and novelty of 
technology.  Moreover, the following factors are considered: 
 

1. The study data were collected in the Epilepsy Monitoring Unit (EMU) environment, but 
will be used in the home environment. Data were not provided on the ability of the device 
to identify sEMG data that may be associated with a seizure at home. Because there are 
activities in a home environment that may not be done in the EMU there is uncertainty 
about the performance of device at home for all activities.  Limiting the indication to rest, 
minimizes differences between the home and EMU environment; therefore, the subject 
device should function as intended during periods of rest in the home. 

2. The effectiveness data was calculated using one threshold (i.e., 135), the PPAs and FARs 
of other threshold settings were determined from the post-study analysis, i.e., recorded 
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sEMG was post-processed using software with the threshold set at various levels. 
 

3. Device placement was initially an issue in the clinical study until sites were retrained.  
Post-hoc analyses showed considerable decrease in performance when the armband was 
improperly placed.  Labeling was implemented as a mitigation measure, in addition to 
specific information for the prescriber to instruct caregivers on the proper placement of 
the device.     

 
4. Physical and neurological injuries, including death, may occur in patients with epilepsy.  

Data were not collected to evaluate the effect of the device on any of these events.   
 
5. The study showed that the time between bilateral motor activity following electrographic 

generalization and the device alert was reported by the neurologist to vary from -30.82 to 
25.06 seconds.  This range may change with a change in the sensitivity setting when 
thresholds are adjusted.   
 

6. The safety and effectiveness of the Brain Sentinel Monitoring and Alerting System have 
not been demonstrated during daily activity.  The device is indicated for use only during 
periods of rest.   

 
Patient Perspectives   
This submission did not include specific information on patient perspectives for this device. 
 
Benefit/Risk Conclusion   
In conclusion, given the available information above, the data support the monitoring of 
physiological signals other than EEG to identify physiological signal signatures that may be 
associated with a seizure and provide an alarm to alert caregivers of a potential seizure in the home 
or healthcare facilities. For the Brain Sentinel Monitoring and Alerting System, the data support the 
conclusion that, when properly placed and when the subject is resting, the device can identify GTC 
seizures with a PPA that is comparable to EEG-based seizure devices. The probable benefits 
outweigh the probable risks for the Brain Sentinel Monitoring and Alerting System.  The device 
provides benefits and the risks can be mitigated by the use of general controls and the identified 
special controls. 
 
CONCLUSION   
 
The De Novo request for the Brain Sentinel Monitoring and Alerting System is granted and the 
device is classified under the following: 
 

Product Code:  POS 
Device Type:   Non-EEG Physiological signal based seizure monitoring system 
Class:  II 
Regulation:  21 CFR 882.1580 

 




