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ABSTRACT 

The present invention provides systems and methods for 
ambulatory, long term monitoring of a physiological signal 
from a patient. At least a portion of the systems of the 
present invention may be implanted Within the patient in a 
minimally invasive manner. In preferred embodiments, 
brain activity signals are sampled from the patient With an 
externally poWered leadless implanted device and are trans 
mitted to a handheld patient communication device for 
processing to estimate the patient’s propensity for a seiZure. 
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END 
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END 

FIG. 8 
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END 

FIG. 9 
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MINIMALLY INVASIVE MONITORING SYSTEMS 
FOR MONITORING A PATIENT’S PROPENSITY 

FOR A NEUROLOGICAL EVENT 

CROSS-REFERENCED TO RELATED 
APPLICATIONS 

[0001] The present application claims bene?t of US. 
Provisional Patent Application Ser. No. 60/805,710, ?led 
Jun. 23, 2006, to Harris et al., entitled “Implantable Ambu 
latory Brain Monitoring System,” the complete disclosure of 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to systems 
and methods for sampling one or more physiological signals 
from a patient. More speci?cally, the present invention 
relates to long term, ambulatory monitoring and analysis of 
one or more neurological signals from a patient using a 
minimally invasive system to estimate the patient’s propen 
sity for a seizure. 

[0003] Epilepsy is a disorder of the brain characterized by 
chronic, recurring seizures. Seizures are a result of uncon 
trolled discharges of electrical activity in the brain. A seizure 
typically manifests itself as sudden, involuntary, disruptive, 
and often destructive sensory, motor, and cognitive phenom 
ena. Seizures are frequently associated With physical harm to 
the body (e.g., tongue biting, limb breakage, and burns), a 
complete loss of consciousness, and incontinence. A typical 
seizure, for example, might begin as spontaneous shaking of 
an arm or leg and progress over seconds or minutes to 
rhythmic movement of the entire body, loss of conscious 
ness, and voiding of urine or stool. 

[0004] A single seizure most often does not cause signi? 
cant morbidity or mortality, but severe or recurring seizures 
(epilepsy) results in major medical, social, and economic 
consequences. Epilepsy is most often diagnosed in children 
and young adults, making the long-term medical and soci 
etal burden severe for this population of patients. People 
With uncontrolled epilepsy are often signi?cantly limited in 
their ability to Work in many industries and usually cannot 
legally drive an automobile. An uncommon, but potentially 
lethal form of seizure is called status epilepticus, in Which a 
seizure continues for more than 30 minutes. This continuous 
seizure activity may lead to permanent brain damage, and 
can be lethal if untreated. 

[0005] While the exact cause of epilepsy is often uncer 
tain, epilepsy can result from head trauma (such as from a 
car accident or a fall), infection (such as meningitis), or from 
neoplastic, vascular or developmental abnormalities of the 
brain. Most epilepsy, especially most forms that are resistant 
to treatment (i.e., refractory), are idiopathic or of unknoWn 
causes, and is generally presumed to be an inherited genetic 
disorder. 

[0006] If it is assumed that an “average” subject With focal 
epilepsy has betWeen 3 and 4 seizures per month, in Which 
each of the seizures last for several seconds or minutes, the 
cumulative time the subject Would be seizing is only about 
one hour per year. The other 99.98% of the year, the epileptic 
subject is free from seizures. The debilitating aspect of 
epilepsy is not necessarily the seizures themselves, but 
rather the fear and uncertainly of When the next seizure is 
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going to occur. The risk of social embarrassment resulting 
from unforeWarned seizures causes epileptic subjects to 
remove themselves from society. The danger posed by 
unforeWarned seizures often prevents epileptic subjects 
from performing activities that most non-epileptic subjects 
take for granted. 

[0007] To that end, there have been a number of proposals 
from groups around the World for predicting seizures and 
Warning the subject of the impending seizure. Most of such 
proposals attempt to analyze the subject’s electroencepha 
logram or electrocorticograms (referred to collectively as 
“EEGs”), detect or predict the onset of the seizure. Unfor 
tunately, many of the proposed systems are highly invasive 
and such invasiveness could reduce the number of patients 
that Would take advantage of such technology. 

[0008] It Would be particularly advantageous if such sys 
tems could provide for substantially continuous monitoring 
of the patient and be implemented in a minimally invasive 
manner. Consequently, What are needed are methods and 
systems that are capable of long-term, out-patient monitor 
ing of epileptic patients. It Would further be desirable if the 
long-term monitoring Would facilitate real time estimation 
and communication to the patient of the patient’s propensity 
for a seizure. It Would also be desirable to have system that 
could record seizure activity, to enable the meaningful study 
of the patient’s condition by the physician. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides methods and sys 
tems for monitoring one or more physiological signals from 
the patient. In preferred embodiments, the present invention 
provides minimally-invasive systems that provide for the 
long-term, ambulatory monitoring of patient’s brain activity 
to facilitate the estimation of the patients propensity for a 
neurological event (e.g., seizure, migraine headache, epi 
sode of depression, etc.). The systems of the present inven 
tion Will typically include one or more implantable devices 
that are capable of sampling and transmitting a signal that is 
indicative of the patient’s brain activity to a data collection 
device that is external to the patient’s body. 

[0010] The ambulatory systems of the present invention 
provide for substantially continuous sampling of brain Wave 
electrical signals (e.g., electroencephalography or “EEG” 
and electrocorticogram “ECoG”, Which are hereinafter 
referred to collectively as “EEG”). Apatient could Wear their 
external data collection device at all times of the day (except 
While shoWering, etc.). At the physicians’ of?ce, the data 
from the external data collection device could be uploaded 
into a physician’s computer, Which could then automatically 
analyze the stored EEG data and calculate certain metrics 
that Would provide insight into the patient’s condition. For 
example, such metrics may alloW the epileptologist to assess 
seizure frequency, monitor for sub-clinical seizures, deter 
mine the ef?cacy of treatment, determine the effect of 
adjustments of the dosage of the AED, determine the effects 
of adjustments of the type of AED, adjust parameters of 
electrical stimulation, or the like. 

[0011] The systems of the present invention typically 
include one or more loW poWer implantable devices for 
sampling the patient’s EEG signal. The implantable devices 
are in communication With a device that is external to the 
patient’s body Which comprises algorithms that estimate the 
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patient’s propensity for a neurological event. The external 
device is typically con?gured to transmit poWer into the 
implantable device and to store the EEG signal that is 
sampled by the implantable device. The implantable device 
and the external device Will be in communication With each 
other through a Wireless communication link. While any 
number of different Wireless communication links may be 
used, in preferred embodiments the systems of the present 
invention uses a high-frequency communication link. Such 
a communication link enables transmission of poWer into the 
implantable device and facilitates data transfer to and from 
the implantable device. 

[0012] In one aspect, the present invention provides a 
minimally invasive method for monitoring a patient Who has 
neurological condition. The method comprises sampling 
brain activity signals With the one or more implanted devices 
that are positioned betWeen at least one layer of scalp and the 
skull of the patient and Wirelessly transmitting a data signal 
that is encoded With data indicative of the sampled brain 
activity signals from the one or more implanted devices to 
an external device. The data signal is processed in a pro 
cessing assembly of the external device to estimate the 
patient’s propensity for a neurological event and an output 
is generated in response to the processing of the data signal. 

[0013] The output from the external device may be a 
control signal to an implanted therapy deviceisuch as the 
implanted devices or to an independent therapy device (such 
as a vagus nerve stimulator, spinal cord stimulator, cortical 
stimulator, deep brain stimulator, cranial nerve stimulator, 
implanted drug pump, etc.). In other embodiments, the 
output from the external device may be delivered to a user 
interface so as to provide an output communication to the 
patient that indicates the patient’s propensity for the neuro 
logical event. 

[0014] The neurological event includes, but is not limited 
to, a seiZure, a migraine headache, an episode of depression, 
a tremor, or the like. 

[0015] In some embodiments, the one or more implanted 
devices are leadless. Some of the devices are passive or 
semi-passive and are at least partly energiZed by an exter 
nally generated signal ?eld. In one con?guration, the exter 
nal ?eld is generated by a generator in the external device. 
The generator is typically a radiofrequency generator, but 
other types of Wireless signals may be used to generate a 
signal that energiZes and interrogates the implanted devices. 
The external device may be con?gured to provide an output 
communication When the data signal from the one or more 
implanted devices are not being received by the external 
device. 

[0016] The sampling of the brain activity signals is typi 
cally performed on a substantially continuous basis so as to 
provide substantially continuous monitoring of the patient’s 
neurological condition. In preferred embodiments, the exter 
nal device comprises a memory that is used to store at least 
some of the substantially continuous brain activity signals. 
The brain activity signals may be encrypted prior to trans 
mission to maintain patient con?dentiality and stored either 
encrypted or in a unencrypted format. 

[0017] In another aspect, the present invention provides a 
minimally invasive method of monitoring a patient’s pro 
pensity for a neurological event. The method comprises 
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transmitting a signal from an external device that is con?g 
ured to interrogate and provide poWer to one or more 
implanted devices that are positioned in betWeen one or 
more layers of the patient’s scalp and skull. The external 
device receives a Wireless data signal from the one or more 
implanted leadless devices that are encoded With data 
indicative of sampled brain activity signals. The received 
data signal is derived from the transmitted signal from the 
external device. The data signal is processed in a processing 
assembly of the external device to estimate the patient’s 
propensity for the neurological event and an output com 
munication is provided to the patient that provides a real 
time indication of the patient’s propensity for the neurologi 
cal event. 

[0018] The output communication to the patient that indi 
cates the patient’s propensity for the neurological event is 
typically performed on a substantially continuous basis so as 
to provide substantially continuous communication to the 
patient regarding their propensity for the neurological con 
dition. 

[0019] The neurological event includes, but is not limited 
to, a seiZure, a migraine headache, an episode of depression, 
a tremor, or the like. 

[0020] In some embodiments, the one or more implanted 
devices are leadless. Some of the devices are passive or 
semi-passive and are at least partly energiZed by an exter 
nally generated signal ?eld. In one con?guration, the exter 
nal ?eld is generated by a generator in the external device. 
The generator is typically a radiofrequency generator, but 
other types of Wireless signals may be used to generate a 
signal that energiZes and interrogates the implanted devices. 
The external device may be con?gured to provide an output 
communication When the data signal from the one or more 
implanted devices are not being received by the external 
device. 

[0021] In preferred embodiments, the external device 
comprises a memory that is used to store at least some of the 
substantially continuous brain activity signals. The brain 
activity signals may be encrypted prior to transmission to 
maintain patient con?dentiality and stored either encrypted 
or in a unencrypted format. 

[0022] In yet another aspect, the present invention pro 
vides a minimally invasive method of monitoring a patient’s 
EEG signals for use in monitoring a patient’s propensity for 
a neurological event. The method comprises receiving a 
substantially continuous interrogation signal in an implanted 
device that is positioned betWeen at least one layer of the 
patient’s scalp and skull from a device external to the 
patient’s body. In response to the interrogation signal the 
implanted device substantially continuously samples an 
EEG signal from the patient. A Wireless data signal encoded 
With data that is indicative of the sampled EEG signal is 
transmitted from the patient to the device external to the 
patient’s body, Wherein the sampled EEG signal is processed 
in the external device to provide a real-time of estimate the 
patient’s propensity for a neurological event. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The novel features of the invention are set forth 
With particularity in the appended claims. A better under 
standing of the features and advantages of the present 






































