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Systems and methods for monitoring physiological signals 
Correspondence Address: f - . . , . . . rom a subject to determine the subject s suscept1b1l1ty for 

210 having a seizure. Also includes are systems and methods for 
’ activating an alert When there is a communication error 

SAN MATEO’ CA 94403 between an implanted device and the external assembly. 
_ Additionally included are systems and method for long-term 

(21) Appl' NO" 12/020’507 substantially continuous physiological signal data collection. 
. _ At least a portion of the systems of the present invention may 

(22) Flled' Jan' 25’ 2008 be implanted Within the subject. In some embodiments, brain 

Related U s A lication Data activity signals are sampled from the subject With implanted 
' ' PP electrodes and are communicated to an external assembly 

(60) Provisional application No, 60/ 897 , 551, ?led on J an, Where the brain activity signals are analyzed to determine the 
25, 2007. subject’s susceptibility for having a seizure. 



Patent Application Publication Jul. 31, 2008 Sheet 1 0f 17 US 2008/0183097 A1 

FIG. 1 
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START l 

Sample one or more EEG signals from the patient _8___Q 

Process the one or more EEG signals in an implanted 
assembly _8_2_ 

Wirelessly transmit a signal encoded with EEG data from the 
implanted assembly to an external assembly 55 

Receive the signal with the EEG data in the external 
assembly 5e 

Store the EEG data in a memory of the external assembly 
as 

END 

FIG. 9 
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90 
( START ) / 

implant an eiectrode array, leads, and impianted 
assembly in a patient 92 

Sample EEG signals from the patient's brain with the 
implanted assembly 94 

Wlre|essly transmit the sampled EEG signals from the 
implanted assembly to an external assembly 96 

Store the sampled EEG signals in a memory 98 

Anaiyze the EEG signals to derive statistics for the 
clinical and/or sub-clinical seizures for the patient 100 

Generate a report regarding the statistics 102 

END 

FIG. 10 
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START 

Use the implanted assembly to monitor the patient’s EEG 
to obtain a baseline seizure activity data for the patient 

114 

Commence therapy 116 

Use the implanted assembly and external assembly to 
monitor the patient's EEG to obtain follow up seizure 4m 

activity data for the patient 118 

Compare the baseline data and the follow up data to 
evaluate the efficacy of the therapy 120 

Change at least one parameter of the therapy 122 
(Optional) 

END 

FIG. 11 
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/'1 3 O 
i START 

Commence first efficacious therapy with ?rst parameters 
134 

1 
Monitor and process the patient’s EEG to obtain a first 

patient data for the patient 136 

Stop first efficacious therapy and commence therapy with 
second parameters 138 

Monitor and process the patient’s EEG to obtain second 
patient data for the patient 140 

Stop therapy with second parameters 152 

4 

Commence therapy with nth parameters 154 

Monitor and process the patient’s EEG to obtain nth 
patient data for the patient 156 

Analyze first patient data, second patient data, ....nth 
patent data to determine optimal parameters for therapy 

158 

FIG. 12 



Patent Application Publication Jul. 31, 2008 Sheet 13 0f 17 US 2008/0183097 A1 



Patent Application Publication Jul. 31, 2008 Sheet 14 0f 17 US 2008/0183097 A1 

26% 

3. .2“ 

n mm: 
“ houbmbxw M 

m ....................... \ 93$» 65320 ...................... . 526i 7,, ll \ , , . $2 

EH ,\ 

“S09v6 938m 

65820 EUTEEQO \ ._OH_ON._HXM 

238m 

m9 m3\ /|I$2 

Ema 59: 



Patent Application Publication Jul. 31, 2008 Sheet 15 of 17 US 2008/0183097 A1 

( START l 

implant the patient with the data collection system 200 

Collect EEG data from the patient with the data collection 
system 202 

Upload the collected EEG data to a remote server or the 
physician’s computer workstation 204 

Train/tune the prediction algorithm and/or detection 
algorithms on the collected EEG data 206 

Upload the tuned algorithm(s) to the data collection system 
or adjust parameters of the algorithm(s) in the data collection 

system 208 

Activate the tuned algorithms and other prediction/detection 
features of the user interface 210 

END 

FIG. 15 
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FIG. 16 
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METHODS AND SYSTEMS FOR MEASURING 
A SUBJECT’S SUSCEPTIBILITY TO A 

SEIZURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims bene?t of US. Pro 
visional Patent Application No. 60/897,551, ?led Jan. 25, 
2007, to Leyde et al., entitled “Methods and Systems for 
Measuring a Patient’s Susceptibility to a Seizure,” the disclo 
sure of Which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to systems 
and methods for sampling and processing one or more physi 
ological signals from a subject. More speci?cally, the present 
invention relates to monitoring of one or more neurological 
signals from a subject to determine a subject’s susceptibility 
to a neurological event, communicating the subj ect’s suscep 
tibility to the subject, reducing a severity of seizures and/or 
preventing seizures. The invention also relates to continu 
ously storing neurological signals from a subject to train 
algorithms to determine a subject’s susceptibility for having a 
seizure. 
[0003] Epilepsy is a neurological disorder of the brain char 
acterized by chronic, recurring seizures. Seizures are a result 
of uncontrolled discharges of electrical activity in the brain. A 
seizure typically manifests itself as sudden, involuntary, dis 
ruptive, and often destructive sensory, motor, and cognitive 
phenomena. 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 attention, 
loss of consciousness, 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 societal 
burden severe for this population of subjects. 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 uncertain, 
epilepsy can result from head trauma (such as from a car 
accident or a fall), infection (such as meningitis), stroke, or 
from neoplastic, vascular or developmental abnormalities of 
the brain. Approximately 70% of epileptic subjects, espe 
cially most forms that are resistant to treatment (i.e., refrac 
tory), are idiopathic or of unknoWn causes, and is generally 
presumed to be an inherited genetic disorder. 
[0006] Demographic studies have estimated the prevalence 
of epilepsy at approximately 1% of the population, or 
approximately 2.5 million individuals in the United States 
alone. In order to assess possible causes and to guide treat 
ment, epileptologists (both neurologists and neurosurgeons) 
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typically evaluate subjects With seizures With brain Wave 
electrical analysis and imaging studies, such as magnetic 
resonance imaging (MRI). 
[0007] While there is no knoWn cure for epilepsy, chronic 
usage of anticonvulsant and antiepileptic medications can 
control seizures in most people. For most cases of epilepsy, 
the disease is chronic and requires chronic medications for 
treatment. The anticonvulsant and antiepileptic medications 
do not actually correct the underlying conditions that cause 
seizures. Instead, the anticonvulsant and antiepileptic medi 
cations manage the subject’s epilepsy by reducing the fre 
quency of seizures. There are a variety of classes of antiepi 
leptic drugs (AEDs), each acting by a distinct mechanism or 
set of mechanisms. 

[0008] AEDs generally suppress neural activity by a variety 
of mechanisms, including altering the activity of cell mem 
brane ion channels and the susceptibility of action potentials 
or bursts of action potentials to be generated. These desired 
therapeutic effects are often accompanied by the undesired 
side effect of sedation, nausea, dizziness, etc. Some of the fast 
acting AEDs, such as benzodiazepine, are also primarily used 
as sedatives. Other medications have signi?cant non-neuro 
logical side effects, such as gingival hyperplasia, a cosmeti 
cally undesirable overgroWth of the gums, and/ or a thickening 
of the skull, as occurs With phenytoin. Furthermore, some 
AED are inappropriate for Women of child bearing age due to 
the potential for causing severe birth defects. 
[0009] An estimated 70% of subjects Will respond favor 
ably to their ?rst AED monotherapy and no further medica 
tions Will be required. HoWever, for the remaining 30% of the 
subjects, their ?rst AED Will fail to fully control their seizures 
and they Will be prescribed a second AED4often in addition 
to the ?rst4even if the ?rst AED does not stop or change a 
pattern or frequency of the subject’s seizures. For those that 
fail the second AED, a third AED Will be tried, and so on. 
Subjects Who fail to gain control of their seizures through the 
use of AEDs are commonly referred to as “medically refrac 
tory.” This creates a scenario in Which 750,000 subjects or 
more in the United States have uncontrolled epilepsy. These 
medically refractory subjects account for 80% of the $12.5 
billion in indirect and direct costs that are attributable to 
epilepsy in the United States. 
[0010] A major challenge for physicians treating epileptic 
subjects is gaining a clear vieW of the effect of a medication or 
incremental medications. Presently, the standard metric for 
determining e?icacy of the medication is for the subject or for 
the subject’s caregiver to keep a diary of seizure activity. 
HoWever, it is Well recognized that such self-reporting is often 
of poor quality because subjects often do not realize When 
they have had a seizure, or fail to accurately record seizures. 
[0011] If a subject is refractory to treatment With chronic 
usage of medications, surgical treatment options may be con 
sidered. If an identi?able seizure focus is found in an acces 
sible region of the brain, Which does not involve “eloquent 
cortex” or other critical regions of the brain, then resection is 
considered. If no focus is identi?able, or there are multiple 
foci, or the foci are in surgically inaccessible regions or 
involve eloquent cortex, then surgery is less likely to be 
successful or may not be indicated. Surgery is effective in 
more than half of the cases, in Which it is indicated, but it is not 
Without risk, and it is irreversible. Because of the inherent 
surgical risks and the potentially signi?cant neurological 
sequelae from resective procedures, many subjects or their 
parents decline this therapeutic modality. 
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[0012] Some non-resective functional procedures, such as 
corpus callosotomy and subpial transection, sever White mat 
ter pathways Without removing tissue. The objective of these 
surgical procedures is to interrupt pathWays that mediate 
spread of seiZure activity. These functional disconnection 
procedures can also be quite invasive and may be less effec 
tive than resection. 
[0013] An alternative treatment for epilepsy that has dem 
onstrated some utility is open loop Vagus Nerve Stimulation 
(VNS). This is a reversible procedure Which introduces an 
electronic device Which employs a pulse generator and an 
electrode to alter neural activity. The vagus nerve is a major 
nerve pathWay that emanates from the brainstem and passes 
through the neck to control visceral function in the thorax and 
abdomen. VNS uses open looped, intermittent stimulation of 
the left vagus nerve in the neck in an attempt to reduce the 
frequency and intensity of seiZures. See Fisher et al., “Reas 
sessment: Vagus nerve stimulation for epilepsy, A report of 
the Therapeutics and Technology Assessment Subcommittee 
of the American Academy of Neurology,” Neurology 1999; 
53:666-669. While not highly effective, it has been estimated 
that VNS reduces seiZures by an average of approximately 
30-50% in about 30-50% of subjects Who are implanted With 
the device. Unfortunately, a vast majority of the subjects Who 
are out?tted With the Cyberonics® VNS device still suffer 
from un-foreWarned seiZures and many subjects obtain no 
bene?t Whatsoever. 
[0014] Another recent alternative electrical stimulation 
therapy for the treatment of epilepsy is deep brain stimulation 
(DBS). Open-loop deep brain stimulation has been attempted 
at several anatomical target sites, including the anterior 
nucleus of the thalamus, the centromedian nucleus of the 
thalamus, and the hippocampus. The results have shoWn 
some potential to reduce seiZure frequency, but the ef?cacy 
leaves much room for improvement. 
[0015] Another type of electrical stimulation therapy for 
the treatment epilepsy has been proposed by NeuroPace, Inc., 
in Which an implanted device is designed to detect abnormal 
electrical activity in the brain and respond by delivering elec 
trical stimulation to the brain. 
[0016] There have also been a number of proposals 
described in the patent literature regarding the use of predic 
tive algorithms that purportedly can predict the onset of a 
seiZure. When the predictive algorithm predicts the onset of a 
seiZure, some type of Warning is provided to the subject 
regarding the oncoming seiZure or some sort of therapy is 
initiated. For example, see US. Pat. No. 3,863,625 to Vigli 
one, US. Pat. No. 5,995,868 to Dorfmeister/Osorio, and US. 
Pat. No. 6,658,287 to Litt et al., the complete disclosures of 
Which are incorporated herein by reference, describe a variety 
of proposed seiZure prediction systems. HoWever, to date, 
none of the proposed seiZure prediction systems have shoWn 
statistically signi?cant results. While most seiZures are short 
lasting events that last only a feW minutes, the seemingly 
random nature of the occurrence of seiZures is What overshad 
oWs and destroys a subject’s quality of life. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides methods and sys 
tems for sampling one or more physiological signals from the 
subject and processing such physiological signal(s) to moni 
tor a subj ect’s susceptibility or for a future neurological event. 
Such systems may also be adapted to provide an indication to 
the subject of their susceptibility for the neurological event, 
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such as a Warning or instruction, automatically initiate deliv 
ery of therapy to the subject, or alloW or instruct the subject or 
a caregiver to administer a therapy prior to the onset of the 
seiZure. 

[0018] In preferred embodiments, the present invention is 
for managing epilepsy. Managing epilepsy includes the pre 
vention or reduction of the occurrence of epileptic seiZures 
and/or mitigating their effects, as Well as alerting a subject 
When their susceptibility for having a seiZure has been deter 
mined to be loW. The method of preventing an epileptic sei 
Zure comprises characterizing a subject’s susceptibility or 
susceptibility for a future seiZure, and upon the determination 
that the subject has an elevated susceptibility for the seiZure, 
communicating to the subject and/ or a health care provider a 
Warning or a therapy recommendation and/ or initiating a 
therapy. 
[0019] In one embodiment, the present invention provides 
ambulatory data collection systems and methods. The data 
collection systems of the present invention typically include 
one or more electrodes for sampling one or more physiologi 

cal signals from the subject. In some embodiments, it may be 
desirable to include microelectrodes. In preferred embodi 
ment, the physiological signals include signals that are 
indicative of neural activity in at least one portion of the brain, 
such as intracranial EEG (“EEG” or “ECoG”), EEG, or a 
combination thereof. The electrodes may be intracranial elec 
trodes (e.g., epidural, subdural, depth electrodes), extracra 
nial electrodes (e.g., spike or bone screW electrodes, subcu 
taneous electrodes, scalp electrodes, dense array (256 
channels) electrodes, etc.), or a combination thereof. While it 
is preferred to monitor signals directly from the brain, it may 
also be desirable to monitor brain activity using sphlenoidal 
electrodes, foramen ovale electrodes, intravascular elec 
trodes, peripheral nerve electrodes, cranial nerve electrodes, 
or the like. While the remaining disclosure focuses on intrac 
ranial electrodes, it should be appreciated that any type of 
electrodes may be used to sample signals from the subject. 
[0020] The one or more electrodes are typically in commu 
nication With an implanted assembly. The one or more elec 
trodes may communicate With the implanted assembly (or 
directly With the external assembly as described beloW) With 
a Wireless link, a Wired link, or both. The implanted assembly 
is typically con?gured to facilitate transmission of a data 
signal that is representative of the one or more sampled physi 
ological signals. The implanted assembly may be in Wireless 
communication With an external assembly using any type of 
knoWn uni-directional or bi-directional Wireless link. Trans 
mission of data and/or control signals betWeen implantable 
assembly and the external assembly is typically carried out 
through a radiofrequency link, but may also be carried out 
through telemetry, magnetic induction, electromagnetic link, 
Bluetooth® link, Zigbee link, sonic link, optical link, other 
types of conventional Wireless links, or combinations thereof. 

[0021] In one embodiment, the external assembly Will typi 
cally be con?gured to establish a one-Way or tWo-Way com 
munication link With the implanted assembly using conven 
tional telemetry handshaking protocols. The external 
assembly may alloW the subject (orthe subject’s physician) to 
adjust parameters of the sampling of the physiological sig 
nalisuch as adjusting the sampling rate, the data transmis 
sion rate, error correction, sampled channels, signal condi 
tioning parameters (gain, ?ltering bandWidth, etc.), the type 
of data that is stored, or the like. In some embodiments, the 
implanted assembly Will transmit a data signal that includes 










































