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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 and are transmitted to a 
handheld patient communication device for further process 
ing. 
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SYSTEM AND METHODS FOR ANALYZING 
SEIZURE ACTIVITY 

CROSS-REFERENCED TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional of US. patent 
application Ser. No. 12/691,650, ?led Jan. 21, 2010 to Harris 
et al. entitled “Minimally Invasive System for Selecting 
Patient-Speci?c Therapy Parameters”, Which is a continua 
tion ofU.S. patent application Ser. No. 11/766,760, ?led Jun. 
21, 2007 to Harris et al., entitled “Minimally Invasive System 
for Selecting Patient-Speci?c Therapy Parameters”, now US. 
Pat. No. 7,676,263, Which claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/805,710, ?led Jun. 23, 
2006, to Harris et al., entitled “Implantable Ambulatory Brain 
Monitoring System,” the complete disclosure of Which is 
incorporated herein by reference. 

INCORPORATION BY REFERENCE 

[0002] All publications and patent applications mentioned 
in this speci?cation are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0003] 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 of one or more neuro 
logical signals for selecting therapy parameters for a patient. 
[0004] 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 rhyth 
mic movement of the entire body, loss of consciousness, and 
voiding of urine or stool. 

[0005] 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 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. 

[0006] 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), or from 
neoplastic, vascular or developmental abnormalities of the 
brain. Most epilepsy, especially most forms that are resistant 
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to treatment (i.e., refractory), are idiopathic or of unknoWn 
causes, and is generally presumed to be an inherited genetic 
disorder. 
[0007] While there is no knoWn cure for epilepsy, the pri 
mary treatment for these epileptic patients are a program of 
one or more anti-epileptic drugs or “AEDs.” Chronic usage of 
anticonvulsant and antiepileptic medications can control sei 
zures in most people. An estimated 70% of patients Will 
respond favorably to their ?rst AED monotherapy and no 
further medications Will be required. HoWever, for the 
remaining 30% of the patients, their ?rst AED Will fail to fully 
control their seizures and they Will be prescribed a second 
AED4often in addition to the ?rstieven if the ?rst AED 
does not stop or change a pattern or frequency of the patient’s 
seizures. For those that fail the second AED, a third AED Will 
be tried, and so on. Patients Who fail to gain control of their 
seizures through the use of AEDs are commonly referred to as 
“medically refractory.” 
[0008] For those patients With infrequent seizures, the 
problem is further compounded by the fact that they must 
remain on the drug for many months before they can discern 
Whether there is any bene?t. As a result, physicians are left to 
prescribe AEDs to these patients Without clear and timely 
data on the e?icacy of the medication. Because these drugs 
are poWerful neural suppressants and are associated With 
undesirable side-effects and sedation, it is important to mini 
mize the use and dosage of these drugs if the patient is not 
experiencing bene?t. 
[0009] A major challenge for physicians treating epileptic 
patients is gaining a clear vieW of the effect of a medication or 
incremental medications on the patient’s condition. Presently, 
the standard metric for determining e?icacy of the medication 
is for the patient or for the patient’s caregiver to keep a diary 
of seizure activity. HoWever, it is Well recognized that such 
self-reporting is often of poor quality because patients often 
do not realize When they have had a seizure, or fail to accu 
rately record seizures. In addition, patients often have “sub 
clinical” seizures Where the brain experiences a seizure, but 
the seizure does not manifest itself clinically, and the patient 
has no Way of making note of such seizures. Due to such 
de?ciencies in assessing the e?icacy of the AEDs, patients 
and physicians are unable to reliably determine the effective 
ness of the AEDs. Consequently, patient’s are often given 
dosages and dosing schedules that are much more than 
needed, and the patient is subject to the unWanted side effects 
associated With the AEDs. 
[0010] Consequently, What are needed are methods and 
systems that are capable of long-term, out-patient monitoring 
of epileptic patients. It Would further be desirable if the long 
terrn monitoring could be processed into appropriate metrics 
that can quantify the clinical bene?t of the medication or other 
therapies and alloW for intelligent titration of the medications. 
It Would also be desirable to have system that could record 
seizure activity, to enable the meaningful study of patients 
With infrequent seizures. 

SUMMARY OF THE INVENTION 

[0011] 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. 
The systems of the present invention Will typically include 
one or more implantable devices that are capable of sampling 
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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. The ambulatory systems of the present inven 
tion provide for substantially continuous sampling of brain 
Wave electrical signals electroencephalography or “EEG” 
and electrocorticogram “ECoG”, Which are hereinafter 
referred to collectively as “EEG”). 
[0012] A patient could Wear their external data collection 
device at all times of the day (except White showering, etc.). 
At the physicians’ o?ice, the data from the external data 
collection device could be uploaded into a physician’s com 
puter, Which could then automatically analyZe the stored EEG 
data and calculate certain metrics that Would provide insight 
into the patient’s condition and the ef?cacy of their therapy. 
For example, such metrics may alloW the epileptologist to 
assess seiZure frequency, monitor for sub-clinical seiZures, 
determine 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. 

[0013] The systems of the present invention typically 
include one or more loW poWer implantable devices for sam 
pling the patient’s EEG signal. The implantable devices are in 
communication With a device that is external to the patient’s 
body. 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 
[0014] In one aspect, the present invention provides a 
method for selecting a therapy form patient suffering from a 
neurological or psychiatric condition. The method comprises 
implanting a monitoring device betWeen at least one layer of 
the scalp and the skull and commencing a ?rst therapy. A 
physiological signal from the patient is monitored With the 
implanted device for a ?rst time period after commencement 
of the ?rst therapy. A second therapy is commenced and a 
physiological signal from the patient is monitored With the 
implanted device for a second time period after commence 
ment of the second therapy. The physiological signals from 
the ?rst time period and second time period are processed and 
analyZed to select an appropriate therapy for the patient. 
[0015] In one preferred embodiment, the neurological con 
dition comprises epilepsy and the ?rst and second therapy 
comprises different pharmacological agents. In other 
embodiments, the therapy may comprise electrical stimula 
tion of the same or different portions of the nervous system 
(e.g., deep brain, cortical surface, cranial nerve, peripheral 
nerve, etc.) 
[0016] In some embodiments processing of the physiologi 
cal signals from the ?rst time period and second time period 
comprises measuring seiZure activity data from each of the 
time periods. Seizure activity data comprises a number a 
clinical seiZures during the ?rst time period, a number of 
sub-clinical seiZures during the ?rst time period, seiZure dura 
tion, seiZure patterns, seiZure frequency, and time of day of 
seiZure occurrence, or any combination thereof. 
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[0017] The monitoring devices implanted in the patient 
may take a variety of different forms, but in some con?gura 
tions the devices are lea?ess. The leadless devices may have 
an internal poWer source, but they may also be devoid of a 
poWer source and externally poWered via a signal (e.g., 
radiofrequency signal) generated in an external device. The 
signal from the external device may poWer the implanted 
devices and interrogate the electronic components to facili 
tate sampling of the physiological signals. Data indicative of 
the sampled physiological signals may be encoded in a data 
signal that is Wirelessly transmitted to the external device. 
The physiological signals may thereafter be stored in a 
memory that is external to the patient’s body. 
[0018] In another aspect, the present invention provides a 
method for optimiZing parameters of a selected therapy for 
patient having a neurological or psychiatric condition. The 
method comprises implanting a device in betWeen a patient’s 
skull and at least one layer of the scalp and commencing a 
therapy. A physiological signal is sampled from the patient 
With the implanted device after commencement of the therapy 
for a ?rst time period. At least one parameter of the therapy is 
changed and the physiological signal is sampled from the 
patient With the implanted device for a second time period 
after the at least one parameter of the therapy is changed. The 
physiological signal from the ?rst time period and second 
time period are processed. The processed physiological sig 
nals from the ?rst and second time periods are thereafter 
analyZed to determine desirable parameters for the patient’s 
therapy. 
[0019] In one con?guration, the neurological condition is 
epilepsy and processing comprises 

[0020] measuring seiZure activity data from the ?rst and 
second time periods. Seizure activity data typically com 
prises at least one of a number a clinical seiZures during 
the ?rst and second time period, a number of sub-clinical 
seiZures during the ?rst and second time period, seiZure 
duration during the ?rst and second time period, seiZure 
patterns during the ?rst and second time period, seiZure 
frequency during the ?rst and second time period, and 
time of seiZure occurrence during the ?rst and second 
time period. 

[0021] The monitoring devices implanted in the patient 
may take a variety of different forms, but in some con?gura 
tions the devices are lea?ess. The leadless devices may have 
an internal poWer source, but they may also be externally 
poWered via a signal (e.g., radiofrequency signal) generated 
in an external device. The signal from the external device may 
poWer the implanted devices and interrogate the electronic 
components to facilitate sampling of the physiological sig 
nals. Data indicative of the sampled physiological signals 
may be encoded in a data signal that is Wirelessly transmitted 
to the external device. The physiological signals may there 
after be stored in a memory in the external device. 
[0022] To help facilitate selection of the appropriate param 
eters for the particular patient, the methods of the present 
invention may generate a report for the physician and/or 
patient. The report may indicate the seiZure activity data for 
the ?rst and second time period, a chart/graph and/or an 
analysis of the differences in the seiZure activity data for the 
different time periods, and a recommendation for the param 
eters of the patient-speci?c therapy. 
[0023] The therapy may be a pharmacological therapy 
(such as an AED, for patient’s suffering from epilepsy). The 
parameters that may be varied include at least one of a dosage, 




































