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Dr. Contreras-Vidal:

Please find the attached end-of-semester report regarding the progress our team has made on the Brain Health Monitoring Kit.  I am writing this letter on behalf of my teammates, Ben Madison and Jorge Jimenez.  The contents of the report are a result of a group effort, as each member has contributed to its composition.

We are nearing the halfway point in this project, with only the spring semester remaining.  To date, we are behind where we anticipated being at the beginning of the semester.  Research into Parkinson’s disease (PD), electroencephalogram (EEG) measuring techniques, human test-study methods and the biology of the brain took much longer than anticipated.

Development of the sensor has been progressing at a steady rate over the last few weeks.  We are able to gather raw EEG data wirelessly and visualize the data graphically.  The material for creating a dry electrode is currently under test for the final sensor.  The other components of the overall system (smartphone application and web-based servers) have not been addressed this semester.  An experiment with human subjects suffering from Parkinson’s has been designed and is under review with the University of Houston Committee for the Protection of Human Subjects (CPHS).  This study aims to further the team’s knowledge on how dopaminergic replacement therapy (DRT) affects both brain activity and physical manifestations of the disease on a temporal basis.  A detailed review of journal articles and other research did not find any similar studies that have been completed previously.  This study will help identify the optimal placement of the sensor and help to confirm that PD symptoms can be verified using EEG sensing techniques.

Although our progress has been slow, I am confident that we will be able to finish this project by the end of the 2016 spring semester.

Sincerely,


Bradley Bounds
i

ii
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[bookmark: h.p6yo13h14jsj]Abstract	Comment by Trombetta, Len: Abstract should be one paragraph.
The Brain Health Monitoring Kit (BHMK) is an EEG-monitoring system designed to provide real-time and historical data on a Parkinson’s disease (PD) patient’s brain activity to their doctor(s). PD patients are currently prescribed medication using generalized schedules, based on limited observation and interaction between the doctor and patient. The BHMK will provide doctors the ability to have nearly continuous, individualized information for determining the most efficient medication schedule for patients, thus optimizing the benefits of medication and minimizing the negative side-effects.
	The BHMK consists of three components.  A purpose-built EEG sensor is worn by PD patients throughout the day to collect raw EEG data.  A smartphone application running on Android receives the raw EEG data, displays basic information and provides medication notifications.  Finally, a cloud-based server suite is used to process the raw EEG data and display the resulting information to the patient’s doctor.
	Currently, the BHMK is behind schedule given the amount of research that was required to start developing the EEG sensor and the additional research project that was initiated mid-way through the semester. This research project aims to quantify the ability to detect PD-on/off symptoms using only EEG patterns and is currently awaiting approval from the UH Committee for the Protection of Human Subjects (CPHS).
	The project is currently over budget for the one- year project. Labor costs are the cause of this overage, specifically the time spent on research.  Despite being behind schedule, the team is confident in our capability to complete the project by the end of the spring 2016 semester.

[bookmark: h.9ov16jd0amhv]Purpose and Background
The purpose of the Brain Health Monitoring Kit (BHMK) is to increase the quality of life for those suffering from Parkinson’s disease (PD).  Current treatment methods are subjectively based on limited doctor interaction, which can lead to over-/under-prescribing medication.  These inaccuracies can lead to an increase in negative side-effects and/or an increase in PD symptoms.
According to recent research, Levodopa (L-dopa) is the most commonly prescribed medication for PD.  L-dopa is a dopaminergic replacement therapy (DRT) used to correct brain chemistry that has been affected by PD deterioration.  Experiments have generally shown improvement in PD patients on L-dopa, both in movement-based [4] and EEG-based [3] tests.	Comment by Trombetta, Len: Confusing: start reference numbering with [1] and continue sequentially. Subsequent numbering is also a problem here.
There are associated side-effects to continued L-dopa use.  The main two are Levodopa Induced Dyskinesia (LID) and early wear-off (EWO).  LID is characterized by additional motor difficulties and involuntary movements.  EWO shortens the time that an L-dopa load is effective in reducing symptoms of PD.  Since LID occurs at peak concentrations of the drug, it is often countered by reducing individual doses and increasing the frequency of successive doses [7].  Conversely, EWO can be improved by increasing either the number of daily dosages or the quantity of one dose [7].  An example of these level fluctuations can be seen in Figure 1.  The severity of the LID can be seen to correlate with the concentration of L-dopa in the system.  Similarly, as the concentration drops, the EWO symptoms begin to appear just before the next dose is taken. With prolonged treatment, the time scale will compress.  Altering dosage levels will affect the peak level concentration.  It has been shown that new patients may have a 6-8 hour window of improved behavior while more advanced patients may only have 0.5-2 hour windows before faster and less-predictable wearing off periods [8] [9] [10].  Each patient’s absorption model is different depending on body chemistries, the length of time that the patient has been taking L-dopa, etc.  Furthermore, an individual patient’s model may change daily due to exercise levels, high protein meals, etc. The research summary in Appendix A provides additional information regarding DRT. 	Comment by Trombetta, Len: I do not see a definition for LID-1, -2, -3. Are these important?
Figure 1: Levodopa (L-Dopa) concentration within a patient’s body over time. L-Dopa is metabolized within the body into catecholamines (e.g. dopamine, epinephrine). High levels of L-dopa in the system can result in L-dopa induced dyskinesia (LID), resulting in additional physical tremors beyond the normal disease symptoms.  As the medication is further metabolized, the concentration drops resulting in medication wear off (early wear-off), as shown in the green region at the bottom after 4.5 hours. [7].

The BHMK will utilize an EEG sensor worn throughout the day which will connect to the patient’s smartphone. The EEG data collected will be visible to the patient’s doctor, allowing the doctor to make adjustments in medication when appropriate. These adjustments will appear as notifications on the patient’s phone and are based on observed symptom fluctuations and medication side effects by his/her doctor. Fig. 2 shows the interaction between the BHMK components and will be discussed in more detail below.	Comment by Trombetta, Len: Don’t introduce this so early.
The unique nature of this project calls for research to be completed with human test subjects suffering from PD. A research experiment has been designed that seeks to correlate physical behavior, brain activity and time elapsed since the patient’s last medication dosage.  The aim is to identify the ideal placement of the BHMK EEG sensor and confirm the reported correlation between physical symptoms and EEG signal patterns.  Furthermore, as a detailed review of journal articles and other research did not find any similar studies that have been completed previously, this research aims to clarify current understandings of how DRT interacts with the body over time.  A review of current research studies into these correlations can be found in Appendix A.
The research experiment that has been designed will cover one cycle of the participant’s medication schedule.  For example, if a participant takes a pill every four hours, the study will monitor him/her for approximately four hours.  At predefined intervals, tasks have been developed to monitor the known symptoms of PD.  Arm extensions will be administered according to the Universal Parkinson’s Disease Rating Scale (the standard observation procedure in PD treatment) to measure bradykinesia and dyskinesia.  Writing samples and spirals will be collected to measure micrographia.  During all these tasks, the participant’s brain activity will be monitored using a full EEG cap.  The resulting data will be analyzed to determine both the optimal placement of the sensor to register PD-on/off and find any data that can provide a temporal correlation between physical symptoms and brain activity.  The submitted application to CPHS is attached as Appendix B.	Comment by Trombetta, Len: ?
[bookmark: h.ymoosx9t7ipe]Problem, Need and Significance
Current methods of prescribing and following medication dosages are inefficient and potentially unhealthy. Dosages are prescribed by physicians based on limited interaction with and feedback from their patients. Inaccurate dosages may not provide the full benefit of the drugs and have the potential for dangerous side effects. Even an accurately prescribed regimen does not account for varying daily activities and individual metabolic rates that can affect the efficiency of each dose.
Patients and doctors require more constant data to ensure their medication dosages and timing are properly individualized. This data will provide doctors with a timeline of dosage information, environmental factors (diet, exercise, sleep), bodily reactions to the dosage levels, and help determine an individualized dosage plan based on the patient.
The more information that is made available to doctors, the more likely an optimal medication schedule can be prescribed.  This will greatly enhance the lives of PD patients, as the benefits of DRT can be prolonged before the negative side-effects that arise with continued use appear.
[bookmark: h.2oq37lu8r3hw]User Analysis
	The BHMK is specifically being designed based on previous and upcoming research on idiopathic Parkinson’s disease. As PD is a disease that affects older patients, most users utilizing the sensor will be in their 60s or 70s.  These users will also have been prescribed a DRT regimen, as part of their treatment.  Interaction with the BHMK will require the ability to operate a smartphone. Additionally, the patient will be required to connect the EEG sensor to the phone using Bluetooth.
	The second group interacting with the BHMK will be the user’s doctor(s). Their interactions will be isolated to the web interface (cloud server). They will need to login and navigate a web-based application for viewing patient data and modifying patient medication regimes. Given the preponderance of computer use in the medical field, this requirement is not expected to exclude any potential doctors from use.
[bookmark: h.xzrkbsi8w69t]Overview Diagram
The BHMK consists of three (3) primary components: EEG sensor, smartphone application, and cloud servers (Fig. 2). 
The most visible part of the BHMK is the EEG sensor.  The user will wear the sensor throughout the day in order for his/her brain activity to be recorded and analyzed.  For medical applications, wet sensors are the only electrodes that are precise enough to be relied upon for accurate EEG data.  However, there are drawbacks to these types of sensors that would preclude them from being utilized for extended use, as is required for the BHMK.  Wet sensors require a conductive gel to be applied between the skin and the electrode to reduce skin impedance and make the EEG signals easier to measure. With prolonged use, this setup causes skin irritation and discomfort for the subject.  Additionally, wet electrode measurements often require a light skin abrasion before use to further reduce skin impedance.  Users of the BHMK would most likely not be interested in repeating this action daily.  To combat these issues, researchers are working to develop dry electrodes with the goal of replacing the wet electrode standard, especially for implementations similar to the BHMK.  	Comment by Trombetta, Len: Reference needed.
There are many types of dry electrodes, but the current plan for the BHMK is to implement a sensor using conductive fabric-over-foam components.  The compressibility of the foam will help maintain a consistent interface when pressure is applied in the inwardly radial direction.  The final form factor that is being considered will use a circular adhesive bandage that will be applied to the head, in the location determined to provide the best indicator of PD-on/off.  The pressure will also allow the dry electrode to stay in place, minimizing artifacts from eye-blinking and other movement.  The electrode will connect via shielded wires to a microcontroller, digitizing the raw voltages [image: ]before sending them via Bluetooth to the user’s smartphone.Figure 2: Overview diagram of the BHMK project.  EEG data is collected and sent via Bluetooth to the user’s smartphone. The data is then forwarded to a cloud-based server and database for processing.  The processed data is made available to the user’s doctor for review.  Graphical EEG data and notifications from the doctor are then sent back to the user’s phone.

The raw EEG data is received via Bluetooth and immediately forwarded to the web application server for processing. The smartphone application will have a user interface displaying processed brain activity that has been received from the web application.  The user interface will also allow the user to enter daily activities and medication details (e.g. exercise amounts, sleep times, types of meals, time of medications). The application will also maintain the prescribed medication schedule as identified by the patient's doctor. Notifications on the phone will alert the patient when medication is to be taken. These notifications will be managed within the web server by the doctor, and delivered to the phone. Additional movement data will be collected using location services and accelerometer/pedometer data collected by the phone (in cases where enabled by the user).  	Comment by Trombetta, Len: I wonder how much improvement could be had just from more accurate scheduling – in other words, do patients generally take their medication as prescribed?
The raw data that is sent from the smartphone will be stored in an online database with unique identifiers to a patient's profile.  The data will be processed using an online server application and presented in the form of graphs and tables.  All data will be visible to any doctor assigned to a patient’s profile.  Periodically, generalized graphs will be sent back to the user’s phone, allowing the user access to their daily brain activity information.  The smartphone will also collect the environmental data provided by the user and store it in the database.  This information will also be processed and available to the doctor assigned to the profile. The doctor can view this information and update medication schedules within the interface. These updated schedules are then sent back to the patient’s phone application for notifications.
[bookmark: h.xl139t3l4uvi]Target Objective and Goal Analysis
The goal analysis diagram showing the progress made this semester can be seen in Fig. 3. Items that have been fully completed are denoted with a red slash.  An additional aspect of our project that is not shown is the human test study research that will be conducted.  Figure 3: Goal Analysis diagram of the BHMK showing progress to date.  The three main components of the project are differentiated by color.  The interdependence of these three areas can be clearly seen from this diagram.

[bookmark: h.yl6y8r4bs9kk]Engineering Specifications and Constraints
[bookmark: h.u1ohmef3kdw]EEG Sensor
· Specifications
· Bluetooth v4.2+ radio
· 16+ Hour Battery Life
· Detect 12-30 Hz EEG Signals (β waves are shown in current research to be of the most interest in detecting PD-on/off)
· Sampling rate > 200 Hz
· 3 inputs (EEG, Reference, Ground)
· 750 kB storage (30 minutes of EEG data)
· Constraints
· Clean connection to scalp
· Patient comfort level wearing sensor
· Bluetooth radio range limitations
[bookmark: h.p7x2203tul6f]Phone Application
· Specifications
· Android 2.0 development platform
· Data transfer to server every 1 minute
· Adaptable graphing for phone screen size
· Constraints
· Android graphing capabilities
[bookmark: h.bs6ll8e1ch1]Web Servers
· Specifications	Comment by Trombetta, Len: These don’t seem like specs to me – they are simply statements about how you are going to go about the solution.
· Python Server
· MySQL Database
· HIPAA Compliant Servers
· Elastic Computing Capable
· Fully encrypted communications (AES-256 or greater)
· Constraints
· Cost of hosting services
· Available authentication methods
[bookmark: h.rpuyz2wn0nw]Statement of Accomplishments	Comment by Trombetta, Len: The only other thing I might like to see here is a block diagram of your hardware. It’s simple but that’s not a problem. Maybe a simple drawing with parts identified. 
	The consumer-over-the-shelf (COTS) sensor testing has been completed.  A Muse headset was connected to a laptop via Bluetooth and sample raw data was transmitted in real-time.  This data was able to be parsed and displayed based on the frequency ranges relevant to this project (α-, β-, δ- and θ-waves).
The EEG sensor being developed for this project is currently under construction.  The dry electrode method is being developed and a fabric-over-foam implementation has been chosen.  The material is in-hand and being tested. A TGAL II application-specific integrated circuit (ASIC) chip has been identified as a possible candidate for the collection of raw EEG data. Currently, testing is underway to identify if the ASIC is capable of providing the accuracy and reliability required for the BHMK system. This ASIC is attached to a Bluetooth module allowing for data transmission to the phone.  The TGAL II is also capable of splitting the raw EEG signal into frequencies.  An algorithm has been implemented using an Arduino microprocessor to convert this data into the standard frequency ranges used in measuring brain activity.  Using a steel electrode with grounding clips connected to the ear, sample data has been sent via Bluetooth to a laptop.  An example of the collected data can be seen in Fig. 4.  Two frequency band traces are shown on the graph (high-alpha and high-beta).  The power magnitude is graphed against time.  During this data collection period, five different situations were recorded for 30 seconds each.  The situations included variations of eyes closed, eyes blinking, eyes open, left reference electrode disconnected, and right reference electrode disconnected.  	Comment by Trombetta, Len: There must be a better way to do this – it’s hard to read the axes, and it’s missing a vertical axis label.
The phone application and web servers have not been developed in any detail this semester.  However, login and permission enabling screens have been implemented in the smartphone application (Appendix C).  The web server will be hosted by Amazon Web Services, utilizing their dynamic storage and computing capabilities.  An account has already been created and is ready for development, using Python scripting.
The team has conducted research and developed a human study to assess the ability of EEG sensors to detect PD on/off conditions and L-Dopa ingestion correlation. At this point, the application documents (Appendix B) have been submitted and the research study is pending approval.
Figure 4: TGAM II High Alpha and High Beta wave recordings over time [sec].  Five different cases were recorded for 30 seconds each.  For example, at 140 seconds, the grounded reference pickup was disconnected to test the result in that situation.  The sensor was unable to record voltage differences reliably in this case, resulting in a much lower signal.

[bookmark: h.ar2pfstn5hsk]Engineering & Medical Standards
If sold commercially, the BHMK sensor must meet FDA approvals for a medical device and would be classified under the U.S. Code of Federal Regulations (CFR), Title 21, §882.1240. EEG devices are rated as Class II by CFR regulation and require 501(k) premarket notification to the FDA before they can be offered commercially. 
Also, given the purpose of the BHMK is to regulate patient medication schedules, the phone application and web servers require adherence to IEEE 730-2014 (Software Quality) and HIPPA Regulations for patient medical data protections.
[bookmark: h.63e8dx8whb32]Budget
The BHMK budget is shown in Fig. 5. Currently we are $697.06 under the annual budget, with the second semester of the project yet to be completed. The reason for the budgetary situation is the unaccounted research expenses (labor) of $16, 125. This accounts for 55% of the anticipated budget.Figure 5: BHMK Budget, including labor, expenses and Professional Support costs. To Date expenses are compared to projected expenses.

	Additionally, the labor expenses for the project were self-reported by each team member and tabulated in Fig. 6. Figure 6: Individually identified hours for each section of the BHMK project.

[bookmark: h.v90xb7rp3gpp]Risks
Given much of the project is still incomplete, there are several potential risks to on-time completion.  For the EEG sensor, there are two main risks: the TGAL II ASIC is unable to provide the precision and accuracy required forcing a new implementation plan and the fabric-over-foam pickup under development is unable to register strong enough signals.
	The programming involved in the phone application and the web servers should not cause any risks, other than potentially difficult calculations required in defining algorithms to process the raw data (see Analysis and Predictor Algorithms in Appendix A).  Although transmitting, manipulating and graphing data should not be difficult, these tasks have not been implemented.  Therefore, it is not possible to say with certainty these items will be implemented without risk of set-backs.
	The research study also has two main risks.  The first is a lack of volunteer participation in the study.  Guidance was provided as to the best way to attract participants, but this is not guaranteed.  Furthermore, the entire study is dependent on the CPHS approving the application.  Should additional clarification be required, the study could potentially be postponed up to several weeks.
[bookmark: h.yspcy3k3jflb]Conclusions
This semester, the BHMK team has researched EEG measurement techniques, Parkinson’s disease, treatment methods and EEG sensor types. Using this knowledge, a commercial EEG sensor was procured and tested to further the team's understanding on brain wave functionality. Additionally, a basic electrode and algorithm were used with the ASIC chip and Bluetooth module we plan on implementing in the final version of the sensor for data collection. A data set was collected via Bluetooth, confirming the sensor’s connection capabilities.
	The development of the phone application is still in its infancy, but the logins and permissions have been established.  The cloud servers (web and database) were created within Amazon’s Elastic Cloud services and loaded with Python and MySQL. No development of the servers has begun regarding specifics required by the BHMK system. Amazon was contacted regarding the requirement for HIPAA compliance and agreements required for this level of service have been received by the BHMK team.
	The team has also developed a research protocol for human testing of Parkinson’s patients. This study is intended to temporally correlate EEG data to motor function changes and L-dopa concentrations.  It will also ensure the placement of the EEG sensors in the BHMK can reliably detect PD-on/off. The testing will be carried out with standard medical EEG components (not the sensor being developed for the BHMK). Currently the application is under review with the University of Houston Committee for the Protection of Human Subjects (CPHS).
	The original scope of the project was to complete the entire BHMK this semester except for algorithm refinement. The amount of research that was required to understand the background of the Parkinson’s disease, electrode technology, and experimental methods in relation to PD took much longer than was initially estimated.  This background research also introduced an entirely new aspect to our project, by prompting the team to develop a human subject study for clarification of EEG monitoring capabilities in detecting PD patient symptoms.  Furthermore, the initial goals did not include developing our own dry electrode (a goal that was introduced later in the semester).  Additional research was required for this task, and a solution has been designed and is currently in the build stage.  Despite this, progress is being made and we are confident that the entire project and the research study will be completed by the end of the spring 2016 semester.
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[footnoteRef:1] [1: Manuscript created October 28, 2015. This work was written as a review of prior research in an effort to help define a problem for a year-long project.

The authors are undergraduate students at the University of Houston, Houston, TX 77004 USA. ] 

Summary of Current Research on Telemedicine Approaches to Parkinson’s disease
Bradley Bounds, Benjamin Madison, Jorge Jimenez; University of Houston
Appendix A – Summary of Research

A5

INTRODUCTION
P
ARKINSON’S disease (PD) affects the oscillatory patterns of the brain.  These patterns create local field potentials (LFP) that can be measured using an electroencephalogram (EEG).  The different frequencies at which the LFPs resonate are defined in bands as seen in Table 1.  

[bookmark: _Ref433828278][bookmark: _Ref433828265]Table 1 – Frequency bands for cerebral oscillatory patterns.
	Band
	Frequency Range

	δ
	2 – 4 Hz

	θ
	4 – 8 Hz

	α
	8 – 12 Hz

	β
	12 – 30 Hz


In an effort to provide remote monitoring of many of the symptoms of PD, telemedicine approaches have started to be developed.  These approaches allow patients and/or physicians to access historical and/or real-time data that has been gathered using some defined method.
One technique used to determine severity of PD and the effects of medicine is EEG collection.  Monitoring activity in the frequency bands shown in Table 1 can give insight to what is happening in the brain across a temporal domain.  However, due to the low voltages and currents produced by LFPs across the brain membranes, it can be difficult to filter unwanted noise that may occur due to sweating, movements, muscle activity or electrical interference in the surrounding environment [1].  
According to recent research, Levodopa (L-dopa) is the most commonly prescribed medication for PD.  L-dopa is a dopaminergic replacement therapy (DRT) to help with brain chemistry that may be affected by PD deterioration.  [2] suggests that many symptoms may be caused by neural feedback between skeletal muscles and motor neurons found in bone marrow.  [3] adds that dopaminergic loss can affect many of the synaptic systems of the brain, explaining why DRT is a common treatment.  Experiments have generally shown improvement in PD patients on L-dopa, both in movement-based [4] and EEG-based [3] tests.  Some older research, however, does question the effectiveness of L-dopa, citing results showing that brain activity was unaffected by the drug and suggesting that continued use could further impair brain chemistry [5].  In general, “L-dopa therapy remains a gold standard for the treatment of PD” [6] [7].
There are associated side-effects to continued L-dopa use.  The main two are Levodopa Induced Dyskinesia (LID) and early wear-off (EWO).  LID is characterized by additional motor difficulties and involuntary movements.  EWO shortens the time that a L-dopa load is effective in reducing symptoms of PD.  Since LID occurs at peak concentrations of the drug, it is often countered by reducing individual doses and increasing the frequency of successive doses [7].  Conversely, EWO can be improved by increasing either the number of daily dosages or the quantity of one load [7].  An example of these levels can be seen in Figure 7.  The severity of the LID can be seen to correlate with the concentration of L-dopa in the system.  Similarly, as the concentration drops, the EWO symptoms may begin.  With prolonged treatment, the time scale will compress.  Altering load levels will affect the peak level concentration.  It has been shown that new patients may have a 6-8 hour window of improved behavior while more advanced patients may only have 0.5-2 hour windows before faster and less-predictable wearing off periods [8] [9] [10].  Each patient’s absorption model will be different depending on body chemistries, etc.  Furthermore, an individual patient’s model may change daily due to exercise levels, high protein meals, etc.
When monitoring the EEG behavior of PD patients, it is important to understand the relevancy of each frequency band.  Many PD EEG studies focus on differences at the higher frequency bands (α and β).  α-waves are associated with relaxed
[image: ]
[bookmark: _Ref433871981]Figure 7 – A sample L-dopa absorption model as shown in [7].
state, eyes-closed neural activity.  Increasing the α-wave activity reduced the resting arm tremor commonly associated with PD patients who are off their medication (at least 12 hours since last dose) [3].  Similarly, increasing β-wave activity reduced arm rigidity, another symptom of PD [3].  Motion-based studies have also showed that β-wave activity is tied to motor movement and that PD patients demonstrated a slower increase in β-wave activity during movement [11].  This slowness of movement, bradykinesia, is also a symptom of PD.  Most EEG-based PD studies focus on these higher frequency bands since many of the main symptoms of PD have been demonstrated to be directly related to α- and β-wave activity.
CURRENT TREATMENT MONITORING METHODS
Once a patient has been diagnosed as PD and been prescribed L-dopa, the follow-up treatment consists of limited clinical visits and subjective patient journals.  Brief doctor visits may not be able to provide the physician with a full picture of how the patient is reacting to L-dopa [12].  As shown in Figure 1, the concentration of the drug changes over time from dose to dose, and with that, the symptoms will also change.  In order to avoid over- or under-prescribing the medication or dosage schedule (to avoid LID and EWO), the doctor relies on a snapshot view of the patient and a subjective scoring of the Unified Parkinson’s Disease Rating Scale (UPDRS), a common technique in diagnosing disease severity.  Furthermore, patients in rural areas or who have trouble moving and travelling will have even more difficulty in maintaining a consistent and regular appointment schedule.
Due to the inability of physicians to constantly monitor their patients, patient journals are often implemented.  These consist of the patient tracking their symptoms throughout the day.  This can be extremely inaccurate if patients forget to fill out their journal or do not accurately note the time that symptoms occurred.  Patient recollections of their symptoms and severity are also subjective and not a consistent measure across a physician’s entire clientele [12]. 
PROBLEM
A review of the current methods used to treat and monitor PD shows there are areas that need improvement.  Individual body chemistries, metabolisms, etc. can change the concentration of the L-dopa load that reaches the brain.  Furthermore, even one patient’s absorption model can change daily or even throughout a single day.  This may be due to diet, exercise, environment, etc. that is not consistent at all times of every day.  
Limited clinical visits also limit the physician’s available information to make the appropriate recommendations for treatment.  Seeing multiple patients in a day does not allow a doctor to observe a patient throughout an entire process of absorbing a L-dopa load.  The UPDRS can provide somewhat consistent results, but the score is based on a moment in time and often unreliable patient journals.  When the doctor is unable to constantly observe patients, symptoms severity is based of patient accounts, which can vary widely.  This makes finding the optimal dosage load and schedule to avoid LID or EWO extremely difficult.
CURRENT MONITORING RESEARCH
EEG monitoring in research labs
EEG monitoring is generally conducted using electrode pickups in contact with the scalp. The most accurate information is collected by inserting a pickup into the skull and monitoring brain activity from the source [13], but this is dangerous, difficult, and unfeasible for most research studies.
Most studies are conducted using a full EEG monitoring cap, consisting of at least 18 channels [14] [15] [11] [3] [5] [16].  The frequencies being monitored are from 1-50 Hz, so a band-pass filter is often employed to remove DC and standard AC power interference (0 and 60 Hz respectively) and other higher frequency communication or electromagnetic fields that are experienced in normal environments [16] [14] [15] [11] [3] [1] [5].  Additionally, the data is often sampled between 512 and 1,024 Hz, easily meeting the Nyquist rate restrictions on accurately sampling data [16] [14] [15] [11].
Each study had a specific set of reproducible experiments to collect the raw EEG data.  [3] showed at resting state, eyes-closed conditions, L-dopa loads affected the α and β activity in the central-parietal region of the brain when monitored for 5 minute intervals before and an hour after taking L-dopa.  [15] developed a statistical model using Independent Component Analysis and Welch’s power spectrum to distinguish patients on and off medication.  
Patients reached for a virtual box when prompted by a tone while EEG data was recorded for 1 second before and after the reach in [16] to demonstrate the differences in patients on and off medication. [11] analyzed data of patients moving a joystick to an on-screen target to show β-wave differences in the left hemisphere of the brain between control and PD patients.  Incorporating EEG data and motion control, [14] devised a system to provide a counterforce to subject movement while on and off medication and found no tremors when subjects were on medication and that subjects did not register their tremor when off medication.
Motion monitoring
PD is visible in the effects to motor control, involuntary movements (tremors) and slowness of movement (bradykinesia) when patients are untreated.  Therefore, there have also been numerous studies to monitor the movement of PD patients.  The majority of the studies that have been done in the last five years that monitor movement disorders in relation to PD are focused on movement during pre-defined tasks that occur at set times throughout the day.  [2] and [14] use weights to highlight and counteract tremors, respectively.  The effects of DRT were noticeable in both cases.  Additional EEG data was collected in [14], showing a pronounced difference in brain activity in the left-center of the scalp. 
Visually guided tracking exercises were also employed in [4], where patients tracked a target travelling on a spiral shape on a screen a few feet away.  The error between the target and where the patient pointed was tracked and analyzed using statistical methods (data-mining and K-mean clustering techniques).  The results of the study showed marked improvement from patients 12 hours removed from their last L-dopa load to patients who were on-medication [4].  
Telemedicine approaches were employed in [12] and [8] using smartphone applications at testing equipment.  In both studies, a baseline test was done in the morning before DRT when symptoms are most present.  [12] required the patients to complete the test 4 times daily for week-long test periods, while [8] required a morning baseline and then periodic testing throughout the day when symptoms were more controlled.
Additional studies were conducted by collecting data throughout the day.  As most modern smartphones have a three-dimensional internal, integrated accelerometer, [17] created an application to collect data on arm tremors and walking motions by strapping the phone to the back of the subjects arm and ankle, respectively.  Specific objective movements were given to the subject for completion.  The resulting data accurately predicted PD severity using hand tremors and gait characteristics [17]. This method works for short, periodic intervals, however, in normal use, the phone cannot be strapped to the patient in such a manner.
Cloud-based systems
As access to the internet has become much more universal, focus has also been placed on remote monitoring techniques that do not require in-person, physician observation.  As mentioned above, [17] used a smartphone to gather data.  Once collected, the data was temporarily stored on the device before being forwarded to a cloud-based service for processing.  The data was saved in SQL based databases and was available post-processing for patient viewing and, at the request of the subject, the patient’s physician.  In [12] and [18], one potential framework of a telemedicine system is outlined.  Data was collected using a personal handheld device to conduct a testing battery.  The raw data was forwarded to a server where it was stored in relational databases (SQL).  The raw data was accessed and processed using Java, SQL, etc. and stored again in a database.  The processed data was then made available in a clinical setting where doctors and nurses could navigate a web-based application that displayed patient trends [18]. Further work focused on techniques to minimize the required bandwidth to send the data between the different system modules.  
Many PD patients are older and may not be either as familiar or comfortable using technology to monitor their disease.  Studies were conducted to test the feasibility of a patient-controlled, remotely monitored system.  [8] found that 90% of patients were able to complete the study successfully.  [12] found that 94% of patients were willing and able to complete the study.  These results suggest it is reasonable to expect a high degree of compliance when remotely monitoring PD symptoms using wearables, objective testing and subjective e-Journals when testing is done periodically for short intervals.
Analysis and Predictor Algorithms
Monitoring of PD collects a large amount of raw data, but for physicians to feel comfortable altering the current methods of observation and prescribing, the manner in which the raw data is processed and presented must be shown to be accurate and reliable.  Initial pre-processing often occurs using tools like the EEGLAB toolbox from MATLAB.  This allows for filtering of the raw data, even if a BPF was not initially used in the data collection.  Furthermore, many of these tools allow for easy conversions between time and frequency domains through numerically calculated Fast Fourier Transforms.  The frequency information is important to determine activity is certain frequency bands that is often correlated to symptoms of PD.  Additionally, there are common statistical methods that are employed at the research stage to verify results and draw conclusions.  Examples of statistical and programming methods used in research include Cover’s Theorem [16], Independent Component Analysis [15], Welch’s averaged periodogram [15], and various artifact removal processes from EEGLAB.
In order to verify results further, [7] developed a predictor algorithm that used the raw data collected to predict the best course of treatment to minimized LID and EWO. The results were shown to be very close to the recommendations of physicians on dosage schedules and quantities.  The study also demonstrated that the predicted recommendations could be sent to the physician who could change the patient’s DRT schedule or quantity at a glance [7].
NEED
Studies that provide remote monitoring of PD patients are focused on motion-based data.  This data is important, as PD is outwardly noticeable as a motor control and motion restricting disease. However, PD is a neural disorder and can therefore be monitored using brain activity, as shown above.  While motion-based studies often require specific tasks to be completed, there is a potential to use EEG data collected at all points during the day, no matter what the subject is doing.  This is extremely valuable in encouraging participation.  Additionally, data collected on a constant basis, will allow for better absorption rates and schedules to be determined.  There is a need for a remote EEG monitoring solution for PD.
Current techniques in basing treatment off of limited observation can be changed to provide the physician with objective, potentially constant, accurate information instead of relying on brief clinical visits and subjective, inaccurately time-stamped patient journals.  The better information the physician is given, the more likely that PD, LID and EWO can be optimally treated.  There is a need for a cloud-based monitoring system to provide the physician with this information.
Despite the high compliance rates in cloud-based, remote studies, [12] showed that participation dropped after a number of weeks.  Subjects cited a lack of feedback from both the application and their physician on the subject’s compliance and performance [12].  There is a need for feedback on the application that shows the patient’s performance over time as well as the ability for physicians to be able to leave messages of feedback to their patients using the remote monitoring systems to help motivate continued participation.
Given the widespread usage of smartphones that are connected to the internet, it is also possible for patients to receive notifications from their physician and reminders when it’s time for the next load to be administered.  As mentioned above, notifications and physician feedback are useful motivational tools to encourage continued participation.  Reminders to take medicine at the correct time allow the absorption of a dose to be optimized (see Figure 1).  The optimum time to medicate may change from patient to patient and from day to day, depending on any number of parameters.  Constant monitoring will allow this optimal dosage time to be relayed to the patient to help minimize symptoms of PD and the risk of LID and EWO.  There is a need for a notification and reminder system to be implemented using the patient’s smartphone.
A system meeting the needs outlined above can eventually be expanded to include a daily journal for diet, exercise, symptoms, etc.  This journal can be used by the physician or provide more data to further individualize treatment.  Accelerometers can be used alongside EEG monitoring to provide the best possible representation of a patient’s condition on a real-time basis.  [17] showed that a single accelerometer (possibly in the patient’s phone) can be used to determine severity of symptoms.  A remote monitoring system could potentially also be applied to various other neural disorders.
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[bookmark: h.ssmhmzciokx5][bookmark: h.aq317ko4zzgo][bookmark: h.3emxgim13w8]The CPHS application for the designed human-subject testing is attached.  The file is the extract from the UH RAMP system and includes all documentation submitted to the Committee related to the planned testing.

Appendix B – CPHS Application


B1

[bookmark: h.5nm8k3v9jfqh][image: ]Figure 8 displays the initial screen of the phone application. Details on the application, such as profile creation and calendar syncing are being developed. The only user existing in the application is Administrator with password BHMK. The creation of different users will be also added after the SQL Database is sync with the app.
Figure 8 – Login screen for smartphone application



Figure 9 presents the application requesting permission to turn on the Bluetooth and pair up with a device. This screen will appear once the user logs in to the app.

Figure 9 – Application requests permission to turn on Bluetooth
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Investigator Data for Application ID: 7423 
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Project Review Summary Data for Application ID: 7423 
Question Answer


4) State the specific research hypotheses or 
questions to be addressed in this study


Investigate the relationship between Parkinson's disease subject's medication 
schedule and dosage and their brain activity and motor functions as they 
relate to Parkinson's Disease symptoms and medication side effects.


5) What is the importance/significance of the 
knowledge that may result?


Currently, pharmacological therapy (e.g., Levodopa therapy) can be used to 
treat persons diagnosed with idiopathic Parkinson's disease (PD). 
Prescription of medication is typically based on the person's physician 
observation of the person's motor symptoms observed during the visit during 
clinical examination using parkinson's disease rating scales and other data. 
Dosage is typically adjusted at each visit depending on the subject's feedback 
and clinical testing, side effects and other factors. Thus, it is very difficult to 
optimize the pharmacological therapy to each individual. The ability to 
monitor and use brain wave (EEG) data, to determine the pharmacodynamics 
of levodopa (e.g., relationship between the medication and the motor 
symptoms) in persons with PD condition on a continuous basis will provide 
their doctors a continuous data set, and expand a doctor’s understanding of 
patient conditions beyond the current PD-on, PD-off identifications. 
Additionally, individual drug interactions, body metabolism of the medication, 
and general condition of the patient under their proposed medication 
schedule could be observable with a continuous EEG data set. If we can find 
a correlation between medication schedules, EEG data and motor functions, 
the ability to optimize medication schedules based on EEG data could 
minimize medication side effects, while maximizing medication benefits.


6) Type of Subject Population (check all that are 
appropriate)


Adults,Elderly (65yrs and above)


6.01) Expected maximum number of participants 10







 
 


6.02) Age of proposed subject(s) (check all that 
apply)


Elderly Adults (65yrs and above)


6.03) Inclusion Criteria:


Inclusion criteria include: Participant diagnosed with idiopathic Parkinson’s 
Disease and currently under pharmacological treatment with L-dopa (DRT) 
for symptom control. The participant should be able to provide informed 
consent. 


6.04) Exclusion Criteria:


Exclusion criteria: PD patients diagnosed with dementia, PD patients not 
currently prescribed L-Dopa, PD patients diagnosed with early-onset or 
non-typical forms of the disease. PD patients currently receiving deep brain 
stimulation (DBS) treatment. Participants who cannot provide informed 
consent. 


6.05) Justification:


PD patients that are suffering from dementia, in addition to Parkinson’s 
disease, are excluded from the study due to the additional variables that this 
second disease can introduce when comparing motor functions and EEG 
results. Parkinson’s patients must exhibit PD-on/PD-off condition modulation 
by medication, e.g., they are responsive to pharmacological treatment with L-
dopa.. Patients with non-typical or early-onset diagnosis add variables to the 
collection of data that is not yet understood in the medical community. 
Limiting the study to typical, idiopathic diagnosis provides a well documented 
study group for symptom analysis and EEG data outcomes. Patients with 
dementia or cognitive disorders (as examined with the mini-mental state 
examination score < 26) may not be able to provide informed consent as 
those they will be excluded.


6.06) Determination:


The attached advertisement notes the basic requirements for participation. 
Additional requirements will be covered by the research team when the 
potential participant calls for more study details and information. The 
attached questionnaire will be completed by the participants at the beginning 
of their visit. The answers provided on the questionnaire will be compared to 
the inclusion and exclusion criteria prior to study commencement. To ensure 
the participant can provide informed consent, we will administer the mini-
mental state examination (MMSE score must be >= 26)


7) If this study proposes to include children, this 
inclusion must meet one of the following criterion 
for risk/benefits assessment according to the 
federal regulations (45 CFR 46, subpart D). 
Check the appropriate box:


 


8) If the research involves any of the following, 
check all that are appropriate:


Interview,Survey/Questionnaire,Behavioral Observation


9) Location(s) of Research Activities: UH campus


10) Informed Consent of Subjects: Your study 
protocol must clearly address one of the following 
areas: 


Informed Consent. Signed informed consent is the default. A model consent 
is available on the CPHS website and should be used as a basis for 
developing your informed consent document. If applicable, the proposed 
consent must be included with the application. 
(http://www.research.uh.edu/PCC/CPHS/Informed.html) ATTACH COPY 
OF PROPOSED CONSENT DOCUMENT


Research Protocol Data for Application ID: 7423 
Question Answer







11) Describe the research study design. (Describe 
the research methods to be employed and the 
variables to be studied. Include a description of the 
data collection techniques and/or the statistical 
methods to be employed.)


Patients will be monitored continuously, as detailed below, for an entire cycle 
of their L-dopa medication. Cycle length is dependent on their prescribed 
medication interval (Typically between 2 and 4 hours). Patients will be given 
non-continuous tests at the following time intervals during testing: UPDRS - 
every 10 Minutes Spiral - every 10 Minutes Writing/Micrographia - every 10 
Minutes Patient visits will be recorded for the entire duration of testing to 
ensure movement artifacts are properly accounted for in the EEG data 
collection. Continuous (EEG Monitoring) using an International 10-20 EEG 
sensor cap. The study will focus on up to 64 sensors placed within the 10-20 
cap by collecting ß-waves (12-30Hz). Data will be analyzed to understand 
ß-waves changes during medication concentration fluctuations in the frontal 
and Centro-parietal parts of the brain, and compared to standardized motor 
function degradation (UDPRS, Spiral Test, Micrographia). Data will be run 
through Welch power density, independent component analysis and statistical 
analysis methods to find the average power spectrum within the ß range. 
Accelerometer data will be collected with the patient for two states: arms 
resting on table (2 minutes) and arms extended for <30 seconds. Spectral 
analysis of the movement (frequency and amplitude) will be recorded for of 
the following: X-axis - length of arm Y-axis - lateral arm movement Z axis - 
vertical arm movement Non-Continuous testing (10 minute intervals): 
UPDRS-Part III.20 Testing (see attached protocol and grading documents) 
observed every 10 minutes by an investigator. Spiral Test: The participant 
will be asked to duplicate a polar logarithmic spiral (provided). Time will be 
recorded for the completion of the spiral drawing. Variations in distance 
between lines at 45 degree spacing will be measured. Error will be calculated 
from the standard spiral, and compared to their spirals throughout their 
medication cycle. See attachment for the sample spiral. Task will be 
completed on a pressure sensitive tablet for recording pressure variations, 
jerk in lines. Micrographia (Collection of written samples): Patient will be 
asked to write "Houston, Texas" on pressure sensitive tablet screen. Writing 
will be observed for characteristics of Micrographia, and include jerk. 
Recording time taken for each signature (Task start to finish) will be 
evaluated to provide information on motor function limitations. Recording of 
pen pressures, velocity and variation will be taken. A videocam will be used 
to videorecord the testing to identify movement tremors during testing.


12) Describe each task subjects will be asked to 
perform.


Please see attached sample script of visit. The main experiences are also 
listed below: 1. Introduction 2. Questionnaire 2. Placement of EEG sensors 
(International 10-20 cap) & accelerometers 3. Start of continuous EEG & 
Accelerometer recording 4. Every 10 minutes, the spiral test & written test 
will be collected, as described in 11 5. UPDRS scoring will then be 
completed. Order of incremental testing may be modified for streamlining 
process. 6. Patients take medication at scheduled time (per prescription) 7. 
Testing completes after complete medication cycle is recorded plus an 
additional 15 minutes to ensure full medication cycle is captured. 8. Removal 
of cap & accelerometer 9. Debriefing and follow-up questionnaire (attached)


13) Describe how potential subjects will be 
identified and recruited? (Attach a script or outline 
of all information that will be provided to potential 
subjects. Include a copy of all written solicitation, 
recruitment ad, and/or outline for oral 


An advertisement will be created and posted in selected support groups for 
Parkinson’s disease. Contact information for the research team will be 
provided on the ad for further study details. (Ad attached) Inclusion and 
exclusion criteria will be applied as described in 6.03 and 6.04.







presentation.)


14) Describe the process for obtaining informed 
consent and/or assent. How will investigators 
ensure that each subjects participation will be 
voluntary (i.e., free of direct or implied coercion)?


Contacting the research team will be voluntary. After the potential participant 
contacts the research team, an initial interview is conducted where the 
potential participant can ask questions and understand the study. Their 
decision to join the study is then left to them and no further contact will be 
made by the research team, unless the potential participant acknowledges 
their desire to be included. Once the participant arrives at the research 
location, they will be presented the attached informed consent form and the 
research team will be available for questions prior to the consent form being 
signed. The participant will be allowed to decline participation at any time 
throughout the testing, from arrival until testing completion.


15) Briefly describe each measurement instrument 
to be used in this study (e.g., questionnaires, 
surveys, tests, interview questions, observational 
procedures, or other instruments) AND attach to 
the application a copy of each (appropriately 
labeled and collated). If any are omitted, please 
explain.


Questionnaire/Phone Interview Questions determines if the participant meets 
the inclusion/exclusion requirements. It also provides further details regarding 
possible variations in patient data (meals, medication timing, etc) The EEG 
Data Collection System uses an International 10-20 based cap and up to 64 
sensors. A WACOM Tablet will be used for recording spiral and written 
tests. Records pen pressure, angle, and coordinate location data. Example: 
Microsoft Surface Tablet, WACOM Intuos 4 A videocam will be used for 
off-line analysis and assisting with identification of movement tremors, etc. 
Exit survey will determine if a patient is interested in findings of the study or 
additional study participation.


16) Describe the setting and mode for 
administering any materials listed in question 15 
(e.g., telephone, one-on-one, group). Include the 
duration, intervals of administration, and amount of 
time required for each survey/procedure. Also 
describe how you plan to maintain privacy and 
confidentiality during the administration.


Telephone Interview: Approximately 10 minutes, one-on-one phone 
conversation, single instance unless potential participant requests follow-up 
Privacy and Confidentiality - storing contact info for scheduling reminders, 
etc. Initial Questionnaire: Approximately 10 minutes, participant fills out on 
paper and submits to the research team, research team will be available for 
questions as a group, single instance Privacy and Confidentiality - Would you 
prefer individual testing or in a clinical environment? Consent Form: 
Approximately 15 minutes to review, participant will sign form and research 
team will be available for questions as a group, single instance. Forms will be 
kept seperate from actual collected data, and stored according to University 
policy on the protection of patient data. Data Collection: Duration will be one 
period of medicinal cycle (approximately 2-4 hours), participant will be 
connected to monitoring devices as shown in 15, the tasks will be conducted 
intermittently as described in 12. Privacy and Confidentiality - personal 
patient identifying information will be separated from the collected data, and 
only identified through a Patient ID number that will be tied to diagnosis and 
medication information. Exit Survey: Approximately 10 minutes, participant 
will fill out form and submit to the research team, the research team will be 
available for questions as a group, single instance. Patient survey will not be 
stored with data. Survey data will be stored with consent forms, along with 
all other personally identifying information.


17) Approximately how much time will be required 
of each subject? Provide both a total time 
commitment as well as a time commitment for each 
visit/session.


Each participant will only visit for one session. The required time will be 
dependent on the prescription schedule, but will be approximately one hour 
longer than his/her dosage interval. Typical dosage times for L-Dopa are 
between two and four hours. This provides an estimated range of between 
three and five hours.


18) Will Subjects experience any possible risks 
involved with participation in this project?


 


Yes: :The subject may experience discomfort from wearing the brain 







 
 


 


18.01) Risk of Physical Discomfort or Harm measuring cap for an extended period of time. This is however unlikely given 
the brain caps come in different sizes and they are fit to the subject.


18.02) Risk of Psychological Harm (including 
stress/discomfort)


No:


18.03) Risk of Legal Actions (such as criminal 
prosecution or civil sanctions)


No:


18.04) Risk of Harm to Social Status (such as loss 
of friendship)


No:


18.05) Risk of Harm to Employment Status No:
18.06) Other Risks No:
19) Does the research involve any of these 
possible risks or harms to subjects? Check all that 
apply.


 


20) What benefits, if any, can the subject expect 
from their participation?


There is no direct benefit to participants, however the study may provide 
insight into how the participant’s medication schedule can affect his/her 
symptoms and side-effects relative to the concentration of the drug and the 
time elapsed since the last dose was administered.


21) What inducements or rewards (e.g., financial 
compensation, extra credit, and other incentives), if 
any, will be offered to potential subjects for their 
participation?


No monetary or material incentives will be offered to the participants. Free 
parking on the UH campus, as close as possible to the testing location, will 
be provided for the duration of the testing period only. The duration of the 
study is anticipated to be between three and five hours. 


Research Data for Application ID: 7423 
Question Answer


22) Will you record any direct identifiers, names, 
social security numbers, addresses, telephone 
numbers, patient or student ID numbers, etc.? 


Yes: :Name and contact information (specifically phone number) will be 
collected during the initial telephone interview, on the consent form, and on 
the exit survey.


23) Will you retain a link between study code 
numbers and direct identifiers after the data 
collection is complete?


No:


24) Will anyone outside the research team have 
access to the links or identifiers? 


No:


25) Where, how long, and in what format (such as 
paper, digital or electronic media, video, audio or 
photographic) will data be kept? In addition, 
describe what security provisions will be taken to 
protect these data (password protection, 
encryption, etc.). [Note: University of Houston 
policy on data retention requires that research data 
be maintained for a minimum of 3 years after 
completion of the project. All research data 
collected during this project is subject to the 
University of Houston data retention policy found 
at http://www.research.uh.edu/Home/Division-of-
Research/Research-Services/Research-
Policies/Access-to-and-Retention-of-Research-
Data.aspx ]


Data will be kept for the required 3 year period (UH Policy) in electronic 
form on hard drives. Spiral and writting test data will be stored in WACOM 
output format. Videos will be stored in mp4 or avi format. Dr. Jose 
Contreras-Vidal will maintain these records in accordance with University 
policy at the Lab for Noninvasive Brain-Machine Interface Systems, room 
E413 ng Bldg. 2. All data will be stored on password encrypted media for 
backup purposes (data, WACOM, videos, etc).
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UNIVERSITY OF HOUSTON 
CONSENT TO PARTICIPATE IN RESEARCH 


 
PROJECT TITLE​: ​Monitoring the Effects of Medication in Parkinson’s Disease 
 
 
You are being invited to participate in a research project conducted by Ben Madison, Bradley 
Bounds and Jorge Jiminez from the Cullen College of Engineering at the University of Houston. 
This is an undergraduate study under the supervision of Dr. Jose Contreras­Vidal. 
 
NON­PARTICIPATION STATEMENT 
 
Taking part in the research project is voluntary and you may refuse to take part or withdraw at 
any time without penalty or loss of benefits to which you are otherwise entitled. You may also 
refuse to answer any research­related questions that make you uncomfortable. 
 
PURPOSE OF THE STUDY 
 
The purpose of this study is to gain insight into how the concentration of your medication affects                                 
your symptoms on a continuous basis. Over­ or under­prescribing Parkinson’s Disease                     
medication can lead to negative side effects. This is based on the concentration of the                             
medication that is in your system. 
 
Each individual’s body metabolizes medication differently, affecting the concentration levels in a                       
unique way. Your routine can also affect the concentration of the medication that reaches your                             
brain (i.e. eating a meal with high protein, exercising, drinking a large quantity of water).   
 
This study aims to provide a more continuous view of how your body reacts to your medication.                                 
The results may help doctors better individualize their treatments in the future, in an effort to                               
maximize the benefits of medication while minimizing the negative side­effects (i.e. Levodopa                       
induced dyskinesias, early wear­off).   
 
Your participation in this study is expected to cover one cycle of your medication schedule. (If                               
you take a pill every four hours, testing is expected to last four hours, and participation would                                 
last 5 hours including the consent process, exit survey and any questions you might have). The                               
study is expected to be completed in one visit. 







 


 
 
PROCEDURES 
 
You will be one of approximately 20 subjects participating in this study. 
 
Your participation will include the following. At any point you may ask questions to the research                               
team. 
Upon arrival, you will be asked to review this consent form. Only upon your approval, we will                                 
continue. 


1. You will be asked to complete a questionnaire that will detail some individual specifics                           
(i.e. duration of your disease, your age), your medication schedule and dosage and your                           
recent activity (when you last ate, when your last pill was taken, etc.). 


2. You will be fitted with an EEG sensor cap and an accelerometer. 
3. Every 15­20 minutes, one of the following tests will be conducted. In between tests, you                             


will be free to either read or watch a movie. 
a. Motion capture ­ you will be asked to rest your arms for 2 minutes and then hold                                 


your arms parallel to the floor for less than 30 seconds. 
b. Spiral drawing ­ you will be asked to draw a spiral matching an example on the                               


same sheet of paper 
c. Signature ­ you will be asked to sign your name on an electronic tablet 


4. During the testing cycle, it is expected that you will need to take your medication based                               
on your prescribed regimen. 


5. After one (1) period of your medication schedule has elapsed, the sensor equipment will                           
be removed. 


6. You will be debriefed and asked to complete a written exit survey, after which your visit                               
will be completed. 
 


The total time commitment is dependent on your medication schedule, and should last between                           
3 and 5 hours. 
 
CONFIDENTIALITY 
 
Every effort will be made to maintain the confidentiality of your participation in this project. Each 
subject’s name will be paired with a code number by the principal investigator. This code 
number will appear on all written materials related to the study. The list pairing the subject’s 
name to the assigned code number will be kept separate from all research materials and will be 
available only to the principal investigator. Confidentiality will be maintained within legal limits. 
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RISKS/DISCOMFORTS 
 
Potential inconveniences and discomforts could include the following: 


1. EEG Caps can cause some discomfort when worn for extended periods, however, this is                           
unlikely when the properly sized cap is used. 


 
BENEFITS 
 
While you will not directly benefit from participation, your participation may help the research 
team better understand how to monitor Parkinson’s patient symptoms and medication response. 
 
ALTERNATIVES 
 
Participation in this project is voluntary and the only alternative to this project is 
non­participation. 
 
PUBLICATION STATEMENT 
 
The results of this study may be published in scientific journals, professional publications, or 
educational presentations; however, no individual subject will be identified.   
 
AGREEMENT FOR THE USE OF VIDEOTAPES 
If you consent to take part in this study, please indicate whether you agree to be videotaped 
during the study by checking the appropriate box below. If you agree, please also indicate 
whether the audio/video tapes can be used for publication/presentations. 
 


⬜ I agree​ to be videotaped during the testing. 
⬜ I agree that the videotape(s) can be used in publication/presentations. 
⬜ I do not agree that the videotape(s) can be used in publication/presentations. 


⬜ I do not agree​ to be videotaped during the testing.  
 
Given the reliance on video recording for the correlation of brain activity and the testing carried 
out, opting not to allow video recording could exclude you as a participant in the study. 
 
SUBJECT RIGHTS 
 
1. I understand that informed consent is required of all persons participating in this project. 


 
2. All procedures have been explained to me and all my questions have been answered to my 


satisfaction.  
 


3. I have been told that I may refuse to participate or to stop my participation in this project at 
any time before or during the project. I may also refuse to answer any question. 
 


4. Any risks and/or discomforts have been explained to me, as have any potential benefits.  
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5. I understand the protections in place to safeguard any personally identifiable information 
related to my participation. 


 
6. All information that is obtained in connection with this project and that can be identified with 


me will remain confidential as far as possible within legal limits.  Information gained from this 
study that can be identified with me may be released to no one other than the principal 
investigator. The results may be published in scientific journals, professional publications, or 
educational presentations without identifying me by name. 
 


7. I understand that, if I have any questions, I may contact contact Ben Madison at 
832­257­2459. I may also contact  Dr. Jose Contreras­Vidal​, ​faculty sponsor, at 
713­743­4429. 
 


8. Any questions regarding my rights as a research subject may be addressed to the 
University of Houston Committee for the Protection of Human Subjects 
(713­743­9204)​. All research projects that are carried out by Investigators at the 
University of Houston are governed by requirements of the University and the federal 
government​.  
 


 
SIGNATURES 
 
I have read (or have had read to me) the contents of this consent form and have been 
encouraged to ask questions. I have received answers to my questions to my 
satisfaction. I give my consent to participate in this study, and have been provided with a 
copy of this form for my records and in case I have questions as the research 
progresses.  
 
 
Study Subject (print name):  
 
Signature of Study Subject:  
 
Date:  
 
­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­ 
 
I have read this form to the subject and/or the subject has read this form. An explanation 
of the research was provided and questions from the subject were solicited and 
answered to the subject’s satisfaction. In my judgment, the subject has demonstrated 
comprehension of the information​.  
 
 
Principal Investigator (print name and title):  
 
Signature of Principal Investigator:  
 
Date:  
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Exit Survey 
 


1. Overall, I am very satisfied with the way the BHMK research team performed this study. 


❏  Strongly Disagree 


❏  Somewhat Disagree 


❏  Neither Agree nor Disagree 


❏  Somewhat Agree 


❏  Strongly Agree 


2. Compared to how you felt about the research team before this study, what is the likelihood of 


completing another study with the BHMK Research Team? 


❏  Better 


❏  About the same 


❏  Worse 


3. Considering the overall value of the study you participated in, was it… 


❏  An exceptional value, worth more than you expected 


❏  A good value, worth about what you expected 


❏  A poor value, worth less than you expected 


4. I am willing to be contacted in the future to learn the overall results of the study. 


❏  No 


❏  Yes (Please add your contact information below) 


Only complete your contact information if you wish to be contacted regarding study results. 


Be advised that your contact information below will NOT be tied to your testing data from the study. Testing                                     


data will remain anonymous. 


NAME:  _________________________________________________.   


PHONE NUMBER  _________________________________________. 
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Motor Skills Experiment 
1. Please recreate the spiral in the space below using the provided smart pen. 


 


 
 
 
 


2. Please write “Houston, Texas” in cursive form in the space provided below. 
 


 


   







Measurement Specifics 
This is for explanatory purposes only. This will ​not​ be provided to the participants. 


 
● The sheet above will be shown on tablet which will be capable of recording the participant’s response.  The tablet 


will be capable of translating the sample into (x,y) coordinates.  The test is designed to allow measurement of 
tremor, bradykinesia, and micrographia. 


● The following measurements will be recorded for the spiral test: 
○ The duration of time it takes for the participant to complete their drawing and remove the pen from the 


surface of the tablet. 
○ The smoothness of the line will be evaluated using software from the extrapolated (x,y) coordinates. 
○ The difference in radial distances between adjacent crosses of each 45​o​ axis.  This will consist of 5 radial 


distances at 8 axes (0​o​, 45​o​, 90​o​, etc.) for total 40 measurements. 
● The following measurements will be recorded for the writing sample: 


○ The duration of time it takes for the participant to complete their sample. 
○ The vertical peaks and troughs for each letter. 
○ The horizontal distance of the entire sample. 
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Patient #___________ 


Date:___________ 


Monitoring the Effects of Medication in Parkinson’s Disease 
Medication Benefit / Side­Effect Study Questionnaire 


1. Please complete the following: 


Age: _ __________________ Ethnicity____ ________________ 


Gender: ____ ____________  


2. Have you been diagnosed with Parkinson’s Disease by your doctor? 


⬜ Yes 


⬜ No 


3. When were you diagnosed with Parkinson’s Disease? 


Month: _______________________,  Year: _____________________ 


4. Have you ever been diagnosed with any form of dementia? 


⬜ Yes 


⬜ No 


5. Are you currently prescribed L­Dopa for the treatment of Parkinson’s Disease 


symptoms? 


⬜ Yes 


⬜ No 







 
Patient #___________ 


Date:___________ 


6. Please enter your L­Dopa prescription details: 


Dosage ________________ Time Between Medication _____________________ 


How long have you been prescribed L­dopa? _____________________________ 


How long have you been on your current prescription? _____________________ 


7. Have you been taking your medication according to your prescription as per your doctor's 


orders for at least the last 24 hours? 


⬜ Yes 


⬜ No 


8. When did you last take your prescribed medication? ____________________ AM / PM 


9. When was your last meal?  ________________________________________ AM / PM 


What did you eat or drink? _________________________________________________ 


_______________________________________________________________________ 


10. Do you currently have any other illness? (common cold, flu, allergies, etc.) 


⬜ No 


⬜ Yes, details: ______________________________________________________ 


11. Are you currently suffering from any other conditions? (arthritis, broken bones, etc.) 


⬜ No 


⬜ Yes, details: _______________________________________________________ 
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Recruiting participants for a study 
on PD medication, motor function 
and brain activity.


Volunteers Needed


● Individuals diagnosed with Parkinson’s Disease


● Must be prescribed L-Dopa or other DRT medication


● Single visit for EEG and motor function monitoring 


(maximum 6 hours)


● Parking & snacks will be provided during your visit


University of Houston students have developed a 


research study aimed at better understanding the 


relationship between PD medication levels and brain 


and motor activity. By understanding the effects on 


the brain, better monitoring devices can be 


developed to optimize medication schedules and 


provide your doctor’s with the information they need. 


Parkinson’s Disease Research Study


For more information call or email us at:


832-257-2459    bhbounds@uh.edu
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Phone Interview 
 
The phone interview is designed to be the first contact between the potential participant                           
and the research team.  The following are the goals of the conversation: 
 
For participant: 


● Learn the goals of the study 
● Understand the entire procedure, including tasks to be completed and expected                     


duration, that they will be participating in 
● Any questions about the study can be answered by the research team directly 


 
For research team: 


● Review inclusion and exclusion criteria as discussed in the CPHS application 
● Learn participant availability to schedule potential visit 


 
Sample Phone Interview: 
 
Potential Participant (PP): Hello, my name is Jim. I am calling in reference to an                             
advertisement for a study I saw in my Parkinson’s Disease support group today. 
 
Research Team Member (RT): Yes, Jim. Thank you for your call! My name is                           
[research team member’s name] and I am a part of a research team at the University of                                 
Houston’s Cullen College of Engineering conducting a study on Parkinson’s Disease.                     
Are you interested in hearing more about the goals of our study? 
 
PP:  Yes. 
 
RT:  Great! First of all, please interrupt me at any time with any questions you may                             
have or anything that you wish to have clarified. 


 
We are seeking to evaluate the effects of medication on the symptoms and brain                           


functions of Parkinson’s patients. This could potentially help doctors better understand                     
how medication is interacting with the human body, so they can individualize the                         
treatment process for their patients. Insights such as these can help reduce the                         
negative side­effects of drugs like L­dopa and help maximize the benefits and the                         
duration these benefits are felt. 


 
Would you like to hear more details about what your participation would entail? 







 
PP:  Yes. 
 
RT:  Okay. Your participation would consist of only one visit to the campus of the                           
University of Houston. You would be asked to perform a task every fifteen minutes.                           
The total time that you will be asked to participate will be for the duration of one cycle of                                     
your medication. For example, if you take a pill every four hours, your participation will                             
be for roughly four hours. 


The tasks that you will be asked to complete will include motor tests that are                             
short in duration and last for about 30 seconds. During your visit, you will be fitted with                                 
an EEG monitoring cap to monitor your brain's EEG signals. Additionally, an                       
accelerometer will be attached to your wrist to record arm motion. 


Does this sound acceptable to you, so far? 
 


PP:  Yes. 
 
RT:  Great! There are two preliminary questions that we need to ask before we can                           
look at finding a time that may work for you to come and help us with your participation. 


Are you currently being prescribed Levodopa or another dopaminergic                 
replacement therapy by your doctor? 
 
PP:  I am. 
 
RT: Were you diagnosed with early­onset or non­typical Parkinson’s Disease or have                     
you previously undergone a deep brain stimulation treatment? 
 
PP: No. 
 
RT:  Okay. Have you been diagnosed with any form of dementia, in addition to your                           
Parkinson’s diagnosis?  
 
PP:  No. 
 
RT:  Okay. It sounds like you are suited to participate in our study. What questions                           
do you have for us before we try to find a time for you to come to the University? 
 
PP: [Potential participant asks any follow­up questions or seeks any further                   
clarifications.] 
 







RT: [Research team answers or further explains based on the potential participant’s                     
questions or requests.]  Is there anything else I can help explain? 
 
PP:  Not at this time. 
 
RT: Alright. Let’s see if we can find a time that you are available to come in.                               
[Scheduling and logistics of parking, etc. takes place.] 


Thank you for calling us and participating in our study! We look forward to                           
seeing you on [scheduled time]. In case you have any other questions or concerns, or if                               
you have questions about where to go when you arrive on campus, [research team                           
member provides his name and phone number]. 


Thank you again.  Have a great day. 
 
PP:  Bye. 
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