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Transmitter Board Enclosure Design for EM Tracking System
Michael Augelli, Yue Ma

An electromagnetic surgical navigation system utilizes electromagnetic fields to
locate surgical tools that are used in minimally invasive image-guided surgery.
The electromagnetic tracking system consists of a printed circuit board (PCB)
used as a transmitter and a microsensor used as a receiver. The main
shortcoming of an EM tracking system is that any metallic object in the vicinity
interferes with the system’s accuracy. In the operating room, eliminating the
presence of metals is not possible. To reduce the threat of metallic interference,
the frequency of the current applied to the transmitter must be reduced.
However, this decrease in frequency results in a decrease in signal strength and
tracking range. To compensate for the decreased frequencies, the power
applied to the PCB must be increased to maintain the same tracking range. This
increase in power will result in an increase in temperature on the surface of the
PCB. To limit the temperature of any patient- or surgeon-contact surfaces, a
PCB enclosure is necessary. However, the additional weight of this enclosure
will cause the entire device to deflect, negatively impacting the tracking accuracy.
To prevent the PCB from deflecting as well as regulate the temperature of
patient- and surgeon-contact surfaces, the design of the enclosure has been
optimized using mathematical models that utilize the basic principles of heat
transfer and beam mechanics. The prototype has been constructed out of
polyetherimide (PEI) and has been tested to determine the enclosure’s effects on
accuracy, heat dissipation, and structural performance. Studies have revealed
that the enclosure does not impact tracking accuracy. Thermal and deflection
studies have been conducted to act as a verification of the mathematical model.
In the future, the prototype will be used in clinical studies to evaluate the effects
of metallic interference on the tracking accuracy within a specific range. The
model will be used by GE as a design tool for future product designs that will be
integrated into the surgical navigation system.



Design and Integration of a Temperature Sensor into the BIS Monitoring
System

Lauren Ouellette, Bruce Miller

Perioperative temperature monitoring is necessary because the effects of
hypothermia are costly, both for the patient’s health and for the hospital, but the
monitoring is often avoided due to the invasiveness and inconvenience of current
temperature measurement techniques. With more consistent monitoring, more
patients may be helped not to become hypothermic perioperatively, which will
decrease costly complications in surgery and increase patient satisfaction. This
project incorporated temperature sensing into Aspect Medical System’s widely
used electroencephalogram monitoring system to allow for an accurate, easily
monitored core temperature reading. The temperature sensing was added to the
system by incorporating a thermistor into a modified Quatro sensor; the
thermistor is located over the temple electrode near the temporal artery. This
location was chosen because the temporal artery is fed by the carotid artery
which is fed by the aorta, and thus is a good approximation of core temperature.
To test the sensor prototypes, the forehead temperatures of human subjects
were compared to their oral temperatures, which was considered core
temperature. An algorithm was developed to convert the thermistor resistance
measurements into temperature, using the characteristic curves of the thermistor.
With the algorithm, the prototype measurements were within 1.0°C of the
forehead temperature and within 2.5°C of the oral temperature.



Ambulatory Vestibular Monitoring Device
Guilherme Goretkin, Kevin Lada

Millions of patients experience some form of balance disorder. It is clinically
useful to test the patient’s vestibular system which is closely tied to his sense of
balance. Currently, the standard of testing vestibular function is by using special,
custom-made equipment in a vestibular laboratory to measure eye movements
through the vestibulo-ocular reflex (VOR). However, symptoms may be
intermittent and not present while the patient is in the vestibular laboratory. We
have created a small wearable device that collects and stores biological signals
from the VOR and electrocardiogram (EKG). Four channels of VOR and one
channel of EKG data are collected and converted to 24-bit resolution at 200
samples per second, and will be stored in an internal microSD card. It has been
shown that the VOR recordings in the ambulatory setting have repeatability and
signal clarity comparable to measurements taken with Ilaboratory-based
equipment. Our prototype is designed to accommodate further bio inputs using
accelerometers, rate sensors, and sound input and output. This finalized device
will open a new field of ambulatory vestibular monitoring that will someday
provide clinically and diagnostically useful information about the human vestibuo-
ocular reflexes, as well as how other physiological systems may affect balance.



Design of a Real-Time System for Partitioning Volume versus Flow
Dependence of Respiratory System Resistance in Asthmatics

Nathaniel Steiger, Brian Trautman

Current methods for diagnosing asthma are often tedious for the patient and are
highly dependent on patient cooperation, motivating the need for a method that
can easily assess asthma severity. The forced oscillation technique (FOT) is an
effort independent and noninvasive method that can probe overall mechanical
lung function, including respiratory system resistance (Rys). Variations in R
during breathing reflect the distention of airway caliber. Recent studies confirm
that patients have stiffer airways, and that this stiffness may reflect airway
conditions associated with hyper-responsiveness. \We developed a simple
computational model that works in tandem with a unique data acquisition system
to quantify how Rs varies with lung volumes and flows of breathing. A pilot study
was performed on 10 healthy and 6 asthmatic subjects during various breathing
maneuvers that encompassed a wide range of volumes and flows. The model
parameters were estimated using a linear regression. We first evaluated volume
dependent differences in healthy and asthmatic subjects by fitting a simple model
with distinct parameters to inspiration data only. These results showed that while
there was no statistically significant difference, there was a tendency for the
volume dependent parameters in asthmatics to be less than healthy subjects,
indicating stiffer airways. Next, we compared the fluctuations in resistance
between healthy and asthmatic subjects and used a second order quadratic flow
dependent model to examine the origins of the fluctuations. We found that a
large portion of variability was due to non-physiological flow effects without any
relevance to fluctuations in airway caliber. In conclusion, we designed a versatile
system for producing reliable resistance data in real time in healthy versus
asthmatic subjects and a simple modeling approach for quantifying volume
versus flow effects and variability. In asymptomatic asthmatics there was no
dramatic difference in parameters associated with volume or flow differences,
although there was slight evidence of stiffer airways. It may be that substantial
differences are evident in moderate asthmatics at baseline compared to healthy
subjects. We believe the system may provide an alternative approach to
distinguish asthma severity.



The Effects of Mechanical Forces on the Progression of Emphysema
Gopesh Sharma, Venkat Subramaniam

Emphysema is one type of chronic obstructive pulmonary disease (COPD)
usually associated with cigarette smoking. The mechanism and progressive
nature of emphysema is not well understood which is why there is no cure. One
approach to understanding the progressive nature of emphysema is to study the
properties of the lungs following mechanically induced breakdown of the alveoli
in both emphysematous and normal mice. To test this, normal C57bl/6 mice
were treated with porcine pancreatic elastase (PPE), a compound used to mimic
the effects of emphysema, and used on either day 14 or 21 after treatment.
Normal mice underwent constant volume ventilation (CV, 8 ml/kg) with 2
intermittent deep inspirations (2Dl at 30 cmH,0) every minute. PPE treated mice
were divided into 5 groups: 2 week PPE treated mice receiving 2Dl per minute
(CV2DIE 2WK), 3 week PPE treated mice with 2DI per minute (CV2DIE 3WK), 2
week PPE treated mice with 4Dl per minute (CV4DIE 2WK), CV with no DI
(CVE), and PPE treated mice with no ventilation (No-Vent E). Respiratory
mechanics were monitored and measured continuously. After ventilation, the
lungs were resected — the left lobe of the lung was stretched until failure in order
to determine the failure stress of the lung tissue, and the right lobe was fixed in
formalin for imaging of the parenchymal structure using confocal microscopy.
Ventilation of normal mice showed that the respiratory elastance remained
constant. However, compared to the normal mice group, the CV2DIE 2WK
group’s elastance decreased by 22% (p<0.001), CV2DIE 3WK dropped 32%
(p<0.001), and CV4DIE 2WK decreased 29%, which was different from that
during CV2DIE 2WK (p<0.01). Using confocal microscopy, average airspace
diameters (D) were obtained and showed dependency on both treatment and
ventilation. The average diameter of the airspaces were 35 + 4.3 ym for normal
lungs, 67 + 16.7 um for PPE treated lungs, and 105 + 28.2 ym for lungs that were
both PPE treated and underwent CVDI. The ventilated lungs also showed higher
irregularity in diameter and shape as well as thickened alveolar walls. These
results demonstrate that increasing mechanical forces leads to an accelerated
lung function decline as a result of airspace enlargement following rupture of the
alveolar walls. Moreover, our results may have clinical implications:
inappropriate  mechanical ventilation may lead to worsening of COPD and
accelerate the progression of emphysema.



Understanding Contrast Adaptation in Vision
Wilson Kwan, Wan Seo

Currently, the origin of visual contrast adaptation is not clear and its mechanism
is not well understood. It is our hypothesis that contrast adaptation may be a by-
product of an existing visual adaptive mechanism called luminance adaptation.
Due to the simplicity of its visual system and its similarities with the human optic
nerve fiber, we report a study in which neural responses were obtained from the
latest eye model of Limulus Polyphemus (Horseshoe crab) proposed by
Passaglia et al. and from a single optic nerve fiber of the animal, upon exposure
to a newly designed Pseudo random binary sequence stimulus with varying
contrast. To eliminate luminance adaptation effect, the designed stimulus could
modulate contrast at constant luminance (or mean intensity of stimulus). Spike
analysis was then performed using a LN (“linear-nonlinear’) model that was
implemented into MATLAB to study the temporal processing between the
stimulus and the neural response as well as their instantaneous relationship
which describes contrast gain control of the eye. As a result, the response
predicted by the eye model showed an increase in contrast gain upon exposure
to a contrast decrease: the retinal sensitivity, characterized by the amplitude of
the linear filter, increased from 0.58 to 0.64 when contrast decreased from 100%
to 30%. The physiological data showed a similar result with amplitude of 0.53 in
response to the same 100% contrast stimulus. It was concluded that contrast
gain could be modulated at constant luminance for the current eye model. Since
the model only contains luminance adaptation component, it is strongly
suggested that contrast adaptation is a by-product of luminance adaptation.



Design of Apparatus to Assess the Visual Abilities of Rats
John Greifenberger, Nathan Lavallee

During the later stages of glaucoma, a patient’s field of vision is drastically
restricted; however, the effects of the disease on visual acuity (temporal and
spatial frequency) are not fully understood. To study visual pathologies, animal
models are often used to enable laboratory testing. Rats are a commonly used
subject for this purpose. To effectively perform these studies, it is necessary to
have both a baseline of standard rat vision and an efficient, reliable testing
technique. Previously used techniques have not accounted for the free mobility of
the subject’s head, which impairs the accuracy of temporal acuity results. These
techniques have also relied on significant researcher interaction per trial. For our
project, we designed a testing apparatus and method that uses a behaviorally
motivated task to assess the visual abilities of both healthy and visually impaired
rats. The non-invasive, fully automated design detects the presence of the
subject’s head in a motion-inhibiting cone at a specified distance from a display
monitor. The designed system is able to output a spatial frequency stimulus
ranging from 0.1 to 0.6 cycles per degree or a temporal frequency stimulus of 1,
4,9, 16, 25, or 36 Hertz. If the rat responds correctly to the displayed stimulus,
the system automatically delivers a reward and records the result. In future
experiments, this apparatus will be used to acquire visual acuity data from
healthy and glaucoma-induced rats.
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Nanotechnology in Biomedical Engineering: Nanoelectrical Biosensors
Willie Feng, Kyum Lee

Detection of biological markers is important in pharmacology and medicine.
Nanotechnology has significantly enhanced the sensitivity of detection through
the use of nanoscale structures as sensing platforms. We present a study in
which silicon nanowires were used as a conductance channel between the
source and the drain of a field effect transistor (FET) to detect biomarkers via
conductance change caused by biomolecular binding on the surface of the
nanowires. Arrays of multiple 200nm wide nanowires were fabricated through
complementary metal-oxide-semiconductor (CMOS) compatible top-down
methods including electron beam lithography. In addition, a microfluidic flow cell
was designed and integrated with the device to provide a continuous flow of
solution over the nanowire arrays. The surfaces of the nanowires were
functionalized according to the target biomarker. Our primary biomarker of
interest was CA15.3, which is an antigen associated with breast cancer. Serum
samples with varying concentrations of CA15.3 were passed through the device
via a flow cell while a bias voltage was applied. Conductance differences due to
a change in concentration of CA15.3 were not definitively observed. However,
nanowires functionalized by biotinamidocaproyl-labeled bovine serum confirmed
our device’s ability to detect changes in conductance when tested for antibiotin.
The surface functionalization of the device for CA15.3 antibodies needs to be
improved before it can be a viable real-time, label-free, and highly sensitive FET-
based sensor.



Nanotechnology in Biomedical Engineering: Nanomechanical Biosensors
Nirav Bhavsar, Anand Patel

Early identification of metastatic breast cancer would lead to significant
improvements in the treatment of breast cancer patients. Currently an ELISA
test is used to measure relevant concentrations of the breast cancer tumor
marker CA15.3, a strong indicator for metastatic breast cancer. However, this
test is considered slow and not very accurate. The objective of this project was
to design and develop a nanomechanical cantilever-based biosensor that can
detect the cancer antigen 15.3 (CA 15.3) biomarker. The nanomechanical
approach would be quicker than the standard ELISA technique while showing
similar, or better, levels of sensitivity. The task required three main processes:
fabrication of the devices, functionalization of the devices, and testing analysis.
The nanomechanical cantilevers were fabricated using aluminum nitride (AIN)
wafers which provide piezoelectric properties upon chemical binding events. The
wafers were fabricated using a standard nanofabrication technique in a three-
cycle process to produce a final chip with free-standing cantilevers with a
molybdenum ground electrode and a gold top electrode. The device was then
functionalized using a thiol surface modification technique using CA 15.3
antibodies. The final device was tested using an electric circuit with an LCR
meter and LabView software. The capacitance of the device was measured with
and without the antigen. The average capacitance with no antigens present in
solution was 39.65pF while the average capacitance with 1100 U/mL of CA 15.3
antigen was 30.61pF. The average capacitance with 2200 U/mL of antigen was
29.11pF. This decreasing trend shows the antibody-antigen binding event
caused a significant change in the piezoelectric properties of our cantilevers. A
Student’s t-test results in a p-value of 6.53x10” showing that the values of blank
solution versus antigen solution are statistically significant. The data collected
shows that the nanomechanical cantilever-based biosensor has the potential to
be a viable method for detecting CA 15.3 or possibly other biological particles.
With further design provisions and extensive testing, this method may provide an
alternative to the standard ELISA technique for cancer antigen 15.3 detection by
providing a quicker turnaround and slightly better sensitivity.



Threshold-Based Detection in Escherichia coli: Interfacing Synthetic Gene
Networks

David Shi, loana Lupascu

A genetic counter with a digital output could have many applications in
biotechnology. Developed in E. coli, the counter behaves as a four-state cellular
memory unit and could be used as a controller to study and direct cellular
processes. While the capacity to design and control biology holds considerable
promise for the future, foundational technologies must first be developed so that
engineered biological systems behave as desired. The counter, for instance,
exhibits undesirable output 'leakiness': a weak output signal is generated before
it has counted to its maximum. Here we report a synthetic genetic device
designed to filter the output signal of the genetic counter. Exploiting features of
the genetic toggle—a bistable gene-regulatory network—this filtration system
would pass gene expression signals that exceed a certain threshold
(superthreshold), effectively endowing the counter with digital output behavior
and making it more practical as a cellular controller. The genetic three-counter—
originally designed to express Green Fluorescent Protein—was reconstructed to
output TetR protein, enabling the network to be interfaced with the toggle switch.
The toggle plasmid pTSMa was also modified to depend on Lacl and TetR
protein inputs, resulting in a system with predictable, temperature-independent
behavior. The two completed plasmid constructs were then co-transformed into
E. coli strain JM2.300 to study the integrated network’s response to various
chemical inputs. Experiments showed that the counter’s output was sufficient to
induce switching in the Lacl/TetR toggle. However, superthreshold TetR
expression signals were generated by the counter when induced with either two
or three pulses of arabinose. To elicit filtering behavior from the system, two
input pulses of arabinose must generate a subthreshold output from the counter
while three input pulses must generate a superthreshold output. To achieve this,
we are currently fine-tuning the counter’s protein expression level and the filter’'s
switching threshold.



Acoustically-Driven Microbubbles Mediate Cellular Uptake of Impermeable
Biomolecules

Brittany Simone, Ruby Gill

Acoustic cavitation has been known to create pores on the cell membrane through
which therapeutic drugs or other macromolecules could be delivered to the cell’s
cytoplasm. It has been shown that both types of cavitation (stable and inertial) cause
cell permeabilization; however, there has been no quantification of the material
delivered or identification of appropriate cavitation parameters for different molecule
delivery. Here we intended to determine which type of cavitation yields higher
molecule delivery as well as whether there is a correlation between type of cavitation
activity and size of molecule delivered. It is known that cavitation can be lethal to
cells and therefore we also attempted to identify the appropriate cavitation
parameters such that cell viability remained above 80%. By constructing a novel
exposure system for murine endothelial cells, we were able to conduct cavitation
experiments where the cells were exposed to lipid-shelled microbubbles and 20kDa
(representative of small molecules) dextran-FITC molecules. The amount of
fluorescent molecule delivered and the viability of the cells were both quantified
using flow cytometry coupled with hemacytometry. Our data suggests that
microstreaming due to stably oscillating bubbles is the primary driving force behind
sonoporation, rather than the shearing forces caused by inertially collapsing
bubbles. In general, we found that stable cavitation was also less damaging to the
cells, making it a better option for future therapeutic applications to treat
cardiovascular diseases. These conclusions will be useful in directing further
cavitation studies pertaining to cavitation’s potential for drug delivery.



Triggering Genetic Toggle Switch through Ultrasound-Induced Heating

Jason Maley, Willis Hong

As researchers and clinicians in the field of genetic engineering work to translate
discoveries in gene therapy from the laboratory to the hospital, they face the
tremendous challenges of delivering and activating the desired therapy in a
controlled manner, and safely targeting the areas of interest within the patient
without adverse systemic responses. One novel approach to targeted genetic
therapy may be to control a temperature sensitive genetic toggle switch by
heating the precise area of interest in a patient and locally activating gene
expression. The reported study developed a model to test the feasibility of
controlling a genetic toggle switch, and therefore gene expression, within tissue
using high-intensity focused ultrasound as a means of targeted heating. An
ultrasound phantom was created to hold and maintain cells and respond to
ultrasound targeting by mimicking the heating that tissue would experience under
similar conditions. A genetic toggle switch that could be flipped between two
states to turn green fluorescent protein (GFP) production on or off was then
employed within E.Coli. The “on” state was activated after 7-12 hours of a
chemical incubation, resulting in GFP production as a reporter. Significant
flipping of the toggle switch to “off” state was then achieved after only 35 minutes
of ultrasound-induced heating. This study shows that focused ultrasound-induced
heating is a practical, non-invasive, and targeted means of controlling toggle
switch gene expression within physiologically relevant time and temperature
parameters. The results now serve as a foundation for future work that will further
study ultrasound activation of the toggle switch for the controlled production of
clinically relevant proteins. From cancer to cystic fibrosis, mutated genes and
protein deficiencies account for the presence a multitude of dangerous and
currently incurable diseases. By controlling expression of any desired gene at the
exact site of a patient’s ailment, ultrasound-induced activation of a genetic toggle
switch may offer a safe and effective means of treating these diseases.



Design and Characterization of a Polymer-Based Implant for Treatment of
Age-Related Macular Degeneration

Rahul Ahuja, Balaji Nithianandam

Wet Age-related Macular Degeneration is an ocular disease that stems from the
leakage of newly formed capillaries behind the retina. The leakage damages
Retinal Pigment Epithelial (RPE) cells and consequently photoreceptor cells
leading to loss of central vision. Biodegradable polymers have previously been
shown to be safe vehicles for transplantation of replacement cells and delivery of
drugs into the eye. The goal of this project was to design a Poly (e-Caprolactone)
(PCL) scaffold for the delivery of functional RPE cells and the protein, Pigment
Epithelial Derived Factor (PEDF), to prevent the formation and leakage of new
blood vessels in the sub-retinal space. Different transplant release models were
evaluated with varying concentrations of PEDF to determine the most desirable
release model for the final transplant. High molecular weight PCL crosslinked
with a peptide hydrogel infused with PEDF provided the desired release and was
chosen. In addition, type IV collagen was successfully crosslinked with PCL to
improve the biocompatibility of the transplant. In vitro testing was performed with
mouse RPE cells which were successfully adhered onto the transplant. The
transplant was then tested in photoreceptor and endothelial cell cultures in
separate experiments to test the neuroprotective characteristics of RPE cells and
antiangiogenic properties of the released PEDF. Due to the presence of PEDF,
endothelial cell proliferation was reduced by over 47%. This confirmed the
protein’s ability to maintain function after being incorporated into a polymer.
Moreover it was established that survival rate of photoreceptors increased by
more than 30% in the presence of the transplant in vitro, compared to samples of
plain PCL in photoreceptor tissue culture. Therefore, it was concluded that PCL
may be an effective biopolymer for the delivery of PEDF and RPE cells and can
be used for the treatment of wet Age-related Macular Degeneration.



Optimizing Drug Delivery Systems Using Single Molecule Imaging in Live
Cells

Aaron Colby, Ankita Shah

Polymers and polymeric derivatives have proven to be highly effective in
providing localized and controlled drug delivery to tumor cells. Nanoparticles,
which are expansive hydrogel encapsulants, increase drug efficacy by delivering
directly to the resection site and thereby reducing the side effects of systemic
chemotherapy. A critical component of this delivery system is determining the
release profile to ensure constant, steady delivery of the drug. Current
techniques of determining the release kinetics utilize in vitro methods such as
High Performance Liquid Chromatography (HPLC) or fluorescence microscopy.
However, these methods fail to predict the impact of biological interactions on the
release profile. We detail a novel assay that can be used to advance
researchers’ understanding of the release kinetics of localized drug delivery
systems by activating fluorescent pathways within live cells. A small molecule,
anhydrotetracycline (aTc) is loaded into the particles. When taken up by the cell,
it activates an mRNA transcriptional response indicated by the onset of a
fluorescent signal. Quantification of the fluorescence allows determination of the
amount of aTc metabolized by the cell and thus an accurate assessment of the
effective release kinetics of the nanoparticles. Results showed that insufficient
quantities of aTc were loaded into the system to trigger cell mechanisms.
However, further tests were conducted to ensure the proper function of the
nanoparticles themselves; and results showed proper functioning.
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