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ElutoCAT Drug-Eluting Thoracic Catheter
Emily Blick, Christopher Hiner, Katherine Jones, Drishti Maniar, & Thea Ornstein

Thoracic surgery is an operative process that focuses on chest organs such as the heart, lungs, esophagus and
the trachea. The surgery results in significant postoperative and chronic pain which is mainly caused by the
insertion and continuous placement of a thoracic catheter in the patient’s pleural space for up to 2 weeks. The
insertion of the thoracic catheter, or better known as the chest tube, is imperative to drain air, fluid and blood
post-operation. Current pain management strategies such as local analgesic injections, thoracic epidural or
intravenous painkillers, fail to deliver localized, sustained pain relief to patients for the entirety of the time period
in which they have a chest tube placement. Thus, we aimed to provide long-term patient pain relief by designing a
silicon, drug-eluting thoracic catheter which would slowly elute lidocaine at the site of chest tube insertion,
over a one week period. To demonstrate proof of concept, small slabs of silicon catheter were
experimented on. The optimal dissolvable polymer, solvent and polymer to lidocaine ratios were determined
via the dip-coating method. By performing UV spectroscopy and scanning electron microscopy, we
demonstrated that we effectively coated a portion of a silicon chest tube in a polymer-lidocaine mixture and
successfully eluted lidocaine from the coated tube into phosphate buffer saline over an hour. Future work will
focus on increasing the amount of lidocaine loaded in order to reach physiologically relevant levels as well as
key manufacturing processes that will enable product scale-up.
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Knee Extension Monitoring Device for Children with Cerebral Palsy
Viswanath Gorti, Zain Kazi, Nikita Kedia, Mateo Reveiz, Janette Yacynych

Cerebral palsy (CP) is a neurological disorder which impairs movement, muscle tone, and posture.
Clinical studies have found differences associated with knee angles in children with CP relative to healthy
children that result in difficulty walking. Unlike healthy children, children with CP are unable to extend
their knees to a full 180° when walking, resulting in a crouched gait pattern. These patients must be
monitored by clinicians, including physical therapists, to ensure proper knee extension. This treatment can
be time consuming and expensive. According to the Center for Disease Control and Prevention, the
lifetime cost for a person with CP is 1.175 billion dollars, including physician visits, assistive devices,
therapies, rehabilitation, and other long term-care options. The average copay for a weekly physical
therapist appointment is $30 and patients with CP would need constant monitoring of this movement,
which would accrue additional costs. Existing knee angle monitoring devices on the market are expensive
and not tailored for pediatric patients. Here we present a low-cost device that will allow patients to
receive at-home, direct feedback based on the knee angle measurements. The patient will be notified with
the percentage of steps he or she took correctly and the gait cycles will be automatically detected and
classified via a software application. This recorded data can also be stored and sent to the physician for
daily tracking of the patient’s progress. Two approaches were compared for measuring knee angles: a
stretchable strain sensor that modeled a parallel plate capacitor and resulted in a voltage drop with stretch,
and a linear taper potentiometer in which the analog signal was converted to the corresponding angle.
After testing both sensors, it was determined that the potentiometer system provided more precise and
reliable angle measurements. Knee angle measurements for healthy gait and crouched gait were recorded
and compared. In the future, we will pair our device with a step sensor to allow for a more detailed
analysis of the patient’s gait. We plan on testing our device clinically and this testing will be validated
against the current physical therapy treatment.
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Minimally Invasive Glucose Sensing Device
Medina Alogba, Kyran Gibson, Mike Mistretta, Alex Paskal, Cynthia Uzoukwa

According to the World Health Organization, an estimated 15 billion infants are born preterm every year.
Preterm birth complications are the leading cause of death of children under the age of 5. Infants are
considered preterm when born earlier than thirty-seven weeks. These infants are at a high risk of severe
health complications requiring them to be constantly monitored. Premature infants are kept in isolettes
that control their environment where they are connected to a multitude of machines that monitor their
vitals constantly. Continuous health monitoring allows nurses and doctors to determine the best treatment
each infant needs to facilitate growth. One of the most common blood tests is the blood glucose test.
Blood for this test is collected via a heel prick, an arterial line, or venepuncture. Glucose testing needs to
be performed multiple times throughout the day leading to a large cumulative sample of blood taken from
the neonates. We have developed a two-component medical device that can measure interstitial fluid
glucose levels that are able to be related to blood glucose levels. The first component is a sampling
device that uses microneedles to collect the neonate’s interstitial fluid. The second component is an
analytical component that will analyze the interstitial fluid for glucose measurements. Our instrument
would provide doctors with a reliable, minimally-invasive method for measuring interstitial glucose
concentration, thus mitigating the need to repeatedly draw blood from the infants and reducing the
amount of risk at which they are exposed.
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A Pediatric Laparoscopic Tool for Epicardial Lead Removal
Alex Wahl, Manav Parikh, Amelia Hurley-Novanty, Lauren Fowlkes, Shaanit Sen

Infants with severe cardiac problems may require implantation of a pacemaker into the abdomen with a
lead which is attached to the epicardial surface. These pacemakers only last up to 10 years, and eventually
must be replaced with a transvenous lead. During this procedure, the epicardial lead, which lies in the
abdominal and thoracic cavities, is abandoned except in emergency situations. Given that these leads have
adhesions to vital organs and directly to the heart, removal requires open heart surgery. Leaving this lead
results in decreased quality of life for these patients since they can no longer undergo magnetic resonance
imaging procedures or go through metal detectors without issue. Current laparoscopic devices, which
would make the procedure less invasive, are not appropriately sized for a pediatric population.
Additionally, many tools are difficult to use and require many manual inputs to achieve relatively little
mobility. We have designed and prototyped a laparoscopic device with five degrees of freedom and
higher precision than current models, in order to remove adhesions in the size scale found in pediatric
patients. This device couples existing electrocautery components with a novel articulation mechanism,
which includes an articulating tip directed by mechanical surgeon inputs. The articulation mechanism
within the body has a small, <1 cm bending radius to maneuver around small adhesions and organs for
patient safety and efficacy during surgery. The direction of the electrocautery wire will be controlled by
this articulation mechanism. This modality will allow adhesions to be easily cut, is widely used in the
operating room, and reduces the risk of patient bleeding. It is also physician-controlled to prevent damage
to any surrounding tissue. This tool will be utilized with a laparoscopic camera, insufflation, and a
pediatric port designed at Children’s National Hospital. The system of these tools is expected to allow
removal of adhesive epicardial leads in pediatric patients, increase the safety of the removal procedure,
and improve the overall quality of life for these patients. Beyond this immediate intended use, this tool
may also be used in other pediatric surgeries, which could lead to better surgical outcomes from less
invasive procedures.
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High-Flux Hemofiltration System for Rapid Toxin Removal
Morgan Hoffman, Daniel Hopkins, Morgan Janes, Milan Patel, and Manaahil Rao

Acute poisoning is a clinical problem that affects 2.16 million people each year. Hemofilters, which are
designed to remove fluid from the blood during cardiac bypass, can also be used to filter toxins from the
bloodstream in certain toxic ingestions. Unfortunately, current hemofilters lack the filtering capacity for
many traditionally non-dialyzable toxins, resulting in limited clinical applicability for critical ingestion
patients. Commercially available hemofilters lack adequate surface area and are unable to filter blood at
high enough rates to remove toxins with a large volume of distribution or high protein binding fraction.
Extracorporeal membrane oxygenation (ECMO) is an adjacent technology designed to treat heart and
lung failure that circulates blood at high flow rates (4-5 L/min). While ECMO is unable to provide toxin
removal, in recent years it has been increasingly used to offer hemodynamic support for critically ill
patients suffering from toxic overdose. The goal of this project was to develop an ECMO-compatible
hemofiltration system to facilitate rapid and efficient acute toxin removal at high flow rates. By
increasing the overall surface area and incorporating the system directly into an ECMO circuit, we sought
to overcome traditional challenges with hemofilters to enable rapid filtration of traditionally non-
dialyzable toxins. Our team developed a prototype toxin filtration system by creating a parallel “circuit”
of eight connected hemofilters. This system can support an input flow rate of 4 L/min, and it was able to
remove the non-dialyzable toxin flecainide from saline at an improved and clinically relevant rate. Our
final results show a 16-fold increase in the removal rate, with potential for a 21-fold increase, in
comparison to traditional hemofiltration. The clinical contribution of this project is a robust, time-saving
toxin removal modality for patients who have overdosed on traditionally non-dialyzable drugs.
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MR Surgery: Mixed reality prostate surgery from patient derived MRI scans
Christian Haryanto, Anjana Hevaganinge, Hannah Horng, Madeleine Noonan-Shueh

Prostate cancer affects millions of Americans, and often requires a radical prostatectomy to remove both
the prostate and the tumor to treat the cancer. Following the surgery, an anastomosis must be performed
to replace the bladder and the urethra. Surgeons often have difficulty identifying where the prostate and
surrounding anatomy are, and must take extreme caution not to damage other organs, including the
neurovascular bundle. Our goal is to leverage recent developments in mixed reality to create surgical
guidance and training data for surgeons to more effectively complete surgery. Our models use virtual
reality to simulate the mechanical stresses that cause deformation of the prostate and other organs during
surgery. This data can be used to generate data for augmented reality simulations that allow automated
tracking and labeling of the prostate, as well as an interactive display of a patient-derived 3D model of the
prostate. Our simulations can reduce the cost of this vital surgery and increase the quality of patient care
by providing surgical guidance during prostatectomy.



@42&51”
N

30

A. JAMES CLARK THE FISCHELL DEPARTMENT of gy UNIVERSITY OF
AT BIOENGINEERING @ MARYLAND

18 56

AR ) A
'Y!:ILE\e

Portable Cardiac Stimulator For Electrophysiological Studies

Andrew Amick, Larry Feldman, Shireen Khayat, Paula Kleyman, Amanda Marques
Advisors: Rafael Jaimes PhD, Children’s National Hospital and Professor Shawn He, PhD, Department of Bioengineering, University of Maryland

Abstract

Electrophysiological Studies (EPS) are used to characterize the function of a heart. Currently, researchers use dated cardiac stimulators for EPS,
that are inaccessible, bulky, and difficult to use. We aim to replicate and improve the functionality of the cardiac stimulator currently used at
Children’s National Hospital with a microcontroller as a more cost effective and intuitive alternative in order to replace the antiquated system.

Methods

User interface developed with
I s EXEMNA e Python in communication with

Background

- Avariety of cardiac stimulators are used to conduct EPS. ( ‘
- Bloom DTU-215B : Model currently used by Children’s a5

User
Interface

National (Fig. 1) User lI Real Time Data ~ System Arduino Mega, programmed
- Micropace ORLab™: Current State-of-the-Art (Fig. 2) Inputs ECG and Stim with Arduino system.
o ) | . Interfaces with stimulus
Existing models are expensive, ( \ isolator to send pulses
large, and complicated, so we a | to the heart. ECG data
aim to replace them utilizing MicrocorTron Exte returns to the interface
accessible and ubiquitous ; crocontrofier System both through Arduino

and from external

Figure 3: Schematic describing the system and flow of system for verification

e materials - '
" N Fig 2: M
Figure 1: Bloom '9 \CTOPACE N information, including as ECG and Stimulus data

DTU-215B Model ORLab ™

We aim to use a microcontroller to create a inexpensive, portable, and intuitive device that can be used to conduct
electrophysiological studies. It must be compatible with software and hardware used at Children’s National Hospital and perform all
necessary functions to conduct animal studies more efficiently and accurately than the current Bloom Cardiac Stimulator.

Result Plots

These images were obtained during an animal

study conducted at Children’s National Hospital. . F
SiSrinenaléo g User defined parameters were set in the GUI to emit = | | y
52-53 Interval | 1000us long stimuli at an interval of 120ms, then an ~ £° ‘
[10] 53-54 Interval | o : o y ‘ ‘ ‘ u - .
[ pause | additional stimulus at 60ms as shown in Figure 4a. 4
P s ) Based on the set parameters, it is expected that N e I T e Y L_
graphically the stimulus would look as depicted in TN | T |

Figure 4a: GUI with example user defined  Figure 4b. A screenshot of the live plot on the user =
settings entered. o, interface, shown in Figure 5, was obtained and ¥
i “em™  compared to the ECG results produced using the - )\//\UJ\/A{\/’AJUV‘\/*"
current I0X2 software from emka TECHNOLOGIES TR o = s e
| to assess accuracy, shown in Figure 6. Throughout
experimentation it was found that our device had a
minimum interval of capture at 30ms.

L)
o]

T Gt
Figure 5: Screenshot of live plotting of  Figure 6: Based on the ECG results, we

stimuli and ECG on user interface. can verify that the stimuli was successful
in pacing the heart.

S1 Train

Figure 4b: Expected corresponding stimuli

Conclusions Ethical Implications

- Through an analysis chart (Tab. 1), it was determined that our Intellectual Property )

device was successful in improving upon existing technology in - Open-source and Accessible Materials

the three critical fields addressed. _ - Guide to developing this device will be
- Additionally, our cardiac stimulator experimentally showed a made publicly availa_ble . ARDUINO eren source

|mmmm minimum interval oftcapturctahat 30 - :i’é%mcigz:d?:g;latt;orfht;vedzﬁg;ﬂ el::ttr::ef Inftiative
. o ms, an improvement upon the )
st ovte ones Boomssoms new technolages ¢ python
- Device is not only comparable to Ethical Implications

Qurs <950 0.087kg Easy  the Bloom, but in some ways it is - Device is not inherently dangerous, but is a prototype and not
Table 1: Comparison between devices an improvement approved fo_r cliqical uses .
in three fields used, “limited experimental tsting - Thorough disclaimers are needed to prevent misuse

Future Work

Improvements upon the developed cardiac stimulator include increasing the display rate of the live plot, including multiple channels, and
developing wireless Bluetooth capabilities. The ultimate goal for this device is use in clinical settings, and the research described above has
paved the way for such a device to exist.

Special Thanks to Dr. Lan Ma, Dr. Yang Tao, and Damon McCollough




Portable Cardiac Stimulator for Electrophysiological Studies
Andrew Amick, Larry Feldman, Paula Kleyman, Amanda Marques, and Shireen Khayat

Heart function can be characterized and analyzed using electrophysiology (EP), a branch of biology that
pertains to the propagation of ion current in the heart. EP studies utilize cardiac stimulators, a device that
outputs programmed electrical pulses, to initialize and study impulse propagation through different areas
of the heart by inducing arrhythmias. When combined with quantification or visualization of the changing
electric potential in the heart, EP studies provide insight on disease pathologies. EP studies can also be
used to assess the effects of different substances on heart function, including environmental toxins and
newly developed pharmaceuticals. Current cardiac stimulators are very large, bulky devices that are
difficult to move between rooms and high cost, making it undesirable, but necessary to have to purchase a
separate device for each room. Due to the significant impact these studies have, there is a need to increase
the usability and portability of the cardiac stimulator while making them affordable and efficient. To do
so, we have created a prototype of a portable external cardiac stimulator that mirrors and improves the
functionality of the cardiac stimulator currently used at Children’s National Hospital by utilizing a
microcontroller as a more cost effective and intuitive alternative. Our device is compacted to allow for
quick transport, thereby eliminating the need and costs associated with having multiple devices. It
maintains the basic, most used functions of current cardiac stimulators, allowing user regulation of
different pulse parameters and offering an option for synchronized pulsing that utilizes real-time ECG
data to determine ideal pulse intervals. The device includes user interface software usable on any personal
computer that regulates a microprocessor controlled electrical output. The output is designed to interface
with a stimulus isolator that isolates, modifies, and delivers the precise signal through leads that attach to
the heart. The microprocessor is also able to read in the pulses it outputs, as well as the surface
electrocardiogram signals provided by an amplifier. It then can send the values to the interface for real-
time plotting. Our portable cardiac stimulator will make EP studies more accessible and less laborious for
researchers and clinicians.
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Noise-Reducing Electromagnetic Latch System for NICU Isolettes
Jillian Carter, Austin Goncez, Sara Merlock, Samuel Mircoff, Blair Smith

Recent research has indicated that decibel levels above 45 dB can impact normal neurological
development in premature neonates. It was discovered that this level of noise, and more, is created in the
Neonatal Intensive Care Unit (NICU) by the monitoring instrumentation, human activity, and the opening
and closing of portholes on isolettes. To mitigate the potential effects of ambient noise, NICU staff now
separate infants into individual, quieter rooms. However, the excessive level of noise created by the
opening and closing of the current porthole latch mechanism still remains a problem. Our group has
designed a new electromagnetic latch system that will allow the NICU staff to gain immediate access to
the child in case of an emergency, while generating less noise than current latch mechanisms. The new
mechanism is controlled via a foot pedal, proximity sensor, and Arduino Uno microcontroller. The
proximity sensor detects when the porthole door is nearly closed and activates the electromagnet, locking
the door shut while still allowing manual access in case of emergency. The foot pedal then provides a
direct, hands-free mechanism to turn off the electromagnetic, and open the isolette door quickly. The
electromagnet and proximity sensor are retrofitted onto the current isolette design via a custom 3D printed
housing unit that attaches in place of the original latch. This new mechanism decreased max noise output
while opening and closing the doors by over 20 dB, but did not lower it to the goal of below 45 dB. This
could be due to ambient noise in the NICU, which ranges from 50-55 dB at baseline. Further work for this
design includes making the circuit more robust and providing a finish that would be more suitable for
sterilization



6-G162 -71L0-L1¥00S/L001°0L 1op "ge/-g€/ "dd (G)ese
‘ABojowleyydQ |eluswiiadx3 pue [edlul 10} SAIYDIY S,8)9EI19 "YiBud| uess
AydeiBowo} aousiayod [eando urewop [esjoads sieljoadg uo uoiesyiubew
1e|n20 4o sj0aye 8y (5L02) "g ‘sushuny B S ‘epeddnio | ‘WOID g
*9}Isqam uolepuno- snoo4ybug woly pansLlay ‘ssaupullg
[eBe asned ued jey) sesessiq 943 (¥z J0qolQ ‘gLOZ) T ‘Jeleung g
*9)ISGOM UONJUSASIH PUE [0JjU0D aseasiq
104 SIB)USD WOy paAdL}RY ‘(6 Jequiaydas ‘GL0g) "sleplosiq A3 uowwo) |
1S90UdIBJY
lemesBy jueuy uQg ‘oAe\ uAxeT ‘ipases yewesQ -Ig ‘1]|92Je9S ouelnio g
:0] s)juey] |eroads

-

Moy} poolq pairedwi
uo paseq Abojoyjed Je|noo
asouBelp 0} ainpaosoid aulay

agny Aejided ayy
ybnouyy moj4 ajesind jo Aiddy ‘¢

(leusjew
pue ‘uoiN|oAUOD ‘Jajewelp
Jauul) agn} Ale|ideo ajeinooe
Aj[eaibojoisAyd aiow dojgnaq °|

S8SUs| palamod Jamo| ppY ‘Z

JOA\ 24NN 4

‘syoalgns
uewny Yjm JOBIUOD Ul 8 JOU ||IM 82IA8p JNO SE sjualjed 0} 3l B JON <«
‘uonielsausba( Jejnoe|y pajeey
-aby Jo ‘Ayjedouljay onagelq ‘ewoone|s) aAey oym sjuaijed jo Buuojuow
pue sisoubelp Alea ayj uo 1oedw aaisod e bupjew Ajjeoyoads <
apIMplIOM
ssaupul|q jo sasneo Jofew Buisoubelp jo Aoeinooe ay) Joedwi Aj@AIsod <
‘moy} poolq patiedwi ybnouyy saibojoyied
Je[noo Jo sisoubelp pazijeuosiad pue aAleyuenb alow Joj Aem sy} aned <«
:suoneoidwy [ed1yy3

‘Ajjenb abew ] {yH uo Jamod sus| pue aduelsip |elxe

10 108Y0 By} azsjoeIeyd Aj9AIsuayaidwod 0} papasu s Bunse) Jaypng <«
‘wiwIgg Jo 9oUe)sIp |eixe ue je Ajuo ‘(s/wrlge 01901 ) paads pajoadxa ayy

JO UOI}BIASP PJBPUE)S BUO UIYIM Sem A}I00jaA painseaw ay) ‘AjBuisuding <
pajoadxa sem pasealosp yjbus)

|e00} PUB PASEAIOU| SOUEBJSIP [BIXE SE JOJOB) UOISISAUOD Ul 9SBaIOUl 8] <«
‘[ewiuIW 819M SPIYS A-X pue eiswed | HH ayl

Bunsnlpe Ag ajeuiwiid aq pjnood susa| ay} Buiasal wouy sabueyd uopnjosay <«

:suoisnjouo)n

"Jamod susj pue souejsip [eixe
Yoea je paads ||90 poo|q painsea| "0} aanB14

“Jamod sua| pue souesip
[eIXe YOEa Je I0}OB) UOISIOAUOD Painsesy "6 34nbi4
(ww) 2due3siq jexy
a 143 o0z L3

(ww) 2duelsiq ey

A20jaA umoUN+mmm 0005

S
i1

g
(
(xid/wrl) 10304 UOISIAAUOD

8

paads painsea|y 81aqjapIaH J1019B4 UOISIBAUOD Ul 3FueY)

“1ap|oy sus| Bupjesal Jaje JusWale |qeA|0Sal
Js|jews Jo azis uj dbueyo Jo weiboisiH °L ainBig
(wn) uonniosey Ul BBUBLD
oz o

“Jop|oy sus| Bumesal saye
uonsod A-x ur abueyo jo weibojsiH ‘g ainbiy

1 A-x uy aBueyD
o

u
» " o [ | IHI IJ

JusWeAcy 1eyE BouEISIq A-X Ut 8BuBYD

Souenbasy
fovanbary

JUSWISAO JS)E UONIOSY Ul SBUBLD

1¥H uo dn jas uopoa||00 weiboibuy ‘g ainbi4 AO -6 m_n_v U@@Qw ajewlss

0} rabeuw| ui s||92 poo|q yoed} Ajlenuepy <
sug|

yoea pue uolisod 3oel }xau 1oy jeaday <
welboibue

09S ()] 109|002 puE BIBWED | HH UBIY <
ajel Moj} ulw/Jw

G00'0 0} }8s pue uo pauin} dwnd abulAg <«
0.l ojul paoe|d

pue Japjoy Asejjides ojuo paxy Buign] <«
sJ|99 poolq

pajege| JuadsaloN|y YIm papeo| abulAg <«

1S8JUIYd | HH ojuo padwe|o aks wojueyd <«

:(9 "B14) uonosjj0n weibolbuy
(8-£ '614) Hiys A-x pue juswaje

a|qeAjosal }sajjews ul abueyo ainsesy <
Japjoy sua| Jejnbuels ayy Buipesal

Ja)e pue aiojaq abew ainyde) «
MOIA

O p|aly ul pasajuad g dnoub peys Jysn <«
pJeogpealq Jase|

paje.qi|es e ojul padwe|d Japjoy sus <

(g "B14) yuswiubiyy suaq
uolja9j|0) ejeq

111901808 OuBlNIS ua Aq papircid

(paniwo sasuaT) ‘mopuim Buimain ‘wwgzz je Japjoy Asejiden
yim paubije pue paiajuad sus| wopog “y ainbi4 “MOIA OLJBWIP Wolueyd "¢ 3inbBi4

.8 4

‘[9SSaA POO|q JEBIND0 Ue [9poL O} pasn sem wiriQQ | JO Jajewelp Jsuul yym Buigny uooiis
*SJUSWAIOUI WWZ B WWZE O} Wwg| wolj

SJuSpUI LJOOIMES YJIM OBl B OjuI sapljs Japjoy Ase|ided pajuud gg - aauelsip [eIxy g
‘uonisod z pue ‘A ‘x paxiy

© Je Sud| 8y} SI9)uL9 Jey) JoIs B Ojul Sapl|s Japjoy sus| sejnbuel) - uonisod sua ‘L

:sio)owe.ed asay) Jo [04)uod as1oaid apiroid wojueyd psjuld gg ano

UO SjuUsUOdWOD UleWw OM] "SSOUEJSIP [eIXe pue siamod sus| JusIayp Joj paads |90 poolq

1e[noo ainseaw o} Ayjige s, | yH 9y} ssasse 0} wiogeld Bunss) e si 8k wojueyd InQ

:yoseouddy unQ

1daosuo) aA3 wojueyd

‘paads |90

poo|q paiJ juapioul Buedwoo Aq seoue)sip [eixe pue syibuais sus| ajdinw
10} Sjuswainseaw | yH ajebsanul 0} 821Aap e d)eald 0} swie Joafoid siy
:9A99[q0

“ureyo Buibewr y3 'z ainbi4

glw
1 W5
-0

“ABojoyjed Jejnoo jo sousjerald °| ainbi4
TR % N
% :o_ wb @

e¢ er
f%@ T ﬁ,

‘paziiejoeleyd [[om
jou s| sjuswalinseaw Aydeiboibue
JO9YJE JOU S80P SuoIsUSWIP S} Jey}

uondwnsse ay} Ing ‘uonesliubew Joy
B2BUJ0D BAleU suaned e sasn | HH «

(z "614) (LdH)

ydeibowo] |eunay bBiagepioH

e Buisn (yN3T) Aydeiboibue

pajelpaw 8)A00.yjA1e uo puadep
sanbiuyoa) Juswainseaw JuaiND <

‘salbojoyied Jejnoo
Josuo Ajies Joj Jaxiewolq jueyodwi

Ajlenusjod e s| mojy poojq JejnoQ <«
‘wajqo.id

(1 "614) [2] [1] moy pooyq senoo padredul
0} payul| ssaupul|q Jo sasneod Buipes|
991y} ale uonessuabaq Jejnoey pajejoy
-aby pue ‘Ayjedounay onagelq ‘ewoone|s)
:UoljeAlloN

e

%,,\

paaN [edlul|D

puejliep jo AjisiaAiun ‘Bunissuibuaoig Jo juswiedaq |19Yosid '3 Hagoy ‘111991828 ouel|nio) "iq :J0SIAPY A}noe4
19)ua) |e2IPaN puejhiely Jo AjisiaAlun ‘Ipaaeg yewesQ "I 10U [edlul|)

[9BOA Mai@ ‘}O9|IS pJeydry ‘@3joyinT [9Yoey Wiy maype| a4 ajjeiueq

9A3 wojueyd yim uonesyudp Aydeisboibuy pajeipay a3Asoayjfig
ANV IAIVIN @ ONIJ3IINION3OIF

d0 ALISMIAINN 40 INFWLdVd3d T13HOSIH FHL

A

ONIMAINIONET 40 TOOHOS Sl ?

9% 81

VIO STV V%S



Erythrocyte Mediated Angiography Verification with Phantom Eye
Danielle Firer, Matthew Kim, Rachel Luthcke, Richard Silcott, and Drew Vogel

Recent studies have shown that impaired ocular blood flow is implicated in the progression of Glaucoma,
Diabetic Retinopathy, and Age-Related Macular Degeneration, three of the leading causes of blindness
worldwide. To facilitate early detection of these pathologies, researchers have developed techniques for
measuring ocular blood flow. One of the primary methods is erythrocyte mediated angiography (EMA).
When performing EMA, blood is extracted from the patient and mixed with Indocyanine Green (ICG) to
label the red blood cells by fluorescence. The ICG-labeled blood sample is reintroduced into the patient’s
body and a Heidelberg Retinal Tomograph (HRT) is used to capture an angiogram, where the ICG-
labeled blood cells appear as brighter pixels. These cells are used to measure blood cell speed and track
ocular blood flow in all patients. When imaging with HRT, the patient’s native cornea is used for
additional magnification; however, corneal dimensions and vessel position in the eye vary across all
people. This study investigated the assumption that axial distance (AD) of the blood vessel and/or the
focal length (FL) of the lens does not affect HRT images. Three FL (15mm, 18mm, 20mm) and three AD
(18mm, 20mm, 22mm) were tested. For all trials, blood flow was fixed at a rate of 0.005mL/min and cell
speed of 10610.33um/s. Only trials collected at an AD of 22mm were within one standard deviation of
the expected speed; however, the 15mm lens could not focus on the vessel at 22mm. Image resolution
increased as AD increased, but decreased as lens FL increased. Our device was able to successfully
investigate the impact of lens strength and axial distance on HRT measurements by comparing incident
red blood cell speed. The application of this system has the potential to accelerate research related to the
development of more accurate diagnosis and monitoring of major causes of blindness worldwide.
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SpiCast - Safe Transportation for Pediatric Patients with Femur Fractures
Deven Appel, Danya Chowdhury, Shweta Roy, Richard Sellars

Pediatric femur fractures are the second most common long bone fracture in kids. Nineteen out of every
hundred-thousand children in the United States experience femur fractures every year. Within the past
year, an estimated 14,600 children between the ages of 0 to 11 had a femur fracture. These fractures can
be as a result of birth, hip dysplasia, or due to unintentional falls and accidental injuries. Treatment varies
and depends heavily on the child’s age. However, the common form of treatment for children under the
age of 5 is immediate spica casting, which is an orthopedic cast that immobilizes the hip or thigh.
Everyday car seats do not provide the space, comfort or ease for spica cast patients. Although spica casts
are the best method of treating children with femur fractures, they are extremely inconvenient, especially
when it comes to transporting these children from place to place. Our team, ARCS Capstone, has created
an attachment that can be inserted into the regular car seat of the patient, to be inexpensive, feasible, and
comfortable. The prototype was created using an assortment of materials, including a vacuum-sealable
bag, expandable foam, and fiberglass. The final product consists of a foam attachment that is tailored to
the child and their respective car seat. After finalizing the design, a drop test was performed with the
insert attached to a car seat to evaluate the impact of a fall on the child and car seat. From these results,
we found that the acceleration on the baby was reduced by 2 m/s2 with the carseat, however, the
acceleration drop remained consistent between a 3 ft and 28 ft drop with our setup. Overall, the proposed
prototype offers several societal benefits such as reduced parental strain, reduced financial burden, and
improved safety and comfort for injured children. Future work can be conducted that includes material
exploration, consumer testing, and NHTSA confirmation.
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GaitMate: A Gait Monitoring Solution for Pediatric Cerebral Palsy
Tolulope Awosika, Nicole Duster, Jenny Katsnelson, Stacey Mannuel, David Tucker

Cerebral palsy affects 3 out of every 1000 children in the United States. With spastic cerebral palsy
comprising the majority of cases, many of these children suffer from abnormal gait patterns such as toe-
walking which lead to future health issues such as stiffened leg muscles. While the current standard of
care involves patients attending monthly physical therapy sessions, the relative infrequency of these visits
often leads to relapses and therefore minimal progress. To facilitate for more frequent physical therapy
for substantial gait improvement, a pressure-monitoring shoe sole has been developed. Four piezoelectric
pressure sensors are attached to the top of a sole at strategic points which allow for one to distinguish
between gait patterns. The sensors are then hooked up to an Arduino and Bluetooth to transmit data
wirelessly to either a laptop or mobile application. After fabricating and testing the prototype, it has been
concluded that the device is capable of tracking and recording an individual’s gait in real time. It can
detect both heel-toe and toe-heel walking and display distinct patterns. The response time of the device is
rapid enough to accommodate a normal walking pace and is responsive to a wide range of applied
weights. Further testing with a range of pediatric patients will be the next step in finalizing this product to
provide the most accurate and comfortable product. Once on the market, the affordability and ease of use
of this product will allow for patients to easily conduct physical therapy on a daily basis, increasing the
likeliness of improved gait performance.
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Photodynamic Therapy as an Alternative to Tonsillectomy Procedures
Justin Sylvers, Arley Wolfand, N. Zachary Rausch, Natalia Ochman, and Jason Chiang

A tonsillectomy is one of the most common surgical procedures in the United States, with more than
530,000 performed annually as of 2011. In this procedure tonsils are removed due to recurrent
inflammation, sleep disorders, or complications from being enlarged. The procedure can be performed by
different modes of excision such as cold knife surgery and electrocautery; however, complications of all
tonsillectomies include primary and secondary hemorrhages, infections, and a long recovery. The goal of
this project was to validate an alternative procedure for tonsil removal using photodynamic therapy
(PDT). The envisioned procedure involves topical application of a photosensitizing drug (PS) to the tonsil
followed by a wait interval allowing the drug to localize. After this, the tonsil is to be irradiated with a
low-powered diode laser causing the excitation of the PS, generation of cytotoxic species, and cell death.
If the PS can localize in and destroy germinal centers of the tonsil, the tonsils should postoperatively
shrink away after several weeks without cutting and the associated bleeding of standard excision.

The specific aims of the work conducted for this project were to 1) characterize the penetration of
liposomal benzoporphyrin derivative (L-BPD), an FDA approved PS, into excised tonsil tissue after
topical application in solution, and 2) characterize the ability of irradiation following L-BPD application
to cause cell death in excised tonsil tissue. To this end, both penetration and cell death studies were
performed. For the drug penetration studies, fluorescence microscopy was used to measure penetration
after application of L-BPD in varying concentrations and with varying wait intervals. The greatest
penetration was observed with 70 uM L-BPD and a 30-minute incubation. For cell death studies, tonsil
portions were treated with L-BPD, irradiation, both, or neither. While evidence of necrosis was visible in
all groups, it was qualitatively most pronounced in the groups that had both the drug and laser applied.
These results suggest that L-BPD is capable of penetrating excised tonsil tissue and, in combination with
irradiation, induces cell death. This project is a promising preliminary step toward validating PDT for
tonsil removal; however, further work needs to be done to validate the procedure.
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Orthopedic Surgical Training Model for AGN1 Local Osteo-Enhancement Procedure (LOEP)
Navid Chowdhury, Daniel Lambert, Jingce Lei, Rhea Puthumana, Josephine Stair

Osteoporosis is a metabolic disease that reduces the density and quality of bone. As the bone becomes
more porous and fragile, there is an increased chance that a fracture may occur. Agnovos has developed a
new synthetic biomaterial called AGNI1 to replace and restore functionality to osteoporotic bone. In the
local osteo-enhancement procedure (LOEP), ANGI is injected into the femoral head of the patient.
Currently, Agnovos employs a customized femur model made by Sawbones as a training model for
simulation and training. The purpose of this project is to create an alternative training model for the LOEP
surgery that is cheaper, more realistic, and more practical to use. Our model has three principle
components: a reusable outer case, disposable femur head and flesh inserts, and a tutorial application. The
3D-printed outer case simulates the upper thigh and holds the bone model in place. The femur head was
created by setting polyurethane foam in a silicon mold and coating the shaped foam in epoxy resin. The
optimal mixing ratio of the polyurethane foam was determined through a nail-weight impact test. The
flesh insert is comprised of Humimic Medical Gel and a thin layer of silicon, simulating muscle and skin,
respectively. The application provides an intuitive walk-through of the training procedure using our
model. We met our goal of developing a cheaper alternative to the $70 Sawbones model. The total one-
time cost of our case was $53.35, and the cost for a set of disposable femur head and muscle inserts is
$12.07. Our femur model is watertight, allowing trainees to perform the irrigation and aspiration steps of
the LOEP procedure, and the case itself allows the bone to be easily inserted and replaced during training.
Overall, we have created a suitable alternative to the currently-used Sawbones model that is cheaper,
more realistic, and easier to use.
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PID Controlled Hemofiltration for Poison Control
Vaidehi Bhagat, James Bookhultz, Elliot Bromberg, Akshaya Ganesh, Chris Kuffner

According to the U.S. Renal Data System Annual Report, there are currently over 660,000 Americans
being treated for kidney failure and 468,000 of those patients are on dialysis. The kidney has several
functions, including filtering blood and the excretion of wastes and toxins from the body. When a patient
has renal failure they often undergo dialysis, a process in which the patient is attached to a machine which
performs the filtering functions of the kidney, mechanically. Although dialysis is typically used for
patients undergoing chronic renal failure, and often doesn’t handle sufficient enough blood volumes to
treat acute renal failure. The Maryland Poison Control center handles about 44,000 calls a year regarding
people who have been poisoned with substances such as household chemicals, snake venom, alcohol or
opioids.

Hemofiltration will be used to treat patients suffering from acute renal failure rather than traditional
dialysis. High hemofiltration clearance levels can be achieved by taking advantage of Extracorporeal
Membrane Oxygenation (ECMO). ECMO technology is capable of oxygenating the body’s blood volume
at a rate of 5L/min. By applying this technology to hemofiltration, thousands of lives could be saved.

Proportional Integral Derivative (PID) control was implemented using an Arduino microcontroller in
order to set the flow rate for fluid replacement equivalent to the flow rate of effluent being filtered out
from the system once the saline solution from the main centrifugal pump was filtered. The user could set
the flow rate at which the effluent was being filtered out and the system would correct the flow rate to that
value.

Results of the testing conducted showed that the relationship between Lpm and read voltage was
approximately 0.1V for every 0.2 Lpm of flow. This relationship was needed to convert the desired
setpoint to a voltage that could be compared to the voltage being read by the flow sensor. Based off of the
information received by the sensor, the controller can adjust the flow rate as necessary. The PID
controller was tested at two different flow rates against a PI controller to determine which overshot less at
the two flow rates. It was found that the PI controller was favorable in both cases of flow rates. The PI
controller resulted in less overshooting and a faster response in the case of the 0.5 Lpm trial. The
controller was observed to cause more overshooting at higher flow rates. This device will improve
outcomes for patients with acute renal failure cases that could not be treated using current methods.
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Scapholunate Ligament Augmentation System for Rapid Functional Restoration
Alec Boyle, Chris Damiani, McKenzie Figur, and Adriana Meriles-Medina

The scapholunate ligament serves a critical role in stabilizing the wrist and providing support
during physical activities. However, its prominent role and complexity within the carpal system
make ruptures of the scapholunate ligament (SLL) one of the most common and complicated
types of wrist injuries. Multitudes of methods exist to surgically repair the system to regain
functionality, but these methods are inadequate, and many have long-term side effects such as
high re-tear rates, reduced range of motion and flexibility, and an inability for the patient to
return to peak performance. The current procedures are highly dependent on the stage of the
scapholunate dissociation (SLD). The six stages are categorized by quantifying the degree of tear
(complete or partial), the possibility of repair of the ligament, alignment or malalignment of the
scaphoid, and cartilage health. Our device will be applicable to complete tears of the ligament
with and without malalignment of the scaphoid, which correspond to stages 2 through 4. Our
team proposed to work towards solving this medical problem with applications of mechanics and
surgical engineering principles. Under the guidance of our clinical mentor, Dr. R. Frank Henn
III, an orthopedic surgeon at the University Of Maryland School Of Medicine, we designed a
reliable method for surgically augmenting the ruptured scapholunate ligament to restore
functional mobility without sacrificing long-term stability. Our intent was to establish a method
of repair that is common across orthopedic practices and replaces the multitude of less desirable
methods used today. The purpose of our device is to augment the scapholunate ligament as it
heals for stage 2 SLD or to replace the native ligament for stages 3 and 4 SLD. Our design
consists of two spacers made of polypropylene that can be inserted into the scaphoid and lunate.
Much like drywall anchors, these spacers expand with the insertion of polyether ether ketone
(PEEK) screws and are held in tension with polyethylene suture. The maximum force the native
SLL ligament can withstand is 260 N. Both FEA simulations and mechanical testing have shown
our device is capable of holding far greater loads than required, with a safety factor above 2. Our
device provides the load-bearing capabilities to effectively hold the scaphoid and lunate in
tension while providing the flexibility necessary to return to functional movement quickly.
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Vesicular Delivery of Interleukin-11 gene for osteoporosis treatment
Elizabeth Bentley, Corinne Farley, Matt Mulvaney, Maria Pozo, Eric Wang

Osteoporosis is a disease characterized by a reduction in bone density, resulting from an imbalance in the
rates of bone deposition and bone resorption. Current treatments for osteoporosis include various
medications, such as hormone-related therapy, that often put the individual at risk for blood clots, heart
disease and several cancers. To address these challenges, gene therapy utilizing extracellular vesicles
(EVs) could be used to promote osteoblastogenesis. Due to their self-origin, flexibility, and ability for
surface conjugation, EVs mitigate immunogenicity and systemic clearance of other drug delivery systems.
Here, we “transfect” EVs with plasmid DNA and carry genetic content to target cells, facilitating gene
expression. Specifically, we delivered a model fluorescence plasmid to human embryonic kidney cells
and saw observable expression of GFP. Our results indicate the feasibility of patient-derived EVs as
personalized plasmid delivery systems.
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In-line Blood Analyzer for Premature Infants
Sarah Asfari, James Fookes, Adam Herskovits, Devon Parsons, Cristina Tous

The health and development of a premature infant in the neonatal intensive care unit (NICU) is currently
assessed by measuring the concentration of various analytes at any given time. The typical analytes that
are measured include: lactate, oxygen saturation, glucose, urea, creatinine, sodium, potassium,
magnesium, and calcium. Blood testing is currently used to determine the concentration of these analytes.
These blood tests require a new 5 milliliter sample to be taken each time the concentration of an analyte is
to be determined. The accumulation of these blood draws during the early postnatal period can result in
the infant losing an estimated 10-20 mL of blood/kg per week, or 15%-30% of their circulating blood
volume in the first weeks of life. This loss in blood volume commonly results in the premature infants
becoming anemic, and also places a large amount of stress on their aerobic, skeletal, and cardiovascular
systems. We eliminated the need for blood withdrawal by designing an in-line blood analyzer that
determines analyte concentration using Fourier Transform Infrared Spectroscopy (FTIR). The analyzer
consists of a catheter line from the premature infant attached to one input of a flow through cuvette. The
other input of the cuvette contains a port for a syringe to be attached. The blood can be drawn into the
cuvette by applying suction via a syringe. The flow through cuvette can then be placed into an opaque
box containing the FTIR spectrophotometer, which will measure the amount of light absorbed by the
blood sample. The concentration of the blood analytes are then determined by inputting the absorption
values into Beer’s law. The concentration of specific analytes are targeted by using absorption values of
peaks at specific wavelengths that are known to be characteristic of a molecule. Once the concentration is
determined, the blood can be returned back into the infant’s body by pushing down on the plunger of the
syringe. Due to cost restraints, an FTIR spectrometer could not be obtained. An infrared Arduino
photodiode was used as a placeholder for the FTIR spectrometer to demonstrate proof of concept. The
specific peaks for glucose were determined to occur at wavenumbers of 1012 cm-1 and 1081 cm-1, and
isolated by subtracting out the spectrums of other analytes found in blood. Additionally, the extinction
coefficient to be used in Beer’s law to determine the concentration of glucose was calculated to be 0.023
,and the path length of L-mm mmol our design was found to be 4mm. Overall, we have succeeded in
designing the framework for a novel way to measure the concentration of various analytes in the blood of
a premature infant that does not require them to experience any loss in blood volume. The analyzer can be
improved upon to accomplish the entire objective of detecting the concentration of all analytes by
installing the proper FTIR sensor, and isolating the appropriate peaks, as was done for glucose.
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Single-Stage Percutaneous Tracheostomy Device
Subhashini Arumugam, Zon Fatima, Daniel Najafali, Gabriel Sanz, Alya Suraya

A percutaneous tracheostomy is a bedside-procedure that circumvents airway obstructions and offers
ventilatory support to patients via a deliberate opening in the trachea. After dilating an initial
incision, a tracheostomy tube is placed in the opening to maintain airflow. Current devices used for
dilation require multiple rounds of instrumentation leading to increased risk of bleeding, infection,
and tracheal damage during the procedure. Further limitations in the device structure can result in a
lack of passive airflow, leading to hypoxia. Thus, we propose a single-stage percutaneous
tracheostomy device that further reduces this range of complications, decreases the rounds of
instrumentation needed to place the tube, and improves upon tactile feedback during the procedure.
A passive airflow component to address the risk of hypoxia during a tracheostomy will also be
included. A prototype of our device, including a novel dilation mechanism was created using 3D
printing technologies, exhibiting enhanced structural detail and cost-efficiency when compared to
other methods. Considerations of the biocompatibility as well as structural integrity of our device has
been investigated and refined in this initial design. We have demonstrated efficacy of our model by
testing on 3D-printed models of the trachea. We aim to conduct further testing on animal models and
human cadavers to assess overall procedure time, ventilation, and incidence of misplacement. Upon
successful execution, such a design will not only minimize patient complications, but also procedure
costs and operating burden on the physicians, making the procedure more accessible and improving
patient outcomes.
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Improved Performance of N95 Isolation Masks: Enhancing Communication, Fit, and
Comfort
Nicole Cavett, Athenia Jones, Julian Kopelove, Kailey Mihavetz, Priscilla Seah

Numerous studies show that healthcare workers are poorly compliant with respiratory protection
guidelines, especially when a N95 respirator is recommended. Many features of the current N95 masks
may contribute to the lack of compliance: temperature and humidity accumulation in the mask as well as
pressure from the nose clip and elastic straps may cause discomfort when the N95 is worn for prolonged
periods of time. To improve compliance and to reduce the risk of disease transmission, we have
developed a prototype with features that improve the fit and comfort of the mask. One-way exhalation
valves and novel filter media were used to reduce the temperature and humidity accumulation.
Viscoelastic polyurethane foam was used to not only generate a better seal between the mask and the
user’s face, but also to reduce contact pressure. To facilitate communication, we have we have
incorporated a clear polyethylene terephthalate (PET) centerpiece, which permits lip reading and facial
expressions to be seen. Preliminary data suggests the prototype increases humidity within the mask while
decreasing temperature. Future work includes improving the fit of the mask to greater variety head forms.
In addition, we plan to continue development and testing of the filter media, while also testing
effectiveness of a desiccant. Ultimately, we hope to accomplish the intended social impact of improving
compliance and reduce the risk of disease transmission.
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Detection of Brain-to-Brain Synchrony for Improved Psychotherapy
Michael Dib, Akash Gami, Idrisa Rahman, and Leah Ross

Current models to treat mental disorders mainly include cognitive behavioral therapy (CBT), however, a
main limitation of CBT is that it has no way to determine or measure the therapeutic alliance between the
clinician and the patient. Previous studies have shown that for two people interacting with each other,
there is a neural association that develops between them. This idea can have great implications in the field
of psychotherapy. The detection of brain synchrony between a patient and a therapist can show how
engaged they are with each other during a therapy session. Although psychotherapy is an established field
and treatment for mental disorder alleviation, technologies that allow the accurate detection of a large
array of biologically generated signals are relatively new and constantly being renovated. The most
advanced technology used currently for standard protocol during clinician-patient interaction in therapy
sessions is simply a voice recorder. Devices and methods such as electroencephalography (EEG), facial
pattern recognition, and electrodermal detection are used almost exclusively for scientific research. The
implementation of these methods into psychiatry and other mental health-related fields has limitless
potential in improving the efficacy of clinician-patient interactions. While it would traditionally take
several sessions for a clinician to understand the individual needs of a new patient and to decide the most
appropriate methods of therapy, using these technologies would give the clinician a far greater idea of
how to approach the patient even by the second session. The product we developed aims to capitalize
upon the concepts of social interaction and hyperscanning to be able to detect and measure the therapeutic
alliance between the clinician and the patient by detecting brain to brain synchrony signals via EEG. This
provides the greatest ecological validity due to its non-invasiveness and its ability to be used in a typical
social face-to-face therapist-patient interaction.



