Convergence: Impacting Engineering Curricula, Patie
Care & Implantable Microanalytical Systems

guiseppi@tamu.edu Anthony (TonY) GUiSGppi -Elie url =https:/Avww.biochips.org

Bioelectronics, Biosensors and Biochips (EBBnMed Department of Biomedical Engineering, Department of
Electrical and Computer Engineering, Texas A&M University, College Station, TX 77843, USA.
Cardiovascular Sciences, Houston Methodist Research Institute, HoustéA03X USA.

AMERICAN INTERNATIONAL INSTITUTE

OF MEDICAL SCIENCES, ENGINEERING & INNOVATION AIIMSEL org
TECHNISCHE Institute of Materials Science
gggg%'ngAT Chair of Materials Science and Nanotechnology

NanoSeminar Series | TUDresden | May 234, 2024

Improving Human Health

C3B® Through Nano -BioTechnology:

Research in Bioelectronics, Biosensors and Biochips (C3B®)




Disclosures

/ l
SYNC.MD %
Collect, store and share health
information securely

Improvia Health

Functional neurostimulation for
improved health outcomes

AA

ABTECH

Diagnostic biosensors for the management of
hemorrhagic trauma

@ CHAPMAN UNIVERSITY

USICiTa

INTERNATIONAL
EDUCATION HUB

N

CLARK ATLANTA
UNIVERSITY

Scientific
Group
A non-profit organization
|/\

F



Thank you!

Texas A&M Engineering
Experiment Station

UNITEDSTATES ARMY MEDICAL RESEARCH %

S
AND MATERIEL\COMMAND & -
R




My Highlevel Motivations

Grand Challenge Problems

Enabling/improving
biomedical devices using organic

materials T More of Moore T for biology

Enabling direct electronic

communication between solid state

devices and the biologyr More than Moore
Bl T1the abo-bio interface.
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Convergence
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disciplines that leads to the emergence of a new and
unified whole to address need and create
transformative impact.

NATIONAL ACADEMY
OF MEDICINE

Convergence

. .F.acililaﬁngT[pusdis.ciplina.r.yvlmearatiannr Convergence: Facilitating Transdisciplinary Integration of Life Sciences, Physical Sciences,
Life Scienes, Physical Sjc‘ﬁances, I I
. Loty resi Engineering, and Beyond2014)

Committee on Key Challenge Areas for Convergence and Health; Board on Life Sciences; Division on
Earth and Life Studies; National Research Council.

Washington (DC):National Academies Press (U$)2014 Jun 16.1SBN.3: 978 0-309-30151-0I1SBN10: 0-309-30151-3
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Convergence: Engineerind/ledicine
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N i The Whitaker Foundation
ao ] My 710 million USD Expended on BME

NDUSTRIAL ¢ a

o, pom SGS A 1,500 faculty grants awarded
SIoNALEY (o A 400 graduate fellowships
o A 75 BME departments
. A 13 BME buildings built

Katona PG. Biomedical engineering and the Whitaker foundation: a thirgyear partnership.
Ann Biomed Eng2006 Jun;34(6):90416. doi: 10.1007/s10433006-9087-7.
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EnMed Is an innovative engineering medical
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transformational technology for health care.

Produce a

Physiclianeer
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ENMED
PROGRAM
OBTAINS

LCME
APPROVAL

Carrie By,
Yington, ),
Dean of Medjcipe D

A April 2018
A Track approved for the HM Campus

A Inaugural class to matriculate in July 2019
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Academic Programi ENMED

From Engineer tO P y Gj?]r]eer ENGINEERING & MEDICINE

Ramping
Every EnMed admit will have t oe
A A BS in Engineering, Computer Science or

equivalent undergraduate preparation 5 @

Every EnMed graduate will earn an MD and MEnq

A Expert at life s.(:lence and technology EnMed
A Invent something transformational

A Understand research and commercialization

students /
year

A Be prepared to be early adopters and thought leaders




Best to Lead

AA world-class physician-
scientist

Alnternationally recognized
leader in biomedical imaging
and bioengineering

AMember of National Academy
of Medicine and the National
Academy of Engineering

ENMED

ENGINEERING & MEDICINE

RODERIC |. PETTIGREW, PHD, MD
CEO of EnHealth and Executive Dean for EnMed

Founding Director, National Institute of
Biomedical Imaging and Bioengineering, National
Institutes of Health (NIH)




Academic Programi ENMED

ENGINEERING & MEDICINE

Medicine Content Sequence

A Duration 18 months

A Course titles and duration same as regular curriculum
A Weekly theme and case relevant learning activities

A Mapped to USMLE Step 1 Content

Engineering Content Sequence

A Fourcourse sequence
A Students will learn to view the human body as an integrated

engineeredsystem.
A Presented from a new perspective that values the confluence of
engineering principles and its problesolving approach with those

taught during medical training.
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EY 2019 EnMed Curriculum Concept Model Revised 6.28.17
wn'19 | July'19 Aug'19 | sept'19 [ oct'19 | MNov'19 Dec '19 Jan'20 | Feb'20 [ Mar'20 | Apr20 | May20 | Jun'20
Engineerin| _ Foundations of Medicine | Foundations of Medicine || Neuroscience | =| Introduction to Disease | Cardiovascular | Repiratory
o]
g = 2 Gross Anatomy 2 Gross Anatomy ec i’ & Engineering Content Ill (2 sch)’
Prematricu E [ POM o POM
lation = Engineering Content | (1 sch) Engineering Cont. Il (1 sch
program
[ July'20 [ Aug20 | sept'20 | Oct'20 Nov'20 [ Dec'20 Jan'21 Feb'21 Mar '21 Apr 21 May ‘21 Jun'21
Integu Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
Heme/Onc Renal/GU Gl/ Nutrition & Endo/Repr ment/
= o IMED Surgery Step 1 Prep and .
2 VS . Electives
N X 1 X N N > Examination
Engineering Content IV (2 sch) Eng Cont IV (2 sch) Engineering Innovation | (1 sch)
July '21 Aug 21 Sept '21 Oct'21 Nov '21 Dec 21 Jan'22 Feb'22 Mar '22 Apr ‘22 May '22 Jun'22
Block 7 Block 8 Block 9 Block 10 Block 11 Block 12
Electives Electives Electives Electives Electives Step 2 Prep
Pediatrics Ob-Gyn Psychiatry FMED and Exam
Engineering Innovation Il (2 sch12
July'22 Aug '22 Sept '22 Oct'22 Nov '22 Dec '22 Jan'23 | Feb'23 [ Mar'23 | Apr23 | May'23 Jun'23
Engineering | Engineering | Engineering | Engineering
Innovation lll | Innovation Ill | Innovation IV | Innovation IV
Required Required Required Required Emergency Medicine, Acting Intemship, ICU, Electives
Elective® Elective® Elective® Elective®
(4 sch) (4 sch) (4 sch) (4 sch)
Notes: [Engineering Content |
"Engineering Content Il and IV - 1 sch for CSIE and 1 sch for Grand Rounds Preclincial Content
2Engineen'ng Innovations | and Il will deliver a clerkship-specific needs statement at the end of each clerkship Clerkships
3Engineen'ng Innovations Il and IV Required Electives may be taken any time after completion of clerkships.
Flexibilty for interviews and other off-campus academic programs will be allowed. Electives, Al, ICU, EM
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Cannon Woodbury LameesEInihum Kenneth Livingston
UT Dallas Texas A&M University ~ UT Dallas
Biomedical Engineering Chemical Engineering  Electrical Engineering

(minors in Aerospace
and Chemistry)

2017 -18 Pilot Cohort
2018 -19 Pilot Cohort




EnMedCurriculum - at a glance

Curriculum Model (EnMed)
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Session 4 Session 5 Session 6 Session 7 Session 8 Session 9 Session 10 Session 11 FoM Session 12 Session 13
Elective Elective Elective Elective Elective Elective Elective Elective Match Elective Elective

EM, Al, ICU, Electives, Selectives & Capstone

Time off for Interviews (4 week interview

block may shift depending on speciality)

Innovations In Clerkship IV + Innovation Immersion Experience (IIE) as indicated | | Innovations In Clerkship V + Innovation Immersion Experience (lIE) as indicated
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Every Enl\/ie;d graduate will earn an Md and MEng

A Expert aq’ life science and technology

A Invent something transformational =
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Dual Medicine- G (. cconmGanumne  MB/BCh BAO, and

- - . Sl - BE
Englneerlng degree Qs UNIVERSITY OF GALWAY 8 years

? years

School of Medicine and

Advanced Medical

Engineering ﬁ;iif,‘;'r‘:its;ate
Dual Medicine -Engineering UNIVERSITY OF ILLINOIS
Degrees COLLEGE OF MEDICINE
” Carle lllinois
An M.D. Program Built at the Nexus [LINR3cIReT 30 MD

of Engineering and Innovation =—arle T o 4 years

MD/MS (BIOE)
S years
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Convergence: Liberal ArtdEngineering

AProvi(_:Ie a welfounded education that combines

tech : _ w2~ of social,
cultt Program Objective

APremiumvalue on fostering creativity, critical thinking,
and effective communication skills alongside
engineering expertise.

Produce a

Socratic Engineer



ANDERSON

UNIVERSITY

College of Engineering

A Christian (Southern Baptist Conventiong
A Liberal Arts |
A Regional serving
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College of Engineering

Design. Build. Sustain.
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Phillip Sharp, MIT Institute Professor and Nobel Laureate (2011)
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Summary



Biomedical Problems of Interest

Hemorrhagic Trauma

Physiologically informed

patient resuscitation and
reanimation. ~
4

&

Goldén hour ~ 45 min

SR
s

SR

AIIotranspIantyétion

Physiologically informed
allograft stratification.

VCA Scoreof 0,1, 2,0r 3

National Trauma Institute2018. Trauma Statistics & Facts
https://www.nattrauma.org/whatis-trauma/traumastatisticsfacts/
KauvamD.S. et al.2006) Journal of Trauma and Acute Care Surgery6)6&3S11.

Wound Healing

Traumatic defects in electricse
tissue from cardiamfar or
axomy |

4, LCA

Electrobiology
Exogenous and endogenou:
electric fields in biology.

\T

T

Drug Delivery

| Bio-responsive drug delivery
to address homeostasis.

Targeting stasis

Cao et al. "Electrical and mechanical strategies to enable cardiac repair
and regeneration.|EEE Reviews in Biomedical Engineefigg5

Q-X. A. Sang et @iochemBiophys ResCommun (2000, 274, 780.
Wilson and GuisepsitlieInt. J. of Pharmaceuti¢®014) 461(12) 214222.
Chu, David S., et aBjomat Sci(2015 3.1: 4145.



Biomedical Solutions Under Development

Hemorrhagic Trauma

Allograft Stratification

MDEA 252
?5 4.0 mm

2 OZ.

:

Minimally invasive Physiological

Status Monitoring(PSM) Biochip

T Five metabolite biomarkers.

Aggas et al.2023 Bioengineering MDR1023, 10(4), 434.

Bhat et al. 2020 Journal of Translational Medicii®, 348.
Kotanen, et al.Z012) Biosensors and BioelectronRS(1), pp. 1426.
GuiseppiElie, et al. 2011 Analytical and Bioanalytical Chemistry
399(1), 4034109.

Wound Healing
Electrobiology

-, Grounded colletor

Micro and nano fabrication
(electrospinning, 3D printing,
microlithography) of
electroconductive polymers
fibers, films and microforms.

Mancinoet al. (2022, Nanomedicinel4, 102567.
Abasi et al.Z019 IEEE Xplor@75-878.

Abasi et al(2019)Mat. Sci. and Eng.: 9@ 13041312.
Aggas etl. 2018 Bioengineering(4) 87.

Li Yao, et al2003 Chem. Mater15(9) 186Q; 1864.

Drug Delivery

Sensing, Measuring, and
Actively Responding
Technical SMAR)
Hydrogels.

Whitney et al. 2024 Adv. Sensor Res. (Accepted)

Bhat et al. 2020 ACS Sensoss 2, 50@509.

Wilson and Guisepittlie 2013 Adv. Healthcare Ma2(4) 520532.
Wilson et al. 2012 Journal of Controlled Releats@0.1: 4147.
GuiseppiElie et al.,J.Bioact Compat Polym, (2010, 25(2) 121140.


https://pubs.rsc.org/en/content/articlelanding/2016/mh/c6mh00045b#!divAbstract

Impact of hemorrhage on trauma

U Hemorrhage is the prim ymplication of trauma
A Leading cause of de :‘/ 1 46 in USA
(

A Accounts for 62% ¢ =\ ages2V5
A High contribution / n the first 24 h

P38
P, .
,‘:’,-A’n:‘L‘;
Rt =
R 4 “‘.
- -
¥ A ol

Golden hour period ~45 minutes

National Trauma Institute. (12/2018). Trauma Statistics & Facts
https://www.nattrauma.org/whatis-trauma/traumastatisticsfacts/
KauvarD.S. et al. (2006)ournal of Trauma and Acute Care Surgery§)6&3S11.




Pathophysiology of Hemorrhage and Hemorrhagic Shock

Inadequate perfusion

AVasoconstriction {:e“hﬁpm | 00,
AReduced peripheral blood flow

Energy deficit Lactate

A H Igh Oxygen demand ciumulation and — Anaerobic metabolism
all T pH Glucose
\Vasoconstriction <(—ﬁ/letabolic': acidosis ] pH

Failure of pre-capillary Cell membrane dysfunction and Potassium
sphincters failure of 'sodium pump'

%fﬂux of potassium ]

Peripheral pooling of blood Intracellular lysosomes release

Peripheral muscles are most clgestive enzymes ™ influx of sodium and water
SyStem|Ca”y affeCted dunng Toxic substancei enter circulation
he mo rrh age Capillary endotlielium damaged

Destruction, dysfunction, and cell death

-

Multiple OrganDysfunction Syndrome (MODS)

GuiseppiElie, A., et al. (201Bnalytical and Bioanalytical ChemistB@9(1), 4034109.



PatentT In

dwell a biochip within a major muscle

US 20120088997A1

a2 Patent Application Publication () Pub. No.: US 2012/0088997 A1

a9 United States

Guiseppi-Elie

(43) Pub. Date: Apr. 12,2012

(54) IMPLANTABLE BIOCHIP FOR MANAGING
TRAUMA--INDUCED HEMORRHAGE

(76) Inventor: Anthony Guiseppi-Elie, (US)
(21) Appl. No.: 13/317,236
(22) Filed: Oct. 12,2011

Related U.S. Application Data

(60) Provisional application No. 61/404,904, filed on Oct.

12, 2010.

Publication Classification

(51) Int.CL
A61B 5/145 (2006.01)
CI2M 1534 (2006.01)
GOIN 33/48 (2006.01)

(52) US.CL ... 600/364; 422/68.1; 435/287.1;
435/287.2; 600/309; 600/365

(57) ABSTRACT

A biocompatible biosensor and transmitter device for tempo-
rary implantation prior to, during and following trauma-in-
duced hemorrhaging detects the presence and level of at least
one analyte and transmits detected data to a second, external
device. Thus, a method for managing post-trauma patient
outcomes includes providing such a biosensor and transmitter
device, temporarily implanting the biocompatible biosensor
and transmitter device intramuscularly in a trauma victim;
and monitoring the presence and level of the at least one
analyte detected by the biocompatible biosensor and trans-
mitter device and transmitted to the external data receiving
means.

A. GuiseppElie, (2012)JS Patent Applicati

odS 13/317,236



https://patents.google.com/patent/US20120088997A1/en

Design of a penta-analyte biosensor T PSM Biochip

Bonding pads—

2,000mMn Glucose

55 um wide lines— pH i

SN, passivating la

Metallization layer——

000mMm

potassium

ors o

Five key analytes of hemorrhagic trauma

Avi

Lactate

Critical Feature Size

MDEAf = 25mm

IME = 1.0nm

MDEf = 10mm

MDEf = 10mm

MDEAf = 25mm



Pathophysiological Intravascular Ranges:

Metabolic Indicators

Analytes Pathophysiological range

LOW NORMAL HIGH
Hypoglycemia Euglycemia Hyperglycemia
Glucose <3.88mM 3.8815.5mM >5 57110 mM
<70 mg/dL 70-99 mg/dL o]e Liu et al. Cell Metabolism, 32(4) 2020, 619-628.e21
P Hypolactatemia Eulactatemia Hy -
<0.5mM 0.512.0 mM >7
Other TCA
Potassium Fy [U ] i He 0 EUG] & 2 00 2 / ‘
(<3 X@ W N ¢ .
Burnell et al.J Clin Investl956;35(9):93.
A= 7.35-7.45 A t H
(<7.35) ' ' Plasma
Hypoxia SEOLEN : — lt
<5 18mM While breathing in,  Hy
<100 mmHg 160 mmHg, gradient >1 Liver 7 N\ '
100-120 mmHg Input TCA

GlucoseHirshberg Eliotteet al. (2008)Pediatric Critical Care Medicine, 9(4), 3%b

Potassium: Viera, Anthony J., (20R®)erican family physician, 58(4), 7782

Lactate and pH: Andersen, Lars W., et al, (201a88)o Clinic Proceedingéol. 88, No. 10, pp. 112171140
pQO,: de Jonge, Evert, et al.(2008)itical care12(6), R156




Physiologically relevant analytes and the electrochemical
techniques and device structures used In their measurement

Glucose

Lactate

Potassium

Levels fall during
trauma-associated
hemorrhage

Levels rise during

Glucose Oxidase
Biosensor

Lactate Oxidase

Technique

Amperometry
(Apply voltage measure
current)

Amperometry

Transducer

Microdisc Electrode
Array
(MDEAX = 25mm

Microdisc Electrode

trauma trauma- Biosensor (Apply voltage measure | Array

associated current) (MDEAX = 25mm

hemorrhage

Hyperkalemia lon Specific Potentiometry Microdisc Electrode
Electrode (ISE) (Measurevoltage vs. (MDE)f = 10nm

REB

Lactate in the pH ﬁesponsive Impedimetry Interdigitated

tissues causes Hydrogel (Apply V singt) Measure | Microelectrodes

acidosis | sinfwt+d) (IME)f = 1mm

Hypoxia in the
muscle bed

Electrocatalytic
Layer

Voltammetry
(Sweepvoltage measure
peak current)

Microdisc Electrode
(MDE)f = 10mm




Electroconductive Hydrogels

356

Full Paper
Available online at www.sciencedirect.com

BCIENCE@DIREGT' Bi[’materials

L
ELSEVIER Biomaterials 26 (2005) 4767-4778

Electroconductive Hydrogels: Electrical and Electrc
Properties of Polypyrrole-Poly(HEMA) Composites

www.elsevier.com/locate/biomaterials

Sean Brahim,* Anthony Guiseppi- Elie*"*

* The Center for Bicelectronics, Biosensors and Biochips (C3B), Virginia Commonwealth University, S Molecularlv engineered p(HEMA)—based h\"dl‘OgGlS for
Box 843038, 601 West Main Street, Richmond, ‘v'irg,inir] 12704 dnge 1104 = =

L l—)l_'p'dr[ml_'D[\ U[' L) T i N W ittt s it it s it i il W it it i, it ibm.n)

Box 843038, 601

*e-mail: guiseppi@ . ) ) -y Elje®b-e*
' Biosensors and Bioelectronics \ Street, Richmond
Volume 176, 15 March 2021, 112889 4
A

38656, Japan

On the intersection of molecular Hydrogels: The Effects

_bioelectronics and biosensors: 20Years of ~ 2rg¢ Density on the Storage
C3B d Biosensor

%% John R. Aggas @ =, Brandon K. Walther ® ©* &, Sara Abasi ®®! =,

Christian N. Kotanen @9 =, Olukayode Karunwi ®® =, Ann M. Wilson °f9 5,

Anthony Guiseppi-Elie °®°9 0

Amperometric glucose bi
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Christian N. Kotanen®®, Chaker Tlili *, Anthony Guiseppi-Elie ** .
y PP Received: 11 September 2011 / Accepted: 29 November 2011 /
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pP(HEMA) -based Electroconductive Hydrogel
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Hydrogels on solid surfaces
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The role of then-functionality in attachmentsadhesion

Contact angles Stable attachment Adhesive strength
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PC12 cell densities posticubation (4 days) on Au*, Au*|hydrogel, AufPPy
Au*|hydrogel-PPy(5, 25 and 50s electropolymerization times)

o , PC12i Rat Pheochromocytoma

©
o
|

*

(0]
@)
\

~
o

| Cell seeding density
4.9+£0.7 x1G cells/ml

E
v
©

£ 60
3
—

< 40
=

@ 30 -
=

— 20
S

10 -

O |

Au* Au*|gel  Au*|gel-PPy Au*|gel-PPy Au*|gel-PPy  Au*|PPy
(5 sec) (25 sec) (50 sec)

11mCcm? 87mCcm? 250mCcm?



PC12 cell viability and elastic modulus of Au*|hydrogel -PPy
(electropolymerization times)

PC12i Rat Pheochromocytoma
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Bioactive Electroconductive Hydrogels
Electropolymerization to entrap GOX

dabigimerization
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Karunwj O., et al., Engineering tlabio-bio interface to enable more than Moore in functional bioelectrondairnal of The Electrochemical Soci2813.160(4): p. B6(B65.



Fabrication of the electrochemical Glucose and Lactate

biotransducers
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Experimental Approach Il - Enzyme Engineering

Pyrrole Butyric Acid ( PyBA)
PyBA: GOx =2:1 and 10:1
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Glucose biotransducer sensitivity as a function of
enzyme conjugation ratio
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Design of a penta-analyte biosensor T PSM Biochip
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In vivo amperometric performance of the implanted PSM
BioChip during hemorrhage 1 Sprauge Dawley - rat model.

Amperometric response of an intramuscularly implanted lactate biosensor during hemorrhage, the mean arterial
pressure (MAP) and the systemic blood lactate obtained using a YEbstat Bioanalyzer
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In vivo amperometric performance of the implanted
PSMBIoChip during hemorrhage 1 Sus scrofa T pig model.
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Patient stratification for improving hemorrhagic
trauma outcomes

Hemorrhage
I{ﬂ Intensive
. Actionable Patient Severity and
Discrete Values [> A
A o | Score II] Status SUfVlVablllty (H|SS)
Classification Score

Surgical LSI SEVERE (4)

Or Death

HIGH (3)

Resuscitate ELEVATED (2)

Analyte Concentration

| PSMHISS|

GUARDED (1)

Fig. 5

LOW (0)

PSM Biochip Data To Hemorrhage Intensive Severity and Survivability (HISS) Score

GuiseppiElie et al. 2013 Biomed Microdeviced5(3), 561577



Pathophysiological Intravascular Ranges:

Metabolic Indicators

Analytes Pathophysiological range

LOW NORMAL HIGH
Hypoglycemia Euglycemia Hyperglycemia
Glucose <3.88mM 3.8815.5mM >5 57110 mM
<70 mg/dL 70-99 mg/dL o]e Liu et al. Cell Metabolism, 32(4) 2020, 619-628.e21
P Hypolactatemia Eulactatemia Hy -
<0.5mM 0.512.0 mM >7
Other TCA
Potassium Fy [U ] i He 0 EUG] & 2 00 2 / ‘
(<3 X@ W N ¢ .
Burnell et al.J Clin Investl956;35(9):93.
A= 7.35-7.45 A t H
(<7.35) ' ' Plasma
Hypoxia SEOLEN : — lt
<5 18mM While breathing in,  Hy
<100 mmHg 160 mmHg, gradient >1 Liver 7 N\ '
100-120 mmHg Input TCA

GlucoseHirshberg Eliotteet al. (2008)Pediatric Critical Care Medicine, 9(4), 3%b

Potassium: Viera, Anthony J., (20R®)erican family physician, 58(4), 7782

Lactate and pH: Andersen, Lars W., et al, (201a88)o Clinic Proceedingéol. 88, No. 10, pp. 112171140
pQO,: de Jonge, Evert, et al.(2008)itical care12(6), R156




Patient Data Sets for Key Metabolites

1. Sensibly Rationalized Fictitious Patient (SRFP) Data for
deep learning model

AUnavailability of adequate clinicalstat data

AUnavailability of adequate clinicaltemporal data

ANeed to establish proof of concept for the approach

AL ow-cost digital equivalent of large patient data sets

APossibility for data engineering



Flowchart for classification, pattern recognition and possibility
analysis to produce accuracy from the confusion matrix (CM).

SRFP Data Generator

Data Sets
L
Multiple clinical experts
H score the data ﬁ
‘ -
SVM: Linear and Decision Pattern Recognition ANN (_Zonvert the_ crisp labels
Tree: Ensemble Bagged iInto possibilistic labels
L Lr L
Train the SVM-L or EBDT Train the ANN-BP Train the Possibility
algorithm(s) algorithm(s) algorithm

Test each model

pu—

L+

Accuracy from CM




Sensibly Rationalized Fictitious Patient (SRFP) Data to
Hemorrhage Intensive Severity and Survivalfli§g Score

Sensibly Rationalized Fictitious Patient (SRFPata HISS Score
Fictitious
Patient Glucose Lactate Potassiur  p0O,

(mgdl) (mmot) PP (mmoi) (mmHg) | Pt | P2 | D3 | D4} DS

LOW (0) GUARDED (1) ELEVATED (2) HIGH (3) SEVERE (4)

Total patient data set size is 100
http://people.tamu.edu/~guiseppi/resources -HISS.html|




Questions addressed

AWhich classification algorithm is best suited to the
challenge of fusion scoring?

ANhat is the minimum data set needed to achieve
99% and 99.9% accuracy In patient stratification

9% ’
Decision Tree: Ensemble Bagged Regularization (ANN:BR)




Mean Test and Training Accuracy

Class

Frequency [%0]

LOW(0)
GUARDEDL)
ELEVATEQ)

HIGH(3)

SEVER@) 4

w N - O

SVM-L accuracy [%]

EBDTaccuracy [%]

Class with the
highest confusion
(TPRT sensitivity for
EBDT)

[100]D1
56
14

5
19
6

78.3£0.5

83.3+1.2

4 (17%)

[100]D2
43
20
18
17

2

92.7+0.5

96.3+0.9

4 (0%)

[100]D3
37
27

7
11
18

78.3+2.4

72.3+0.9

2 (14%)

[100]D4
43
18
15
24
O*

88.3+0.5

90.0+0.0

2 (60%)

[100]D5
53
17
13
17
O*

86.7+0.9

87.7+1.2

2 (77%)




Summary

Actionable Patient

Discrete Values (> Score Status

Classification

A

Surgical LSI SEVERE (4)

Or Death

HIGH (3)

GUARDED (1)

LOW (0) Projection [147]7 (99%)

SVML 0.91+0.06 [154]9 (99.9%)

Analyte Concentration
PSMHISS

EBDT 0.93+0.04
ANN:BR 0.92+0.07
PRBF 0.92+0.03

Bhat, A., Podstawczyk, D., Walther B. K., Aggas J.R., Machadoanda D., Ward K.R., & Guisepittlie, A.).Toward a hemorrhagic
trauma severity score: fusing five physiological biomarkers Journal of Translational Medicing2020) 18(1)384.



https://translational-medicine.biomedcentral.com/

Collaborators

| Collaborative program established
b¥ with Tripler Army Medical Centey

# Catherine Uyehara, Ph.DChief,
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4 Implantation In Piglet Trauma Model

Collaborative program established

with University of Michigang Lt. Col.

Kevin R. Ward, M.D Professor,

Emergency Medicine and Exec.

Director,Michigan Center for

A Jl Integrative Research in Critical Care
. PSM Biochip and HISS Score

¢ PACIFIC REGIONAL MEDICAL COMMAND
" TRIPLER ARMY MEDICAL CENTER

Collaborative program established

with Medical University of South

Carolinac Edward CJauch M.D.
M.S., FACEP, FAHAormerDirector,

- Division of Emergency Medicin@ole

of First Responders

E\EMUSC Health
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Stratification of Vascularized
Composite Allografts

The next slide contains surgically graphic images




Vascularized Composite Allografts

Allotransplantation B a6 JWal ¢ Ut m1JI WY nwe Uc¢ q
structures containing multiple tissue types
Including skin, bone, fat, muscle, and connective

tissue from one individual to another.
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