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Grand Challenge Problems 

Organic Electronics : Enabling/improving 
biomedical devices using organic 
materials т More of Moore т for biology

Bioelectronics: Enabling direct electronic 
communication between solid state 
devices and the biology т More than Moore 
т the abo-bio interface.

My High-level Motivations



Grand Challenge Problems 

ENGINEERING: љòŸƨШĦċŰŰŸƣШĦŸŰƣƖŸũШƣőċƣШ
ƽőŔĦőШǃŸƨШĦċŰŰŸƣШůĲċƚƨƖĲЮњ

BIOMEDICAL SCIENCES: љ7ŔŸũŸŊŔĦċũШ
ƚǃƚƣĲůƚШċƖĲШŉċƖШƣŸŸШĦŸůƓũŔĦċƣĲĬШƣŸШĦŸŰƣƖŸũЮњ

My Guiding Axiom



Convergence in the Academy
 EnMed and Liberal Arts-Engineering

Convergence in Research

Å Electroconductive Hydrogels
 Biosensors and Bioelectronics

Å Microanalytical Systems
 Hemorrhagic Trauma and Allotransplantation

Å ElectOMICS
 Polymers, Fields, and Genes

Summary

Outline



The Concept of Convergence

Dan Mote, Jr., Victor J. DzauMarcia K. McNutt

Convergence: Facilitating Transdisciplinary Integration of Life Sciences, Physical Sciences, 
Engineering, and Beyond (2014)

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 (US); 2014 Jun 16.ISBN-13: 978-0-309-30151-0ISBN-10: 0-309-30151-3

Convergence
вШƣőĲШŔŰƣĲŊƖċƣŔŸŰШŸŉШőŔƚƣŸƖŔĦċũũǃШĬŔƚƣŔŰĦƣШŉŔĲũĬƚШŸƖШ
disciplines that leads to the emergence of a new and 
unified whole  to address need and create 
transformative impact.

http://www.nap.edu/


Convergence: Engineering-Medicine
Å?ĲŉŔŰŔŰŊШљÑƖċŰƚŉŸƖůċƣŔƻĲШfůƓċĦƣњШт Example of 
Biomedical Engineering.
Å9ƖĲċƣĲШċШљ7ŔŸůĲĬŔĦċũШEŰŊŔŰĲĲƖњ.

The Whitaker Foundation
710 million USD Expended on BME
Å 1,500 faculty grants awarded
Å 400 graduate fellowships
Å 75 BME departments
Å 13 BME buildings built

Katona PG. Biomedical engineering and the Whitaker foundation: a thirty-year partnership. 
Ann Biomed Eng. 2006 Jun;34(6):904-16. doi: 10.1007/s10439-006-9087-7.



Convergence
вШƣőĲШŔŰƣĲŊƖċƣŔŸŰШŸŉШőŔƚƣŸƖŔĦċũũǃШĬŔƚƣŔŰĦƣШŉŔĲũĬƚШŸƖШ
disciplines that leads to the emergence of a new and 
unified whole  to address need and create 
transformative impact.

Convergence: Engineering-Medicine

Convergence: Liberal Arts-Engineering



EnMed is an innovative engineering medical 

school option created by Texas A&M University 

and Houston Methodist Hospital to educate a 

new kind of doctor who will create 

transformational technology for health care.

Produce a

Physicianeer

Program Objectives
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EnMed Working Group - ENGINEERING

N. K. Anand

Sr. Associate Dean

John E. Hurtado

Assoc. Dean, Academic Affairs

Timothy Jacobs

Director, Interdisciplinary Engineering Programs

Victor Ugaz

TEES Director of Research Development

Anthony Guiseppi-Elie

Professor, Department Head, Biomedical 

Engineering



ENMED 
PROGRAM 
OBTAINS 

LCME 
APPROVAL

Å Inaugural class to matriculate in July 2019
ÅTrack approved for the HM Campus
ÅApril 2018



LCME* Approval

What does this mean?

Å A campus expansion in Houston

Å 200 TAMU students in Houston

Å A uniquely blended Engineering 

and Medicine curriculum

Å Opportunity for motivated faculty

*Liaison Committee on Medical Education



Academic Program ï 
From Engineer to Physicianeer

Every EnMed graduate will earn an MD and MEng

ÅExpert at life science and technology

ÅInvent something transformational

ÅUnderstand research and commercialization

ÅBe prepared to be early adopters and thought leaders

Every EnMed admit will have

ÅA BS in Engineering, Computer Science or 

equivalent undergraduate preparation

MD-MEng

50
EnMed 

students / 

year
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ÁA world-class physician-

scientist 

ÁInternationally recognized 

leader in biomedical imaging 

and bioengineering

ÁMember of National Academy 

of Medicine and the National 

Academy of Engineering
RODERIC I. PETTIGREW, PHD, MD

 CEO of EnHealth and Executive Dean for EnMed

Leadership

Founding Director, National Institute of 

Biomedical Imaging and Bioengineering, National 

Institutes of Health (NIH)
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Medicine Content Sequence

ÅDuration 18 months
ÅCourse titles and duration same as regular curriculum
ÅWeekly theme and case relevant learning activities
ÅMapped to USMLE Step 1 Content 

Engineering Content Sequence

ÅFour-course sequence
ÅStudents will learn to view the human body as an integrated 

engineered system.
ÅPresented from a new perspective that values the confluence of 

engineering principles and its problem-solving approach with those 
taught during medical training.  

Academic Program ï 
From Engineer to Physicianeer

MD-MEng



18

Academic Program ï 
From Engineer to Physicianeer



From Engineer to Physicianeer

2017 -18 Pilot Cohort

Cannon Woodbury
UT Dallas
Biomedical Engineering

Lamees Elnihum
Texas A&M University 
Chemical Engineering
(minors in Aerospace 
and Chemistry)

Kenneth Livingston
UT Dallas
Electrical Engineering

2018 -19 Pilot Cohort



EnMed Curriculum - at a glance



Every EnMed graduate will earn an MD and MEng

ÅExpert at life science and technology

ÅInvent something transformational

ÅUnderstand research and commercialization

ÅBe prepared to be early adopters and thought leadersP
ro
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Class of 2023



MB, BCh, BAO, and 
BE
8 years

School of Medicine and 
Advanced Medical 
Engineering

MD/MS
? years

MD/MS (BIOE)
5 years

Dual Medicine -Engineering 
Degrees

MD
4 years



Convergence
вШƣőĲШŔŰƣĲŊƖċƣŔŸŰШŸŉШőŔƚƣŸƖŔĦċũũǃШĬŔƚƣŔŰĦƣШŉŔĲũĬƚШŸƖШ
disciplines that leads to the emergence of a new and 
unified whole  to address need and create 
transformative impact.

Convergence: Engineering-Medicine

Convergence: Liberal Arts-Engineering



Convergence: Liberal Arts-Engineering

ÅProvide a well-rounded education that combines 
technical skills with a broader understanding of social, 
cultural, and ethical aspects.
ÅPremium value on fostering creativity, critical thinking, 
and effective communication skills alongside 
engineering expertise.

Produce a

Socratic Engineer

Program Objective



AU COEN

College of Engineering

ÅChristian (Southern Baptist Convention)
ÅLiberal Arts
ÅRegional serving
ÅϤпΣммт ǎǘǳŘŜƴǘǎ όΨнн-Ωноύ



"Convergence is a broad rethinking of how all 
scientific research [and education] can be 
conducted, so that we capitalize on a range of 
knowledge bases, from microbiology to computer 
ƚĦŔĲŰĦĲШƣŸШĲŰŊŔŰĲĲƖŔŰŊШĬĲƚŔŊŰвѢ

Phillip Sharp, MIT Institute Professor and Nobel Laureate (2011)

Genome Engineering

Ecosystem Engineering



Convergence in the Academy
 EnMed and Liberal Arts-Engineering

Convergence in Research

Å Electroconductive Hydrogels
 Biosensors and Bioelectronics

Å Microanalytical Systems
 Hemorrhagic Trauma and Allotransplantation

Å ElectOMICS
 Polymers, Fields, and Genes

Summary

Outline



Biomedical Problems of Interest

Hemorrhagic Trauma
Physiologically informed 
patient resuscitation and 
reanimation.

Wound Healing

Traumatic defects in electrical 
tissue from cardiac infar or 
axomy.

Drug Delivery

Bio-responsive drug delivery 
to address homeostasis.

National Trauma Institute. (2018). Trauma Statistics & Facts
https://www.nattrauma.org/what-is-trauma/trauma-statistics-facts/
Kauvar D.S. et al. (2006) Journal of Trauma and Acute Care Surgery , 60(6), S3-S11.

Golden hour ~ 45 min
Ischemic damage 

Targeting stasis

Q.-X. A. Sang et al. Biochem. Biophys. Res. Commun. (2000), 274, 780.

Wilson and Guiseppi-Elie Int. J. of Pharmaceutics (2014) 461(1-2) 214-222.

Chu, David S., et al., Biomat. Sci. (2015) 3.1: 41-45.

Cao et al. "Electrical and mechanical strategies to enable cardiac repair 
and regeneration."IEEE Reviews in Biomedical Engineering (2015) 28

Allotransplantation
Physiologically informed 
allograft stratification.

VCA Score of 0, 1, 2, or 3

Electrobiology

Exogenous and endogenous 
electric fields in biology.

ElectOMICS



Biomedical Solutions Under Development

Hemorrhagic Trauma Wound Healing

Minimally invasive Physiological 
Status Monitoring (PSM) Biochip 
т Five metabolite biomarkers.

Drug Delivery

MDEA 2525
4.0 mm

2
.0

 m
m

Allograft Stratification Electrobiology

Sensing, Measuring, and 
Actively Responding 
Technical (SMART) 
Hydrogels.

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

Related image

Guiseppi-Elie, et al. (2011) Analytical and Bioanalytical Chemistry, 
399(1), 403-419.

Kotanen, et al. (2012) Biosensors and Bioelectronics 35(1), pp. 14-26.

Aggas et al. (2023) Bioengineering MDPI 2023, 10(4), 434.
Bhat et al. (2020) Journal of Translational Medicine 18, 348.

Li Yao, et al. (2003) Chem. Mater. 15(9) 1860 ς 1864.
Aggas et al. (2018) Bioengineering 5(4) 87.
Abasi et al. (2019) Mat. Sci. and Eng.: C 99 1304-1312. 
Abasi et al. (2019) IEEE Xplore 875-878. 
Mancino et al. (2022), Nanomedicine 44, 102567.

Wilson et al.  (2012) Journal of Controlled Release 160.1: 41-47.
Guiseppi-Elie et al., J. Bioact. Compat. Polym., (2010), 25(2) 121-140. 

Wilson and Guiseppi-Elie (2013) Adv. Healthcare Mat. 2(4) 520-532. 

Whitney et al. (2024) Adv. Sensor Res. (Accepted) 
Bhat et al. (2020) ACS Sensors 5, 2, 500ς509.

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


Impact of hemorrhage on trauma

üHemorrhage is the primary complication of trauma
ÅLeading cause of death for ages < 46 in USA 
ÅAccounts for 62% of all deaths for ages 15-24
ÅHigh contribution to death rates in the first 24 h

National Trauma Institute. (12/2018). Trauma Statistics & Facts
https://www.nattrauma.org/what-is-trauma/trauma-statistics-facts/
Kauvar D.S. et al. (2006) Journal of Trauma and Acute Care Surgery , 60(6), S3-S11.

Golden hour period ~ 45 minutes



Pathophysiology of Hemorrhage and Hemorrhagic Shock

ÅVasoconstriction
ÅReduced peripheral blood flow
ÅHigh oxygen demand

Peripheral muscles are most 
systemically affected during 

hemorrhage

Guiseppi-Elie, A., et al. (2011) Analytical and Bioanalytical Chemistry, 399(1), 403-419.

pO2

Lactate

pH
Potassium

Glucose 

Multiple OrganDysfunction Syndrome (MODS)



Patent т Indwell a biochip within a major muscle

A. Guiseppi-Elie, (2012) US Patent Application US 13/317,236

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


Design of a penta-analyte biosensor т PSM Biochip

Glucose

Lactate

pH

potassium

pO2

Bonding pads

55 µm wide lines

Si3N4 passivating layer

Metallization layer

2,000 mm

4
,0

0
0

 m
m

Critical Feature Size

MDEA f = 25 mm

IME = 1.0 mm

MDE f = 10 mm

MDE f = 10 mm

MDEA f = 25 mm

Five key analytes of hemorrhagic trauma



Analytes Pathophysiological range
LOW NORMAL HIGH

Glucose
Hypoglycemia
<3.88 mM
<70 mg/dL

Euglycemia
3.88 т 5.5 mM
70-99 mg/dL

Hyperglycemia
>5.5 т 10 mM
99-180 mg/dL

Lactate Hypolactatemia
< 0.5 mM

Eulactatemia
0.5 т 2.0 mM

Hyperlactatemia 
>2.0 т 4.0 mM

Potassium Hypokalemia
(<3.5 mM) 3.5 mM - 5.5 mM Hyperkalemia (>5.5 mM)

pH Acidosis
(<7.35) 7.35 - 7.45 Alkalosis (>7.45)

pO2

Hypoxia
<5.18 mM
<100 mmHg

5.18 - 6.22 mM
While breathing in, 
160 mmHg, gradient 
100-120 mmHg

Hyperoxia (>6.22 mM)
>120 mmHg

Pathophysiological Intravascular Ranges:
Metabolic Indicators

Glucose: Hirshberg, Eliotte et al. (2008), Pediatric Critical Care Medicine, 9(4), 361-366
Potassium: Viera, Anthony J., (2015) American family physician, 58(4), 777-782
Lactate and pH: Andersen, Lars W., et al, (2013) Mayo Clinic Proceedings, Vol. 88, No. 10, pp. 1127-1140
pO2: de Jonge, Evert, et al.(2008), Critical care, 12(6), R156

ὑ ὶὥὲὨέάὑ χȢσυ ɀ ὴὌὭ φz

Burnell et al. J Clin Invest 1956;35(9):935-9.



Analyte Motivation Method Technique Transducer

Glucose

Levels fall during 
trauma-associated 
hemorrhage

Glucose Oxidase 
Biosensor

Amperometry
(Apply voltage measure 
current)

Microdisc Electrode 
Array
(MDEA) f = 25 mm

Lactate

Levels rise during 
trauma trauma-
associated 
hemorrhage

Lactate Oxidase 
Biosensor

Amperometry
(Apply voltage measure 
current)

Microdisc Electrode 
Array
(MDEA) f = 25 mm

Potassium

Hyperkalemia Ion Specific 
Electrode (ISE)

Potentiometry
(Measure voltage vs. 
REF)

Microdisc Electrode
(MDE) f = 10 mm

pH

Lactate in the 
tissues causes 
acidosis

pH Responsive 
Hydrogel

Impedimetry
(Apply V sin(wt) Measure 
I sin(wt+ɗ)

Interdigitated 
Microelectrodes 
(IME) f = 1 mm

pO2

Hypoxia in the 
muscle bed

Electrocatalytic 
Layer

Voltammetry
(Sweep voltage measure 
peak current)

Microdisc Electrode
(MDE) f = 10 mm

35

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



Electroconductive Hydrogels



p(HEMA) -based Electroconductive Hydrogel

Confers

biocompatibility

Macromolecular

anion dopant

Provides for in-situ

bioconjugation site

Confers

high hydration

Engineers Tg

Adjusts viscosity

and confers

biocompatibility

Molecular wire

Redox switch

Cross linker

ȹ Py-co-PyBA ï Electropolymerization Charge Density 

éeffect on i) mechanical properties and ii) cell viability

Gusphyl Justin and Anthony Guiseppi-Elie*, "An Electroconductive Blend of p(HEMA-co-PEGMA-co-HMMA-co-SPMA) Hydrogels 
and p(Py-co-PyBA): In Vitro Biocompatibilityά Journal of Bioactive and Compatible Polymers (2010), 25(2) 121-140. 

Dr. Gusphyl

JUSTIN



p(HEMA-co-PEGMA-co-HMMA) 
Hydrogel Membrane

OH-PEG(3500)-NHS

Acryl-PEG(3500)-NHS

Hydrogels on solid surfaces



OH-PEG(3500)-NHS

Acryl-PEG(3500)-NHS

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

110%

0
 h

1
2
h

2
0
h

4
0
h

6
1
h

1
1
2
h

1
3
2
h

1
8
0
h

H
yd

ro
g
e

l S
p

o
ts

 R
e

m
a

in
in

g
, 
%

Immersion Time, h

Acryl-PNHS

0H-PNHS

Contact angles Stable attachment Adhesive strength

0.0

2.0

4.0

6.0

8.0

10.0

APNHS PNHS

F
o

rc
e

/a
re

a
 (k

P
a) **

The role of the w-functionality in attachment vs adhesion



Elastic modulus measured by nano-indentation of Au*|hydrogel-PPy 
(electropolymerization charge densities)
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PC12 cell densities post-incubation (4 days) on Au*, Au*|hydrogel, Au*|PPy, 
Au*|hydrogel-PPy (5, 25 and 50s electropolymerization times)
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PC12 cell viability and elastic modulus of Au*|hydrogel -PPy 
(electropolymerization times)

Anthony Guiseppi-Elie, Chenbo Dong and Cerasela Zoica Dinu άCrosslink Density of a Biomimetic Poly(HEMA)-based Hydrogel 
Influences Growth and Proliferation of Attachment Dependent RMS 13 Cellsέ J. Mater. Chem. (2012) 22 (37), 19529 ς 19539

PC12 ï Rat Pheochromocytoma
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Plasma cleaning(3-Aminopropyl) trimethoxysilane

Cathodic cleaning 0  -1200 mV vs Ag/AgCl

Electropolymerization of polypyrroleBenzophenone hydrogen abstractionHydrogel cocktail application and UV polymerization

Transducer Organosilane 

and PPy
Hydrogel

2mm

4
 m

m

p(Py-co-PyBA) 

+ GOx

Karunwi, O., et al., Engineering the abio-bio interface to enable more than Moore in functional bioelectronics. Journal of The Electrochemical Society, 2013. 160(4): p. B60-B65.

Bioactive Electroconductive Hydrogels
Electropolymerization  to entrap GOx



MDEA

5037

Fabrication of the electrochemical Glucose and Lactate GEN I 
biotransducers
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Sulfobenzoic Acid (SBA)

SBA : GOx = 2:1 and 10:1

Pyrrole Butyric Acid ( PyBA)

PyBA : GOx = 2:1 and 10:1

Enzyme 

monomer

conjugate

Enzyme 

dopant

conjugate

Experimental Approach II - Enzyme Engineering

MONOMERIZED SULFONATED

EDC/NHS

EDC/NHS



Glucose biotransducer  sensitivity as a function of 
enzyme conjugation ratio
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Design of a penta-analyte biosensor т PSM Biochip

Glucose

Lactate

pH

potassium

pO2

Bonding pads

55 µm wide lines

Si3N4 passivating layer

Metallization layer

2,000 mm

4
,0

0
0

 m
m

Critical Feature Size

MDEA f = 25 mm

IME = 1.0 mm

MDE f = 10 mm

MDE f = 10 mm

MDEA f = 25 mm

Five key analytes of hemorrhagic trauma



In vivo amperometric performance of the implanted PSM 
BioChip during hemorrhage т Sprauge Dawley - rat model.
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INTRAMUSCULAR
BLOOD

Amperometric response of an intramuscularly implanted lactate biosensor during  hemorrhage, the mean arterial 
pressure (MAP) and the systemic blood lactate obtained using a YSI Biostat Bioanalyzer.

Anthony Guiseppi-Elie άAn Implantable Biochip to Influence Patient Outcomes Following Trauma-ƛƴŘǳŎŜŘ IŜƳƻǊǊƘŀƎŜέ Journal Analytical and Bioanalytical Chemistry (2011) 399(1), 403-419. 

Sprauge Dawley



Sus scrofa

In vivo amperometric performance of the implanted 
PSMBioChip during hemorrhage т Sus scrofa т pig model.

Unpublished
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Patient stratification for improving hemorrhagic 
trauma outcomes

Guiseppi-Elie et al. (2013) Biomed Microdevices, 15(3), 561-577
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PSM Biochip Data To Hemorrhage Intensive Severity and Survivability (HISS) Score



Analytes Pathophysiological range
LOW NORMAL HIGH

Glucose
Hypoglycemia
<3.88 mM
<70 mg/dL

Euglycemia
3.88 т 5.5 mM
70-99 mg/dL

Hyperglycemia
>5.5 т 10 mM
99-180 mg/dL

Lactate Hypolactatemia
< 0.5 mM

Eulactatemia
0.5 т 2.0 mM

Hyperlactatemia 
>2.0 т 4.0 mM

Potassium Hypokalemia
(<3.5 mM) 3.5 mM - 5.5 mM Hyperkalemia (>5.5 mM)

pH Acidosis
(<7.35) 7.35 - 7.45 Alkalosis (>7.45)

pO2

Hypoxia
<5.18 mM
<100 mmHg

5.18 - 6.22 mM
While breathing in, 
160 mmHg, gradient 
100-120 mmHg

Hyperoxia (>6.22 mM)
>120 mmHg

Pathophysiological Intravascular Ranges:
Metabolic Indicators

Glucose: Hirshberg, Eliotte et al. (2008), Pediatric Critical Care Medicine, 9(4), 361-366
Potassium: Viera, Anthony J., (2015) American family physician, 58(4), 777-782
Lactate and pH: Andersen, Lars W., et al, (2013) Mayo Clinic Proceedings, Vol. 88, No. 10, pp. 1127-1140
pO2: de Jonge, Evert, et al.(2008), Critical care, 12(6), R156

ὑ ὶὥὲὨέάὑ χȢσυ ɀ ὴὌὭ φz

Burnell et al. J Clin Invest 1956;35(9):935-9.



ÅUnavailability of adequate clinical stat  data
ÅUnavailability of adequate clinical temporal  data
ÅNeed to establish proof of concept for the approach
ÅLow-cost digital equivalent of large patient data sets
ÅPossibility for data engineering

52

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

Patient Data Sets for Key Metabolites



SRFP Data Generator

Data Sets

Multiple clinical experts 

score the data

Convert the crisp labels 

into possibilistic labels

Train the Possibility 

algorithm

SVM: Linear and Decision 
Tree: Ensemble Bagged

Pattern Recognition ANN

Train the SVM-L or EBDT 

algorithm(s)

Train the ANN-BP 

algorithm(s)

Test each model

Accuracy from CM

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



Sensibly Rationalized Fictitious Patient (SRFP) Data to 
Hemorrhage Intensive Severity and Survivability (HISS) Score

Fictitious 

Patient

Sensibly Rationalized Fictitious Patient (SRFP) Data HISS Score

Glucose

(mg/dL)

Lactate

(mmol/L)
pH

Potassium

(mmol/L)

pO2

(mmHg)
D1 D2 D3 D4 D5

1 70 2.7 7.42 5.10 78 1 1 1 1 0

2 160 6.0 7.11 6.14 44 4 2 3 3 3

n 41 9.7 7.26 4.84 97 3 3 4 3 3

.. .. .. .. .. .. .. .. .. .. ..

n+1 123 3.3 7.41 5.00 86 UD UD UD UD UD

n+2 49 8.7 7.13 5.92 53 UD UD UD UD UD

.. .. .. .. .. .. .. .. .. .. ..

n+25 220 8.6 7.23 4.52 92 UD UD UD UD UD

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

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



Questions addressed

ÅWhich classification algorithm is best suited to the 
challenge of fusion scoring?
ÅWhat is the minimum data set needed to achieve 
99% and 99.9% accuracy in patient stratification

Support Vector Machine - Linear Decision Tree: Ensemble Bagged
Artificial Neural Network with Bayesian 

Regularization (ANN:BR) 



Class Frequency [%]
[100]D1 [100]D2 [100]D3 [100]D4 [100]D5

0 56 43 37 43 53
1 14 20 27 18 17
2 5 18 7 15 13
3 19 17 11 24 17
4 6 2 18 0* 0*

SVM-L accuracy [%] 78.3±0.5 92.7±0.5 78.3±2.4 88.3±0.5 86.7±0.9

EBDT accuracy [%] 83.3±1.2 96.3±0.9 72.3±0.9 90.0±0.0 87.7±1.2

Class with the 
highest confusion

(TPR тsensitivity for 
EBDT)

4 (17%) 4 (0%) 2 (14%) 2 (60%) 2 (77%)

Mean Test and Training Accuracy

LOW (0)

GUARDED (1)

ELEVATED (2)

HIGH (3)

SEVERE (4)
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Summary

[147]7 (99%) 

[154]9 (99.9%)

Projection

Bhat, A., Podstawczyk, D., Walther B. K., Aggas J.R., Machado-Aranda D., Ward K.R., & Guiseppi-Elie, A.). Toward a hemorrhagic 
trauma severity score: fusing five physiological biomarkers Journal of Translational Medicine (2020) 18(1)384.

Algorithm Accuracy

SVM-L 0.91±0.06

EBDT 0.93±0.04

ANN:BR 0.92±0.07

PRBF 0.92±0.03 

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


Collaborators
Collaborative program established 
with Tripler Army Medical Center ς 
Catherine Uyehara, Ph.D., Chief, 
Dept. Clinical Investigation: 
Implantation In Piglet Trauma Model

Collaborative program established 
with Medical University of South 
Carolina ς Edward C. Jauch, M.D. 
M.S., FACEP, FAHA, Former Director, 
Division of Emergency Medicine: Role 
of First Responders

Collaborative program established 
with University of Michigan ς Lt. Col. 
Kevin R. Ward, M.D., Professor, 
Emergency Medicine and Exec. 
Director, Michigan Center for 
Integrative Research in Critical Care: 
PSM Biochip and HISS Score



The next slide contains surgically graphic images
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Warning Stratification  of Vascularized 
Composite Allografts



Abasi, Aggas, Garayar-Leyva, Walther and Guiseppi-9ƭƛŜϝ ά.ƛƻŜƭŜŎǘǊƛŎŀƭ LƳǇŜŘŀƴŎŜ 
Spectroscopy for Monitoring Mammalian Cells and Tissues under Different 
CǊŜǉǳŜƴŎȅ 5ƻƳŀƛƴǎΥ ! wŜǾƛŜǿέ ACS Measurement Science Au (2022) 2, 6, 495ς516.

Allotransplantation вƣőĲШƣƖċŰƚŉĲƖШŸŉШċŰċƣŸůŔĦċũШ
structures containing multiple tissue types 
including skin, bone, fat, muscle, and connective 
tissue from one individual to another.  

Face Transplant

Hand Transplant

Edema (swelling due to 
fluid retention) is the 
main clinical Indicator of 
acute rejection in VCA

Edema may be measured 
and monitored by 
Bioimpedance 
Spectroscopy (BIS)

Bioimpedance Monitoring 

Vascularized Composite Allografts



A B C

D

Extracorporeal System used in VCA ex-vivo Perfusion

Kruit et al. (2021), Transpl Int, 34: 365-375



Banff classification of acute rejection in skin -
containing allografts

62

Grade Classification Comments

Grade 0 None No or rare inflammatory infiltrates.

Grade I Mild Mild perivascular infiltration. No involvement of the overlying 
epidermis.

Grade II Moderate

Moderate -to-severe perivascular inflammation with or without 
mild epidermal and/or adnexal involvement (limited to 
spongiosis and exocytosis. No epidermal dyskeratosis or 
apoptosis.

Grade III Severe Dense inflammation and epidermal involvement with 
epithelial apoptosis, dyskeratosis, and/or keratinolysis .

Grade IV Necrotizing acute
rejection Frank necrosis of epidermal or other skin structures.



Multielectrode Multiplexed Bioimpedance Spectroscopy
(MMBIS) for Monitoring of Edema in VCA

Grounded
Wire 

Connector

A B C

24 Wire Ribbon

ACTUATOR

1-to-24 
Multiplexer

Computer with LabVIEW software

SDG 1025 ςSignal Generator

Solartron 1260 - Impedance 
Analyzer

Agilent 34970A ςActuator and 
Multiplexer

USB 
Type A-to-Type B 

Connector

IEEE 488.2-USB 
Connectors

24 

Conformal Flextronics

Aggas, Abasi, Ton, Salehi, Liu, Brandacher, Grayson, 
Guiseppi-ElieΣ άReal-Time Monitoring Using Multiplexed 
Multi-electrode Bioelectrical Impedance Spectroscopy for 
the Stratification of Vascularized Composite Allografts: A 
tŜǊǎǇŜŎǘƛǾŜ ƻƴ tǊŜŘƛŎǘƛǾŜ !ƴŀƭȅǘƛŎǎέ Bioengineering MDPI 
2023, 10(4), 434.


