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‘Epidermal’ Electronics

1) Ultra-thin (~5 um), ultra-light (~1 mg/cm?)
2) Ultra-low modulus (~5 kPa), stretchable (30%)
3) Air/lwater permeable; waterproof

A [ L
‘electronic temporary tattoo’

y4

~2008 / 2009, Rogers et al, DSRC study group report to DARPA
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‘Epidermal’ Electronics

Free Standing

!

3 mm

Science 333, 838 (2011).
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‘Epidermal’ Electronics

Free Standing
A
\Na Fitbit Flex
‘. 2013

Science 333, 838 (2011).




Commercialized ~2012; FDA-Approved in ~2014

1st Stretchable Electronics Product

Acquired in whole by Medidata in 2021
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Neonatal Intensive Care

Current | > Future
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Wireless, Epidermal Vital Signs Monitoring Systems

Science 363, 6430, eaau0780 (2019).
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Binodal, wireless epidermal
electronic systems with in-sensor
analytics for neonatal intensive care

a UK (hung', Bong Floon Kim', Jang Yoon Lee*, Jungyup Lee', Zhangian Xie',

Lrin M. Ibler, Kunllyuck Lee, Anthony Banks, Ji Yoon Jeong Jongwon Kim,

Christopher Ogle, Donsindc Grande, Yongjoon Ya, Iekyung Jang, Pourya Assem, Dennds Ryu,
Jean Won Kwali, Myessg Naanboong, Jun Bin Park, Yechaon Lee, Do Hoon Kim, Arin Ryu,
Jocseok Jeong, Kevin You, Bowen N, Zheangan Liu, Qingze Huo, Xue Feng, Yujun Deng,
Yeshou Xu, Kyung-In Jang, Jeonglyun Kim, Vibal Zhang, Roodbeh GhatTurd, Casey M. Rand,
Molly Schau, Asron 1hanvas, Debra Lo Weese Mayer, Yonggang Huang, Scung Min Lee,

Cnd Hwan Lee, Navesh R. Shanbhag, Amy S, Pallert, Shuad Xut, Joln A Rogers™

INTRODUCTION: In reonatal intensve cure
units (NTCUs), continuons monitoring of vital
signs 8 essential, particulardy in cases of ssvere
premasturity. Current mononing platfors re
quire muktiple hard-wirad, ngid intesfaces to 2
rwoeate’s fragie, underdeveloped skin and, in
ome G, invasihve lines nserted into ther de
licate arteries These platforms and their wired
interfaces pose risks for itrogenic &in injury,
create physicsl bamiers foe skintoskin parentl)
eonste bonding, ol frustrae even beasic cin-
ical tasks. Technaologies that bypass these lim-
itations and provide additional, advanced
phiysiclogical monitoring capalalities would di-
rectly address an unmet dinical need for a
highly vulnerable populstion

A [ECG PG

RATIONALL: [t 15 now possibie to fabricate
wireless, battery-free vital signs monitaring
Systems basad on altrathin, “skin-like” mensune
et modudes:, These devices G gently and noe-
Imvnshvedy inferfuce anto the sdn of neonates with
gestational ages down to the edge of viabaity

Four esential advances in engineering scence
serve 88 the foundations for this tectnology: (1)
schemes fr wirelss power transer, low-noise
aensing, md high-spead datn communications
vis 2 sngle radio-frequency link with negligible
shsorption in biclogical tissues; (ii) effident
dgoeithivs for real-time data analytics, sgnsl
processing, and dynamic basdine modustion
implemented on the sensor platforms them

selves; (i) strategies for time-synchronized

Wirnless, skin-ike systems for vital signs monitoring in neonatal mtensive care, (A) lmsges
and frite-clement modelng reauts for ECG and FPG devices tent around glass cylinders
(B) A nsonate with & ECG deviee on the dhest, (C anvd D) A mather holdng e miant with 3 FPG

device on the foot and an ECG device on the ©

Clrang of ol Ssewce B85, 947 (2010 1 March 200

= (C) and on the tack (D).

streaming of wireless data from two separate
devices; and (iv) designs that enshle visml in-
spection of the skin interfisce while s dlowing
migmetic resoeance imaging and oy imaging
of the neonate, The resulting systems can he
much smaller in siee, Sghter i weight, and Jes
trmertic to the skin than any edssng alemugive.

RESULYS: We report the realization of this
dass of NICU moniton ng techno ogy, embodied
& a pair of devices that, when wsed in & time-
synchronized fashion, can recoestruct full vital
signs information with dinksal-grade peedsion
Ome device mounts on the

chest to eapture electro
Foad the full arsg  Carliograms (EOGs); the
A ol ather rests on the base of

f the ©04 80 simultaneously
record photoplethysmo-
granms (PPG, This tinodal
syt caphares and continueousy traxmits BOG,
PP and (from each devies) skin temperature
dats, viekling messurerments of hean e, heart
rute varisbility, respinition mete, blood axygena
ton, and pulse arival time 55 8 sorvogate of
systuie blood prssauns. Sucoesdisl ests oo neoesties
with grstntional ages meging from 28 weeks to
full term demonstrate the full range of fune
tions in two level I NICUs.

The thin, lightweight, low-moduius dharac-
teristics of these wirdess devics allow for in-
terfnoes to the skin mediated by forees that ae
neardy an order of magmituds analler than those
ssswociated with adhedves usad Sr corventiceal
hardware in the N1CU. This redadion greatly
Jowers the potential for iatmgenic injuries.

CONCLUSION: The slvances oullined here
serve ns the basis for a skindike technology
that not anly repmdoces capahil &l es corrently
provided by invasive, wired systems as the
standard of care, but also offers multipoim
sensing of wmpees ture and continuous t k-
ing of blood presure, all with suhstantially
safer device skin mterfuces and compatibi ity
with medical imaging. By eliminating wired
commections, these platforms also faciState
therapeutic sk n-to-skin contad Detween neo-
nates and parents, which is known to stabilie
vital signs, reduce morbidity, and promote
parental bonding. Beyond use in advanced
hosplital settings, these systems also offer cost-
elfective capabilities with potential reevance
to glotul henkth »

The st ol b dos < aalibie i De 4 a1 onke
*Thana a ooy canfriatng aqualy 15 this wark
TCamngonding nithor Cmak: o= trem ot
(ASP L shewc Snonthwalestady (S XY yogent
sortosiemedy (JAR)

This (s anogen-sccess ardcle ddrtbuted uader the teems
of the Creatve Carvnaes At B 0n lcenes (eeped’
Creativevomeins org /s 6 Ay AV | which parrils
envestriciod wse. distridetion. and regrodection In any
medum provid of the ariginad work is praperly dtod. Cle this
article ax ML Gung ot al, Scwree 361 sen( 080 (2009
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Scaled Deployments into India, Pakistan,
Zambia, Kenya and Ghana: 2019-present

BILL& MELINDA
(JATES foundation

@5 Save the Children.




7™ QUERREY SIMPSON INSTITUTE ____ N
%:L FOR BIOELECTRONICS ﬂ

1st Deployment — Training Session in Zambia (Dec 2019)




On-going Work — Training Session in Lagos (Jan 2025)
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Sibel Health and
the Capital Region
or Denmark

Sibel Health selected by the
Capital Region of Denmark to
provide continuous wireless
monitoring through an innovative
collaboration partnership.

-

]
> UMasivo” & others
ANNE Chest sensor is capable of continuously monitoring multiple vital signs.
COPENHAGEN, Denmark and CHICAGO, Dec. 12, 2024 /PRNewswire/ -- The Capital Region of
Denmark has selected Sibel Health, an award-winning medical technology company spun out of
the Querrey-Simpson Institute for Bioelectronics at Northwestern University, for a long-term
innovation partnership along with Drager to deploy advanced continuous monitoring in the
hospital setting after a highly competitive, multi-year global selection process. Sibel Health
manufactures the FDA-cleared ANNE® One monitoring platform powered by clinical-grade
wearables for all vital signs. For the Capital Region of Denmark, new monitoring technologies are
needed to address staffing shortages, an increase in patient load, and the move to single rooms.
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Sibel Health




457 QUERREY SIMPSON INSTITUTE N
‘g:@% FOR BIOELECTRONICS = ﬂ

Measurement Capabilities

Thermal: Thermography, Thermal Transport, Hydration

Electrical: Biopotential (ECG, EMG, EEG), Hydration

Fluidic: Sweat (loss and chemistry), blood flow

Mechanical: Strain, motion, modulus, pressure

Optical: UVA/UVB, oximetry, PPG, vein mapping

Mechano-acoustic — cardiac auscultation, etc.

Multimodal, Clinical Quality, Continuous
Low Cost & Available to Everyone
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\_ Epidermal Microfluidic Devices and Sweat Analytics
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Sci. Transl. Med. 8, 366ra165 (2016).



Sci. Transl. Med. 8, 366ra165 (2016).
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BIOSENSORS

A soft, wearable microfluidic device for the capture,
storage, and colorimetric sensing of sweat

D016 5 Thi- Aithuias,
oo ighils pemsvedt,
i hanben B st
Ak Assn i
T Thar Aubwar e
of Science.

Ahyeon Koh,'* Daeshik Kang,'”* Yam Xue,” Seungmin Lee,” Rafal M. Pielalk,”

m‘-‘r bt

Mh.'nnum-;m..‘ Philippe Bastien,”

Jeonghyun lhnlg,.
Megan C. Manco,” Liang Wang,"* iaitlyn R. Ammann,” Kyung-in Jang," Phillip Won,"
Seungyong Han," Roozheh Ghaffarl,'® Ungyu Paik,” Marvin J. Sleplan,” Guive Balooch,*

Yonggang Huang,® John A. Rogers''

Capabilities in health monitoring enabled by capture and quantitative chemical analysis of sweat could
complement, or potentially obviate the need for, approaches based on sporadic assessment of blood samples,
Established sweat monitoring technologies use simple fabric swatches and are limited to basic analysis in
controlled laboratory or hospital settings. We present a collection nimmnkand device deshgns for soft, flex-

communication slec-

ible, and stretchable microfluidic systems, incuding

tronics, which can intimately and mlmﬂh'hnudwuwuﬂnmnflh skin without chemical and mechanical
irritation. This integration defines access points for a small set of sweat glands wd&ﬂulpetspﬁaﬂnnspam
neausly initiates routing of sweat through a microfluidic network and set of reservoirs, Embedded chemical
analyses respond in coborimetric lashion 1o markers such as chloride and hydronium fons, glucose, and lactate.
Wireless interfaces to digital image capture hardware serve as a means for quantitation. Human siudies denon-
strabed the functicnality of this microfluidic device during fitness cycling in a controlled environment and dur-
ing long-distance bicyde racing in arid, outdoor conditions, The results indude quantitative values for sweat
rate, total sweat loss, pH, and concentration of chloride and lactate.

INTRODUCTION

A convergence of advances in materials, mechanics design, and
apecialized device architectures is beginning to establish the foan
datlons for & next generation of wearable chectranbe technologies,
where senrors and other funciional components reside not in
comventional rigid packages mounted on straps or bands bt in
stead interface directly an the skin (1, 2), Specifically, devices that
combine soft, low-madulus physical propertics and thin layouts al
bowe rabust, nonirritating, and long-lived interfaces with the human
epldermis (2). This developing Geld involves inmovative ideas I||

impartant hinmarkers inchading clectrolytes, small molecales, and
prodeins (13, [4), Despite the impartance of sweat analysis in bio
medicine, interpreting information from sweat can be difficult due
o uncertaintics in its relationship with other hiofloids, such as in
terstitial Muid and blool, and due o the lack of biomedical appli
ances for direet sampling and detection of multiple biomarkers
withoul evaporation (15). In situ quantitative nml-,,-u‘r. of sweal is
nevertheless of great interest for monditoring af physiologic health
status (for cxample, hydration state] and for the disgnosia of discase
(fiowr L1l||||rl.L cystic fibrosis) (16, J?’J Faisting systems for whole-body

swel have been

bath organic wd inorganic functional materials, where mech
and manufacturing scicnce play imporiant roles, Although most
devices described in the literatare focus on measarement of physical
charscleristics such as motion, drin, siffocss, lemperature, thermal
conductivity, bopotential, clecirical impedance, and related param
wters (1, 310, complementary information—often with high dinkcal
value—ecoshd be realized through capture sl biochemicd analysis of
biofluids such as sweat (11, 12),

Ar a representative bioflukd, sweat is of particalar interest owing
to s relative case of noninvasive collaction and it rich content of

"Depeartimend of Maberials Science sl Ergineeing, Frederick Seite Materals Re
sa.lm Laboratory, Unisersity of Binois a0 Urbana Champaign, Urbana, I 61801,
USA. *Deparment of Mechanical Engineering, Juuu University, Suwon 443745,
Kaa, Ty of Chall 2wl T Man bl Frug
i, and Matertals Sohoe snd Enginoeing, mmn Univessity, Fvan
shon, B 6008, USA, "L Drdal Technology Inculistor, Sen Francsoo, CA 94107, USA,
“Daparnmend of Frongy Frogineering, Hanyang University, Seoul 133-791, Korea,
"LCwital Reseanch and Innowation, Aulnay sous Bols, Francs. L 'Oséal Early Clnkcal,
Chark, W 07066, US4 “Degusstenem of Chemical and Blakogical Ergineesing, inst
it of Chemical and Process Equipmen, Unisssrity, Hang
zhou 310027, People’s Aepublic of China, "Depanment of Medione and
Bioemedical Emgineering, Senves Hearl Cenler, Univenity of Aricona, Tucson, AZ
BET24, USA MO0 Inc, Cambwidge, MA 140, USA.

"These sthors contributed equally to this work.

I Cenmesgponiing authin, Pl pogerssilinat sdu

Kiih e al, Sl Thavd, Ml 8, 366ma 165 [2016] 23 Movembier 7016

0 b thee lalsortory (18], where stan
dand chemical analysis iechnologies (chromatograply, mass specinos
copy, and electrochemical detection) can reveal the compasition of
collected samiples (19), Recent attempts to deted and collect sweat
samultaneously ivolve dinso contsct with sensors on the skin (for ex
ample, termporary tatioo) where fabric or paper subsirstes accamm
late sweat for electrochemical andfor optical assessmemt (20). For
instance, electmchemicnl sensams directly laminates! an the epidermis
can detect chemical components, such & sodinm ions and lactae, in
read time (21-29). Colorimetric responses in fanctionalized porous
substrates can yield chembcal information, sech as the pH of swet,
anil further enable elmple quanttative sesys using devioes capable
of capinring, high-gquabity digital images, such as smartphones (24-26),
Radio frequency identification systems, which can be integratel on
top of porous materials for wirdes informastion tansfer, provide addi
vimnal fnctionality (27, 28). These and related wohnologies cin quantify
st geserstion mate (27), bt becuse the sweat glad density and aver
all areas are iypically arkoown, the total sweat rte and volumsarnic los
canmat be determined socartcly. In addition, the most widely cxplored
frrmats o not simubtaneoasly reveal the concentrtion of mudriple
chemical oompancnts, nor do they affor fall compatibility with the grow
ing; availabiling of gofi, skin-mennted dectronics, physical seosors, radio
tchnologes, and enengy storge dovics.

Tolii
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Colorimetric Chloride Detection

Chloride Assay Chloride in sweat
T
Ce¢Ag,Cl,0,4 + 4CI- + H* = 2AgCl,(s) + HC;CI,O, (purple ion)
Silver Chloranilate precipitation Acid chloranilate ion

10 25 50 75 100 125

Chloride
Concentration [mM] . - p——

100

B Colorimetrico Control

~
(3)]

Color Level

Concentration [mM]
N (3]
(3) o

0 ] ] ] ] 0 0 = —
10 25 50 75 100 125 #1 #2 #3 #4 #5 #6 #7 #8 #9
Chloride Concentration [mM] Test Number



EPIC@®RE

BIOSYSTEMS

> » o) 0:25/0:30

Gatorade | You Fuel Us, We Fuel You ft. S. Williams, J.

Sanders
Gatorade
1 04,0 29,1 31 Views @ Published on Dec 21, 2018




= +E|| [ catorade | The Sporte F 3 | 4 = n ) X

— = I @ 3 | hitpsyeessgatamde.comy i = £

YOUR SWEAT CAN
UP YOUR GAME

FIND OUT MORE

YOUR SWEAT CAN
UP YOUR GAME




S EPIG® RE
T e —
N 'l ' ‘P

S

y




Nice job. Your

Smart Gx Bottle is
- ready to use.

HYPEBEAST engadger

2.6B VIEWS $S90MM 500MM 63% DOUBLED cnET psievpaNy

HCATORADEONTIKTOK 2022 SALES  GXVEWSONTIKTOK  GROWIHRATE  FEMALE AUDIENCE SHARE s
aa: The Drum




o T mmmmmm BIOSYSTEMS

Hydration for Worker Safety — the ‘Industrial Athlete’

w/ Chevron and Fluor




EPIC®RE m=

BIOSYSTEMS

Smart
Wearable

Microfluidic 4‘

Technology
Oil & Gas oxv E);(onMob“ ‘Slb
Construction ®K|ew|t uacobs #

EOm cuyi

| Denka Honeywell
Manufacturing philli @ @ akabe Cdlé;é

Transportation UNITED ? - @MITSUI-SOKO NISSIN B¥
S EogicHics AIREIDES ‘23 ' Y uroc corroraTION {5 T

uToc

ALLIANCE () Berkeley

Safety [quipment

Other N o
N;’US e:? QL AES




B EPIC@® RE

Epicore Biosystems - Team




#57™) QUERREY SIMPSON INSTITUTE N
%@FUR BIOELECTRONICS N [ DUz

Academic Research = Commercial Translation

ADVANCED
HEALTHCARE (sa)lf“@a“ﬁ.
MATERIALS

Cell il)allgltrgchnology PN AS EPIG®* RE GTTORHTE
e — E1Q$‘I"5T’EH5 \/
o N

Translational
U.S. AIR FORCE

Medicine
¢ =
SIeEL =&
L E O

AYAAAS

Science ADYANGED:

RAYAAAS

neuroscience

Deployment and
commercialization

nature

High impact proof of
concept and validation

Strong IP protection

Breakthrough science

and engineering




51 QUERREY SIMPSON INSTITUTE N
’:’é/g FOR BIOELECTRONICS — u >

Academic Research = Commercial Translation

wearifi @

GATORADE
EPIG* RE
‘DVANCED EEEEEEEEEE \ )
HEAILTHCARE
AINANO  HATeRiALS \”/

biotechnology  PNA'S LOREAL

Cell 'Is':'i;;llc;l_at.ional nature
Medicine materials

ADVANCED,
S - MATERIA
C1ence Deployment and
commercialization
I}L L Dbl..li. ncc ‘
nature |

High impact proof of
concept and

validation
Strong |P protection




51 QUERREY SIMPSON INSTITUTE N
@FUR BIOELECTRONICS N [ DUz

Academic Research = Commercial Translation

| @wearifi @

EPIGORE ~ CSATORAPE

BIQSYSTEMS

A »

N7

°
o

I_,OREAI_ U.S.AIR FORCE

thebmj

ADVANCED
ACSNANO HEALTHCARE
MATERIALS

nature

biotechnology PN AS

Science
Translational nature
Cell Medicine materlals

THE LANCET

|
i I
1 i
i I
1 1
i I
i 1
i I
i 1
i I
i 1
i I
i i
i I
i i
i I
i i
- :
|
ADVANCED ADVANCED | l-;::_;_.‘-?;. e NEW ENGLAND : n > 1 M
MATERTALS FUNCTIONAL | wise JOURNAL o MEDICINE -
S * MATERIALS : : l
Cl1ence : i lll Deployment and
s I I
i I
i 1
i I
i 1
| I
i i
| I
i i
i I
i i
i I
i i
i I
1 i
i I
1 i
i I
1 i
i I
L 1

n=50_500 commercialization

Clinical deployment,
health insights, data
analytics

ratiire .
Neuroscience

nature py
N=3-5 i ll-ioe mractprootf

validation

Strong P protection

Breakthrough
science and
engineering

Strong |P protection

___________________ S




1™ QUERREY SIMPSON INSTITUTE N
@FUR BIOELECTRONICS — | Northwestern

' Northwestern
&

QUERREY-SIMPSON INSTITUTE

FOR TRANSLATIONAL ENGINEERING
FOR ADVANCED MEDICAL SYSTEMS
(QS/-TEAMS)




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: ‘Epidermal’ Electronics
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Neonatal Intensive Care
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

