
Significance:

Innovation

COMSOL Modeling and Spacing Optimization

MEMS Sensors and Actuators Laboratory (MSAL)

CAPSULE-BASED BIOIMPEDANCE SENSING FOR INFLAMMATORY
BIOMARKER DETECTION IN GASTROINTESTINAL TRACT

Hossein Abianeh1, Vivian Borbash1, Brian Holt1, Joshua Levy2,3,5, Michael Straker2,4,5, 
Justin Stine1,2,5, Luke Beardslee2, Jay Pasricha6, and Reza Ghodssi1,2,5*

1Department of Electrical and Computer Engineering, 2Institute for Systems Research,
3Department of Material Sciences and Engineering, 4Fischell Department of Bioengineering, and

5Robert E. Fischell Institute for Biomedical Devices, University of Maryland, College Park, MD, USA
6Johns Hopkins School of Medicine, Johns Hopkins University, Baltimore, MD, USA

Molding Electronics (MOLDER)

This work was supported by the National Science Foundation ECCS #1939236, and NCS #1926793. The
authors would like to thank NSF and the Transducers Research Foundation (TRF) for travel support and
acknowledge TerrapinWorks, the University of Maryland NanoCenter and its FabLab.

*Corresponding Author: Reza Ghodssi, Tel:+1-301-405-8158. email: ghodssi@umd.edu !"#$

! Inflammatory Bowel Disease (IBD), comprising Crohn’s Disease (CD) and Ulcerative Colitis (UC), is a
chronic inflammatory condition in the GI tract suspected to be caused by an unknown combination of
genetic, microbiome, immune, and environmental factors1

! Pro-inflammatory cytokines IFN-! and TNF-" inhibit intestinal ion transport channels, leading to an
osmotic pressure imbalance and leakage of water and electrolytes through epithelial tissue2

! Inflammation linked to an increase in conductive ions and basal permeability of tissue surface

! Quantify target depth with respect to electrode width and spacing to validate FEM model
! Use sensors to characterize permeability of porcine intestinal tissue
! Further investigate the effects of small bowel environmental conditions, such as contact
pressure and intestinal viscosity, on in vitro motion artifacts

! Consider effect of speed or acceleration on impedance sensor results

!!"#$%"

"# %&'#$(%&)* %!%#+

&(,-(.&*.

')%&/(%&)* ( %&.*&0&,(*,!

Towards in vivo Packaging

! Relative impedance contribution of mucosal tissue
inversely proportional to electrode width3

! Target depth increases linearly with respect to inner
electrode spacing
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Sensor Fabrication
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! Mounting bioimpedance sensors
onto ingestible capsule platforms
enables monitoring of tissue integrity
with targeted signal penetration depth

! Breach in mucosal integrity causes
a decrease in measured impedance
of tissue affected by inflammation

! Testing apparatus to characterize
bioimpedance sensors traveling along
tissue phantom at rate of peristalsis
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! Use photomask to
pattern sensors and
deposit Cr/Au using
electron-beam
evaporator

! Parylene-C will serve
as an insulation
layer to protect traces
from shorting

! Quantify impedance sensor response to no contact with agar in presence and
absence of liquid and varying applied forces

! Evaluate impedance sensor measurement drift over time
! Assess impedance sensor response in various ion concentrations to simulate
electrolyte loss through inflamed mucosal tissue

.;-)-+,$%; )- =:>8 ?9;5.&/%"+ ,5$6".8 $/+ 4$%%".3 6)//"6%"+
@*"-%A 0&%7 ?B;#$1#" 0&.",!C D*"6%.)/&6, $." !"#$%&'($)!3 *" $
%,-)!#)*<! ;$,3 &;!(( @.&#7%AC E6$*" 4$.F G((C

.;-)-+,$%; )- =:>8 ?9;5.&/%"+ ,5$6".8 $/+ 4$%%".3 &/ $ .=>?>?@.A ()*+ )- 61."+ =9HE 7(!:)89 I7" 4*1" 2D9 &/+&6$%", %7"
7$.+0$." 6)/%&/1", %) )5".$%" "'"/ $-%". %7" ()*+&/# 5.)6",, 7,*+;)89 91.&/# 5$6J$#&/#8 %7" 4$%%".3 &, 3*&#-""!#)!3 '&*"+ $"
!B)!,"$( 5$+"!)9

! Revision of PDMS
mold would allow the
impedance sensor
strip to fold across
the side wall of
capsule.

! Few non-invasive sensing platforms exist to address localized tissue inflammation within
inaccessible areas of GI tract, such as the small intestine

! Flexible, capsule-mounted sensors to monitor epithelial conductivity integrate well with other
biomarker sensors for studying the underlying mechanisms of inflammation
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Impedance Sensing Along an Agar Track

:$5,1*"K6.),,&/# :*,&)C7(!:)8DC&!#-"3C75*33(!8DC$"3C);*,3C7,*+;)8C$#$.K#$5,9C4-',);C+$%C"-)C%*#)',!3C

! " #

!
" #

Impedance with 20 gf and 70 gf Forces

y = 230.74x-0.644
R! = 0.9927

0

1000

2000

3000

4000

5000

0.01 0.1 1
Concentration KCl (M)

Im
pe

da
nc

e 
M

ag
ni

tu
de

 (
"

)

Impedance in Solution at 10 kHz

Im
pe

da
nc

e 
M

ag
ni

tu
de

 (
"

)

Displacement (cm)

>&)&(5"+$/6" "*"6%.)+", 0"." 67$.$6%".&L"+ @MB JNLA 1,&/# $ >&)*)#&6 OE=;?BB 5)%"/%&),%$% $% ,"'".$* P:* 6)/6"/%.$%&)/,
7E9EFGF 08 7H I2D (!:)89 I7" ,"/,). 0$, $))$#;!3 )- $ #$%&'(! &;!(( $"3 $#)'$)!3 $#,-&& $" $+$, ),$#J -&**"+ 0&%7 MQ 5NR =>EC
K5%!3$"#! 5!$&',!5!")& 0"." ."6).+"+ 07&*" %.$'".,&/# #$5, &/ %7" ()*+ &*5'($)*"+ L"-"G#-")$#)M 7,*+;)89 S).6", )- TB#-
$/+ RB#-8 .",5"6%&'"*38 0"." "Q".%"+ )/ %7" ,"/,). %) "'$*1$%" 6)/+&%&)/, "Q5".&"/6"+ &/ %7" UV %.$6%C

!"#$$ !"#$$ !"#$$

$%&& $%&&

! Arduino-powered motor moves capsule holder laterally across
tissue at a rate of 1.4 cm/min modeling peristaltic speeds5

! Sliding member allows application of 70 gram-force (gf)
force directly on the capsule to model forces experienced in
the GI tract6

! Allows testing of drug delivery system, actuation, and
impedance sensor response to various simulated
environments

Agar Environment Molding

! Impedance sensors were attached to 3D-printed dummy
capsule shells and displaced using the testing apparatus
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