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Eosinophilic esophagitis (EoE) is characterized by chronic, 
immune-mediated inflammation in the esophagus, leading to 
eosinophilic infiltration and tissue remodeling. EoE has increased 
5-fold since 2009, and about 1 in 700 people in the United States 
suffer from this disease. Current interventions are limited and 
include diet modification and medications, such as PPIs and 
glucocorticoids. The purpose of E-Lumenate is to incorporate the 
novel use of phototherapy to inflamed regions of the esophagus 
for the treatment of EoE, targeting cytokines such as IL-33 and IL-
13 that play critical roles in triggering eosinophilic infiltration, 
basal zone hyperplasia, epithelial barrier dysfunction, and 
progressive tissue dysfunction.  

Mission Statement

Background Phototherapy Results

A R I Z O N A  S T A T E  U N I V E R S I T Y  Contact information: crknigh2@asu.edu

E-Lumenate Design

Our mission is to advance patient comfort and quality of life 
through an innovative, convenient, and low-maintenance 
phototherapy solution for Eosinophilic Esophagitis

Design Status/Future Steps

Product Specifications

Status
• Designed a proof-of-concept device.
• Established potential of phototherapy to treat esophageal barrier dysfunction.
Future Steps
• Assemble/fabricate light source and handheld device.
• Perform in vivo testing.
• Filing patent application with the USPTO
• Prepare De Novo submission for FDA approval. 
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Customer Need Metric Specification
Safe for 
esophageal 
tissue

Tissue temperature 
change/histological damage

Maintains safe 
tissue exposure

Accurate 
therapeutic 
dosing

Delivered UV dose vs intended 
dose (%)

Delivers accurate 
UV dose

Effective 
treatment in 
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Time to deliver full dose 
(minutes)

Achieves dose in 
practical time

Minimally 
invasive/comfort
able insertion

Outer diameter (mm)
Compatible with 
minimally invasive 
insertion

Uniform 
treatment 
coverage

Irradiance distribution variability 
(%)

Maintains uniform 
irradiance

Precise targeting 
of treatment area

Positional error/placement 
repeatability 

Enables accurate 
UV placement

Well tolerated by 
biological 
system

Observed irritation/adverse 
response

Well-tolerated 
during use

Consistent 
performance 
over time

Output variation over time (%) Maintains stable 
UV output

Figure 1. E-Lumenate CAD Design (A) Side-view of E-Lumenate with the emission zone. (B) Close-
up of the E-Lumenate emission zone. (C) Side-view of E-Lumenate with the light supply. 

Technical Modeling
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Figure 2. E-Lumenate Technical Models (A) Photochemical survival curve including safety 
thresholds. (B) MATLAB Technical Model. Visualization of a conceptual model illustrating how output 
intensity may appear across the length of a cylindrical region. Image represents a simplified design in 
progress. (C) Plot showing an example of how a measured dose accumulates over time. Graph 
reflects a basic linear trend for demonstration purposes.
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Figure 3. Phototherapy improved esophageal epithelium barrier function in vitro. (A) TEER measure 
of epithelial barrier function after varying treatments of phototherapy. (B) FITC-dextran permeability 
assay evaluating the epithelial barrier permeability after varying treatments of phototherapy.

Control
EoE expression
EoE expression + Low 
dose phototherapy
EoE expression + 
High dose 
phototherapy

Con
tro

l
Eo

E 
ex

pr
es

sio
n

Eo
E 

ex
pr

es
sio

n 
+ 

Lo
w d

os
e

Eo
E 

ex
pr

es
sio

n 
+ 

High
 d

os
e

1Ira A Fulton Schools of Engineering, Arizona State University; 2Department of Immunology, Mayo Clinic 

Figure 4. E-Lumenate catheter preserved fiber output. (A) Normalized broadband output 
comparison. (B) Normalized narrowband output comparison. (C) Attenuation vs. wavelength for the 
E-Lumenate optical fiber, showing transmission losses across the UV-NIR range. Adapted from 
Lightera (fiber vendor) data.
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