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Designing New Med Tech in Academic 
Engineering/Physics
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Designing Optical Devices 
for Medicine
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Global Market for
Medical Imaging Technologies

Pogue, SPIE Professional, January 2018

Optical (64%)
$73 billion

Radiological (36%)

$40 billion

+ Mobile/Home Health
$20-40 billion + large growth



Clinical Optical Devices – Enormous variation in Design & Economics
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How do we make better use  of academic 
research so that it impacts medicine?

Academic
Engineering

& Physics

Startup
Ventures

Small
Industry

Large
Industry

Capital & Manufacturing Pipeline

Creativity & Agility

Clinical AccessClinical  Access

Team, Design, Regulatory Access



EXAMPLE 1

Designing a New System 
for Surgical Guidance 



Surgical Guidance 
via Structured Light Scatter Imaging

structured light patterns Scatter image
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Specimen Imaging in Breast Lumpectomy: x-ray & optical scatter
Tissue in holder

Optical image Scatter image

X-ray microCT

Barth        Wells    Zuurbier   Paulsen   Pogue

Streeter Maloney McClatchy Laughney



Specimen Imaging in Breast Lumpectomy
X-ray  

• Reveals connective tissue structures 
and ducts similar to x-rays

• Presentation is in real time during the 
surgery

• Clinical trial ongoing 
– 55 of 100 patients completed

Streeter et al, Phys Med Biol (2021)



Example 2

Surgical Molecular Imaging
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Yellow560 2017
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Fluorescent Surgery Market Growth
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Pogue & Rosenthal, J. Biomed. Opt. (2021)

$130M



Pogue, Optics & Photonics News, Sept 2015

Targets for Molecular Guidance & Therapy



Molecular reporters of cancer are largely 
immune cell signalling molecules!

Pogue, Optics & Photonics News, Sept 2015

milliMolar microMolar nanoMolar picoMolar



Review of Fluorescence Surgical Systems

Dsouza et al, J. Biomed Optics 2016

1. Real-time overlay of white/fluorescence
2. Ambient room light operation 
3. Ergonomics high
4. High sensitivity to tracer
5. Multi–fluorophore ability 
6. Quantify tracers in image



Today several systems exist for molecular guided surgery!





Example 3

Photodynamic Therapy



Collaborative Program – Photodynamic Therapy
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Ruiz et al, J. Biomed. Opt. 2019
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Example 4

Radiation Dose Imaging



Radiation Therapy via Linear Accelerator

Varian.com






LINAC Radiation Dose produces pulses with Cherenkov light

Characteristic spectrum

Axelsson et al, Med. Phys. 2010Zhang et al, Med. Phys. 2012

Cherenkov in tissue

Spectrum

Cherenkov from used nuclear fuel



Time-gated Intensified Camera System

Time-gated
Image

Intensifier

CMOS
Camera

FPGA
Board

USB3 
in/out

Single photon imaging
with room lights on!

Linac
(Cherenkov)
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Cherenkov frame
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Time

Camera
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DISCLOSURE: B. Pogue is founder 
& president of DoseOptics. Petr Bruza Mike Jermyn

Venkat 
Krishnaswamy Bill Ware Cedar Farwell
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Christie

The DoseOptics Team

Brian Pogue






Cameras installed in all Dartmouth Linac Rooms

Additional
User sites:
Dartmouth
U Penn
Wash U
Emory
Harvard/MGH






*Example “treatment” of chest phantom on trilogy: 6MV, 600 MU/min, 10x10 cm2 field






Cherenkov Imaging in Radiation Therapy

Dose imagingBeam Tracking Cherenkov emission from eye

Jarvis et al, IJROBP 2014
Jarvis et al, IJROBP 2021

Hachadorian et al, Nature Comm 2020 
Alexander et al, Phys Med Biol 2018

Tendler et al, IJROBP 2019
(60+ papers published!)
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Clinical Cherenkov imaging: 64 patient experience



Clinical Linac FLASH – Commissioning & QA
• Ultra-High Dose Rate Linac conversion (300Gy/sec)

• Carousel port cover removed
• Air value disabled
• Manual position of carousel
• Target actuator restricted
• Energy set to 10 MV
• Turn off servo control

y

x

f (r)

R
r

Depth = z

P (y)

Rahman et al, IJROBP 2021
Rahman et al, IJROBP (in review)
Ashraf et al, Med Phys (in review)

Radiation Oncology 10MV LinacElectron beam
Real-time

Air ionization video

Beam with & without scattering foil



P – Productivity = publications, grants pubs, trials 

Q – Quality = citation rate, follow quality standards

R – Reproducibility = was it repeated by others

S – Sharing = data & resources to others

T – Translation = start ups, licensing, clinical trials

Promotions, Tenure
& grant funding are 

Largely based upon these

Independent
Measures of

Success



3D Printed Phantoms Cellphone
diagnostics

Disclosure: B. Pogue is financially involved with co-founding both companies

Cherenkov imaging in Radiotherapy



Rebalancing the 
definition of Success

P – Publications, Grants 
Q – Quality-Citation rates

R – Reproducibility of Results
S – Sharing Data/Models/Code
T – Translation – startups & trials





Thank You!
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