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Cherenkov Radiation
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Live Cherenkov Video Cumulative Cherenkov Image

Clinical Cherenkov Imaging Provides Real Time Dose Visualization 

for Treatment Field Verification 

L. A. Jarvis, et al IJROBP (2020)
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DoseOptics iCMOS Cameras:

- Gated acquisition to LINAC pulses
 

- Inter-pulse gaps gather background images 

and isolate the weak emitted signal
 

- Cherenkov signal sensitivity increased via 

multi-channel plate image intensifier

Live Cherenkov Video Cumulative Cherenkov Image
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Live Cherenkov Video Cumulative Cherenkov Image

At the point of generation 

Cherenkov is linearly 

proportional to dose

BUT

The imaged profile loses 

the proportionality due to 

tissue attenuation 
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L. A. Jarvis, et al IJROBP (2020)

• Locally, the type and quantity of tissue attenuating 

constituents cannot be predicted

Correlate Cherenkov spectral variability with tissue 

properties to monitor for physiological development 

and correct the signal attenuation

• Heterogeneous tissue attenuation is dominated by blood 

content and variability in hemoglobin oxygenation

HbO2

Clinical Case Studies ConclusionsSimulation and Phantom TestingPurpose and Background



9roman.vasyltsiv.th@dartmouth.edu

1 

0.8

0.6 

0.4

0.2

0

1 

0.8

0.6 

0.4

0.2

0

Emitter Profile – XZ (Normalized)

Emitter Profile – XY (Normalized)

725nm – Single Wavelength Example(10x10 6MV Field)

Signal is low so we need to image spectral bands ∴ use simulation to find best ones

Spectral Response vs Oxygenation

Spectral Response vs Blood Content
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Spectral Response vs Oxygenation

Spectral Response vs Blood Content

Filter Band Rate of Change

650 nm

640 nm

685 nm

Filter Band Dynamic Range

Filter Band Rate of Change

650 nm

640 nm

685 nm

Filter Band Dynamic Range

600 nm

625 nm
600 nm

Best bands = highest dynamic range and greatest rate of change 
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Methods for collecting spectral Cherenkov images
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6
5

0
n

m
 |
 8

0
0

n
m

Oxy.

O
x

y
g

e
n

 P
h

a
n

to
m

 T
e
s
ti

n
g

Intralipid

(1%)

Blood 

(0-3.5%)

600nm 700nm

Setup Pic

Experimental Cherenkov Spectra

Simulated Cherenkov Spectra

B
lo

o
d

 P
h

a
n

to
m

 T
e
s
ti

n
g

De-Oxy. Simulated Cherenkov Spectra

6
5

0
n

m
 |
 8

0
0

n
m

Experimental Cherenkov Spectra

Incorporating Simulation Results – Blood and Oxygenation Phantom Analysis

Cherenkov Spectral Comparison as a Predictor for Single Factor Tissue Constituents
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Experimental Cherenkov Spectra

Cherenkov Spectral Comparison as a Predictor for Single Factor Tissue Constituents

R2 = 0.994

Spectral Ratio as BC Predictor

Spectral Ratio as Oxy. Predictor

R2 = 0.997



First Multispectral Cherenkov Clinical Imaging

MCL Imaging TSET Imaging Breast RT Imaging



Background

Field Outline

600-650 nm775-825 nm
S

in
g

le
-F

ra
m

e
C

u
m

u
la

ti
v
e

Mantle Cell Lymphoma Surface Imaging – Hypoxic Core Correlation

Filter Output Ratio

Tissue Constituent Absorption Spectra

Cross-Section Comparison
CS2

CS1

CS2

CS1



Background

Field Outline

600-650 nm775-825 nm
S

in
g

le
-F

ra
m

e
C

u
m

u
la

ti
v
e

Mantle Cell Lymphoma Surface Imaging – Hypoxic Core Correlation

Filter Output Ratio

Tissue Constituent Absorption Spectra

Cross-Section Comparison
CS2

CS1

CS2

CS1



First Multispectral Cherenkov Clinical Imaging

TSET ImagingMCL Imaging Breast RT Imaging



No visible surface 

discoloration

Total Skin Electron Therapy Imaging – Disease Correlation

Filter 3

650 (625-675) nm

Filter 4

600 (575-625) nm

Filter 1

800 (775-825) nm

Filter 2

700 (675-725) nm
Clinical 

Surface Image

PET Volume



No visible surface 

discoloration

Filter Progression

 600 – 650 – 700 – 800 –    

Total Skin Electron Therapy Imaging – Depth Correlation

PET Volume Filter Ratio

700nm/600nm

Ratio



Filter Progression

 600 – 650 – 700 – 800 –    

Total Skin Electron Therapy Imaging – Depth Correlation

Shallow – DeepPET Volume Filter Ratio

700nm/600nm

Ratio



First Multispectral Cherenkov Clinical Imaging

MCL Imaging TSET Imaging Breast RT Imaging



Cherenkov Image Line Profiles

35%

8%

Breast RT Spectral Imaging and Correction
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Conclusions

Future Directions
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1. Developed an approach for spectrally analyzing 

Cherenkov signal during treatment delivery

2. Simulated and validated spectral variations with 

blood content and tissue oxygenation using 

physical phantoms

3. Clinically tested hardware, correlating spectral ratios 

to disease progression, oxygenation differences 

and attenuation correction

- Expand attenuation correction to multiple factors such 

  as oxygenation, melanin, fat, and water

- Long term monitoring of treatment delivery and spectral 

  correlation for early prediction of skin effects/toxicity



25roman.vasyltsiv.th@dartmouth.edu

David Gladstone, 

ScD

Rongxiao Zhang, 

PhD

Charles Thomas, 

MD

Xander Geiersbach, 

MS

Shiru Wang, 

MS

Brian Pogue, 

PhD

Petr Bruza, 

PhD

Thank You!

Leslie Jarvis, 

MD PhD

Megan Clark, 

PhD

Kevin Willy, 

BS

Natasha Mulenga, 

BS

Rafael Carballeira, 

BS

Daniel Alexander, 

PhD

Allison Matous, 

MD

This work has been funded through NIH grants R44-CA268466, 

R01-EB023909 and NCI cancer center support grant P30-CA023108

@roman.vasyltsiv


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

