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Medical Imaging
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ENDOUROLOGY - ENDOUROLOGIST

➢ Urinary tract tumor 4th most 
common

➢ 90-95% bladder

➢ 60% recurrence

➢ Lifetime follow-up

➢Highest economic burden of all 
cancers
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ENDOUROLOGY - ENDOUROLOGIST
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(OPTICAL) DIAGNOSTICS IN THE URINARY TRACT

➢Narrow Band Imaging (NBI, Olympus) 

➢ Storz Profesional Image Enhancement 
System (SPIES, Storz)

➢Confocal Laser Endomiscroscopy (CLE, 
Mauna Kea Tech)

➢Optical Coherence Tomography (OCT, 
St. Jude)

➢Endoluminal Ultrasound (ELUS, 
Volcano)

FINDING 
A SUSPECTED LESION

DIFFERENTIATING 
A SUSPECTED LESION



THE OVER ALL SCOPE
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Narrow band imaging

➢ Two colors (wavelengths) are used (415 & 540 nm)

➢ Both colors are absorbed by Blood

Blood 
spectrum
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Narrow band imaging

➢ Two colors (wavelengths) are used (415 & 540 nm)

➢ Both colors are absorbed by Blood

➢ Green light penetrates deeper, revealing deeper bloodvessels
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storz profesional imaging enhancment system (SPIES)

White light Clara & Chroma Spectra A Spectra B

Example in the bladder II

Guido M Kamphuis et al, Journal of endourology 2016
Guido M Kamphuis et al, J Cancer Sci Ther , 2016
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storz profesional imaging enhancment system (SPIES)

White light Clara & Chroma Spectra A Spectra B

Example in the bladder I

Guido M Kamphuis et al, Journal of endourology 2016
Guido M Kamphuis et al, J Cancer Sci Ther , 2016



iSPIES iPAD App

Guido M Kamphuis et al, Journal of endourology 2016
Guido M Kamphuis et al, J Cancer Sci Ther , 2016



PARTICIPATION BY ± 90 UROLOGISTS

Guido M Kamphuis et al, Journal of endourology 2016
Guido M Kamphuis et al, J Cancer Sci Ther , 2016



NORMAL CLARA CHROMA

SPECTRA A SPECTRA B

From all delineations 
we calculate the 

overlap and standard 
deviation

100%

25%
Overlap

DELINEATON RESULTS FROM 90+ UROLOGISTS



DELINEATON RESULTS FROM 90+ UROLOGISTS

‘easy cases’ ‘complicated cases’

Guido M Kamphuis et al, Journal of endourology 2016
Guido M Kamphuis et al, J Cancer Sci Ther , 2016



Automatic recognition

• GOAL: AUTOMATIC regimentation of lesions
• Support Vector Machine (SVM)

• Decision Tree (DT)

• Random Forest (RF) classifier

Bladder cancer segmentation on multispectral imagesJ Van Der Putten, F Van Der Sommen, S Zinger, DM De Bruin, ...

Proceedings of the 12th International Conference on Distributed Smart …



First results using Automatic recognition



Neural network for segmentation
The ENDURO project



NOVEL DIAGNOSTICS IN THE BLADDER AND UPPER TRACT

➢Narrow Band Imaging (NBI, Olympus) 

➢ Storz Profesional Image Enhancement 
System (SPIES, Storz)

➢Confocal Laser Endomiscroscopy (CLE, 
Mauna Kea Tech)

➢Optical Coherence Tomography (OCT, 
St. Jude)

➢Endoluminal Ultrasound (ELUS, 
Volcano)

FINDING 
A SUSPECTED LESION

DIFFERENTIATING 
A SUSPECTED LESION



Background
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CLE @ AMC
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Freund etal, Videourology, 2018
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confocal laser endomicroscopy (CLE)

➢ CLE

➢ H&E

Low grade urothelial carcinoma High grade urothelial carcinoma

Wu etal, Urology. Jul 2011; 78(1): 225–231.

Papillary

Polarity

Organisation

Cohesiveness

Morphology

Borders

Vasculature

Yes / No

Liem etal, JMIR research protocols, 2018

Liem etal, Eur Uro Focus, 2018



Most Prominent features 
differentiating LG from HG (n=67)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Indistinct borders

Distinct borders

Monomorphic

Pleomorphic

Disorganized

Organized

Low-grade UC

High-grade UC

Liem etal, Eur Uro Focus, 2018



Reducing subjectivity: Artificial Intelligence

• All available CLE bladder data is used

1. Image preprocessing

2. Automatic Frame selection

3. Classification using a recurrent neural network (RNN) 
a) Healthy and benign vs tumor

4. Feature extraction using Imagenet pretrained networks
a) Inception V3
b) Xception
c) Inception Resnet V2

5. Sequence analysis using a long-short-term-memory (LSTM)
a) Low grade vs High Grade



Reducing subjectivity: Artificial Intelligence



Reducing subjectivity: Artificial Intelligence



Reducing subjectivity: 
Healthy and benign vs tumor



Reducing subjectivity: 
Low grade vs High Grade



NOVEL DIAGNOSTICS IN THE BLADDER AND UPPER TRACT
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St. Jude)
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FINDING 
A SUSPECTED LESION

DIFFERENTIATING 
A SUSPECTED LESION
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OCT in Urology: Ureter

Bus etal, Jour of Uro, 2016
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OCT in Urology: Ureter
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Going endoscopic

Development of small scale catheters

0.9 mm

100.000 times smaller
1600 times faster
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Going endoscopic
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FORWARD LOOKING PROBE DEVELOPMENT FOR THE BLADDER
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OCT in Urology: Ureter

Bus etal, Jour of Uro, 2016
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optical coherence tomography (OCT)

LOW STAGE: TA, G1-2

Bus etal, Jour of Uro, 2016
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optical coherence tomography (OCT)

HIGH STAGE: T3, G3 

Bus etal, Jour of Uro, 2016
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Bus etal, Jour of Uro, 2016

Freund etal, LISM, 2019 inpress
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RESULTS ON GRADING

88%

79%

Bus etal, Jour of Uro, 2016

Freund etal, LISM, 2019 in press

Non diagnostic vs diagnostic Low grade vs high grade
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OCT END CLE IN THE EAU GUIDELINES FOR UTUC
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THE END
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