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the story
Digital pathology - past and present  (in major steps) 

Digital pathology - future ( spoiler: it goes Minority report) 

What is VR and AR? 
VR - in your computer-built world 
AR - in the real world around you 

Why  mix VR and AR  with pathology? 
Holographic AR 

Artificial Intelligence



Radiology some time ago Radiology today



past



1990s - Telepathology
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why is digital 
pathology so good?



a bit of science…



The key is... 
resolution - N/A

https://micro.magnet.fsu.edu/primer/anatomy/numaperture.html

Numerical Aperture (NA) = n(sin m)



resolutionObjective Type
Plan Achromat Plan Fluorite Plan Apochromat

Magnification N.A Resolution 
(µm) N.A Resolution 

(µm) N.A Resolution 
(µm)

4x 0.10 2.75 0.13 2.12 0.20 1.375

10x 0.25 1.10 0.30 0.92 0.45 0.61

20x 0.40 0.69 0.50 0.55 0.75 0.37

40x 0.65 0.42 0.75 0.37 0.95 0.29

60x 0.75 0.37 0.85 0.32 0.95 0.29

100x 1.25 0.22 1.30 0.21 1.40 0.20

N.A. = Numerical Aperture

0.25 micron/
pixel



resolution

0.25 micron/
pixel



look at this differently…



Scanned at x40 and 
resized to x4



Close up of the same area
Microscope

Scan

Close up of the area



what are the coolest 
features of digital 

pathology?



Low power image never looked this good 
x2



Widest x40 field ever... 

x40, 15” screen

your microscope



Always focused...

prickle ready



You can work from... practically almost anywhere 



You can compare/contrast/overlay/co-localise... 



Teaching/consultation  - with many people

Dr. L. Igali 
Norwich, UK 

Live (real time) Teleconsultation between 

Dr. P. Emanuel  
Auckland, NZ 

Joseph Susa 
Dallas, TX

C. Ricotti    L. Karai 
 Seattle, WA

2011



teaching - standard 

1:1



teaching - extra 

1:24



1-

teaching - ultra 



present





present - evolving



d4derm.com#iglac

Virtual reality (VR) is a computer-generated scenario that simulates a 
realistic experience.  

The immersive environment can be similar to the real world in order to 
create a lifelike experience grounded in reality or sci-fi. Augmented 
reality systems may also be considered a form of VR that layers virtual 
information over a live camera feed into a headset, or through a 
smartphone or tablet device. (source: wikipedia) 

What is VR (Virtual Reality) and AR (Augmented Reality?

http://d4derm.com
https://en.wikipedia.org/wiki/Computer_generated_reality
https://en.wikipedia.org/wiki/Lifelike_experience
https://en.wikipedia.org/wiki/Science_fiction
https://en.wikipedia.org/wiki/Augmented_reality
https://en.wikipedia.org/wiki/Augmented_reality
https://en.wikipedia.org/wiki/Smartphone


future?



is there a place for VR in pathology?





Why AR is good for 
digital pathology?



- keeps you in contact with your environment 
- less likely to cause disorientation (see above) 
- it is private (you can watch sensitive data) 
- it requires less hardware (no sensor) - you 
can have your grab-your-ARkit-and-go

Why AR? 



one more thing…



cutup (grossing) can be a pain, because… 

- it takes time (sometimes a lot of it) 
- after a while you probably have seen almost all  

                                                              (maybe not be true always) 
- measurement of lesions takes time…and we are not always accurate 
- there are checklists to remember and macros to be dictated… 
- recording of the lesions is important but sometimes cumbersome 
-  we like clinical data, but may not be easily accessible at the grossing 
station



grossing/cutup station…

with a twist…



your holographic grossing assistant…

works in a dirty environment 
standalone - no tethering or other computer needed  
fits in the smallest of spaces  
could have many screens around you with relevant information 
can be connected to your LIMS for seamless data transfer 
gesture or command driven interface 
can be integrated with Watson and Microsoft cognitive services… 



one-one more thing…



would you like some more?

what about 3D photography 
of skin lesions?





What is it and where to apply?



“any device that perceives its 
environment and takes actions 
that maximize its chance of 
successfully achieving its goals”

Wikipedia



The term "artificial intelligence" is 
used to describe machines that 
mimic "cognitive" functions that 
humans associate with other 
human minds, such as "learning" 
and "problem solving". 



Terminology



Algorithms: 

An algorithm is a set of unambiguous 
instructions that a computer can 
execute. AI algorithms are capable of 
learning from data and can themselves 
write other algorithms. 



Machine learning: 

It is an application/subfield of artificial 
intelligence (AI) that provides systems 
the ability to automatically learn and 
improve from experience without 
being explicitly programmed. 



Neural networks: 
casually simply called neural 
networks (NNs), are computing 
systems vaguely inspired by the 
biological neural networks that 
constitute animal brains.[

https://en.wikipedia.org/wiki/Biological_neural_network
https://en.wikipedia.org/wiki/Brain


Types of AI

Weak - focused on a task 

Strong - apply intelligence on any 
problem 

Superintelligence- recursive self-
development 



In pathology…



the problem…



In Manual Microscopy, the standard of care and current practice in Pathology, a pathologist “takes a 
look” at a histology slide under a microscope. To start with, microscopes are not FDA cleared medical 

devices (pre-date the FDA), different microscopes have different optics and even light sources (e.g. 
blue vs. orange light), and the microscopes in use are often not calibrated properly.  

Now we are asking the pathologists to assess 500,000 to over 1,000,000 cells that can have 
considerable heterogeneity across the slide, and reduce that information to a very simple, diagnosis or 

summary score. For example, in the case of a very simple IHC scoring, we ask the pathologist to 
determine the percentage of cells (to be evaluated against a threshold, e.g. > 10%) of a certain cell 

type (e.g. tumor cells) that have a staining (e.g. DAB, that can be collocated with Hematoxylin) in a 
certain cell compartment (e.g. nucleus) that is above an absolute threshold.  

This is a very challenging computational task that obviously will lead to high inter- and intra- pathologist 
variations.

Pathology AI (Artificial Intelligence) Reference Guide by Holger Lange and Cris Luengo, Flagship Biosciences Inc.



‣



Acute Care Predictive Analytics
Intensive Ambulatory Care Analytics
Population Health
Aging In Place Analytics
Genomics / Oncology
Radiographic Image Evaluation
Physician Workflow
IoT Use / Optimization
Image Integration (Different sources)
Tissue Evaluation (Quantitative Morphology)

Where it is used ?



U-net



GAN



Unsupervised learning 



Digital pathology





Digital 
pathology



Digital 
pathology

A B

C



Digital pathology - tumour detection



Challenges 
International Conference for Pattern Recognition

2010 - lymphocyte count on  breast cane H&E slides and counting 
centroblasts and grading of follicular lymphoma 
2012 - mitosis detection in breast cancer 
2014 - mitosis counting and atypic scoring in breast cancer 
2015 - breast tissue classification -normal, benign, in situ, invasive  
2016 - lymph node metastasis detection in breast cancer  
2018 - segmenting nuclei in different tissues 
2019 - automatic lung cancer detection and classification  



‣



Applications 

Prostate cancer detection and grading - IBEX 
Metastasis detection in breast cancer 
Ki-67 scoring  
Deep-learning immunohistochemistry - PDL-1 

Genetic mutation prediction 



Challenges 





Level of FDA clearance Description

510(k) clearance

A 510(k) clearance for an algorithm is granted when it has been shown to be at least as safe and effective 
as another similar, legally marketed algorithm. The submitter seeking this clearance must provide 
substantial proof of equivalence in their application. Without an approval of being substantially equivalent 
to the other algorithm, the one pending approval cannot be legally marketed.

Premarket approval

Premarket approval is issued to algorithms for Class III medical devices. The latter are those that can have 
a large impact on human health and as such, their evaluation undergo more thorough scientific and 
regulatory processes to determine their safety and effectiveness. In order to approve an application, the 
FDA determines that the device’s safety and effectiveness is supported by satisfactory scientific evidence. 
Upon approval, the applicant can proceed with marketing the product.

de novo pathway

Regarding the de novo classification, it is used to classify those novel medical devices for which there are 
no legally marketed counterparts, but which offer adequate safety and effectiveness with general controls. 
The FDA performs a risk-based assessment of the device in question before approval and allowing the 
device to be marketed.

Levels of FDA approval



no AI algorithm was approved so far to make decision in diagnosis or 
treatment without human oversight… 



AI is here to stay - we can fight or embrace it 

Artificial Intelligence  vs Augmented Intelligence 

Not only diagnostic and decision support use but also patient safety and 
specimen identification and  chain of custody tracking



thank you for your attention…


