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Think about:

• Bird-watching

• Wine-appraisal

• Google search on images



AI is 
everywhere 
in Medicine

In Pathology

In 
radiology

In General 
practice

In IC-units

In all sorts 
of different 

areas



Pubmed: last year over 30.000 publications on AI,
circa 10% on AI & pathology



Nomenclature

ARTIFICIAL 
INTELLIGENCE (AI)

MACHINE LEARNING DEEP LEARNING, BASED 
ON CONVOLUATIONAL 
NEURAL NETWORKS1

ALGORITHMS ETC



• Revolutionary speed in AI-
assisted healthcare

• Synergetic developments of 
renal pathology and AI require 

close interdisciplinary
collaborations between computer 
scientists and renal pathologists



IT language…

• U-net architecture

• To train the U-net architecture, 40 WSIs were divided into 5 
subsets

• On each of the folds, a U-net was trained for 100 epochs

• There were 300 iterations per epoch with batch sizes of six 
patches

• Spatial and color augmentation techniques were applied to 
improve the algorithms robustness

• Adam was used as learning rate optimization algorithm

• Categorical cross entropy as loss function

• U-net models were applied as an ensemble for segmentation for 
all image sets

• The class with the highest probability was assigned as predicted 
label



Tissue slides

Real Intelligence

AI

Augmented Intelligence

Pathology report



Digitalized 
pathology

Scanned slides are the premise for 

Artificial Intelligence in pathology

Benefits:

• 24/7 availability

• Objective diagnostics

• Relatively inexpensive

• Interobserver variability reduction



Annotation of anatomical 
structure on a digitalized 
whole slide image (WSI)

The algorithm learns how to 
recognize the structure
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HITL: Human in the loop for segmentation refinement



Across a diverse group 
of kidney diseases, 
histopathologic lesions 
on kidney biopsy 
provide prognostic 
information, even after 
adjustment for 
proteinuria and eGFR.





A: represents regions used for testing
B: manually produced ground truth
C: The CNN’s result
D: IH to highlight proximal tubes
Yellow arrowhead: inconsistency with IH
White arrowhead: annotation error
There is a large overlap between B and C



CNN versus BANFF 
Classification System

The network’s applicability for 
routine diagnostic tasks was 
assessed by comparing the CNN’s 
quantification of a selection of 
structures to visually scored 
histologic (Banff) components in 
82 PAS-stained transplant 
biopsies.

The ICCs for glomerular counting 
by the CNN and the pathologists 
ranged from 0.93 to 0.96







CONCLUSION

Accurate multispecies-, 
multimodel deep 

learning WSS enables 
automated quantitative 

analysis of renal 
histopathology

and facilitates high-
throughput 

experimental 
nephropathology



Mouse Models

UUO = unilateral ureteral obstruction
IRI = ischemia-reperfusion injury
Adenine-induced nephropathy
Alport: Col4a3 knock-out
NTN = nephrotoxic serum nephritis





















Points for discussion

What do you expect from AI in relation to histopathology in the 
near future?

What are benefits, how can we work on getting it right?

What about interobserver variability?

How will we learn from AI in medicine – or will we ‘unlearn’?

Matters not yet discussed… 




