
Background
Glomerular identification and subsequent evaluation of glomerular dimensions and 

glomerular scarring is important to diagnose kidney disease. 

Histopathological evaluation comprises a major part of both biological and medical 

research and can inform clinical decisions.

Nevertheless histopathological analysis is a specialized discipline, and is both labor-

and time-consuming while being prone to operator bias.

New methods are needed to improve both accuracy and throughput of 

histopathological analysis while ensuring easier access for both research and medical 

institutions with limited numbers of resources. 

Developments in machine-learning (ML) have demonstrated promising success across 

an increasing number of diagnostic tasks as computers trained as ‘experts’ perform 

faster data-analysis, with less subjective bias, and all at greater convenience while 

often outperforming human operators.

ObjectiveTo develop an ML-based approach for glomerular segmentation and quantification

DesignTensorflow based model utilizing the open-sourced, Python-based, Mask-Region-

Convolutional-Neural-Network (MRCNN) framework by He et al. (2017).

Methods

Training set prepared of 658 images 

containing glomeruli from online and in-

house images

Training set annotated using the online 

Label Box suite

MRCNN model is trained via a mix of 

supervised and unsupervised learning to 

distinguish what “constitutes’ a 

glomerulus

Heavy image augmentation was applied 

to prevent model-overfitting

Model was evaluated via Tensorflow-

Tensorboard

A glomerular measurement program was 

produced using OpenCV following 

glomerular segmentation 
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A successful model was generated capable of segmenting out glomeruli that could 

then be further analyzed via image-analysis  

Further training is being performed to optimize the model.

The model may be used in larger ML frameworks to quantify multiple renal histological

characteristics to make predictions on disease status.

Fig 1. Different types of computer-image recognition tasks: Image Classification: where the presence of the object anywhere

in the image is detected; Object Detection: where objects of interest are selected from the background with binding boxes to

highlight general location; and Instance Segmentation: where the boundaries of the object are selected and isolated from the

background image. Our program will apply a black-colored mask to anything that is not a glomerulus (Background Removal),

which will then allow for simple contour-based image selection for further analysis and measurement (Measurement).

Fig 2. Examples of the supervised machine learning

dataset for glomerular segmentation. Polygonal

binding boxes (in red) are drawn around glomeruli in

histology slides and corresponding pixel-coordinates

are written to a JSON file. The JSON file and the images

they correspond to are ‘fed’ into the program for

training. A variety of histological samples are being

used, such as: A. PSR stain; B. H&E stain; C. Trichrome

stain; D. DAB HRP (3,3’-Diaminobenzidine horse-

radish-peroxidase) immunohistochemistry staining;

and more (not pictured).


