
Interpretability of Deep Neural Networks to diagnose Inflammatory Bowel Disease

José Maurício
a2018056151@isec.pt

Instituto Politécnico de Coimbra,
Instituto Superior de Engenharia,
Rua Pedro Nunes - Quinta da Nora,
3030-199 Coimbra, Portugal

Inês Domingues
ines.domingues@isec.pt

Centro de Investigação do Instituto Português
de Oncologia do Porto (CI-IPOP):
Grupo de Física Médica, Radiobiologia
e Protecção Radiológica

Abstract

The number of patients with inflammatory bowel disease (IBD) has been
increasing. The diagnosis is a difficult task for the gastroenterologist per-
forming the endoscopic examination. However, in order to prescribe med-
ical treatment and provide quality of life to the patient, the diagnosis must
be quick and accurate. This paper presents a study where the objective
is to collect and analyse endoscopic images referring to Crohn’s disease
and Ulcerative colitis using four deep neural networks. The main focus is
on the understanding of the networks, offering through this paper a com-
parative study of five interpretability models.The obtained results demon-
strate that it is possible to automate the process of diagnosing patients
with IBD using deep networks for processing images collected during
an endoscopic examination. Thus, we can develop tools that, with the
aid of interpretability models, assist medical specialists in diagnosing the
disease by understanding the specific region of the mucosa the network
considered when making a decision.

1 Introduction

Inflammatory bowel disease (IBD) is characterized as a disease of un-
known cause that results from the interaction between genetic and envi-
ronmental factors, triggering an immune response that causes digestive
disorders and inflammation in the gastrointestinal tract. These types of
diseases are divided into Ulcerative colitis and Crohn’s disease [11]. It is
estimated that in Portugal it already affects 7,000 to 15,000 people, with
2.9 cases per 100,000 inhabitants per year with Ulcerative colitis and 2.4
cases per 100,000 inhabitants per year with Crohn’s disease [4].

The methodology proposed in the present work allows the classifi-
cation of images through deep neural networks to predict the type of
inflammatory bowel disease present in that particular image. In addi-
tion, it is also suggested the use of interpretability algorithms of the net-
works so that the medical specialist can evaluate the region of the mu-
cosal that was considered to make the decision. Towards this end, this
study demonstrates a comparison between five interpretability algorithms,
namely, Grad-CAM, LIME, SHAP values, RISE and Occlusion sensitiv-
ity.

This paper is organized into three sections: section 2 presents the
methodology developed during this work and the dataset that was used
for the classification; section 3 collects the quantitative results and shows
the interpretability of the neural networks; and section 4 summarises the
conclusions and directions for future work.

2 Methodology and Data

In order to improve the diagnosis of inflammatory bowel disease, a method-
ology based on five phases is proposed. In the first phase, the authors col-
lected images of the inflammatory bowel disease (i.e. Ulcerative colitis
and Crohn’s disease). In the second phase, data augmentation was ap-
plied to the training dataset. In the third phase, the convolutional networks
were implemented and configured. In the fourth phase, the performance
of the CNNs was evaluated using eight different metrics. Finally, the in-
terpretability of the models used was implemented. This methodology is
illustrated in Figure 1 and is further explained next.

Dataset: For the development of this study, two datasets of images
referring to Crohn’s disease and Ulcerative colitis were used, with the goal
of creating a single dataset involving images of both diseases. LIMUC [10]
dataset was used to get 1360 images of the Ulcerative colitis disease,

while the CrohnIPI [3] dataset was selected to collect 1360 images of
Crohn’s disease. This last dataset has already been used in other works to
develop tools for diagnosing the disease [6, 13, 14].

Data Augmentation: Before classifying the images, data augmenta-
tion was performed on the train set with horizontal and vertical Random
Flip, Random Contrast with a factor of 0.15, Random Rotation with a fac-
tor of 0.2 and a Random Zoom with a portion of -0.2 for height and -0.3
for width [9].

Deep Neural Networks: The following architectures were used to
classify images of inflammatory bowel disease: ResNet50, VGG16, and
InceptionV3. These architectures have been pre-trained with the Ima-
geNet dataset. Besides these architectures, a hybrid model was built
where a CNN is combined with an LSTM [7]. The architectures used
to classify the images were trained for 200 epochs, using Sparse Categor-
ical Cross-entropy as the loss function, a batch size of 32, and Adam with
a learning rate of 1E-05 was set as the optimizer [5]. During training, an
Early Stopping callback was used with patience 5 to monitor the valida-
tion accuracy. The images were initially resized to 224×224 pixels.

Evaluation: In all experiments, the dataset was split into 70% for
training, 20% for validation, and 10% for testing [2]. Classification met-
rics were selected to evaluate the network’s on the test dataset. These
include Accuracy, Loss, Precision, Recall, F1-Score, Area Under Curve
(AUC), Mathew’s Correlation Coefficient (MCC) and Inference time [1,
12].

Interpretability: In order to interpret the output of the neural net-
works and gain insights into the key features considered important for pre-
dicting outcomes, several algorithms were chosen. These include Grad-
CAM, LIME, SHAP values, RISE, and Occlusion sensitivity. These algo-
rithms play a vital role in analyzing and determining which specific parts
of the images contribute to the predicted output.

Figure 1: Experimental setup.

3 Results

In conducting this study, Tensorflow, version 2.8.0, Tfimm, version 0.6.13,
and SHAP, version 0.40.0, were used. The programming environment for
importing the libraries was Google Colab with the NVIDIA A100 GPU.
Table 1 shows that the hybrid model was the architecture with the worst
results among all the networks selected for this study. Even so, based on
the AUC value, it shows a good ability to distinguish classes. It is also
concluded that due to the complexity of the networks used in this study,
the inference time is greater than 2 seconds.

After analysing the result of the network’s interpretability, in Fig-
ures 2-5, it can be observed that they tend to interpret some characteristics
of the images as decisive elements to predict the disease. The LIME al-
gorithm and the Occlusion sensitivity, for the networks InceptionV3 and
VGG16 have the ability to recognise, in ulcerative colitis images, zones



Table 1: Results obtained through the experience.

ResNet50 VGG16 InceptionV3 Hybrid model
Acc 1.0000 1.0000 1.0000 0.9926
Loss 0.0044 0.0000 0.0067 0.3328
Recall 1.0000 1.0000 1.0000 1.0000
Precision 1.0000 1.0000 1.0000 0.9852
F1-Score 1.0000 1.0000 1.0000 0.9925
AUC 1.0000 1.0000 1.0000 0.9927
MCC 1.0000 1.0000 1.0000 0.9853
Inference time 2.44s 3.43s 2.94s 2.23s

Figure 2: Interpretability and predicted output by the ResNet50 network.

of bleeding, as well as ulcers. In Crohn’s disease, it can recognise the
lesions caused by the disease. SHAP values and the RISE model on the
same networks have also shown some evidence of this effect.

Figure 3: Interpretability and predicted output by the VGG16 network.

4 Conclusions

The findings of this study highlight the utility of deep learning architec-
tures in assisting gastroenterologists with the early diagnosis of inflam-
matory bowel disease. The classification metrics demonstrate that the
employed architectures achieved a good level of accuracy in disease clas-
sification. However, upon analyzing the interpretability of the architec-
tures utilized in this study, it becomes evident that certain interpretability
models partially or even completely disregard the mucosal part of the in-
testine.

Future research will prioritize medical validation using new images
encompassing both types of disease. This validation will enable a com-
prehensive understanding of which architectures prove most interpretable
in identifying the specific type of inflammatory bowel disease, based on
the obtained results and the insights of experienced gastroenterologists.
Also, they could develop studies where vision transformers are applied
to the classification of images as an alternative to CNNs. These models
demonstrate to be accurate and have a good performance in the classifica-
tion of images [8].
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