PYCAD

PYTHON ACADEMY

A Beginner’s Guide to Medical Imaging
No code

Author: Mohammed El Amine Mokhtari

] www.pycad.co



Writer Message

3 | Corporate Ebook

Mohammed El Amine Mokhtari

| am doing a PhD in computer vision where |
work in action and anomaly recognition and
detection.

Coding has always been my passion, and I've
always enjoyed writing code. In the beginning, |
started with easy projects like Arduino projects,
where | built the basic circuit and wrote the code

to control it. Even though some people told me that
Arduino is for kids, | continued working because it
was a great time and | was learning a lot. Because
the purpose of using Arduino is to help you become
more comfortable writing code and understanding
how it operates in actual circuits.

After working on several Arduino projects, | wanted
to do something that would improve my skills and
give me more ability to work on real-world prob-
lems. So | began learning C++, which is one of the
more difficult programming languages, but it was a
great experience, and after learning it, | began mak-
ing YouTube videos about it, which helped me learn
more so that | could make more YouTube videos.

After learning C++, | moved on to the world of
computer vision, which led me to another level of
programming where | learned Python (which was
very simple because | already knew C++) and used
it for computer vision tasks. It is now my full-time job
and passion.

Mok htars

You Will
Never Find
IT Easy at
The First
Try!



Table of Contents

Key Points

Medical Imaging, Machine
Learning, Deep Learning,
Computer Vision, MONAI,
Python.

Writer Message

A quick introduction about myself.

Introduction to the Book

Introduction to the ebook and what will be covered.

What is Medical Imaging

In this section, | will give some definitions and what
are the file formats used in medical imaging.

The Challenges for a Computer Vision Engineer

In this section, | will discuss the challenges that a computer
vision enginner can face when working with medical imaging.

The Software for Medical Imaging Treatements

In this section, | will discuss the free and paid software that
can be used to visualize and segment medical images.

Introduction to Medical Imaging with Python

When it comes to how to use Python with Medical Imaging, there
are some specific libraries that can be used to facilitate your life.

Machine Learning for Medical Imaging

Introduction to MONAI and its functionalities (tools, DL
architectures...).

The Best YouTube Videos

Some YouTube videos that | found helpful for my
projects.

The Best GitHub Repositories

Direct links to GitHub repositories that may help you
for your Medical Imaging projects.

Other Resources

Links to other resources that can help you start your
projects.

Contact

Contact information for any questions about this
ook

03

04

05

10

1l

12

14

18

e

19

20



Introduction

Medical imaging is a vast field that includes many
different types of images, such as MRI, CT, PET, and X-
ray images. These images are a rich source of
information about the human body. Images are often
used to diagnose disease and plan medical
procedures.

Python is one of the most popular programming
languages in use today. It has a large number of
libraries for handling scientific data formats like
dicom images and nifti files which are used in
medical imaging.

This ebook will teach you how to read, process,
analyze and visualize medical imaging data using
Python with the help of real-world examples.



What is Medical

Imaging?

Medical imaging is the process of creating images of the human
body for medical purposes. It is a branch of medical science
that uses sound waves and electromagnetic radiation to
generate images of human anatomy, both for diagnostic and
therapeutic purposes.

What are the types of medical images.

Medical images can be taken from different sources, such as x-
rays, CT scans, MRIs, radio graphics and echocardiograms. All
these types of medical images have their own advantages and
disadvantages.

X-ray: X-rays are a type of electromagnetic wave radiation.
Images of the inside of your body are created using X-ray
imaging. The images depict various parts of your body in
various shades of black and white. This is due to the fact that
different tissues absorb different amounts of radiation. Because
calcium in bones absorbs the most x-rays, bones appear white.
Fat and other soft tissues absorb less and appear gray as a
result. Because air absorbs the least, the lungs appear black.

CT-scans: A type of imaging is Computed Tomography (CT). It
creates cross-sectional images of your body using specialized x-
ray equipment. CT scans are used by doctors to look for:



Fractures (broken bones) (broken bones)
Cancers

Clots in the blood

Heart disease symptoms

Internal bruising

You lie still on a table during a CT scan. Slowly, the table moves
through the center of a large X-ray machine. The examination is
painless. During some tests, you will be given a contrast dye,
which will make certain parts of your body stand out more in the
image.

MRIs: Magnetic Resonance Imaging (MRI) examines organs and
structures within your body using a large magnet and radio
waves. MRI scans are used by doctors to diagnose a wide range
of conditions, from torn ligaments to tumors. MRIs are extremely
helpful in examining the brain and spinal cord.

You lie on a table that slides inside a tunnel-shaped machine
during the scan. The scan can take a long time, and you must
remain still during it. The scan is completely painless. The MRI
machine is extremely loud. Earplugs may be provided by the
technician.

Tell your doctor before getting a scan if you:

e Are you pregnant?

e You have metal fragments in your body. If you have a
shrapnel or bullet injury, or if you are a welder, you may have
metal in your body.

e Have a cardiac pacemaker or a metal artificial joint in your
body?
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Echocardiogram: An echocardiogram is a test that creates
images of the heart using sound waves. It produces a more
detailed image and information than a standard x-ray image.
You will not be exposed to radiation during an echocardiogram.

The file format used in medical imaging

A lot of file formats can be used while working with medical
imaging, some of them are the direct output of the machines,
and others are created only for image processing purposes. | will
cite some examples which are the most used file format in
computer vision with medical imaging.

Dicom files (Digital Imaging_and Communications in Medicine):
Dicom files are a specific format used in medical imaging to
store MRIs, CT scans, PET scans, and other scan formats. These
files are not the same as the other types of images we use in our
daily lives, such as PNG, Jpeg, JPG, TIFF, and so on. The dicom files
contain a wealth of information that allows doctors to save
specific patient details. Some of these details include the
patient's name, age, and consultation date...

Do the dicom files contain a normal image?

Yes, the dicom files contain images known as the pixel array,
which is an array containing the pixel values, and we can
visualize the image by extracting this array. The image in a
dicom file represents one slice of the entire scan, indicating that
it is a laser cut. It could be something like this:
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Figure 1: example of one slice
This is a coronal view of the patient, one of three possible views:
axial, sagittal, and coronal.

Figure 2: example of axial, sagittal and coronal orientations

Is one dicom file enough to represent a patient?

One dicom file represents one cut, so to represent an entire
patient, we need multiple slices, which are multiple dicoms, and
we can combine them to get an entire case.
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Figure 3: how the slices are super-imposed

Nifti files (Neuroimaging_Informatics Technology Initiative): The
nifti files are 3D representations of entire scans such as CT scans,
CBCTs, PET scans, MRIs, and so on. It contains the same data as
the DICOM file, but instead of a single slice, it contains a 3D array
containing the entire case.

We can always convert multiple dicom series into a single nifti
file or a single 3D nifti file into multiple dicom series.

The best resources to understand how
medical imaging works

A lot of resources are available for medical imaging, either for
understanding pure anatomy or for coding. In this section, | will
be giving you the resources to understand the anatomy and in
the next sections | will give you the resources for coding.

o Website for definitions of the different medical imaging types,
here.

 Websites for the best medical imaging papers, 1,2, 3, 4 5,6, 7,
89

 Websites to get the best datasets for medical imaging, 1, 2, 3,
4567891011213 14 15 16.
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https://vsearch.nlm.nih.gov/vivisimo/cgi-bin/query-meta?v%3Aproject=medlineplus&v%3Asources=medlineplus-bundle&query=echocardiogram
https://pubmed.ncbi.nlm.nih.gov/
https://www.journals.elsevier.com/medical-image-analysis/most-downloaded-articles
https://www.elsevier.com/awards/medical-image-analysismiccai-best-paper-award
https://scholar.google.com/citations?view_op=top_venues&hl=en&vq=med_radiologymedicalimaging
https://paperswithcode.com/task/medical-image-classification
https://www.scimagojr.com/journalrank.php?category=2741
https://pubs.rsna.org/doi/10.1148/radiol.219030
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=42
https://www.nature.com/subjects/medical-imaging/srep
http://medicaldecathlon.com/
https://www.kaggle.com/datasets?search=medical
https://www.oasis-brains.org/
http://www.via.cornell.edu/databases/
https://stanfordmlgroup.github.io/competitions/mrnet/
https://ivdm3seg.weebly.com/data.html
https://github.com/Deepwise-AILab/ChestX-Det-Dataset
https://openneuro.org/
https://archive.ics.uci.edu/ml/datasets.php?format=&task=&att=&area=life&numAtt=&numIns=&type=mvar&sort=dateUp&view=list
https://www.isi.uu.nl/Research/Databases/SCR/
http://www.via.cornell.edu/crpf.html
https://nihcc.app.box.com/v/DeepLesion
https://github.com/v7labs/covid-19-xray-dataset
https://www.re3data.org/
https://www.cancerimagingarchive.net/
https://medpix.nlm.nih.gov/home

The Challenges for a

Computer Vision
Engineer

Medical imaging is a very important part of the healthcare
industry. It is essential for the diagnosis and treatment of
diseases, injuries, and other medical conditions. With the help of
medical imaging, doctors can see what is going on inside a
patient’s body without having to cut them open or do surgery.
Computer vision engineers dre required to analyze these images
and provide solutions to the challenges they might face with
such images.

Some of these challenges include low contrast in images, image
noise or artifacts, occlusions (objects blocking other objects),
motion blur (when an object moves too fast), and poor
resolution. The computer vision engineer will have to find ways to
overcome these challenges so that they can provide accurate
diagnoses for their patients.

And one of the most difficult challenges that most engineers
face is a lack of data, because medical imaging data is
extremely sensitive and difficult to obtain. The second difficult
challenge that computer vision engineers face is a lack of
understanding of disease anatomy or pathology. The last one is
data annotation, which is especially important when working
with 3D images such as CT scans, CBCTs, and MRIs. Manual
segmentation is extremely difficult and time consuming.



The software that can
be used to process

medical images

In this section, | will be sharing the list of the free and paid
software that can be used for medical image visualization and
annotation.

The free software and the operating
systems available

3D slicer (Free)

ITK snap (Free)

Simpleware from Synopsys (Paid)
Axial3D (Paid)

D2P (Dicom to Print) (Paid)
Virtual Surgical Planning (Paid)
3D LifePrints Design Models (Paid)
3mensio Workstation (Paid)
ImFusion (Free for visualization | Paid for annotation and
exportation)

e Materialise Mimics (Paid)



https://download.slicer.org/
http://www.itksnap.org/pmwiki/pmwiki.php?n=Downloads.SNAP3
https://www.synopsys.com/simpleware.html
https://axial3d.com/solutions
https://graft3d.com/dicom-to-3d-model-conversion-software/#:~:text=D2P%20(Dicom%20to%20Print)%20is,of%20a%20patient%2Dspecific%20model.
https://3dsystems.com/applications/virtual-surgical-planning
https://www.3dlifeprints.com/3d-segmentation-design-models/
https://www.3mensio.com/
https://www.imfusion.com/
https://www.materialise.com/en

Introduction to
medical imaging with

Python

In this section, I will list the Python packages, YouTube tutorials,
blog posts, and GitHub repositories that will assist you in getting
started with medical imaging.

There are a few packages that can be used to process medical
images, but they are more than adequate for the specific
operations that you may require to begin working in medical
imaging.

Reading Medical Images

As discussed, medical imaging formats such as Dicoms, Nifti,
Nrrd, and so on are not normal formats of images, which means
we cannot load/read them using normal Python libraries such as
OpenCyV, Pillow, .. etc. To read medical imaging formats, you can
use:

e Pydicom: for dicom files

o Nibabel: for nifti files

e SimplelTK: for dicom and nifti files

e MedPy: for dicom, nifti and more other formats that can be
found in the documentation

e VTK: for dicom, nifti and lots of other formats, you can check
the documentation for information



What are the libraries that can be used to
visualize medical images

e SimplelTK, Pydicom, Nibabel, MedPy + Matplotlib | Example
e VTK: it can be used to create a good 3D viewer | Example

Edit Medical Images

Editing medical images is not impossible, even if they have a
unique format; we can always edit or even create them from a
standard array. All of this is possible with the same libraries that
we mentioned earlier (pydicom, nibabel, simplelTK,.). Il share
some of my blog posts that contain these types of edits with you
(GitHub repositories are included).

« Convert Dicom files into JPG/PNG images.

« Convert JPG/PNG images into Dicom files.

e Convert a 3D numpy_array into a Nifti file.

e Convert a Nifti file into Dicom series.

e Convert a Nifti file into Dicom series (Optimized).
 Convert a Nifti file into STL (for 3D printing).

e Anonymize Dicom files.
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https://youtu.be/rBIetBho0x4
https://github.com/adamkwolf/3d-nii-visualizer
https://pycad.co/how-to-convert-a-dicom-image-into-jpg-or-png/
https://pycad.co/convert-jpg-or-png-images-into-dicom/
https://pycad.co/how-to-convert-array-into-nifti-python/
https://pycad.co/nifti2dicom/
https://pycad.co/pycad-convert/
https://pycad.co/nifti-to-stl/
https://pycad.co/dicom-anonymization-using-python/

Machine Learning for

Medical Imaging

Machine learning has been used for medical imaging for a long
time. It was first introduced in the field of radiology. It is now
being used in many other medical fields as well.

There are several challenges that come with machine learning
in the field of medicine. One of them is that there is a need to
have high-quality data to train the machine learning algorithm,
which is not always available. Another challenge is that there
are many different types of machine learning algorithms and
choosing which one to use can be difficult and time-consuming.

Introduction to MONAI

Because of its efficiency and high accuracy, deep learning has
become a superhero in the healthcare field, where it is used for
all tasks. However, because the community is still in its early
stages, tools for developing deep learning models for medical
imaging are scarce. The most difficult aspect of medical imaging
is preprocessing the data because medical data differs from
standard RGB/Grayscale images. It requires special processing
and functions to either preprocess or post-process them. MONA],
a large library, is one of the best and largest open source
frameworks for medical imaging, and it is the subject of this blog
post.



MONAI is an open-source framework developed by Kitware, a
company that has many open-source tools. Specifically, MONAI
was developed by: Prerna Dogra, Jorge Cardoso, Sebastien
Ourselin, Kimberly Powell, Andy Feng, Nic Ma, Wengqi Li, and the
over 100 (!) open-source developers.

It is built on PyTorch, with many PyTorch functions imported and
modified. There are also MONAI-specific functions that can be
used for pre- and post-processing medical images (Dicoms and
Nifti). MONAI includes a plethora of cutting-edge architectures
that you can simply import and use.

Where It Can Be Used

The pre- and post-processing of medical data is a unique
application of MONAI. Because the deep learning component
can be accessed through other libraries. However, special
functions and tools are required to preprocess medical images.
And MONAI has everything we need, from uploading data to
preprocessing and even augmenting it (which is a very difficult
process in medical images.)

Figure 4: examples of the generated data

You can find all of the transforms you need for preprocessing,
postprocessing, and data augmentation here.
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https://docs.monai.io/en/stable/transforms.html

Tasks Covered by MONAI

MONAI has 2D and 3D models and can be used for image
classification and segmentation (3D convolutions are often used
for the 3D medical data).

For those who are unfamiliar with the distinction between image
classification and image segmentation, image classification
consists of classifying the entire image into a class or another
without regard to the object location in the image, whereas
image segmentation consists of classifying each pixel (voxel for
3D) to a class or another, which aids in recognizing the exact
location of the object in the image.

Here’'s an illustration of the distinction between image
classification and image segmentation:

Classification

Liwer: 99.99%

Segmentation

Figure 5: the difference between image classification and image segmentation

MONAI implements numerous models, including U-Net, DynNet,
UNETR, and a variety of state-of-the-art architectures. You can
find them all by following this link.
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https://docs.monai.io/en/stable/networks.html

Why MONAI

| recommend MONAI because it is all-inclusive. It can be used for
everything from gathering raw data to deploying your final
model! It consists of three modules: MONAI-Core, MONAI-Labels,
and MONAI-Deploy. You only need these three modules to set up

a deep learning pipeline.
Label your Preprocess Train the Test the Deploy the
data your data model model model

MONAI-Labels MONAI MONAI-Deploy

Figure 6: the tools provided by MONAI team
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Resources

After | gave you a quick overview of MONAI, I'd like to share some
resources that | created and believe will help you get started on
your projects. Before that, you can look at the MONAI-GitHub
Project’s repository for some examples to help you understand
the fundamentals of MONAL.

My Course

My free 5 hours course about 3D automatic liver segmentation
using MONAI and PyTorch can be found here.

Best YouTube Videos

In this section, | will site the best YouTube videos about deep
learning for medical imaging.

e Nuclei segmentation using U-Net.

e Lungs segmentation using_Scipy and Skimage.

o 3D tooth segmentation from MRIs using U-Net.

e Training_medical image segmentation using_less labeled
data.

e Denoising MRI images.

e Brain Tumor detection based on MRI Image Segmentation
using U-Net.



https://github.com/Project-MONAI/tutorials
https://youtu.be/AU4KlXKKnac
https://youtu.be/cUHPL_dk17E
https://youtu.be/cUHPL_dk17E
https://youtu.be/NJNvXEYa_gM
https://youtu.be/FTmvdARsbnI
https://youtu.be/ur6pi3L98kk
https://youtu.be/BVwXF50mkB4

e Brain Tumor Detection Using CNN with Python Tensorflow
Sklearn OpencCV.

e Breast Tumor Segmentation and Classification using
Ultrasound images.

Best GitHub Repositories

« Awesome GAN for Medical Imaging:.

e Awesome Transformers in Medicadl Imaging,.

e Bi-Directional ConvLSTM U-Net with Densely Connected
Convolutions.

o A 3D multi-modal medical image segmentation library in
PyTorch.

e Pytorch-dicom-classification.

e MedMNIST.

e Google Cloud AutoML Vision for Medical Image Classification.

e NIH ChestXrayl4 image classification.

Other Resources

e Get a summary of top publications and breakthroughs in
Machine Ledrning.
o Computer Vision and Machine Learning_e-Mdiling_List.
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https://github.com/xinario/awesome-gan-for-medical-imaging
https://github.com/fahadshamshad/awesome-transformers-in-medical-imaging
http://openaccess.thecvf.com/content_ICCVW_2019/papers/VRMI/Azad_Bi-Directional_ConvLSTM_U-Net_with_Densley_Connected_Convolutions_ICCVW_2019_paper.pdf
https://github.com/black0017/MedicalZooPytorch
https://github.com/mjpyeon/pytorch-dicom-classification
http://medmnist/
https://github.com/dvdbisong/automl-medical-image-classification
https://github.com/faust-prime/X-ray-images-classification-with-Keras-TensorFlow
https://alphasignal.ai/
https://lists.auth.gr/sympa/info/cvml
https://youtu.be/bSyY8_rTxfs
https://youtu.be/zAFyZ1ep1Vk

Thanks for your

Please let me know if you require any addi-
tional information about this ebook!

@ Mons, Belgium

& +32 456147168

[ www.pycad.co



