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Deep Learning in Medical Imaging
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e Account for 90% of
Medical Data

* X-rays

e CT (Computed

Tomography) scan & B 4 | N E et
* MRI (Magnetic Resonance P i _ .

Imaging)
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e Ultrasound : 22 = e . \.,&..&}rﬂm;f pal\, ) e

* Nuclear medicine imaging | _ | 3

— positron-emission
tomography (PET)




Ex: Brain Imaging

« X-Ray: shows bone/skull only.

* CT: a quick test. Shows brain but
detail not great.

 MRI: a long test. Shows brain and
detail is great.

« MRA: shows the flow of blood in
the brain.

* PET scan: shows activities of
different parts of the brain. The
more sugar used, the brighter the
area. Cancer cells light up the
most.
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PET SCAN

https://sdbif.org/index/whats-the-difference-between-all-the-different-head-scans/



https://sdbif.org/index/whats-the-difference-between-all-the-different-head-scans/

CT Sc 1, V U\trasound ,é.
and X-Ray

https://www.youtube.com/playlist?list=PLDQi4ZgipBg-4lpaWbIxJiK XYuO cE6H



https://www.youtube.com/playlist?list=PLDQi4ZgipBq-4lpaWbIxJiK_XYu0_cE6H

Computec
Tomography (CT)

* Combinations of many X-
ray measurements taken from
different angles to produce
cross-sectional (tomographic)
images (virtual "slices")

https://en.wikipedia.org/wiki/CT scan



https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Tomography
https://en.wikipedia.org/wiki/CT_scan

CT of Head
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CT of Lungs

* B B R AR IR 2
AR =2 ETEE

o TEWZZ AT EbE S A S| Y SR
@ﬁﬂ%x%mﬁ%ﬁ  HIRHY
KR

H/jﬁfz’%ﬁ THHE'/ <CTPA> E
A Eﬁ Blz%éﬁﬁjﬁaﬁdwﬁﬁ
tb”“‘ﬂ ST _F g et

-E[*IZIIZI
=

https://commons.wikimedia.org/wiki/Scrollable high-

resolution computed tomography images of a normal thorax
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https://commons.wikimedia.org/wiki/Scrollable_high-resolution_computed_tomography_images_of_a_normal_thorax
https://commons.wikimedia.org/wiki/Scrollable_high-resolution_computed_tomography_images_of_a_normal_thorax
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CT of Cardiac
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CT of Abdominal and Pelvic
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https://zh.wikipedia.org/wiki/%E6%9C%89%E6%95%88%E5%8A%91%E9%87%8F
https://zh.wikipedia.org/wiki/%E8%A5%BF%E5%BC%97
https://zh.wikipedia.org/wiki/%E5%90%B8%E6%94%B6%E5%8A%91%E9%87%8F
https://zh.wikipedia.org/wiki/%E6%88%88%E7%91%9E
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-background-7
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-background-7
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-FDADose-8
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/%E4%B9%B3%E6%88%BF%E6%94%9D%E5%BD%B1%E8%A1%93
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Risk2011-12
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-FDADose-8
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/%E5%A4%A7%E8%85%B8%E9%8B%87%E5%8A%91%E7%81%8C%E8%85%B8%E9%80%A0%E5%BD%B1
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9

Magnetic Resonance
Imaging (MRI)

* MRI does not involve X-rays or the use
of ionizing radiation

 MRI is an application of nuclear
magnetic resonance (NMR)



https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance

CT vs MRI

* Some people can’t do MRI (e.g., certain types of metal implants)
* MRI scans take a relatively long time and noisy

 Particular measurements that CT can’t provide (e.g., looking at bone
structure)

14



CT vs MRI

Magnetic Resonance Imaging (MRI) Computed Tomography (CT)
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http://www.knh.org.tw/sub/health/49/290

MRI Advantages
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https://tw.news.yahoo.com/%E6%AD%BB%E4%BA%A1%E6%AA%A2%E6%9F%A5-%E6%A0%B8%E7%A3%81%E5%85%B1%E6%8C%AF%E6%A9%9F%E5%99%A8%E5%90%B8%E4%BE%86%E6%B0%A7%E6%B0%A3%E7%93%B6-%E9%9F%93%E8%80%81%E7%BF%81%E9%81%AD%E6%B4%BB%E6%B4%BB%E5%A4%BE%E6%96%83-052525737.html
https://tw.news.yahoo.com/%E6%AD%BB%E4%BA%A1%E6%AA%A2%E6%9F%A5-%E6%A0%B8%E7%A3%81%E5%85%B1%E6%8C%AF%E6%A9%9F%E5%99%A8%E5%90%B8%E4%BE%86%E6%B0%A7%E6%B0%A3%E7%93%B6-%E9%9F%93%E8%80%81%E7%BF%81%E9%81%AD%E6%B4%BB%E6%B4%BB%E5%A4%BE%E6%96%83-052525737.html
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Katie on Twitter: "TOO LONG HAVE | BEE... Mihaela Bereza on Twitter: "@ZiziFothSi ...
twitter.com

mobile twitter.com
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MRI| Scan of
Unborn Babies

Mihaela Bereza on Twitter: "@ZiziFothSi ...
mobile.twitter.com

- '
Unborn twins caught on video MRI for th...
» newscientist.com

Katie on Twitter: "The real reason they di...
twitter.com

Al

b Fetal MRI | Children's Hospital of Philade...
’l chop.edu




Nuclear Medicine and Molecular Imaging
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https://www.youtube.com/watch?v=BGNZMr34uf0 20



https://www.youtube.com/watch?v=BGNZMr34uf0

Pros and Cons of Medical Imaging Techniques

Type What It Reveals Advantages Disadvantages Main Uses
Bone and soft * Low radiation dose. * Provides basic anatomic * Skeleton, chest
Radiography tissue anatomy ¢ Inexpensive information for only a few investigate, intra-
* Quick & No preparation tissue densities abdominal disease
Most organ * Multiplanar and 3D * Higher radiation dose than * Infection and abdominal
Computed systemsinthe * Fastexam time radiography * chest trauma
tomography body * With IV contrast can examine ¢ May require oral IV
(CT) organ and blood vessels contrast
High-contrast * No radiation exposure * Long examine time, often ¢ Central nervous system
Magnetic resolution * Multiplanar and 3D requires sedation in * Musculoskeletal
resonance pictures of * Does not require IV contrast children < 7 years * Cancer
(MR) Imaging organs * Superior depiction of soft * Expensive Scanner
tissue and organ contrast
Shape, structure, * Lower radiation dose than * May take along timeand * Regional perfusion,
Nuclear and function of fluoroscopy o_r CT require.sedation | skeletal pathology,
Medicine organs, soft * Adverse reactions rare * Offers little anatomic gastroesophageal,
tissues, and information vesicoureteric reflux,
bones gastric emptying, tumor

21
https://www.contemporarypediatrics.com/view/pros-and-cons-imaging-options



https://www.contemporarypediatrics.com/view/pros-and-cons-imaging-options

Deep Learning

n Medical

maging




Characteristics of Medical Imaging

* Multimodality as inputs

Images * Multiscale and/or patch-level processing
Multimodality & ° i
e GPU computing
« Integrated CTa—s"f‘ Data « Domain adaptation
: omplex Non-standard = :
learning o A Federated learning

Medical

Imaging

* Adversarial Samples Diseases * Fusion of knowledge
image synthesis = Imbalanced & Numerous & and learning
Heterogeneous Long-tailed

 Advances in
network
architectures

* Interpretability

Labels

S & 5 . ;
Notoy » Semi/weak/selflunsupervised learning

» Uncertainty quantification

23
zhou et al., "A review of deep learning in medical imaging: Imaging traits, technology trends, case studies with progress highlights, and future promises," 2021



https://ieeexplore.ieee.org/abstract/document/9363915/?casa_token=plFF_v3hid8AAAAA:g7In5ETbP5lSm7jvsvDquoUu1loUhGohVSU4ag_qDOIbY9N5FBNYUyXySa8QQcYI2McLqdW18Q

U-Net: CNN for Biomedical Image Segmentation

 Ronneberger et al. 2015
* One of the best models for image segmentation

https://Imb.informatik.uni-freiburg.de/people/ronneber/u-net/ 24



https://lmb.informatik.uni-freiburg.de/people/ronneber/u-net/

U-Net Architecture
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Digital Imaging and Communication
in Medicine (DICOM
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https://www.dicomlibrary.com/

Open Datasets

* Brainweb: Simulated normal and MS brains with tissue/lesion
segmentations (MINC)

* Kirby 21: Set of 21 healthy patients scanned twice (NIfTI)
e |XI dataset: Set of 600 healthy subject scans (NIfTl)

e Qure.ai CT head scan data: Set of 491 head CT scans with pathology
[no segmentation, but radiology report] (DICOM)

e BraTS 2018 Brain Tumor data: Large set of patients with brain tumors
along with the tumor segmentation (mha)

e ISBI 2015 Multiple Sclerosis Challenge data: Set of 20 patients with
multiple sclerosis (MS) [only 5 have lesion segmentations] (NIfTI)

27


http://brainweb.bic.mni.mcgill.ca/brainweb/
https://www.nitrc.org/projects/multimodal/
https://brain-development.org/ixi-dataset/
http://headctstudy.qure.ai/dataset
http://braintumorsegmentation.org/
https://smart-stats-tools.org/lesion-challenge

CheXpert

 Stanford ML Group
(Andrew Ng)

0.03 0.01

Enlarged Cardiom. H Cardiomegaly ]

o [ No Finding

0.1 [ Support Devices Pleural Other ]0-05

Lung Opacr[y Pneumothorax ] 0.05

[ﬂ] Atelecta5|s ]
0.06
o,o3 Consolldatlon Le5|on

Pneu monla
0.04

0.27 Pleural Effusion ] 0.49

0.05

https://stanfordmlgroup.github.io/competitions/chexpert/ 28



https://stanfordmlgroup.github.io/competitions/chexpert/

Stanford ML Group

NGBoost

Probabilistic Prediction with
Gradient Boosting

PROJECT WEBPAGE

g

PPG Arrhythmia

Arrythmia detection from
ambulatory free-living PPG
signals.

PROJECT WEBPAGE

¢
)

CheXNet

Radiologist-level pneumonia detection from

chest X-rays.

PROJECT WEBPAGE

B

CheXpert

A Large Chest X-Ray Dataset
And Competition

PROJECT WEBPAGE

¢
)

CheXNeXt

Chest radiograph diagnosis of
multiple pathologies and
comparison to practicing

radiologists.

PROJECT WEBPAGE

PROJECTS PEOPLE BOOTCAMPS

a\g

ECG Arrhythmia

Cardiologist-level arrythmia
detection from ECG signals.

PROJECT WEBPAGE

¢
0

MURA

Introducing a large dataset for

abnormality detection from bone

X-rays.

PROJECT WEBPAGE

Palliative Care

Using Electronic Health Record Data to direct
palliative care resources.

PROJECT WEBPAGE

VOLUNTEERING CONTACT

MRNet

Diagnosis of abnormalities from

Knee MRs

PROJECT WEBPAGE

DATASET WEBPAGE

Countdown
Regression

New approach to probabilistic

time to event predictions.

PROJECT WEBPAGE

Education

Designing natural language models to detect
writing errors and provide feedback.

PROJECT WEBPAGE

29



10 Promising Al Applications in Health Care

APPLICATION

Robot-assisted surgery
Virtual nursing assistants
Administrative workflow
Fraud detection

Dosage error reduction
Connected machines
Clinical trial participation
Preliminary diagnosis
Automated image diagnosis

Cybersecurity

SOURCE ACCENTURE

POTENTIAL ANNUAL VALUE BY 2026

I o8

20

8

- I

KEY DRIVERS FOR ADOPTION

Technological advances in robotic
solutions for more types of surgery

Increasing pressure caused
by medical labor shortage

Easier integration with
existing technology infrastructure

Need to address increasingly complex
service and payment fraud attempts

Prevalence of medical errors,
which leads to tangible penalties

Proliferation of connected
machines/devices

Patent cliff; plethora of data;
outcomes-driven approach

Interoperability/data architecture
to enhance accuracy

Storage capacity; greater
trust in Al technology

Increase in breaches;
pressure to protect health data

© HBR.ORG
N



Deep learning for Medical Imaging (Lily Peng, Google)

Diabetic retinopathy: fastest growing cause of blindness

North America

415M people with diabetes

2015 44.3 million '
A

- S

R’ Yey o
Europe

2015 59.8 million (

’

: ' ' > .
2015 35 4 mullion Western Pacific
¥ 2015 153.2 million

>

- Eas"
Asia
2015 78.3 million
South and Africa

Central America
2015 29.6 million

2015142 million

https://www.youtube.com/watch?v=AoWe1lkhMKzs
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https://www.youtube.com/watch?v=AoWe1khMKzs

Google

Deep Learning for Medical Imaging

October 2017/
Lily Peng, MD, PhD
Product Manager, Google Research




Al in Radiology (RSNA

« RSNA: Radiological Society of North America

e https://www.youtube.com/playlist?list=PLEUiILXWVNND1TGgjsnjZybcOkGhotFy2U
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Imaging Al in Practice
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Imaging Al in Practice

RSNA - 3.2K views * 1 year ago

RSNA Imaging Al Certificate

RSNA - 1.1K views * 1 year ago

Leveraging the Full Potential of Al Radiologists and Data Scientists Working
Together

RSNA - 750 views * 1 year ago

Imaging Al in Practice Demonstration Introduction

RSNA - 2.5K views * 2 years ago

Imaging Al in Practice - Evolve with Al
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Medical Imaging Datasets on Kaggle

Q cr

Datasets Tasks Computer Science Education

f@ 280 Datasets

CT Medical Images
K Scott Mader - Updated 4 years ago
Usability 7.6 - 202 Files (other, CSV) - 250 MB

COVID-19 CT scans
Larxel - Updated a year ago
Usability 10.0 - 81 Files (other, CSV) - 1 GB - 3 Tasks

Head CT - hemorrhage
FelipeKitamura - Updated 3 years ago
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Chai Time Data Science | CTDS.Show
Vopani - Updated 10 months ago
Usability 9.1+ 153 Files (CSV, other) - 3 MB - 2 Tasks

“TDS.show

SARS-COV-2 Ct-Scan Dataset

PlamenEduardo - Updated a year ago
Usability 8.8 - 2481 Files (other) - 230 MB
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COVID-19 CT Scans Dataset

6 Dataset

COVID-19 CT scans

20 CT scans and expert segmentations of patients with COVID-19

Larxel  updated a year ago (Version 4)

Data Tasks Code Discussion Activity Metadata Download (7 GB) New Notebook :

& Usability 10.0 Jo License Other (specified in description) % Tags

Preview Images and Labels
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AlphaFold: Predict Protein 3D Structure

* https://alphafold.ebi.ac.uk/

nature

Explore content v  About the journal ¥  Publish with us v

nature > articles » article

Article | Open access | Published: 15 July 2021

Highly accurate protein structure prediction with T1037 / Gvrd T1049 [ Gyaf
AlphaFold 90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)

John Jumperg, Richard Evans, Alexander Pritzel, Tim Green, Michael Figurnov, Olaf Ronneberger,

Kathryn Tunyasuvunakool, Russ Bates, Augustin Zidek, Anna Potapenko, Alex Bridgland, Clemens Meyer,

Simon A. A. Kohl, Andrew J. Ballard, Andrew Cowie, Bernardino Romera-Paredes, Stanislav Nikolov,

@ Experimental result
Rishub Jain, Jonas Adler, Trevor Back, Stig Petersen, David Reiman, Ellen Clancy, Michal Zielinski, Martin

® Computational prediction

Steinegger. Michalina Pacholska, Tamas Berghammer, Sebastian Bodenstein, David Silver, Oriol Vinyals,

Andrew W. Senior, Koray Kavukcuoglu, Pushmeet Kohli & Demis Hassabis M - Show fewer authors

https://www.nature.com/articles/s41586-021-03819-2 38
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e https://www.deep01l.com/

‘D Dee 01 About Products Publications News

Artificial IHIBHIQEHCE

ﬁﬂmlﬂmDeemlngeﬂFDAm! R Ew Est. Volume:

0.31cc

BERDeep0l AFRE WL R E20NE = 1 Intracranial Hemorrhage
' (ICH) Identification

DeepCT is able to identify intracranial
hemorrhage with less than 1 cc, and
mark the areas of bleeding within 30
seconds.

ICH Subtype Classification
ICH Region Classification i
Classification include:

Classification include: Epidural Hemorrhage (EDH),

Cerebrum (left and right), Subdural Hemorrhage (SDH),

Cerebellum (left and right), Brain Subarachnoid Hemorrhage (SAH),

Stem, Cistern, Ventricle (left, right, Intraparenchymal Hemorrhage

third and fourth) (IPH/ICH), and Intraventricular
Hemorrhage (IVH)
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* https://www.aheadmedicine.com/

@ aheadmedicine.com/news G © W 0 e O 4
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AHEAD concluded the inaugural cohort of Berkeley-
Taiwan Health Innovation Accelerator Program with
a high note.

Berkeley blic Health, 2021-11
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