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Outline of Tutorial

9:00-9:10 Introduction
9:10-9:40 Overview of Image Acquisition Modalities
9:40-10:00 Breakouts
10:00-10:40 Deep Learning in Healthcare
10:40-11:00 Breakouts
11:00-11:40 Case Study: Deploying Automated Screening
11:40-12:00 Q&A and Discussion
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Automated image processing platforms
for medical and biological data
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Causes of untimely death
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Outline of presentation / ANI vs. AGI

Diagnostic Imaging Modalities Biological Imaging Modalities
In-class exercises In-class exercises

Deep learning approaches Deep learning approaches
In-class exercises In-class exercises

What next? What next?

In-class exercises In-class exercises
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Molecular Imaging

« Create methods to image the underlying biological processes or functional
state of living cells, tissues, and organs.

* In vivo imaging of living organisms
« Can use MRI, PET, SPECT, or optical imaging modalities

» Applications:

— Detect disease in humans
— Quantify disease in small animals for drug development
— Better understand biological processes in living animals
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Medical Imaging

Medical imaging refers to several different technologies that are used to
view the human body in order to diagnose, monitor, or treat medical
conditions. Each type of technology gives different information about the
area of the body being studied or treated, related to possible disease,
injury, or the effectiveness of medical treatment. (www.fda.gov)

IONIZING NON IONIZING
« X-rays Radiography « UV
* Fluroscopy » Visible
» Computed Tomography  [nfrared

» Cone-beam Computed Tomography ¢ Magnetic Resonance Imaging
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http://www.radiologyandphysicalmedicine.com/
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X-rays radiography

X-ray radiography: Detects bone fractures,
certain tumors and other abnormal masses,
pneumonia, some types of injuries,
calcifications, foreign objects, dental

https://www.nibib.nih.gov/science-education/science-topics/x-rays

problems, etc.

Bone

Barium / lodine
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Fluroscopy

http://www.fda.gov

Barium X-rays and enemas
Catheter insertion and manipulation
Placement of devices within the body, such as stents
Angiograms
Orthopedic surgery

Bone

Barium / lodine
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Computed tomograpy

Stomach: Lesions, tumors of abdomen
Head: Injuries, tumors, clots leading to stroke, hemorrhage
Lungs: Tumors, pulmonary embolisms (blood clots), excess
fluid, and other conditions such as emphysema or pneumonia

X-ray
Source

Barium / lodine
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Cone-beam Computed Tomography

Reconstruct a three-dimensional (3D) image of: dental (teeth);
oral and makxillofacial region (mouth, jaw, and neck); and ears,
nose, and throat (“ENT”).
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UV Light Diagnostic Imaging

Autofluroscence of human cellular structures used
for oral and skin cancer screening

Label free
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Pratavieira, S., et al. Optical imaging as auxiliary tool in skin cancer diagnosis., 2011.
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SkinSpect
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Visible Light Diagnhostic Imaging

Label-free Endoscopy, Endomicroscopy (optical biopsy)
and Fundus photography

Commercially available clinical
endomicroscopes can achieve a resolution on
the order of a micrometre, have a field-of-view
of several hundred um, and are compatible
with fluorophores which are excitable using
488 nm laser light. The main applications are
currently in imaging of the gastro-intestinal
tract.

. http://www.tda.gov, Scientific Reports 5, Article number: 18591 (2015), www.hoya.com pratik Shah, Ph.D. :
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EyeNetra
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Transparency Of Tissue in Near IR Light
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Infrared Light Diagnostic Imaging

Near-infrared (NIR) fluorescent light in the wavelength
range of 700-900 nm is invisible to the human eye. It is
also capable of penetrating millimeters into living tissue
and is not obscured by autofluorescence. For these

reasons, NIR fluorescent light is ideal for image-guided
surgery and scatter-free illumination of inaccessible

tissues.
Ann Surg Oncol. 2011 Sep; 18(9): 2483—2491. www.dexis.com,

http://www.vision-systems.com/articles/print/volume-17/issue-10
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Magnetic Resonance Imaging

https.//nationalmaglab.org

The brain, spinal cord and nerves, as well as muscles,
ligaments, and tendons are seen much more clearly with
MRI than with regular x-rays and CT; for this reason MRI is
often used to image knee and shoulder injuries.

In the brain, MRI can differentiate between white matter
and grey matter and can also be used to diaghose

dneurysms and tumors.
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Crossover Imaging Modalities

BMC Systems Biology 2008 2:74



http://biowiki.ucdavis.edu/
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New Technologies Iin Research



New Technologies Iin Research
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DOI: 10.1039/C31B40018B (Tutorial Review) Integr. Biol., 2013, 5, 748-758
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PLoS One. 2013; 8(2): e57708.
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Molecular Imaging for Biological Research

PLoS One. 2013; 8(2): e57708.



Fluorescence Microscopy
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Confocal Microscopy
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Two Photon Excited Fluorescence (TPEF) Microscopy

CVPR 2016
Pratik Shah. Ph.D.
pratiks@mit.edu

37



Photoactivated Localization Microscopy (PALM)
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Fluorescence Lifetime Imaging Microscopy (FILM)
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Quantum Dots for Imaging Living Cells
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Optical Coherence Tomography (OCT)
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Fluorescence Lifetime Imaging Microscopy (FILM)
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Single-Molecule Techniques in the Cellular Landscape
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DOI: 10.1039/C31B40018B (Tutorial Review) Integr. Biol., 2013, 5, 748-758
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Solid-State Massively Parallel DNA Sequencing
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RNA detection: Nanostring

* Nanostring = a commercial assay for multiplexed, hybridization-based RNA detection from crude lysate

— Assay duration can be as short as & hrs

www.nanostring.com
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THz pulses: biomedical applications
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