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Medical Imaging




Medical imaging

* Medical imaging allows us to create visual
representations of the interior of the body for clinical
analysis and medical intervention.

= To reveal internal structures hidden by the skin and bones
= To diagnose and treat disease

* Medical imaging in the data science era:

= unprecedented growth in the volume of medical imaging
data

= challenges, due to the complexity and the poor quality of
imaging data




Medical imaging

How do we acquire medical images?
What is the format of medical images?
How do we store and access medical images?

How do we analyse medical images?




Medical imaging

* How do we acquire medical images?




Medical imaging modalities

X-ray imaging
Computed Tomography (CT)
Magnetic Resonance Imaging (MRI)

Positron Emission Tomography (PET) and

Single Photon Emission Computed
Tomography (SPECT)




Medical imaging modalities

* X-ray imaging

= the oldest medical imaging
technique

" Dense parts of the body show
up as clear white areas on the
image, while softer parts show
up as darker areas.
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Medical imaging modalities

° X-ray imaging
* Computed Tomography (CT)

= Also called Computed Axial Tomography (CAT)

= A type of slice imaging: imaging by sections or
slices through the body

" |t can produce detailed images of many structures
in a thin section of the body.
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Medical imaging modalities

° X-ray imaging
* Computed Tomography (CT)

* Magnetic Resonance Imaging (MRI)
= Can be used to examine almost any part of the body

= MRI vs. CT:

* MRI has excellent soft tissue contrast. CT is preferred for
lung and bone imaging.
e CTis faster and it is more widely used than MRI.

* CT scanning is associated with increased risk of cancer.
MRI scanning does not have such health hazards.
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Medical imaging modalities

° X-ray imaging
* Computed Tomography (CT)
* Magnetic Resonance Imaging (MRI)

* Positron Emission Tomography (PET) and

Single Photon Emission Computed
Tomography (SPECT)

" nuclear imaging: assessment of physiology rather
than anatomy

" Modern scanners may integrate PET or SPECT with

other modalities.
=



Medical imaging

What is the format of medical images?
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DICOM format

* DICOM (Digital Imaging and Communications
in Medicine) is an international standard for
storing, exchanging and transmitting medical
Images.

* DICOM file content:

" image pixel data

* header of fixed length, followed by a sequence of
tagged data elements 4 byte id

_ data element 1 | data element 2 | ¢ o o
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DICOM format

* DICOM (Digital Imaging and Communications
in Medicine) is an international standard for
storing, exchanging and transmitting medical
Images.

* DICOM file content:

" image pixel data

* header of fixed length, followed by a sequence of
tagged data elements

 The header contains information about the file, the
imaging equipment used, the study and the patient

%
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Medical imaging

* How do we store and access medical images?
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PACS

* Medical images are created, stored, accessed
and processed in the restricted environment

of a hospital.

* They are typically keptin a
(PACS).

* A PACS archives medical images (and the
associated meta-information) within radiology
and distributes them to departments that
ordered the images.
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Medical imaging

* How do we analyse medical images?
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Medical imaging pre-processing

* We typically the image before
analysing it
" to enhance contrast by reducing any artefacts or

noise in the image or by emphasising differences
between objects (e.g. enhancing edges)

o : may involve edge tracking,
corner detection and template matching, e.g.
blob detection
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Medical imaging analysis

°* Segmentation: to partition an
image into different meaningful
segments, such as particular
organs, different tissue classes or
pathologies

* Registration: to compare or
combine different images by
determining a one-to-one Wi %)
mapping between the coordinate ¥
in one image and those in anothe )
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Segmentation techniques

Thresholding:

= the simplest segmentation method

= it works particularly well when there is a good level of
contrast between different structures

Region growing

= domain knowledge: the user specifies a seed point in an
object of interest that needs to be separated

Region merging
Watershed transform

Live wire




Natural Language
Processing




Clinical text contains invaluable
information

Progress note

Nursing Care Plan CLIENTID:
NAME:
D.OB.
: Torecord progress of clients 0
Purpose: o record prog; DOCTOR:
RESIDENT'S: PENSION:
CARE ALERT: FALLS RISK (J WANDERS (1 BLIND () DEAF (1 CONFUSE
PATIENT: BAIRD, MICHAEL L t NEEDS Tick and/or Highlight Appropriate Response
REFERRING PHYSICIAN: - THOMAS D. FERRO/AG, M.D. £ [ MeDIcATION RESIDENT | Lovel of Assistance required
Date & Time Remai cc: E| ADMINISTRATION MEDICATIONS Extensive prompting
cc: ARE MANAGED Standing by to observe
EXAM: MRI KNEE W/O CONTRAST RIGHT Baseline Health SAFELY &  admiristers medication

Assessment CORRECTLY Staff administers medication

et S S pathology reports,

PROCEDURE: Per protocol; reformats and subtracted images, when app 1159

Medcation Assess

FINDINGS: Notes

. .
MENISCI: The medial meniscus is obscured by the presence of hemiarth
lateral meniscus displays fraying of the apex at the body, but is otherwise ‘ I I l
PAIN MANAGEMENT | RESIDENT IS AS Reposition Massage )

CRUCIATE LIGAMENTS: The ACL is diminutive but intact fibers are still FREE AS POSSIBLE

a Heat packs

COLLATERAL LIGAMENTS: Intact el Adminsiraton Medicarion | FROM PAIN Aromatherapy Relaxation Tapes .
Management 11-05) Supportive device eg.

PATELLOFEMORAL COMPARTMENT: Arthroplasty components are not | spuatic Needs Management One to one support/Diversion

compartment. Patellar and quadriceps tendons are intact Other V4

Refer (o pain man

sgement program

OTHER FINDINGS: Focal subchondral and subcortical marow edema s |-

aspect of the LFC. Marrow changes are seen in the central femoral shaft
surgical change. There is a moderate joint effusion. No body
periarticular soft tissues appear normal, There is no significant articular s ) .

there is no evidence of bone marrow edema to suggest contusion or 0CCU | COMMUNICATION RESIDENTS Vision
OPTIMAL LEVELS ses
1, Medial i o oF Wears aways
2. Apical fraying noled 2 the lateral meniscus, with o . | tinks to Reading only
3. Moderate joint Baseline Health N ARE Magnifier
& Focal marrow sdema noted Inthe posterolateral comer of the MAINTAINED | Needs assistance with glasses
¢ to special nursing care needs _ CiYes CNo
'4_ Hagotn mp SpeEcH
3 Diffculty with expressive communication [1Yes [INo
GARY M. HATGH, WD, Diffculty with receptive communication  [lYes DNo
Is English the first language? ves ONo
PRN Progress note SIGNED BY GARY M. MATCHMD. If no, specify
{—— Residents______ Medication_________ Transcribed by cak 06/24/2008 at 02:38 PM Non-verbal aids used Yes DNo
f——o| Name Need help with communication aids Yes ONo
Reason Other
1100 Monterey Street, Suite 210 » San Luis Obispo, Califc
fect 7 805) 542.0700 « Fax (Leosy sazoses | Name Date
Time assessed____ Signature Designation

Processing text in an automated fashion and
extracting meaning from it is very challenging.
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.
* Typical tasks:
= sentence boundary detection
= tokenisation
" part-of-speech tagging
= named entity recognition
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.
* Typical tasks:
= sentence boundary detection

|
The patient seemed concerned. |

explained the different treatment
options.
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.

* Typical tasks:
= sentence boundary detection

S1
- S2

The patient seemed concerned. |
explained the different treatment

options.
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.
* Typical tasks:

= tokenisation

The patient seemed concerned.
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.
* Typical tasks:

= tokenisation

|
The patient seemed concerned.

[ |
Tokens: [‘The’, ‘patient’, ‘seemed’, ‘concerned’, ']



29

Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.

* Typical tasks:
S

- /' \

= NP VP ADJP
Z\ ,

DT NN VBZ JJ

Tlle patllent seemed concerned

" part-of-speech tagging
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human

language.
* Typical tasks:

|
The patient seemed concerned.

= named entity recognition ,
PERSON
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Natural Language Processing

* Natural Language Processing is a set of
computational methods to analyse,
understand, and derive meaning from human
language.

* Other high-level tasks:

= word sense disambiguation
" negation and uncertainty identification
= relationship extraction

" temporal inferences
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Computational methods in NLP

Two main approaches:
* rule-based: using linguistic rules and patterns
* machine learning:

" neural networks and deep learning

= support vector machines
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Ontologies in NLP

Suppose that we want to analyse free text in electronic
heath records to answer two questions:
* Does the patient have disease X?

= Use ontologies to make use of definitions and synonyms of
diseases

* Which patients are on mood stabilisers?

= Use ontologies to make use of terminological information,
e.g. subClass

https.//towardsdatascience.com/derive-insights-from-health-data-using-
knowledge-graph-technologies-b6cf2b/42cd6



https://towardsdatascience.com/derive-insights-from-health-data-using-knowledge-graph-technologies-b6cf2b742cd6
https://towardsdatascience.com/derive-insights-from-health-data-using-knowledge-graph-technologies-b6cf2b742cd6
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Conclusions

* Imaging and natural language data are unstructured
data. Their analysis is challenging.

* Some success stories in medical image analysis using
artificial intelligence.

* Growing interest in the automated analysis of free
text in electronic health records.

* Watch this space!




