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What is Imaging Informatics?
Biomedical informatics is the scientific field that deals 
with biomedical data, information, and knowledge – their 
storage, retrieval, and optimal use for problem solving 
and decision making.

Ref: Friedman CP (2009). https://dx.doi.org/10.1197%2Fjamia.M3092

https://dx.doi.org/10.1197/jamia.M3092


Radiology
Source: https://medium.com/contentquo/3-steps-to-a-data-driven-content-

quality-approach-fe7cf78639fe

https://medium.com/contentquo/3-steps-to-a-data-driven-content-quality-approach-fe7cf78639fe
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What is Imaging Informatics?
Biomedical informatics is the scientific field that deals 
with biomedical data, information, and knowledge – their 
storage, retrieval, and optimal use for problem solving and 
decision making.

The primary aim of imaging informatics is to improve the 
efficiency, accuracy, usability, and reliability of medical 
imaging services within the healthcare enterprise.
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Radiology: Past and Present

Source: https://www.kqed.org/futureofyou/256816/how-technology-ruined-the-radiology-profession

https://www.kqed.org/futureofyou/256816/how-technology-ruined-the-radiology-profession
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Source: https://www.himss.eu/content/carestream-white-paper-cost-and-benefit-

image-enabling-your-enterprise

https://www.himss.eu/content/carestream-white-paper-cost-and-benefit-image-enabling-your-enterprise
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Types of Information Systems

• Supports the comprehensive information requirements of hospitals an medical centers, 
including patient, clinical, ancillary, and financial management

Hospital information system (HIS, CareConnect)

• Supports radiology department operations: scheduling exams, reporting results, billing

Radiology information system (RIS, Radiant)

• Acquires, stores, retrieves, and displays digital images

Picture archiving and communication system (PACS, Centricity)

• Facilitates the integration and use of data in decision-making tasks

Clinical decision support system (CDSS, ACR Select…)
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Source: Huang HK. PACS and imaging informatics: basic principles and 

applications. John Wiley & Sons; 2011 Sep 20.

Proceedings of the first PACS specific meeting -- 1982

First commercial PACS in New Orleans (Fuji) -- 1985
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Basic PACS Workflow

Adapted from: Huang, H. K. PACS and imaging informatics: basic principles and applications. 
John Wiley & Sons, 2011.

Technologist

Scheduler

Radiologist

Broker translates 
between HL7/DICOM
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Evolution of PACS

Source: Huang, H. K. PACS and imaging informatics: basic principles and 
applications. John Wiley & Sons, 2011.
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Source: Faasse et al. Positron Emission Tomography-Computed Tomography Data 
Acquisition and Image Management
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Messaging
• HL7: Health Level 7

• Standard used to send messages between the hospital information 
system (CareConnect) and ancillary systems (Radiant/PACS)
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Messaging
• DICOM: Digital Imaging COmmunications in Medicine

• Standard used to communicate among acquisition devices, PACS, 
and radiologist workstations
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HL7

DICOM

Adapted from: Huang, H. K. PACS and imaging informatics: basic principles and applications. John Wiley & Sons, 2011.
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Takeaways
• Imaging informatics is important because

• Volume of imaging data is rapidly increasing
• Images contain a treasure trove of information

• Data is stored in large information systems (HIS/RIS/PACS)
• Coordination is required to prepare for and accept each imaging 

study à communication is possible through messaging 
standards (HL7, DICOM)

• Effective data management is the first step towards clinical 
decision support
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Information
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What is an Image?
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What does one pixel 
represent?

What effect are you observing?
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62-yr-old male with intermediate-risk prostate cancer (biopsy 
Gleason score 4 + 3, PSA level 11 ng/ml) 

T2-MRI Whole-mount Path

• Pixel data
• What does it look like?

• Information content
• What is it?

• Knowledge à Wisdom
• What does it mean?
• What should we do about 

it?
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Image Analysis Pipeline
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Components: Registration
• Process of aligning images so that the correspondences 

between them can be seen more easily
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Components: Segmentation
• Partitioning image pixels into different classes (e.g., foreground, 

background)
• Used when we want to analyze just the pixels within a particular 

region
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Components: Feature Extraction
• Radiomics is the extraction and analysis of large amounts 

of advanced quantitative imaging features with high 
throughput from medical images

• Feature types:
• Color, shape, texture

Kumar, V et al (2012). Radiomics: The process and the challenges. Magnetic Resonance Imaging, 30(9), 
1234–1248. http://doi.org/10.1016/j.mri.2012.06.010
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Radiology Reports are Unstructured
History: 57 year old man with 2 day history of thumb tingling and numbness and history of colon cancer 12 years prior.

Technique: An MRI of the brain was performed on a 1.5T scanner utilizing the following sequences: thin-cut axial 
SPGR and thin-cut axial T2W.

Findings: An enhancing mass is again seen in the anterioinferior aspect of the left parietal lobe along the primary 
sensory cortex abutting the central sulcus. The mass also abuts the sylvian fissure. There is a small region of central 
necrosis. The lesion measures 1.7 cm AP x 2.0 cm TR x 1.8 cm CC. There is moderate perilesional edema which 
extends into the posterior temporal and frontal lobes. There is no significant mass effect from the lesion. The high 
convexity cerebral sulci are normal and there is no significant midline shift or mass effect on the ventricles. There is no 
hydrocephalus. No other lesions or regions of abnormal enhancement are seen within the brain, dura or 
leptomeninges. The skull is normal in appearance. Minimal T2W/FLAIR high signal intensity surrounds the 
periventricular white matter, consistent with mild microvascular ischemic disease. The brainstem and cerebellum are 
unremarkable in appearance. The basal cisterns are clear.

Impression: Contrast-enhanced MRI of the brain again demonstrates an enhancing mass in the anterioinferior aspect 
of the left parietal lobe, located on the primary sensory cortex. There is moderate perilesional edema. No other lesions 
are seen.
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Structured Reporting

http://radreport.org/

http://radreport.org/
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Natural Language Processing (NLP)

transcription

Radiology report:  5433

…There is a large well-
circumscribed 5 cm 
mass in the left upper 
lobe consistent with 
adenocarcinoma…

natural language
processing

mass finding
existence = present (“there is”)
quantity = 1
size = large,  “5 cm”
external architecture = “well-circumscribed”
location in left upper lobe
interpretation = adenocarcinoma
certainty     = possible
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Components of an NLP System

Doan, Son, et al. "Natural language processing in biomedicine: a unified 
system architecture overview." Clinical Bioinformatics (2014): 275-294.
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Components: Background Knowledge
• A lexicon is a collection of information about the words of a language 

about the lexical categories to which they belong
• e.g., RadLex lexicon

• A radiology-specific lexicon with over 75,000 terms and synonyms developed by 
RSNA

• http://www.rsna.org/RadLex.aspx

• e.g., Radiology Gamuts Ontology
• A gamut is a set of conditions that can cause a specified imaging finding
• Gamuts Ontology contains 16,912 entities (12,878 causes / 4,662 effects)

• https://www.gamuts.net

http://www.rsna.org/RadLex.aspx
https://www.gamuts.net/
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Components: Structural Analyzer

Credit: Len D’Avolio, AMIA NLP Tutorial 2011
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Components: Rule-based Approach

Credit: Len D’Avolio, AMIA NLP Tutorial 2011
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Components: Lexical Analyzer/Parser

Credit: Len D’Avolio, AMIA NLP Tutorial 2011
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Components: Semantic Interpreter

Credit: Len D’Avolio, AMIA NLP Tutorial 2011
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Combining Images & Text à Meaning

Rubin, Daniel L., Hayit Greenspan, and James F. Brinkley. "Biomedical Imaging 
Informatics." Biomedical Informatics. Springer London, 2014. 285-327.

Annotation Image Markup (AIM) 
is a structured text-based 
language that captures 
annotations and markups in a 
standardized format using 
eXtensible Markup Language 
(XML).
https://wiki.nci.nih.gov/display/AIM/Annotation+and+Image
+Markup+-+AIM

https://wiki.nci.nih.gov/display/AIM/Annotation+and+Image+Markup+-+AIM
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Zimmerman SL. Automated structured reporting of imaging findings using the AIM standard 

and XML. RadioGraphics, 2011.
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Zimmerman SL. Automated structured reporting of imaging findings using the AIM standard 

and XML. RadioGraphics, 2011.



Radiology
Zimmerman SL. Automated structured reporting of imaging findings using the AIM standard 

and XML. RadioGraphics, 2011.
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Key Takeaways
• Images and radiology reports are unstructured data

• Images are comprised of pixel data that need to be normalized, 
registered, and segmented to extract relevant features

• Using natural language processing and/or structured reporting, 
information from radiology reports can be represented in a form 
that is amenable to mining

• Structured information can be combined using 
standardized markup languages such as Annotation 
Image Markup (AIM) for storing or sharing
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Knowledge



Radiology

Representation is Key to Knowledge
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Source: https://spectrum.ieee.org/the-human-os/biomedical/diagnostics/stanford-algorithm-can-diagnose-
pneumonia-better-than-radiologists

Source: https://www.engadget.com/2017/10/27/for-a-dollar-an-ai-will-examine-your-medical-scan/

Source: http://www.nejm.org/doi/full/10.1056/NEJMp1606181

https://spectrum.ieee.org/the-human-os/biomedical/diagnostics/stanford-algorithm-can-diagnose-pneumonia-better-than-radiologists
https://www.engadget.com/2017/10/27/for-a-dollar-an-ai-will-examine-your-medical-scan/
http://www.nejm.org/doi/full/10.1056/NEJMp1606181
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Improving the Use of Imaging

Wrong study requested Poor study 
acquisition

Poor study 
interpretation

Poor study 
documentation



RadiologyInspired from: http://en.proft.me/2015/12/24/types-machine-learning-algorithms/

A Variety of Approaches Exist
Machine Learning Types

Unsupervised Learning

Clustering Association

K-means 
Clustering

Association 
Rule Learning

Supervised Learning

Continuous 
Target Variable

Categorical 
Target Variable

Regression Classification

Linear 
Regression

Support Vector 
Machine

Reinforcement Learning

Given model of 
outcomes

Learn model of 
outcomes

Markov Decision 
Process Bandit Models

Actions Change 
State

Actions Don’t 
Change State

http://en.proft.me/2015/12/24/types-machine-learning-algorithms/
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CADe: Computer Aided Detection
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CADx: Computer Aided Diagnosis

Reference: Velikova M, Lucas PJF et al. Art Intell in Med, 2012
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Content-based Image Retrieval

Reference:  Hsu W, Antani SK, et al. Int J Med Inform. 2009
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Radiogenomics

Source: Diehn M et al, PNAS, 2008

Credit: Robert Gillies, Moffit
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Takeaways
• Knowledge is attained by finding the appropriate representation

for a given task

• Machine and deep learning are different forms of representations for 

integrating biomedical information for clinical decision support

• No one representation is the optimal solution for all tasks

• A variety of tasks exist in imaging

• Computer-aided detection/diagnosis (CADe/CADx), content-based 

image retrieval (CBIR), radiomics/radiogenomics

• More on this later… Fabien Scalzo’s lecture (9/17)
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Integrated Diagnostics (IDx)
• Radiological Sciences | Pathology & Lab Medicine

• http://idx.mednet.ucla.edu
• Mission: Provide an infrastructure for capturing, curating and retrieving 

validated patient datasets across clinical, imaging, pathology and 
molecular data sources for the purposes of improving early detection, 
diagnosis and treatment of cancer

• Clinical & outcomes data
• Medical imaging
• Histologic features
• Molecular features, depending upon research questions
• Collected longitudinally

http://idx.mednet.ucla.edu/
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Objectives
Enable hypothesis generation
• Capture highly curated data and annotations
• Support open ended queries and real-time analytics

Integrate with molecular diagnostics
• Link findings across clinical, imaging, pathologic, and molecular data
• Characterize disease heterogeneity and evolution

Provide tailored clinical decision support
• Generate new evidence for appropriate use of imaging
• Improve early detection, diagnosis, and treatment
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IDx Prostate Data Portal: Front Page
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Charts View
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Table View
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Annotated Datasets

T2-MRI DCE-MRI Whole Mount Path
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Integrated Diagnostics
• Project launched in March 2015

Cases Imaging Specimens Annotations Clinical

Prostate 665 pts MR Banked: 164 pts PI-RADS, prostate contour, MRI 
lesion, whole mount lesion

PSA, digital rectal exam, 
diagnosis, recurrence

Lung 1,982 CT Banked: 528 LungRADS, nodule, emphysema, 
interstitial lung disease, coronary 
artery calcium

Risk factors, comorbidities, 
pulmonary function test, 
diagnosis, treatments

Breast 
(Athena)

49,037 MR, MG 
(FFDM, 
DBT)

SNP: 364
WES: 13

BI-RADS, breast density Risk factors, comorbidities, 
diagnosis, treatments

Liver 449 CT/US 
biopsy (121)

Banked: 71 -- Labs (AFP, bilirubin, 
Creatinine, etc), diagnosis, 
comorbidities, treatments

Kidney 804 CT Banked: 35 Lesion attenuation, other 
organs/structures attenuation 
(reference) 

Diagnosis, treatments, 
history
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IDx Lung: Nodule Characterization

Credit:  Deni Aberle, 2018
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IDx Lung: Towards Improved Risk Predictions

Credit:  Shiwen Shen, 2018
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Concluding Thoughts:
Towards Wisdom?
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A Learning Health System

Data integration, 
machine learning

Kalra A et al (2017). Source: http://10.1016/j.jacc.2017.09.1086

http://10.0.3.248/j.jacc.2017.09.1086
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Resources
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Resources

http://idx.mednet.ucla.edu

http://idx.mednet.ucla.edu/
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Resources

http://montage.mednet.ucla.edu

http://montage.mednet.ucla.edu/
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