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Use Cases – Non-AI or AI, Use versus Re-Use

§ Clinical Use Cases
§ Non-AI

§ communicate – rad-tech, rad-rad, radiologist-clinician, multidisciplinary team meetings
§ preserve state – for priors (where, what, what size, …)
§ legal record

§ AI
§ automated result output prior to human read (traditional mammo CADe, triage, priority)
§ human defined selection for targeted AI

§ Re-use Use Cases
§ Non-AI

§ retrospective and prospective research
§ education

§ AI
§ Non-AI annotations used for AI training/testing
§ AI annotations used for a different AI application training/testing
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Use Cases – What is an “Annotation” anyway?

§ Annotation: “a note of explanation or comment added to a text or 
diagram”

§ Label: “a classifying phrase or name applied to a person or thing 
[especially one that is inaccurate or restrictive !]”

§NOT Markup: “a set of tags assigned to elements of a text to indicate 
their relation to the rest of the text or dictate how they should be 
displayed”

distinguish semantics from visual representation
“meaning” for machines not just humans
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Use Cases – Level of Granularity

§Patient/Case
§Imaging Study
§Series/Acquisition
§Image
§Frame (pixel data array at one place in space/time/…)
§Region (“of interest” – ROI)
§Single point (label each/every voxel/pixel)
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Use Cases – Qualitative, Quantitative

§Qualitative
§ categorical – shape = round, …

§Ordinal
§ roundness – scale of 1 to 5

§Quantitative
§ morphology – size (diameter, volume, ...)
§ quantity – signal intensity, attenuation coefficient, ...
§ numerical features – entropy of GLCM, fractal dimension, …
§ on transformed variants – registered, resampled, filtered, wavelet, …
§ units – absolute and relative (to what – reference region, population)
§ derivation – mean, max, …
§ method – model, fitting, sampling, binning, …
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Use Cases – Concept Representation

§Single concept
§ e.g., “round shape”; “42”

§Name-value pair
§ e.g., “shape” = “round (generic)”, “round shape”; “ultimate question” = “42”

§Coded versus text
§ SRT:M-02100 (SCT:42700002) v. languages: “qaab wareegsan”, “��”
§ synonyms (“round” v. “circular”), case, punctuation (“Shape, round”), …

§Same concepts in different classifications
§ SCT:42700002, NCIt:C48348, RadLex:RID5799
§ Metathesaurus (mapping): UMLS:C0332490
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Use Cases – Localization Representation

§ Patient/Case – Patient/Specimen Identifier

§ Study, Series, Image – Unique Identifiers (UID, UUID)

§ Frame – UID + frame number/offset

§ ROI

§ contours - image (2D) or space (patient, 3D) relative

§ temporal coordinates (frame #, relative/absolute time)

§ segmentations (bitmap, partial occupancy, probability)

§ Single point (each/every voxel/pixel)

§ parametric maps (bitmap, scaled integer, floating point)

§ Transformations

§ rigid (affine), non-rigid (deformation field, spline, …)
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Where DICOM fits in

§DICOM “in”
§ obviously all (radiology) images start out as DICOM

§ can be rearranged from multiple single files to single multi-frame DICOM 
file (happier algorithm developers)

§ “metadata” in DICOM “headers” are “annotations” too
§ e.g., Series Description = “T1 axial post-Gd”, B value = 1000

§ can be better structured/coded (retrospectively), e.g., Acquisition 
Contrast = T1

§ phase to cleanup/canonicalize multi-site data DICOM attributes

§ do not discard known-safe vendor private data elements during de-
identification – may be useful for unanticipated re-use cases
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Where DICOM fits in

§ DICOM “out”

§ All types of annotation (including processed images) can be shared as DICOM

§ Pros:

§ allows re-use of clinical imaging/annotation systems

§ can be stored/shared/indexed in off-the-shelf DICOM archives (e.g., TCIA)

§ can be created/viewed/analyzed by (some) OTS DICOM tools, viewers, …

§ not just a bunch of poorly labeled/organized files on somebody’s disk

§ self-describing/identifying – contains (pseudonymous) identifiers

§ Cons:

§ requires more attention to de-identification (if clinical origin)

§ requires use of DICOM toolkits/libraries to create/access

§ requires more attention to preservation/propagation of “composite context” (identities and UIDs) 

in processing pipeline (e.g., to restore identifiers from images to results)

§ more complex and arcane than making it up as you go along
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Annotation (interoperability) matters now

§ Previously:
§ little incentive to annotate
§ few tools to create or view annotations
§ annotation interoperability was a low priority for product managers
§ presentation rather than semantics were the priority for annotation tools

§ Now:
§ semantic annotations have (real monetary) value beyond primary use case
§ recognition of existence of unanticipated re-use cases
§ annotations are expensive to create/recreate retrospectively
§ more expensive to process if proprietary rather than OTS standard
§ AI-generated annotations need to be interoperable for display
§ “interactive” AI requires interoperable annotation exchange
§ AI vendors unlikely to be the same as scanner/PACS vendors – mix and match
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DICOM and Annotations – Then to Now

§Bad ways in DICOM, historically:
§ Burned in graphics and text

§ including screen shots
§ Overlay graphics and text

§ in pixel data, header or separate object
§ Presentation states

§ still only graphics and text (no semantics)
§ currently very popular in clinical PACS
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DICOM and Annotations – Then to Now

§Good ways in DICOM – standardized for ages, variable use
§ Structured Reports (SR)

§ tree of codes, numbers, 2D, 3D & temporal coordinates, references, …
§ basis for Ultrasound, Cardiovascular, Mammo CAD, radiation dose
§ Key Object Selection (KOS) – flags key images with text/coded label

§ Segmentation (SEG or DSO)
§ rasterized – bitmap, probability, occupancy; coded property/anatomy; 

ROI, atlases (i.e., pixel level categorical annotation), …
§ surface mesh (rarely used)

§ Radiotherapy Structure Sets (RTSS)
§ 3D coordinates, some component semantics, few quantities (volume)
§ widely used in RT planning and re-used in workstations, e.g., for PET
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DICOM and Annotations – Then to Now

§Relatively new things in DICOM
§ Real World Value Maps

§ coded way to describe voxel values (beyond Rescale Type)
§ retrofitted to all existing DICOM images
§ form of “annotation” that makes pixel values semantically meaningful

§ Parametric Maps
§ RWVM combined with floating point or scaled integer pixels

§ Second-generation Radiotherapy annotations
§ Conceptual Volumes – “grammar” for combining contours, segmentations
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DICOM and Annotations – Then to Now

§Related DICOM IODs
§ Fiducials

§ markers with shape and location
§ Registration

§ rigid
§ deformable
§ well-known frames of reference (e.g., atlases)
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Putting it all together …
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Too busy? – No problem, we supply tools

§ Store and regurgitate
§ OTS commercial and open source DICOM archives as well as PACS
§ most modern systems will handle any new or old DICOM object
§ unlike ancient PACS, which rejected things they could not view
§ this increasing flexibility driven by “vendor neutral archive”, “universal viewer” and 

“deconstructed PACS” phenomena

§ DICOM annotation objects are just like images
§ some actually are “images” (segmentations, parametric maps)
§ non-images all share common “composite context” encoding (e.g., 

patient/study/series/equipment identification/description)
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Too busy? – No problem, we supply tools

§ Creation

§ long history of ultrasound, mammo CAD, radiation dose, key object SR authoring

§ increasing SEG and SR support in toolkits (esp. open source)

§ extraction/propagation/merging of composite context

§ merging descriptions of metadata created in XML or JSON into DICOM object content 
(included coded descriptions) – easier than hand-coding in programming language

§ Transcoding

§ of other formats, proprietary, academic, and project-specific

§ other structured annotation formats into DICOM SR (e.g, AIM via PS3.21 mapping)

§ segmentations and label maps in other formats into DICOM SEG

§ parametric maps in other formats into DICOM Parametric Maps

§ single frame DICOM image sets into multi-frame single DICOM files
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Too busy? – No problem, we supply tools

§ Access
§ annotation objects can be queried/retrieved using traditional DICOM network protocols 

widely supported by many toolkits
§ DICOMweb (WADO-RS, QIDO-RS, …) protocols increasingly supported by archives and are just 

like any other HTTP request (can use curl, postman, as well as DICOM toolkit utilities)
§ DICOMweb payloads (XML and JSON metadata) and separate bulk data access increase 

accessibility and simplify parsing
§ Viewing and Analysis

§ toolkit support for extracting metadata and structured content into generic XML, JSON, CSV
§ more viewers support display of DICOM SEG superimposed on underlying reference images
§ some viewers can display content of DICOM SR objects rendered into hierarchical plain text, 

HTML or PDF – few (if any) can “tabulate” content into user friendly form
§ voice dictation systems have long been able to ingest DICOM SRs, extract content and make 

available “merge fields” in dictation templates
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Practical implementation example

§ Crowds Cure Cancer project at RSNA 2017 (http://doi.org/10.7937/K9/TCIA.2018.OW73VLO2)
§ Booth and mobile app to find mass and draw longest diameter on liver, kidney, lung and ovarian 

tumors on TCIA DICOM images
§ Sent a CSV file with all annotation coordinates and lengths, and metadata including patient, study, 

series, instance identifiers of images
§ Created two XSLT stylesheets

§ extract cells from CSV table into XML files, one for each row (annotation) – driven by column headers
§ convert extracted row cells into DICOM SR instance of DICOM TID 1500 Measurement Report encoded as 

PixelMed toolkit specific XML format
§ Applied existing open source PixelMed toolkit XML to DICOM SR converter
§ Validated DICOM SRs that had been created

§ ran automated DICOM SR validator in PixelMed toolkit (knows about TID 1500 since QIICR project)
§ visually inspected dumps of DICOM SR content with PixelMed and dicom3tools toolkit utilities and rendered 

SR coordinates and measurements on images using PixelMed tool
§ One morning’s work (leveraging familiar toolkits and techniques and stylesheets used from other 

projects as a starting point)
§ Plan is to to put back into TCIA along with the already publicly accessible images



Courtesy of Jayashree Kalpathy-Cramer
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Annotation workflow and use cases

§ Traditional “box under the table/in back room” (“headless”)
§ acquire images -> process -> send both to PACS for reader
§ “push workflow” (“unmanaged”) familiar from Mammography CADe
§ cloud variants and large data volumes add security/timing challenges
§ data to algorithm or algorithm to data

§ Interactive (virtually “embedded”)
§ user views images -> selects task/frames/ROI -> requests CAD -> see result
§ user expects immediate response (or likely will not use)
§ responsiveness may depend on prearranged proximity of data & algorithm
§ standard payload not only for results but request as well
§ standard protocol for command and control of request/progress/complete
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Annotation workflow standards

§ Standard payload for images in/out & results (DICOM)
§ for visualization – “pretty picture” screen shots and presentation states
§ semantically meaningful – segmentations, parametric maps, SR

§ Standard protocols to choose from:
§ DICOM – Unified Procedure Step (UPS) and DICOMweb UPS-RS variant
§ IHE – Invoke Image Display (IID) – HTTP request to view specified study(ies)
§ HL7 – synchronized applications – CCOW and now FHIRcast
§ DICOM Application Hosting – SOAP-based, never popular; revisit RESTfully?

§ “Push” unmanaged request – image timeout, UPS N-CREATE, IHE IID
§ “Pull” from worklist – UPS C-FIND or UPS-RS, do work and update status
§ Fetch payload – DICOM C-MOVE/C-GET or WADO-RS (metadata)
§ Return result – DICOM C-STORE or STOW-RS
§ Security – transport (TLS), authentication (Kerberos, SAML, JWT, OAUTH)



Yoon et al. Tumor Identification in Colorectal Histology Images
Using a Convolutional Neural Network. J Digit Imaging. 2018 Jul 31;1–10.
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An illustration of how digital slides are stored in a pyramid structure.

Wang Y, Williamson KE, Kelly PJ, James JA, Hamilton PW (2012) SurfaceSlide: A Multitouch Digital Pathology Platform. PLOS ONE 7(1): 
e30783. https://doi.org/10.1371/journal.pone.0030783
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030783

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030783


Garcia-Rojo et al. 2016
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Wen et al. A methodology for texture feature-based quality assessment

in nucleus segmentation of histopathology image. JPI. 2017.



Burlina et al. Automated Grading of Age-Related
Macular Degeneration From Color Fundus Images

Using Deep Convolutional Neural Networks.

JAMA Ophthalmol. 2017 Nov 1;135(11):1170–6.



Gutman D et al. Skin Lesion Analysis toward Melanoma Detection: A Challenge at the International Symposium
on Biomedical Imaging (ISBI) 2016, hosted by the International Skin Imaging Collaboration (ISIC). arXiv:160501397.
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DICOM – Gaps and Future Improvements

§ Extending Segmentation and Parametric Maps to tiled images for Whole 
Slide Imaging (CP 1830)

§ Plane Position (Slide) macro instead of Plane Position (Patient)

§ DICOM query or DICOMweb RESTful API for annotation access?
§ “spatial” queries, e.g., all annotations that intersect defined frame/region

§ More compact representation of very large numbers of contours?
§ e.g., all nuclei, all membranes in WSI (versus SEG bit-plane representation)

§ Explicit Label Map rather than Segmentation bit planes?

§ in SEG object have one bit-plane per segment (label), each as a frame

§ in traditional label maps, one multi-valued voxel where each voxel is an index whose 
value represents a segment (label)

§ same semantics but “gratuitously” different representation – convenience?

§ Always need more coded concepts
§ e.g., more texture features – all of IBSI (CP 1764)
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How long until you are assimilated?

61

“we will add your biological and technological 
distinctiveness to our own”

“your culture will adapt to service us”

“resistance is futile”


