
1

DICOM for Digital Pathology – Current Landscape 

David Clunie, PixelMed



Disclosures

Editor of the DICOM Standard (NEMA contract)
NCI FNL Leidos Essex sub-contractor (SME DICOM, de-identification)
NCI Imaging Data Commons (IDC) sub-contractor
Consult with various equipment manufacturers re-DICOM



Overview

Introduction to DICOM for WSI
Connectathon overview (past and current)
DICOM, Imaging Data Commons (IDC) and Slim Viewer
DICOM conformance tools (validators) and their utility to implementers
Updates on new activities



Meyer-Ebrecht D. [Electronic Archival System for X-Rays Images - Work proposal for a research project in the
years 1974 and 1975] Elektronisches Archivierungssystem für Röntgenbilder – Arbeitsvorschlag für ein
Forschungsprojekt in den Jahren 1974 und 1975. Hamburg, Germany: Philips Research Labs; 1973 Oct.
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DICOM – Interoperability Boundaries – Commoditization
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DICOM – Interoperability for Pathology
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DICOM – Analysis Systems – Computational Pathology
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DICOM – Enterprise Imaging
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FDA “Entire Pixel Pathway” – Non-interoperable Black Box
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Interoperability boundaries for pathology imaging

Access to input data
images ✓ DICOM WSMI (tiled pyramids)
annotations ✓ DICOM SEG, SR, ANN
protocols ∼ DICOMweb query, metadata, frames

Sharing of output data
images ✓ DICOM parametric maps (tiled pyramids)
annotations ✓ DICOM SEG, SR, ANN
protocols ∼ DICOMweb STOW

Management of workflow
application selection ✗
application orchestration ∼ DICOMweb UPS
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Herrmann 2018
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So where are we at?

Most scanner vendors have implemented DICOM WSI
Demonstrated at successive Connectathons since 2017
Few have FDA clearance (at all, and to operate with DICOM)
Few sites are actually using the DICOM capability if present
Some very large sites are insisting on DICOM
Some converting proprietary formats to DICOM themselves
DICOM can have mathematically identical pixels
Two popular open-source libraries now support DICOM WSI
Testing annotations in recent Hackathons/Connectathons



DICOM WG 26 WSI Connectathons – Participation
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DICOM, Imaging Data Commons and Slim Viewer

IDC is the imaging node of the NCI CBIIT Cancer Research Data Commons
Goal is to make images available in the Cloud for computing
Distinct from other archives that are not Cloud-based
Shares content from The Cancer Image Archive (TCIA) and other sources
Radiology and Pathology – both in DICOM format ONLY
WSI converted to DICOM (has not yet received any native WSI DICOM)
IDC consists of DICOM files in Google and AWS buckets, Google DICOM 
Store and DICOM metadata automatically extracted to BigQuery
Application-appropriate DICOMweb viewers – radiology: OHIF, WSI: Slim
Images, annotations, other DICOM objects (radiotherapy, etc.)
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DICOM Conformance Tools (Validators) 

The DICOM Standard describes metadata in meticulous detail
Structural, identifying and descriptive information for multiple entities
Patient, Study, Series, Equipment, Specimen, Preparation, Acquisition, …
Some is required, some is optional, some specific values are required
Easy for implementors to make mistakes, omit critical information
Can assist them with mechanical tools
Hand-written or generated from the formal representation of the standard
Examples: dciodvfy and dcentvfy from dicom3tools package
dciodvfy: detects errors within a single file (instance)
dcentvfy: detects errors across a set of files (consistency between files)
Not a panacea: valid files may not “work”, invalid files may “work” (e.g., display)
Used routinely in Integrating the Healthcare Enterprise (IHE) & WG26 Connectathons

https://www.dclunie.com/dicom3tools/dciodvfy.html








Updates on new pathology-related activities in DICOM

Annotations
Color management – already present but needs more testing
New compression schemes – JPEG-XL, Deflate for bitmaps
More web-based API – e.g., spatial queries (esp. annotations)



Wen et al. A methodology for texture feature-based quality assessment
in nucleus segmentation of histopathology image. JPI. 2017.



DICOM WSI Annotations

Use cases: human generated (few) vs. machine generated (millions)
Standard supports vector or rasterized (bit mask, soon label map)
Supports overlapping and non-overlapping segmentations
Coded classification for semantic interoperability (SNOMED CT)
Anatomy & property (category/type) (e.g., brain, abnormal structure/necrosis)
Hackathons, Connectathons for testing are underway (ECDP 2024)
Some use cases, representations & optimizations yet to be explored
Considering performance issues with different levels of zoom
Spatial query API is probably needed (e.g., annotations that intersect a tile)



No ICC Profile Applied With ICC Profile Applied



DICOM WSI Color Management

Goal is color consistency throughout pixel pathway
Color “improvement” (normalization) outside DICOM’s scope
Depends on International Color Consortium (ICC) profiles
Consistent with approach adopted by scanner vendors
All DICOM WSI require presence of an ICC profile
IFF downstream systems are calibrated, consistency possible
DICOMweb – client or server may apply profile
Web-browser-based clients have distinct limits in this respect



DICOM WSI Compression

State of the art is modest level of lossy compression of WSI
Mostly using baseline JPEG, some JPEG 2000
Possibility of doing better with new JPEG-XL
More flexible (effective, complex) than baseline JPEG
Can re-encode existing JPEG images without further loss
Potentially save > 30% in size

For segmentation bit masks, need compression, since sparse
Considering use of Deflate (zip), in future maybe JBIG2



DICOM and FDA

Recognized consensus standard – what does that “mean”?
Understanding when pixel data is mathematically the same
… as the manufacturer’s proprietary format already cleared
… as what will be displayed to the user (vs. already cleared)
Compression (JPEG) is independent of wrapper (DICOM)
What role does color management (ICC in DICOM) play?
Are there any display-specific standard issues (like GSDF)?
Analogy of plain X-Ray vs. mammography in radiology (relative 
perceived risk and classification) – eventually relaxed to “5MP”, no 
processing, requirements, mix-and-match but not DICOM-related


