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Background & Disclosures 
l  Owner, PixelMed Publishing, LLC 
l  Radiologist 
l  Independent Consultant 
l  Sub-contractor on NCI QIICR project 
l  Editor of DICOM Standard 
l  Formerly co-chair DICOM Standards Committee 
l  Formerly co-chair IHE Radiology Technical 

Committee 



Overview of DICOM SR 
l  Motivation 
l  Background and clinical use 
l  Basic principles 
l  Research, quantitative imaging, translation 
l  Templates for measurements 
l  Coded terminology 



Motivation 
l  Utility 

•  e.g., extraction of measurements to use in another context, such 
as automatically merging into another table, database, report or 
document 

l  Semantic Interoperability 
•  standard encoding, recognizable pattern, recognizable codes 

produced by different systems and consumed by different systems 
l  No human required 

•  i.e., “machine readable” without need for OCR or NLP 
•  beyond screen shots and “pretty pictures” or uncoded graphics 



What is “structure” anyway 
l  “arrangement of and relations between the parts or 

elements of something complex” (Oxford) 
l  Some or all of 

•  an organized outline (vs. arbitrary prose) 
•  controlled vocabulary/terminology (i.e., coded concepts) 
•  measurements related to images and regions of interest 

l  Distinguish: 
•  narrative form (+/- augmented with non-narrative content) 
•  structured encoding 
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DICOM Structured Report (SR) 
l  Extends the DICOM standard beyond attributes in "image 

header” 
l  Into a “tree” of structured content 
l  Each tree node (“content item”) is a "name-value" pair 
l  Or a “container” (provides an outline of “headings”) 
l  Name is always coded, value may or may not be 
l  Generic framework - recursively nested content of unbounded 

complexity 
l  Complexity constrained for specific use cases by "templates" 



SR Content Tree 
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Content Item Encoding 
l  Container or name-value pair 
l  Content items have a value type 
l  Concept name is always coded 
l  Value may be text or a code depending on value type 
l  Codes are from external sources or defined in DICOM 
l  Content items are related by “relationships” 



SR Content Item Value Types 
l  CONTAINER 
l  TEXT 
l  CODE 
l  NUM 
l  PNAME 
l  DATE 
l  TIME 
l  DATETIME 

l  UIDREF 
l  COMPOSITE 
l  IMAGE 
l  WAVEFORM 
l  SCOORD 
l  SCOORD3D 
l  TCOORD 
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SR Content Tree 
 



SR Content Item Encoding 
 

1.5.1.9: HAS ACQ CONTEXT: NUM: (110910,DCM,"Pixel Data Rows”)

= 128 ({pixels},UCUM,"pixels")

1.5.1.10: HAS ACQ CONTEXT: NUM: (110911,DCM,"Pixel Data Columns”)

= 128 ({pixels},UCUM,"pixels")

1.5.1.11: HAS ACQ CONTEXT: CODE: (C-10072,SRT,"Radionuclide”)

= (C-111A1,SRT,"^18^Fluorine")

1.5.1.12: HAS ACQ CONTEXT: CODE: (F-61FDB,SRT,"Radiopharmaceutical agent”)

= (C-B1031,SRT,"Fluorodeoxyglucose F^18^")
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Encoding Codes 
l  A three-tuple of 

• Code Value 
• Coding Scheme Designator 
• Code Meaning 

l  E.g. 
•  (C-B1031, SRT, "Fluorodeoxyglucose F^18^”) 
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Which Codes from Where? 
l  SNOMED codes used by preference throughout DICOM 

•  long historical relationship, esp. anatomy 
•  agreement to allow license/fee free use in DICOM implementations 
•  strong desire for semantic interoperability with clinical (non-imaging) systems that use SNOMED (or UMLS) 
•  DICOM contributes imaging content to SNOMED 

l  LOINC (UMLS) 
•  for measurements and report titles 
•  now has relationship with SNOMED 

l  NCI Thesaurus (UMLS) 
•  especially for oncology, research and clinical trial concepts not in SNOMED 

l  Foundational Model of Anatomy (UMLS) and NeuroNames 
•  occasional anatomic concepts not in SNOMED (there is a SNOMED-FMA harmonization activity) 

l  RadLex 
•  occasional radiology-specific concepts not in other schemes 

l  DICOM defined codes (“DCM”, in DICOM PS3.16) 
•  for imaging-specific not appropriate for (or not yet added to) other schemes 
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Image References 
l  Identify Image: SOP Instance UID 
l  Type of Image: SOP Class UID 
l  [Frame Number] (for multi-frame images) 
l  [Presentation State] 

•  contrast transformations 
•  standard grayscale space 
•  spatial transformations 



2D Spatial Coordinates 
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Temporal Coordinates 
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Complexity and Templates –  
Real World Applications 

l  Generic structure needs constraints 
•  for specific real world use cases 
•  allows for interoperable applications 

l  Templates specify 
•  document title 
•  outline (containers, section headings) 
•  content by name, value type, possible values 
•  what is mandatory, conditional, optional 



Real World Applications 
l  “Evidence Documents” 

•  Mammography CAD (also Chest, Colon) 
•  Echocardiography and Cardiovascular Measurements 
•  OB-GYN Ultrasound Reports 
•  Radiation Dose (RDSR) 

l  Radiology reports 
•  Basic Diagnostic Imaging Report 
•  IHE Simple Image and Numeric Report (SINR) Profile 
•  Transcribed Diagnostic Imaging Report 

l  Key Object Selection (KOS) (IHE Key Image Note (KIN)) 









DICOM SR 
as Input, Output or Both 
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Quantitative Imaging 
Research Applications 

l  Current real world use of "evidence documents” 
•  e.g., off US carts 
•  has not really leveraged the image relationship 
•  often flat lists of numbers without image coordinate references 

l  Can do better for 
•  advanced applications in all cross-sectional modalities 
•  esp. interactive 3D and multi-modality (PET-CT) applications 
•  save and recover semantic state of visualization using DICOM SR 

l  Two approaches 
•  per-application specific templates (e.g., CT cardiovascular measurements) 
•  sufficiently robust generic measurement templates for class of applications 



TID 1500 Measurement Report 
l  “Goldilocks” approach 

•  find the "sweet spot" of quantitative data recording 
for both clinical and research use 

•  not too simple 
•  not too complicated 
•  just right - measurements of ROIs on images 

encoded as contours or segmentations +/- 
qualitative statements 



Explanation of TID 1500 
l  Document title 
l  Image library 

•  relevant characteristics of images used, e.g., 
radiopharmaceutical 

l  List of ROIs with measurements 
•  planar, volumetric, other types 

l  List of qualitative (categorical) evaluations 
•  i.e., coded questions, code or text values 



ROI Measurement Groups 
l  Session (e.g., for multiple reads by same reader) 
l  Tracking identifier (e.g., "lesion 1") + UID 
l  Finding type (e.g., lesion, tumor, reference region) 
l  Time point (e.g., for longitudinal comparison baseline, prior, current) 
l  Measurement method (e.g. ”SUVbw") (common to all measurements) 
l  Target site (anatomic location) (common to all measurements) 
l  Coordinates, segmentation references, image references defining ROI 
l  List of measurements derived from the ROI 
l  List of qualitative evaluations 



Each ROI Measurement 
l  Coded concept, numeric value, coded units (e.g., Volume = 33 mm3) 
l  Modifiers for concept name of measurement 
l  Measurement method (e.g. “SUVbw”) 
l  Measurement derivation (e.g., “mean”) 
l  Target site (anatomic location) 
l  Equation 
l  Reference authority 
l  Range authority 
l  Derivation parameter 









Conclusion 
l  DICOM SR has a long history of solving clinical measurement 

and annotation problems 
l  Provides a reusable framework for semantic interoperability for 

all medical image related use cases 
l  As such is highly appropriate for all clinical and research 

quantitative imaging measurement problems 
l  Generic “region of interest measurement” use case addressed 

by a specific template 



Tools Used  
l  Visualization of DICOM SR Content Tree 

•  com.pixelmed.dicom.StructuredReportBrowser 
•  in PixelMed Java DICOM toolkit (also contains SR API, SR<->XML conversion) 
•  http://www.dclunie.com/pixelmed/software/ 

l  Text rendering of DICOM SR 
•  dcsrdump utility 
•  in dicom3tools 
•  http://www.dclunie.com/dicom3tools/ 

l  HTML rendering of DICOM SR shown running in OsiriX 
•  dsr2html utility in OFFIS dcmtk DICOM toolkit (also contains SR API, SR<->XML) 
•  http://www.dcmtk.org/ 
•  OsiriX – http://osirix-viewer.com/ 


