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Presentation sequence
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´ How – how are dose metrics recorded?
´ When – when (if) dose metrics should be included in patient chart?



´What – what are dose metrics?
´ Why – why record dose metrics?
´ How – how are dose metrics recorded?
´ When – when (if) dose metrics should be included in patient chart?



´ A parameter associated with the radiation dose for an exam
´ May or may not represent “patient dose”
´ Defined in DICOM Radiation Dose Structured Report TIDs

´ CT Radiation Dose
´ Projection X-ray Radiation Dose
´ Radiopharmaceutical Radiation Dose

What are dose metrics?



Dose metrics

´ Often not a dose measure
´ Exposure Index to detector
´ Deviation Index - feedback to radiographer
´ X-ray technique factors for estimating dose
´ Number of images in a sequence

´ Often used in determining DRLs



Dose metrics 
Radiography, Mammography, Fluoroscopy

´ Entrance surface air kerma (Ka,e)
´ Incident air kerma (Ka,i)
´ Incident air kerma at reference point (Ka,r)
´ Mean glandular dose (DG)
´ Kerma Area Product (PKA)



Dose metrics
Computed Tomography

´ Volume CT Dose Index (CTDIvol) 
´ Size Specific Dose Estimate (SSDE) 
´ Dose Length Product (DLP)



Dose metrics 
Injected Radiopharmaceuticals

´ Injected radiopharmaceutical activity 
´ DICOM Radiopharmaceutical RDSR  (R-RDSR) 
´ Provides estimate of effective dose
´ Systems Interoperability? IHE REM-NM



Patient Dose

´ Energy imparted and absorbed in tissues and organs 
´ For medical imaging exams, dose to a region is typical
´ For tissue reactions, peak skin dose is overriding



Effective Dose

´ Not really a “dose” but an estimate of risk
´ Not specifically intended for medical procedures 
´ Serves as a whole body risk estimate for a partial exposure
´ Convenient one-number value
´ Widely mis-used



´ What – what are dose metrics?

´Why – why record dose metrics?
´ How – how are dose metrics recorded?
´ When – when (if) dose metrics should be included in patient chart?



Radiation Dose Monitoring

´ Legislation with California State Law SB-1237



Radiation Dose Monitoring
Requirements in the United States



Components of the FDA Initiative



MITA Smart Dose CT

Adapted from Tessa Cook, MD

http://www.medicalimaging.org/policy-and-positions/mita-smart-dose/mita-smart-dose-ct/

´ NEMA XR 29 – 2013
Standard attributes on CT 
equipment related to 
dose optimization & 
management

´ PAMA – 2014
15% CMS reduction in 
reimbursement for non-
compliant exams after 
January 1, 2017



Joint Commission Reporting Requirements
Major accreditation body for hospitals in the USA

´ Recording sentinel
events

´ CT, PET, MRI 
requirements

´ Interventional 
imaging 
requirements



California “CT Dose” Reporting Requirements 

´ Implemented 2010, law in effect on January 1, 2012
´ Requires CTDIvol and DLP to be entered into the Interpretive Report
´ Requires CT systems to be accredited
´ Requires dose reporting to State DPH if doses exceed stated values



USA: Merit-based Incentive Payment System - MIPS

´ Driven by Centers for Medicare and Medicaid Services 
´ Designed to incentivize patient safety issues and lower costs
´ ACR is the primary measure steward
´ Relevant to this discussion:

´ Quality ID #145: Radiology: Exposure Dose or Time Reported 
for Procedures Using Fluoroscopy – National Quality Strategy 
Domain: Patient Safety



MIPS - 2018 Measure 145 - reporting requirements
´ Definition: Radiation exposure indices - For this measure, radiation 

exposure indices should, if possible, include at least one of the following:

1. Skin dose mapping 

2. Peak skin dose (PSD) 

3. Reference air kerma (Ka,r) 

4. Kerma-area product (PKA) or Dose area product (DAP)

´ Report must state what radiation quantity is being submitted - reporting dose in 
mGy is insufficient. Example: PSD in mGy is very different from Ka,r in mGy. 

´ If fluoroscopic equipment does not provide any above indices, exposure time 
and number of fluorographic images taken during the procedure may be used



´ What – what are dose metrics?
´ Why – why record dose metrics?

´How – how are dose metrics recorded?
´ When – when (if) dose metrics should be included in patient chart?



How are dose metric values recorded?

´ Manual recording and reporting
´ Radiation Dose Management System (RDMS)
´ Collection of dose metric values from imaging systems (DICOM, RDSR)
´ Synthesis of radiation dose events, for example: 

´ Cumulative radiation dose
´ Peak Skin Dose

´ Patient-specific?  -- Use of DICOM P-RDSR



Implementing Electronic Radiation Dose Monitoring

Adapted from Tessa Cook, MD

EquipmentSoftware zProtocols

DICOM IHE REM ACR DIR

Societies Budget People



CT dose metrics in report: 
single series

Automated Reporting of CT dose metrics
´ Use of RDMS and system interfaces to scanner, PACS, RIS, Voice, EHR



CT dose metrics in report: 
multiple series

Automated Reporting of CT dose metrics
´ Use of RDMS and system interfaces to scanner, PACS, RIS, Voice, EHR



Modalities (beyond CT)



Interventional RDSR



Angulation map

• Reference point: 11007 mGy
• Largest dose by position: 2200 mGy
• Soon: peak skin-dose mapping



Patient-Specific Dose Reporting

´ Patient Radiation Dose Reporting (P-RDSR) -- DICOM WG-28-Physics

´ Current SR contains only information about x-ray system

´ Radiation output, geometry, x-ray source, detector system

´ Estimation of patient / organ dose requires knowledge of:

´ Radiation beam characteristics

´ Models of the patient and organs

´ Models of radiation interaction within the patient 



Patient Model 
(3D image)

Registration

Patient Model 
FOR

- Table, position
- Gantry Angle
- Beam Geometry, collimation

Patient Images 
FOR

X-Ray Equipment

Registration between Patient Model and RDSR

DICOM WG-28 / Supp 191 30

X-Ray Images

Radiation Dose SR (RDSR)

Registration matrix between:  
- each RDSR FOR and 
- the Patient Model FOR
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Case #1

15 Sept 2016

Patient Radiation Dose SR (P-RDSR)



Patient Model 
(3D image)

Registration

Patient Model 
FOR

- Table position vs. Isocenter
- Gantry Angle vs. Isocenter
- Beam Geometry, collimation

FOR

X-Ray Equipment

DICOM WG-28 / Supp 191 31

Equipment Fiducials

Radiation Dose SR (RDSR)

Registration matrix between:  
- each RDSR Fiducial FOR 
and 
- the Patient Model FOR
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Registration between Patient Model and RDSR
Case #2

15 Sept 2016

Patient Radiation Dose SR (P-RDSR)



Patient Fiducials

Registration
- Table position vs. Isocenter
- Gantry Angle vs. Isocenter
- Beam Geometry, collimation

X-Ray Equipment

DICOM WG-28 / Supp 191 32

Equipment Fiducials

Radiation Dose SR (RDSR)

Registration matrix between:  
- each RDSR Fiducial FOR 
and 
- the Patient Fiducial FOR

FOR
TABLE TOP HEAD

FOR
PATIENT TOP HEAD
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Note: the patient fiducials can be defined  through a manual 
measurent on the actual patient  landmarks, or  through image-
based measurements of landmarks visible on the X-Ray images.   

Registration between Patient Model and RDSR
Case #3

15 Sept 2016

Patient Radiation Dose SR (P-RDSR)



No Patient Model

Registration
- Table position vs. Isocenter
- Gantry Angle vs. Isocenter
- Beam Geometry, collimation

X-Ray Equipment

DICOM WG-28 / Supp 191 33

Radiation Dose SR (RDSR)

Free Text Comment:  
E.g. “Distance from Patient Head 
to Table Top Head is 15 cm”

No Equipment Fiducials
No X-Ray Images

Registration between Patient Model and RDSR
Case #4

Patient Radiation Dose SR (P-RDSR)

15 Sept 2016



Peak Skin Dose Mapping
Initial Peak Skin Dose Map Parameter adjustment inputs

Courtesy of Mark Supanich PhD, Rush Memorial Hospital 



Placement of first fluoro position



Re-adjustment to new position



PSD Final Map after adjustment
Frame of Reference adjusted Original Peak Skin Dose Map



Presentation sequence
´ What – what are dose metrics?
´ Why – why record dose metrics?
´ How – how are dose metrics recorded?

´When – when should be included in patient chart?



When should dose metrics be placed in the patient chart?

´ When required by law
´ When required by an accreditation agency
´ When required by local policies & procedures
´ When other related procedures might have an impact on patient health,

for example, a punch biopsy in a high skin dose area of an IR patient



Exceeding Investigational Levels



Patient Exposure Form



Patient Exposure Assessment



Directives and Opportunities

´ Interface all imaging ionizing radiation devices to RDMS 
´ Identify pertinent parameters to track
´ Require RDSR when purchasing new equipment
´ Track patient radiation dose metrics history in RDMS
´ Define a path to electronic health record
´ Develop pathways to dose index registries
´ Achieve and maintain high patient safety goals



Conclusions

´ Understanding dose metrics requires understanding nuances

´ Ideally, all ionizing radiation encounters should be recorded

´ Access to patient longitudinal history should be available

´ When to include dose metrics in the patient chart requires 
careful consideration 


