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Patients receiving FGIP*

Physicians performing FGIP

*FGIP: Fluoroscopically-guided 
interventional procedures
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Type of radiation exposure

Radiation technologist receiving 
chest x-ray as a patient

Radiation technologists working 
for nuclear medicine patients

*FGIP: Fluoroscopically-guided 
interventional procedures
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Chernobyl clean-up workers

Populations who lived in Chernobyl region
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Hiroshima/Nagasaki population 
exposed to the atomic bomb

Atomic bomb survivors receiving 
radiological exams



• Planned and controlled
• Relatively well documented

Medical/occupational exposure Environmental exposure
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• Individualized organ dose required
• Large size cohorts
• Limited input for retrospective dose reconstruction
• Dosimetric uncertainty

Key consideration in dosimetry for epidemiology



Individualized organ dose required in epidemiology

Individualized 
organ dose
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* ICRP Publication 103 (2007) 11



General dosimetry approach

Measurements Organ dosesConversion Factors
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General dosimetry approach

Measurements Organ dosesConversion Factors

Medical: phantom measurement, dose records, literature
Occupational: film badge, literature, questionnaire
Environmental: survey meter, environment data, questionnaire
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General dosimetry approach

Measurements Organ dosesConversion Factors

Computational human phantoms
Individualization: age, gender, body size, pregnancy
Monte Carlo radiation transport techniques
Computer software to automate conversion
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NCI dosimetry system for Computed Tomography: NCICT

Experimental validation
Long et al. MP 2013
Dabin et al. PMB 2016
Giansante et al. JACMP 2019*Lee et al. JRP (2015), **Lee et al. AJR (2017), ***Lee et al. RSNA (2019) 15



Villoing... Lee, BPEX (2020)

NCI dosimetry system for Nuclear Medicine: NCINM
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Borrego ... Lee et al. (in preparation)

NCI dosimetry system for Radiography and Fluoroscopy: NCIRF
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Batch calculation for large cohorts

Patient ID, scan start, scan end, phantom_group, 
height, weight, kVp, TCM strength, filter, make, model, 
mas, pitch, collimation
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Dose conversion methods for occupational exposure

• Dose conversion factors
– ICRP Publication 116: conversion factors for external exposures
– Body size-dependent dose conversion factors (Chang et al. 2018)

19



Dose conversion methods for environmental exposure

• Dose conversion factors
– ICRP Publication 95: Doses to infants from ingestion of radionuclides in mother’s milk
– ICRP Publication 144: dose coefficients for external exposures to environmental sources
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Flowchart for RADRUE, organ dose calculation 
code for Chernobyl liquidators (Kryuchkov, 2009)
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LIMITATIONS/OPPORTUNITIES IN DOSIMETRY 
FOR EPIDEMIOLOGY
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Limitation Opportunities

Organ models Difficult to pinpoint substructure in risk 
analysis using organ average dose

Develop detailed organ models in 
phantoms

Dosimetry methods Dosimetry methods not well established 
for emerging medical exposures

Develop dosimetry methods for 
emerging medical exposures

Uncertainty Dose uncertainty difficult to quantify and 
implement into risk analysis

Develop methods to quantify 
uncertainty and implement into risk 
analysis
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Improving organ models for detailed dosimetry 1/2

Detailed heart models used for National Wilms Tumor 
Study cohort dosimetry (Lee et al. in preparation)

Detailed brain model used for nuclear medicine 
dosimetry (Villoing et al. 2020)
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Improving organ models for detailed dosimetry 2/2

Detailed ICRP mesh phantoms (ICRP Publication 145, 2020)
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Areas of exposures where dosimetry methods 
not well established for epidemiology

• Medical
– Scattered radiation dose to out-of-field region in emerging radiotherapy
– Imaging dose in radiotherapy
– Individualized dosimetry for nuclear medicine patients
– Patient’s dose in interventional fluoroscopy

• Occupational
– Staff dose in interventional fluoroscopy
– Staff dose in nuclear medicine procedures
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Uncertainty quantification and 
implementation into risk analysis

• It is important:
– to identify factors contributing uncertainty
– to quantify dosimetric uncertainties, and
– to implement them into risk analysis
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2-Dimensional Monte Carlo 
method to calculation 
multiple doses 
incorporating uncertainty 
and variability

*Simon et al. Radiation Research 183:27-41 (2015)



Views on research priorities in dosimetry for epidemiology
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