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DOSE TRACKING IN RADIODIAGNOSTIC

• Why track?

• What to track?

• How to track?

• How to use the information available from tracking?



WHY TRACK
Over the years, radiodiagnostic imaging has benefited from huge
technological and scientific developments, specifically in the
field of CT. The undesired effect was a notable increase in the
exposure of patients.

A systematic dose tracking that implies recording of dosimetric
data for each radiological investigation has been identified as a
fundamental support to ensure patient radioprotection.

Two different approaches have been suggested:
• Tracking of radiation doses of a group of patients

• Tracking of radiological procedures and doses of an individual patient



TRACKING OF RADIATION DOSES OF A GROUP OF PATIENT



TRACKING OF RADIATION DOSES OF A GROUP OF PATIENT



TRACKING OF RADIOLOGICAL PROCEDURES AND DOSE OF 
AN INDIVIDUAL PATIENT

The scope of patient radiation exposure tracking is to cover all imaging modalities
which use ionizing radiation for interventional procedures and radiographic,
fluoroscopic, computed tomography (CT), and nuclear diagnostic examinations.
The scope also includes radiation dose recording, reporting and tracking.
https://www.iaea.org/resources/rpop/resources/smart-card

An IAEA Project,  useful for individual patient protection.



REGULATORY INDICATIONS

Regulatory indications emphasize the need for justification of
medical exposure and for strengthening the requirements
concerning the recording and reporting of doses from medical
procedures.

First case

Effective July 1, 2012, CT dose reporting became mandatory in
California (Law codified in California Senate Bill 1237)

Directive 2013/59/Euratom - protection against
ionising radiation, implemented by the European
Union member states



(28)

In the medical area, important technological and scientific
developments have led to a notable increase in the exposure
of patients. In this respect, this Directive should emphasise the
need for justification of medical exposure, including the
exposure of asymptomatic individuals and should strengthen
the requirements concerning information to be provided to
patients, the recording and reporting of doses from medical
procedures, the use of diagnostic reference levels and the
availability of dose-indicating devices. It should be noted that
according to the World Health Organisation the concept of
health is understood to cover the physical, mental and social
well-being of an individual and not merely the absence of
disease or infirmity.
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Dosimetric indices

Modality Dosimetric Indices

Conventional diagnostic KAP

Mammography
KERMA in air

Mean glandular dose

CT
CTDI 
DLP

Equipment for Interventional
procedures

KAP
KERMA at I.R.P.
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FROM DISPLAYING TO RECORDING

Are all the equipments able of automatically recording dose
data, protocol data, and patient information in standardized
formats?

The answer is……  it depends!!

The aspects to be taken in account are modality, age of the
equipment, manufacturer, but the possible solutions are:

• Dose display / proprietary Report

• DICOM Header (DICOM object)

• MPPS (DICOM object)

• RDSR (DICOM object)



DOSE DISPLAY and «not standard» REPORT 
PROPRIETARI

CTDIw on the console 
for each scan +



DOSE DISPLAY and «not standard» REPORT

DPL totale

Parametri per singola 
scansione



DICOM HEADER

The DICOM is an universal format
which allows to exchange, view and
analyse medical images
independently of manufacturers.

Each medical image is associated with
a DICOM Header. It is a block of data
that contains specific information
that complements the image, called
DICOM tags. DICOM Tags can vary
depending on modality, imaging
detector and manufacturer, but
generally include:

• data on patient

• data on exposure protocol

• data on geometrical set-up

• dosimetric indices



MPPS

Modality Performed Procedure Step 

A DICOM service used to communicate the examination status,
the number of images generated, and performed procedure
information from the imaging modality to both the RIS and the
PACS.

Although it was not originally designed to record dosimetric
information, MPPS can also include radiation dose data.
In the absence of other solutions, it can be used to extract
dosimetric quantities, although the information available are
often incomplete.



RDSR
(Radiation Dose Structured Report)

DICOM object, created for recording informations related to 
dosimetric aspects

• It exits for: 
• Conventional radiography

• mammography

• Fluoroscopy e fluorography

• CT

• Mandatory fields

• Available in PACS
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DOSE TRACKING SOFTWARE

Dose tracking software [more precisely RDIM (Radiation Dose
Index Monitoring)] can automatically collect and store digital
data related to patient radiation exposure (dosimetric indices)
and other examination parameters in diagnostic imaging
(exposure parameters, exposure geometrical conditions,
information on the patient).

Although open-source programme are available and usable,
generally commercial products are installed to create the
dosimetric database.

All these software are multi-vendor, multimodality and able to
collect dosimetric data as available.



RADIOLOGICAL WORKFLOW

Ioannis A. Tsalafoutas , Mohammad Hassan Kharita, Huda Al-Naemi, Mannudeep K. Kalra «Radiation dose monitoring in
computed tomography: Status, options and limitations», Physica Medica, Volume 79, November 2020



Not an exhaustive list, only some examples (more then 15 products are 
commercially available )  Almost equivalent...

COMMERCIAL RDIM

Product Manufacturer

Dose Monitor PACSHealth

DoseWatch GE

Gray Detector EL.CO.

Physico EmmeEsse

Radiometric BAYER

Synapse FujiFilm

….. ….

Dose Watch



THE POWERFUL OF DOSE TRACKING SOFTWARE

Dose tracking software provide huge dosimetric database, including
thousands of investigations.

Different modalities:
• CT systems

• Contrast injection systems

• Interventional Radiology (IR) systems

• Cardio-Vascular (CV) systems

• Mammography systems

• Radiography systems

• Surgical/mobile C-arms

• Nuclear Medicine and Molecular Imaging systems



DOSE TRACKING SOFTWARE: TOOLS

• Cronological trends for different parameters

• Statistical analysis, automatically provided

• Alert setting

• Effective dose estimation



CRONOLOGICAL TRENDS

Parameter:
• CTDIvol

• collimation
• current
• DLPTot

• DLPTot 16
• DLPTot 32
• Effective Dose VP
• mAs
• Scan lenght
• SSDE……

Period of interest

Age Range

CT



CRONOLOGICAL TRENDS

Parameter:
• Focal spot,
• kV,
• filter,
• HVL,
• mAs,
• Organ Dose,
• Total Organ Dose,
• Total Organ Dose Right;
• Total Organ Dose Left ,
• Air kerma, ……

Period of interest

Age Range

MAMMO



CRONOLOGICAL TRENDS
TOTAL Organ Dose – 1802 Records

Organ Thickness – 1802 Records



STASTIC PROCESS CONTROL NELSON RULES

The rules are applied to a control chart on which the magnitude 
of some variable is plotted against time. The rules are based on 
the mean value and the standard deviation of the samples.







STASTIC PROCESS CONTROL NELSON RULES

Each violation is stored and the specific situation can be
investigated.



MASSIVE EXPORT OF DATABASE

Single acquisition

Entire procedure



STATISTICAL ANALYSIS

• Mean value
• 50% Percentile
• 75 %Percentile
• Range
• Sample size

DRL values
The values are «reference depending»

MAMMO



STATISTICAL ANALYSIS
Bilateral mammography

Analysis on Total MGD (mGg)

Only C-C Stationary Acq. [2] 

Only a single CC Stationary Acq



Analysis on Total MGD (mGg) Analysis on Total MGD (mGg)

Only C-C Rotational Acq. [2] Only C-C Rotational Acq. [2] 

Only a single CC Rotational Acq Only a single CC Rotational Acq

EQUIPMENT 1 EQUIPMENT 2

RDSR of equipment 2 seems to record only the MGD of a single 
projection of the rotational acquisition



STATISTICAL ANALYSIS CT

Analysis on CDTIvol and DLP per a single CT scan

CT scans by anatomical region/protocol (Head, Chest, Abdomen….)



STATISTICAL ANALYSIS
1. Selection from RIS studies list (for Example: Abdomen TC and Abdomen TC with contrast)

2. Selection from PACS studies list 

3. Only studies with protocols for abdomen



ALERT

Thresold is settable from the user

Parameter:
• Organ Dose,
• Total Organ Dose,
• Total Organ Dose Right;
• Total Organ Dose Left ,
• Air kerma, ……

Thresold Value
Age range

Action



EFFECTIVE DOSE

MAMMO

Effective dose is estimated from the Total MGD, using the Tissue
weigthing factors wT for the breast, equal to 0.12 (ICRP 103).



EFFECTIVE DOSE

CT

Effective dose is estimated using VP (Virtual Phantom)
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HOW TO USE THE INFORMATION AVAILABLE FROM 
TRACKING

Some examples:

• Support to optimization

• DRL verification

• Comparison among facilities

• Information for patients

• …… 



OPTIMIZATION PROCESS

Dose tracking is an invaluable support in optimazing radiological
procedures but all the analysis on the database (usually
responsability of the medical physicist) are only the starting
point in the optimization process.

The results of the analysis should promote remedial actions, but
the medical physicist can not work alone.

A synergic collaboration among radiologist, radiographer and
physicist is a focal point.

A working group (DOSE TEAM) is required for monitoring over
time the optimization process.



LEVEL OF STANDARDIZATION
The first, crucial problem: verify the level of standardization



LEVEL OF STANDARDIZATION

Often, too many different protocols exist in the database, effect
of a lack of standardization

Too many protocol
Not acceptable

Acceptable



MAMMOGRAPHY: NO PROBLEM AT ALL



DIAGNOSTIC REFERENCE LEVEL

Median values of distributions of DRL quantities at a facility
should be compared with DRL values to support optimization
process.

To properly estimate the median values, 

we need a “clean” database

Critical problem in CT

Acquisition protocol: Abdomen

Investigated district: abdomen + chest + head

Critical problem in mammography

Identify Contrast Enhanced Spectral Mammography
(CESM/CEDM/CEM)



CESM

MAY 28th : 7 CESM procedures



DICOM HEADER



RDSR



COMPARISON AMONG FACILITIES

Equipment 1 Equipment 2



If the median DLP value exceeds the DRL… which is the problem? 
Age of the equipment?, model? Iterative post-processing/AI-based
algorithms used or not-used ? Incorrect selection of exposure parameter?
Requirement of some special technique, for clinical needs?



INFORMATION FOR PATIENTS

Information relating to patient exposure should form part of the
report of the medical radiological procedure

The RDIM software can communicate with RIS and dosimetric
information can be sent write automatically in the report
(which information.. depends on local regulatory indications)

Patient at risk of determistic effect, automatically identified,
could be included in follow-up programme.



CLASS OF EFFECTIVE DOSE 

Effective Dose(E) Class of Effective Dose

E < 1 mSv I

1 mSv ≤ E < 5 mSv II

5 mSv ≤ E < 10 mSv III

E ≥ 10 mSv IV

The Class of effective dose can be automatically recorded in 
the clinical report


