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Patient exposure monitoring: A process 

including the mechanism and the operational 

elements related to collecting, interpreting, 

and acting upon quantities associated with 

clinical imaging operation

Tracking patient exposure data: An analysis process of ascertaining and monitoring 

temporal trends in individual or collective stored data

Managing patient exposure data: A process of oversight through exposure data recording, 

tracking, and analysis towards improvement of radiation protection and patient care

https://www.iaea.org/publications/14971/patient-radiation-exposure-monitoring-in-medical-imaging

NEW!



For fluoroscopy, an external KAP meter was used, and a medical physicist had to record (manually and in real-time) the KAP

and fluoroscopy time (FT) readings, and also, indicative values of the exposure factors during the exam.

For DRL purposes, cumulative FT and KAP values were adequate.

To understand what DMS offer, we have to go back in time, and remember what the

situation in the past.

• Most of the radiological units were non-digital (X-ray units were using screen/film

cassettes and fluoroscopy units image intensifiers) and no record of the exposure

factors used during examination was kept.

• Most of the units did not even have a kerma-area product (KAP) meter (referred in

the past as dose-area product, DAP).

What was the solution:

manual selection of patient dose related metrics in a limited number of exams

(10-30 patients)



Sample of relevant publications (courtesy of Ioannis Tsalafoutas)



FROM 

MANUAL TO 

AUTOMATIC 

COLLECTION

• Tracking of dose data is proven invaluable (numerous publications)

• Manual method is not practical since monitoring all the examinations can be difficult 

due to their large number. 

• Data acquisition process can lead to mistakes, usually by mistyping the information. 

• Besides the above flaws, it can be very time consuming

• Due to above dedicated personnel just for the data acquisition and categorisation will 

be needed.

• For efficient dose optimisation process a lot of data should be collected. 

• These difficulties can be overcome with the use of tracking software.
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Every imaging equipment can be connected to the Dose 
Monitoring/Management systems/software (DMS)

DMS

DMS

Software connected with different medical modalities to consolidate all data into a 

single configuration where all exams are analysed and archived. 

Information available at any time for all users, depending on their level of authority. 





ALARA PRIICPLES CAN BE ADDRESSED 
TODAY WHEN USING RDMS

• Exam history

• Exam analysis in terms of 
time and type

• analysis in terms of type

• Dose simulation before 
exam

• Unexpected variations 
from routine procedures

• JUSTIFICATION

• Patient dose estimation 
and comparison

• Benchmarking

• DRLs

• Dose alerts

• Incident and accidental 
exposure easily identified

• OPTIMIZATION



DMS can provide dose trends, utilization, high dose examinations

• Provide a “history” of

examinations

• Analysis in terms of time, exam

type, etc that would help in

overall assessment of the exam

type.

• Can give dose trends, device

utilization, high dose studies and

detailed X-ray exam information.

• The dose management software

simulates patient dose before

the X-ray exam is performed.



Some DMS use dose data to calculate organ doses





CT Contrast information 
Score card displays patient radiation dose, CT and MR contrast dose 

Patients total contrast volume for this procedure (352 mL) 



DMS and OPTIMIZATION

Facilitates easy, quick, and immediate 

estimation, calculation and analysis of:

▪ Patient doses

▪ Diagnostic reference levels

▪ Dose alerts 

▪ Compares with national and international 

standards



Estimates of population doses; Example of a dose registry

September 2017

48 million exams 

from more than 

2100 facilities



• After data are collected they must be validated

• Parameters are occasionally mentioned in the wrong DICOM field

• Parameters may be mentioned in vendor specific fields

the quality of output 

depends on the quality of 

input

Validation of data and specially 

dosimetric data is done by the medical 

physicist



Challenge 1 Enormous variety in machines (possible connectivity issues)

• So many different modalities (CT, mammography, radiography, fluoroscopy, 

interventional, nuclear medicine, MRI,  etc)

• So many vendors in each modality.

• So many models per vendor

• All of them will have different way of implementation

• Older machines may not provide dose reports

• Older machines do not even report dose

Institution must be certain that the X-ray machines CAN be 

connected to the software.



Challenge 2: Enormous amount of data

• In one hospital it can be 

thousands of exams

• In many hospitals it can 

be millions of exams

• Hundreds of protocols 

for example for CT

• Mixture of old and new 

exams (data) Every time you change something in the protocol or you 

change the protocol name there will be a permanent 

trace in the history of the record. This is another 

important reason why we have so many data



Challenge 3: 

Enormous variety in clinical 

protocol nomenclature
Different CT scanners have  different 
protocol names. 

• Before actual use of DMS, protocols 
should be standardized in terms of 
nomenclature. 

• If not, then protocol mismatches and 
overlapping errors will happen between 
different CT scanners. For example, errors 
such as using same name for a single-
phase contrast-enhanced protocol on one 
scanner and a triple-phase contrast-
enhanced protocol on another scanner 
would lead to miscalculation of the average 
radiation dose of certain protocols.

• One can use the RadLex Playbook:  
http://playbook.radlex.org/playbook/SearchRadlexAction This is the biggest challenge after 

procurement and better be done at a imaging 

device level.

http://playbook.radlex.org/playbook/SearchRadlexAction


Challenge 4: Various dosimetric quantities for all modalities
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Challenge 5: Enormous amount of information

• The clinicians are bombarded with tons of graphs, figures, statistics and other info ..

• This tons of data do not necessarily lead to knowledge, innovation, insights

One has to scrutinize this data and be able to dig out meaningful information for 

the user



Challenge 6: Notification values are fixed and independent of patient size. 

• Appropriate doses for bariatric patients may inappropriately trigger 

notification events 

• This can lead today to unnecessary incident reviews required by 

authorities. 

• Even worse, when the alert value is exceeded, the workflow may stop on 

the scanner until a user with the proper credentials authorizes scan 

continuation. 



International Commission on Radiological Protection (ICRP), 2017. Diagnostic 

reference levels in medical imaging. ICRP Publication 135. Ann. ICRP 46(1).

Patient dose management systems are helpful

in fulfilling legal requirements or to identify

unintended overexposures.

…the validity of the dosimetric indicators must

be verified by medical physics experts, and

corrected, if necessary, prior to their

incorporation into patient dose management

systems.



Radiation dose management systems; requirements 

and recommendations for users from the ESR 

EuroSafe Imaging initiative.

• DMS which can be tailored to the size and 

workload of a clinic/institution.

• If calculated organ or effective doses are provided, 

the uncertainties should always be considered. 

• Basic requirements

• Standard requirements

• High-level solutions

During installation and subsequent operation of a DMS,

the inclusion of an MPE is strongly recommended,

especially in larger institutions or complex installations.



AAPM guidelines

estimated organ and effective dose values must only
be used with the direction and involvement of a
Qualified Medical Physicist, and with careful
consideration and understanding of limitations of the
quantities

These systems have potential to revolutionize

quality assurance in imaging and present

unique research opportunities.

The data from DMS may be useful in assisting

the medical physicist in such tasks as ongoing

Quality assurance, Practice Quality

Improvement and patient or fetal dose

estimation.



Dose Management Systems 

(publication)

There is little guidance on 
how to set up and assess 
the accuracy of a DMS, 
including a lack of 
standardization of 
procedures related to 
acceptance testing and 
periodic quality control 
tests. 



IAEA Expert meeting
Date: 30 May-3 June 2022

The purpose of the meeting was to discuss the
current status on dose management systems
use, identify gaps and challenges and finally
define the contents of guidelines for medical
physicists on the content, analysis, and
evaluation of these systems to help Member
States understand, set up and use them
appropriately.

Ricardo RUGGERI Argentina

Ioannis TSALAFOUTAS Qatar

Laurentcia ARLANY Singapore

Roberto Mariano SÁNCHEZ CASANUEVASpain

Ingrid REISER USA
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Information Collected

FDA, CE, Joint Commission 

other Certification

1. Certifications

Data connection & Collection

Examination/Patient/Facility Records

Unit Conversion & Calibration Factors

2. Data Transfer Methods, 
Patient/Facility 

Information

Acquisition & Reconstruction 

Parameters Collected

Dose Metrics & Parameters Calculated

Image Quality Evaluation Tools

Occupational Dose Tracking

3. Modalities, Metrics & 
Methods Supported

4. Statistical 
Analysis Capabilities 

Setting Alerts

Master Protocols

DRL Libraries 

User Rights

5. Customization

IT installation requirements

Support & Functionalities 

Implementations

6. Implementation 
Process

Information Dashboard

Export Capabilities

Analysis of data collected & 

calculated

Courtesy Mrs Laurentcia Arlany, member of the IAEA DMS expert group 



Certifications
Transfer & 

Connections
Data Collection Data Analysis Customization Implementation
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2.1.1. System can retrieve data automatically directly from the modalities.

2.1.2. System can retrieve data automatically from PACS.

2.2.1. DICOM Radiation Dose Structured Report (RDSR).

2.2.2. DICOM Modality Performed Procedure Step (MPPS).

2.2.3. DICOM headers.

2.2.4. Dose Report Image (Optical Character Recognition-OCR).

2.2.5. DICOM Patient Radiation Dose Structured Report (PRDSR).

2.2.6. DICOM Protocol Storage.

2.2.7. Requested Procedure Description (Institution-generated administrative description or…

2.2.8. Performed Procedure Step Description (Institution-generated description or classification of the…

2.3.1.1. All information related to this examination/study will be collected until it is completed and…

2.3.1.2. The cumulative values of the dose metrics applicable to examinations performed in the same…

2.3.1.3. The cumulative values of the dose metrics independent of modality type (e.g. effective dose) is…

2.4.1. Patient names (last, first, middle) and identification number(s).

2.4.2. A unique patient identification number can be selected (e.g. social security number).

2.4.3. Multiple patient ID domains are supported.

2.4.4. Patient age and date of birthday (DOB).

2.4.5. Patient height and weight.

2.4.6. Study information (order name, procedure name, procedure ID, anatomical region examined, etc.).

2.4.7. Acquisition protocol information (acquisition protocol name, anatomic region examined, ID,…

2.4.8. Study date and time information.

2.4.9. Facility information: Hospital Name, Modality Type, Manufacturer, Model, System ID (e.g. station…

2.4.10. Staff information: Operator, Referring Physician and Requesting Physician names.

2.4.11. Contrast media information: ingredient or trade name, administration route, route administration…

2.5.1. The DMS can modify the selected dose metrics using correction factors to accommodate the…

Overview

2.1 Connection

2.2 Collection

2.3 Study Record

2.3 Patient / Facility Record

2.3 Unit & Calibration



Certifications
Transfer & 

Connections
Data Collection Data Analysis Customization Implementation
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6.2.1. Safeguards against connections problems that can result to loss of data is
available

6.2.2. Does the DMS has self-diagnostic tools to detect missing connections and
warn the user for taking actions;

6.2.3. Can the DMS be connected using HL7 with hospital information Systems
(HIS) to export dosimetric information report to the patient medical record file?

6.2.4. Can software automate transfer of data to ACR Dose Index or other dose
registries? If so, how does transfer work?

6.2.5. Is there  basic guarantee period?

6.3.1. Is there a project manager to manage implementation?

6.3.2. Will there be a project plan?

6.3.3. Is there an installer?

6.4.2. Does software support multi-site and distributed architecture over a limited
network? If Yes Explain how in the Remarks column

6.4.3. Does software support LDAP for user authentication?

6.4.4. Software supports single vendor's imaging systems or vendor neutral

6.4.6. Can data be pushed to a patient's electronic medical record? If yes, what is
required for interface? Explain in the Remarks column

6.4.9. Is software upgrades available? If yes give frequency of software updates
and upgrades in the Remarks column

6.4.10. Did your software participate to IHE Connectathon(s)?

6.4.11. Has the IHE profile tested? Explain how in the Remarks column

Overview
Section 6. Implementation Process





Conclusions from the study

• Healthcare institutions contemplating the acquisition of a DMS solution should
comprehensively explore the available DMS solutions, regarding the features
and functionalities that the offer, to make sure that they align with their specific
needs.

• Subsequently interested institutions must identify which of those advanced
features, which may be optional and come at an extra cost, are either essential or
desirable for their specific organization, considering the available budget.

• Finally, it should be confirmed whether the existing infrastructure and
information technology personnel available are compatible with the proposed
DMS installation, operation, and service support requirements. This approach
could potentially optimize expenditure, ensuring a balance between operational
efficiency and budgetary constraints.



Conclusions

• DMS are considered important tools for supporting the process of justification and 

optimisation at a health institutional level and for compliance with the regulation on 

radiation protection.  

• More efforts are needed to eliminate the connectivity issues related to modality, 

varying clinical protocol nomenclature, identifying notification values for various 

patient sizes, etc. 

• Advanced DMS must be used under the supervision of a qualified medical physicist. 

Image quality assessment in relation to radiation dose for effective optimization tailored 

to each individual patient’s needs 

For the future
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