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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
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TRACKING OF RADIATION DOSES OF A GROUP OF PATIENT
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Dose Index Registry

The Dose Index Reqistry (DIR) is a data registry that allows facilities to
compare their CT dose indices to regional and national values. Information
related to dose indices for all CT exams is collected. anonymized. transmitted
to the ACR., and stored in a database. Institutions are then provided with

periodic feedback reports comparing their results by body part and exam type
to aggregate resulis.



TRACKING OF RADIATION DOSES OF A GROUP OF PATIENT

m U.S. Food and Drug Administration
Protecting and Promoting Your Health

Tracking Radiation Safety Metrics

FDA promotes tracking of radiation safety metrics (e.q. dose data and adverse events) by advocating the
development of national registries and databases.

Equipment Features

The FDA is working with imaging device manufacturers to ensure their equipment is capable of automatically
recording dose, protocol data, and patient information in standardized formats.

Dose Registries

Dose registries would enable facilities to compare their radiation doses to those delivered in other facilities for
the same exam, and such comparisens over time could assistin optimizing patient radiation doses for
medical imaging. The goals of tracking imaging exams and the associated radiation exposure include: (1)
providing informaticn at the point-of-care for the referring practitioner (i.e. supporting justification); (2)
promoting development and use of diagnostic reference levels (DRLs) (i.e. supporting cptimization); (3)
providing information for assessment of radiation risks; and (4) establishing a tool for use in research and
epidemiclogy.



TRACKING OF RADIOLOGICAL PROCEDURES AND DOSE OF
AN INDIVIDUAL PATIENT

An IAEA Project, useful for individual patient protection.

-

(5)1AEA

International Atomic Energy Agency

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 /




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 A

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

J
~N

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

Union member states

J




(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.



DOSE TRACKING

« Why track?
- What to track?
« How to track?

« How to use the information available from tracking?
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Dosimetric indices

Modality Dosimetric Indices

Conventional diagnostic KAP
Mammoeraoh KERMA in air
graphy Mean glandular dose
CTDI
cT DLP
Equipment for Interventional KAP

procedures KERMA at |.R.P.



DOSE TRACKING IN RADIODIAGNOSTIC
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- How to track?
« How to record?
« How to collect ’
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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

Padicul Naaie (Counry) @ |

Patient Name (Multi-byte) : _

Patient ID : 15686 Study ID

Sex : M Patient’ s Blrth Date : 1934,01.05
Patient’s fAge : 78Y

Image Comment :

Study Date : 2012, 08, 07

Body Part :

Contrast Enhance : CE

Contrast/Bolus Yolume : Contrast density :

CTDIw on the console Requesting Service

Referring Physician’s Name :

Name of Physician Reading Study :
Operators Name :

Total mAs in Study : 4749

Total Scan time in Study : 47.03
Total DLP mGycm : 1487, 90

Total slice : 52

Scanning Sequence : HEL ICAL_CT

for each scan




DOSE DISPLAY and «not standard» REPORT

Exam Information
28209
oep 12, coaoymlZoEN0-28

2519.2 mwmGy*cn

DPL totale Description Scan CTDIvol  DLP Phantom

Mode [mGy] [mGy*com] Type[cm]
Surview T2l 7.2 HEAD 16
HEAD 1T
HEAD 16
HEDolo
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16
HEAD 16

-~

Sdrview 0.09 Z.

Helical .28 1llz4.
PERFUSIONE Axial =39 9z.
PERFUSTLNE Axial .39 9z.
PERTJUSIONE Axial 439 9z.
ZERFUSIONE Axial <39 9z.
PERFUSIONE Axial .39 9z.
PERFUSIONE Axial <39 9z.
PERFUSIONE Axial 439 9z.
PERFUSIONE Axial .39 9z.
PERFUSIONE Axial -39 9z.
PERFUSIONE Axial . 9z.
PERFUSIONE Axial Rl 9z.
PERFUSIONE Axial .39 9z.
PERFUSIONE Axial .39 9z.
PERFUSIONE Axial oD 9z.
PERFUSIONE Axial <39 9z.

o
o

Parametri per singola
scansione

1
1
P4
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

o B B B e B e I B B B B B B |
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0008,1090 Manufacturer's Model Name: GIOTTO CLASS
0008,1111 Referenced Study Component Sequence:

0008,1150 Referenced SOP Class UID: 1.2.840.10008.3.1.2.3.3
0008,1155 Referenced SOP Instance UID: 2.16.840.1.113669.632.25.1.108802
D008,0100 Code Value: T-04000
D I CO M H EAD E R 0008,0102 Coding Scheme Designator: SRT

0008,0104 Code Meaning: Breast
0008,3010 ——: 2.16.840.1.113669.632.25.1.108802.20220331 152739325 8
D010,0010 Patient's Name: ANONYMLNAANONYMEN

The DICOM is an universal format 0010,0020 Patiert D' 837766
. . 0010,0030 Patient's Birth Date: 19500101
which allows to exchange, view and 0010,0040 Patient's Sex: F
. . 00101010 Patient's Age: 072y
analyse medical Images 0018,0015 Body Part Examined: BREAST
. 0018,0060 Kvp: 27
Independently of manufacturers. 0018,1000 Device Serial Number: 108802
. . . . . 0018,1020 Sofbware Wersions(s): Raffaello4.12.17.0 - IMSProc 4.12.16.0
Each medical image is associated with 0018,1030 Protocal Name: Mammagrapny
. 0018,1110 Distance Source to Detector: 633.0
a DICOM Header. It is a block of data 0018,1111 Distance Source to Patient 666.0
. . . . 0018,1114 — 1.0
that contains specific information 0018,1147 Field of View Shape: RECTANGLE
. 0018,1143 Field of View Dimensions(s) 287v235
that complements the image, called 0018,1150 Exposure Time: 600

DICOM tags. DICOM Tags can vary  [1iir (oo™ ™

. . . . 0018,1153 Exposure in uAs: 80760
dependlng On mOdalltYI Imaglng 0018,1160 Filter Type: STRIP
detector and manufacturer, but | et

H . 0018,1190 Focal Spot(s) 0.3
genera I Iy InCI Ude ' 0018,1191 Anode Target Materiall TUNGSTEN
. 0018,114A0 Body Part Thickness: 40

¢ data On patlent 0018,11A2 Compression Force: 166.6
00181144 - 24x30

°® data on expOSU re prOtOCO| 0018,14052 Relative X-ray Exposure 584
0018,1508 Positioner Type: MAMMOGRAPHIC

° data on geometrica| Set-up 0018,1510 Positioner Primary Angle: 0
0018,1211 Positioner Secondary Angle: 3

° dOSI metrlc IndICES 0018,1530 Detector Primary Angle: O

0018,1531 Detector Secondary Angle: O
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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 obiject, created for recording informations related to
dosimetric aspects
* |t exits for:

 Conventional radiography

*  mammography

* Fluoroscopy e fluorography

e CT

* Mandatory fields

e Available in PACS



DOSE TRACKING IN RADIODIAGNOSTIC

« Why track?
« What to track?

- How to track?
« How to record?
« How to collect ?

« How to use the information available from tracking?



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 WOR

KFLOW

HL7

HIS
(Hospital Information System)
A
HL7
A4
e "
RIS (Radiology Information System)
RIS HL7DICOM PACS
(Management functions) (Picture Archiving &
Communication System)

T

h 4

DICOM

r—

DICOM Worklist

DICOM

DMS

(Dose Management System)

|

[

Modalities

4

(CT, RF, Mammo, etc.)

DICOM

A

loannis 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



se.Watch..., ..

o | |

Radimetrics™
m Manufacturer \mza-e>
Radimetrics™ Enterprise Platform

Bayer's Radimetrics™ Enterprise Platform mer ges and mobilizes patient dose histories and current exam details
D OS e M O n ito r PACS I I e a It h bringing analysis and quality solutions to the point of care and enterprise-wide

Gray Detector | EL.CO. —
PhYSiCO EmmeEsse uuuuuuuuu ty, Utilization and Alertin g ‘
Radiometric BAYER

Synapse FujiFilm

PHYSICO [E®EX

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



THE POWERFUL OF DOSE TRACKING SOFTWARE

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

Different modalities:
« CT systems

CT Interventional Mammography X-Ray R&F

automatically capturing
radiation dose data



DOSE TRACKING SOFTWARE: TOOLS

« Cronological trends for different parameters

- Statistical analysis, automatically provided

« Alert setting

- Effective dose estimation
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CRONOLOGICAL TRENDS

@ serie 1
Sede D ta dello studic P arametro Range
Irces Burlo Garofolo y) | & 4 0
I LIEIZI
r

Apparecchiatura = Descrizione §
Tutte = TC - Radiologiz w

o B =m Parameter:
* CTDI,,,
e collimation
e current

" * DLPyy
Period of interest + DLP,, 16
(0]

* DLP,32

v e Effective Dose VP
Age Range * mMAs

* Scan lenght

Filtri Avanzati: o Filtri Applicati |}
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CRONOLOGICAL TRENDS

@ Serie 1
Sede Data dello 7 Paramejpe Range
OSPEDALE DI CATTINARA - 0101025 28052025 ONgi W Comfression Force SR)N) W 0 0 0
Apparecchiatura Descriz Studio Distretto ™salomico Protocollo di Acquisizione
MG w Mammografo- W Tutte b 4 Tutti v Tutti b 4

o Parameter:
* Focal spot,
e kV,
. filter,
- e HVL,

Period of interest e mAs,

* Organ Dose,
' e Total Organ Dose,

Age Range * Total Organ Dose Right;
* Total Organ Dose Left,
Air kerma, ......




CRONOLOGICAL TRENDS
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STASTIC PROCESS CONTROL NELSON RULES

Statistic Process Control Nelson Rules

J
%5

» . L B “ o u . . [
. . ., N i . [ a . N i T . .. . L, N
- PRI M TS MR N SR TV U T NP S LU LR S TR i S W,
S T N AT R N R ke R

55555555555555

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.



Rule Description Chart Example Problem Indicated
Rula 1: Ona paint is moma tham 3
standard desdations from the maan
Rulo 1 One point is more than 3 standard One sample (two shown in this
ule
deviations from the mean. case) is grossly out of control.
Rule 2: Mina {ar more ) poinks in & row
ane on the same side of fe mean
Nine (or more) points in a row are R N , _
Rule 2 _ Some prolonged bias exists.
on the same side of the mean. _ \ /
X “‘/ 1
5ix (or more) points in a row are
Rule 3 | continually increasing (or Atrend exists.
decreasing).
This much oscillation is beyond
noise.
Rule 4; Fourlesn (or mane ) points in a row
ahernate in direction, increasing then decreasing .
FDurteen {Dr mDre) p{]ints in a row MNote that the rule is concerned
Rule 4 | alternate in direction, increasing with directionality only. The
then decreasing. position of the mean and the size
of the standard deviation have no
bearing.




Rule 5

Two (or three) out of three points in
a row are more than 2 standard
deviations from the mean in the
same direction.

Rule 5: Two (or fires] oul of three points in & now ane mas
than 2 standard deviations. from the mean in the same direction

There is a medium tendency for
samples to be mediumly out of
control.

The side of the mean for the third
point is unspecified.

Rule 6

Four (or five) out of five points in a
row are more than 1 standard
deviation from the mean in the
same direction.

Rule 8: Four (ar fiva) out of e poimis in a mow ana mana than
1 standard deviaion from the mean in the same dieciion

There is a strong tendency for
samples to be slightly out of
control.

The side of the mean for the fifth
point is unspecified.

Rule 7

Fifteen points in a row are all within
1 standard deviation of the mean
on either side of the mean.

Rule T7: Fitasn poinds in & row ane all within 1 standard
deviation of the mean an efher side of the mean

AL [ = = o o o o o o 3¢

%

Bl e e s s e s e e - ————————

With 1 standard deviation, greater
variation would be expected.

Rule 8

Eight points in a row exist, but
none within 1 standard deviation of
the mean, and the points are in
both directions from the mean.

Rule 8: Eight points in a row axist with nons within
1 standard dewinion of the mean and the points
are in bath direchons from the mean

Jumping from above to below while
missing the first standard deviation
band is rarely random.




_________________________________
STASTIC PROCESS CONTROL NELSON RULES

Each violation is stored and the specific situation can be

investigated.

Study Date

M Data Series [l Rule 1 Rule 3 /W Rule 5

Dataset Regola 1 W Rule 6 W Rule 7 M Rule 8
NREe s
Data Ora 4 valore Azioni
'y

5-3-2025 8:59 21.66

5-3-2025 9:35 21.74

7-4-2025 14:52 28.73

7-4-2025 15:50 35.81

7-4-2025 16:23 26.38

7-5-202512:35 25.4

7-5-2025 13:16 29.8

Showing 31 to 37 of 37 entries

Previous 1 2 3 4 Mext



MASSIVE EXPORT OF DATABASE

 Alias

B g WA N

Tar e

‘Ambito

L
| == |

B8 s

821

822

823

824

825

826

Verifica Distretti (service)

verifica Nomenclatore (service)

Inserimento Classi di Dose (service)

Valori Serie Evento

Valori Studio

Valori Curulativi

Single acquisition

Entire procedure

Dose Paziente

Dose Paziente

Dose Paziente

Dose Paziente

Dose Paziente

Dose Paziente



STATISTICAL ANALYSIS

STATIONARY ACQUISITION / cranio-caudal

Spessore di PMMA " Spessore compresso Range spessore Media DGM Mediana DGM 75" percentile LDR LDR Screening Range Numerosita
(mm) (mm) considerato (mm) (mGy) (mGy) (mGy) (mGy) Acc./Ragg. (mGy) (mGy) del campione
20 21 [0-25] 1.07 104 1.2 <1.2 <1.2/0.8 [0.24-3.16] 138
30 32 [26-37] 1.31 S 1.26 1.46 <1.5 <1.5/1.0 [0.68 -3.18 ] 554
40 45 [38-48] 1.6 R 1.79 <2.0 <2.0/ 1.6 [1.01-3.7] 644
45 53 [49-54] 1.83 [ ) 1.96 <2.5 <2.5/2.0 [1.27 - 4.11] 377
50 60 [55-64] 2.16 11.96 2.35 <3.0 <3.0/2.4 [1.43-4.96] 377
60 75 [65-81] 2.75 257 3.01 <4.5 <4.5/3.6 [1.89-6.4] 211
70 90 [ 82 - 1000 ] 4.61 454 4.97 <6.5 < 6.5/ 5.1 [2.73-5.29] 30
Media ESD " Mediana ESD 75° percentile LDR Range Numerosita
(mGy) (mGy) (mGy) (mGy) (mGy) del i
5.49 481 6.45 < 10.0 [0.51-26.91] 2331

DRL values
* Mean value The values are «reference depending»
*  50% Percentile £y
* 75 %Percentile
* Range
«  Sample size ok e ety e

Aggiornamento del Rapporto ISTISAN 17/33

R. Padovani, G. Compagnone, L. D'Ercole, A. Orlacchio, G. Bernardi,
E. De Ponti, M.C. Marzola, S. Grande, A. Palma, F. Campanella, A. Rosi




STATISTICAL ANALYSIS

Bilateral mammography

Opzioni di ricerca

Data (da) 2023-01-01
Data (a) 2023-12-31
Modalita

MG -

Apparecchiatura

Mammografo - Radiologia ~
Parametro di Studio

Dose Organo TOT v
Parametro di Serie

Dose Organo v
Parametro di Aggregazione

LDR Group 1 (Proiezione... =
Genere

Tuthi v
Range eta all'esame (anni)
Da 0
A 150
Download dati grezzi
Ambito Studio 3
Ambito Evento (RDSR) 3

Ambito Serie (DICOM) 9

Elenco studi RIS

[ Agoaspirato in stersotassi mammella-Destrofa | | 26239537
D in stereotassi Sinistroia | | 26239838
] Biopsia ecoguidata mammella-Sinistrofa | | 18852

[ Biopsia scoguidata tru-cut mammella-Sinistro/a | | 18852

[ Biopsia guidata stereotassica vacuum assisted mammella | | 210

Biopsia guidata sterectassica vacuum assisted mammella-Sinistroia | |
4008352

[ piagnosi dip: di sereening della 15427
Cecografia mammella bilaterale | £8.72.1 | 423

[ ecografia mammella monclaterale sx | 88.73.2 | 424532

mammo-repere dx | 88.73.2

672537

di pezzo o di
Rx mammografia bilaterale | 87.37.1 | 846
[ fx mammografia monalaterale dx | §7.37.2 | 847537
() Rx mammagrafia monolaterale sx | 87.37.2 | 847538
Clvisita radiclegica | | 3708

-RS024 | | 3121

3 Elenco studi PAC3

S EeO e TR BT

B rx mammografia bilaterale

| Rx mammografia monolaterale dx
[ Rx mammografia monolaterale sx
[ visita radiclogica

Elenco serie

[ cranio-caudal Rotstional Acquisition
cranio-caudal Stationary Acquisition
[ tatero-medial Rotational Acquisition
D latero-medial Si
(D medio-tateral ablique

() medio-lateral oblique Stationary Acquisition

onary Acquisition

D medio-lateral Rotational Acquisition
() medio-lateral Stationary Acquisition

elo)

ele)

Analysis on Total MGD (mGg)

Media

Mediana

P05 - P95

P25 - P75

Min - Max

Campione considerato (studi)

Studi/bimestre

5.26

4.66

[2.53,9.15]

[3.54,6.02]

[0.7,52.06]

3871 su 3873 esequiti
265

Only C-C Stationary Acq. [2]

Media
Mediana
P05 - P95
P25 - P75
Min - Max
Campione

Studi/bimestre

2.46
2.25
[1.26,4.31]
[1.71,2.90]
[0.52,15.70]
3442

235

Only a single CC Stationary Acq

Media
Mediana
P05 - P95
P25 - P75
Min - Max
Campione

Serie/bimestre

1.18
Export

1.09 Dcm

[0.59,2.07]

[0.82,1.41]

[0.21,8.62]

7167

490



EQUIPMENT 1 EQUIPMENT 2

: Analysis on Total MGD (mG Analysis on Total MGD (mG
Elenco studi PACS @ ® y (mGe) y (mGg)
[JEcografia mammella bilaterale Media 5268 Media 479
Rx mammaografia bilaterale
[_Irx mammografia monolaterale dx Mediana 4.66 ECHETTE 4.42
I:IRl mammografia monolaterale sx
[_Ivisita radiclogica P05 - P95 [£:53,9.15] P05 - P95 12:70,8.22]
P25 - P75 [3.54,6.02] P25 - P75 [3.66,5.53]
Min - Max [0.7,652.06] Min - Max [0.06,20.66]
Campione considerato (studi) 3871 su 3873 eseguiti Campione considerato (studi) 2860 su 2866 eseguiti
Studi/bimestre 265 Studi/bimestre 196
Only C-C Rotational Acq. [2] Only C-C Rotational Acq. [2]
Media 3.01 Media 013
Mediana 2.69 Wedisna 0.13
J P05 - P95 |1722,56.53] P05 - P95 10-06,0.22]
.
_ P25 - P75 [2.09,3.65] P25 - P75 [0.10,0.16]
Elenco serie O ®
Nt Min - Max [0.78,12.63] Min - Max [0.05,0.42]
Der | stationary it Campione 509 Campione 627
[J1atero-medial Rotational Acquisition
:::Iater.n-menlial Sufionary Acqulsjtion » Studi/bimestre 35 Studi/bimestre 43
Elm dio-latet que Stationary An;u's'ti n
(O mediodateral Rotational Acquisiti . o a .
Dttt sotonam Ao Only a single CC Rotational Acq Only a single CC Rotational Acq
Media 1.56 Media B8
Mediana 1.36 Madiona 0.07
P05 - P95 10788,2.79] P05 - P85 [0.05,0.11]
P25 - P75 [1.10,1.87] P25 - P75 [0.06,0.08]
Min - Max [0.78,6.71] Min - Max [0,0.22]
Campione 981 Campione 1128
Serie/bimestre 67 Serie/bimestre 77

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



STATISTICAL ANALYSIS

Valori per event:
Distribuzione dei pa

Analysis on CDTI,, and DLP per a single CT scan

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

adiante: CTDI,, e DLP

tri di singoli eventi radianti raggruppati per protocolli come codificati nelle impostazioni

SAAY
7 — Frequenza bimestrale media
Distretto / Protocello e Grandezza Media Mediana 75° percentile LDR Range interquartile Range ol e nel periodo selezionato
priom (365 giorni)
" CTDlvel {méy) 8.59 10.73 12 5.15 [ 146 - 41.56] 239
klome DLP (mGycm) 2129 532.36 550 269.86 [51.48 - 275334 ] 239
R - CTDlvel {méy) 5.7 10.37 10.37 nrd 275 [269-7599] 207
S & DLF {méGycm) 485,63 230.31 481,67 nid 460.27 [98.23 - 1360.13 ] 207
. - = CTDIvol {(miGy) 15.55 14.89 21.53 n/d 13.23 [203-3826] 154
Ard Superiori & DLF (mGycm) BLAE 281.14 455.28 nid 30373 [26.08 - 1158.96 ] 154
T i CTDIvol (my) 10.51 10.48 11.22 n/d 1.7 [401-19.28] 165
DLF (mGycm) M5 305.15 356.47 nid 9071 [93.87 - 725.5 ] 185
CTDIval (méy) 8.74 8.53 12.15 n/d 7 [399-14.26] 10
e DLP {mGycm} 408.54 44976 509.96 nld 2555 [ 188.57 - 650.42 ] 10
T a CTOlval (méy) 2.06 173 242 11 0.63 [0.03-2.42] 134
DLP (mGycm) 100.45 103.51 115.75 nid 30.25 [1.59-143.27] 134
- - CTDlvel {méy) 5.07 5.07 5.07 nrd ] [5.07 - 5.07 ] 1
onna esracals DLP (mGycm} 979 9,79 29.79 n/d 0 [89.79 - 89.79 ] 1
3 = CTDlvol {mé3y) 16.8% 26.32 60 21 [0.16 - 60.43] 245
TEOGAO= DLF (mGycm) 286.54 376.33 1200 207.38 [1.3-3192.287] 245
Crani CTDIvol {(miGy) 4934 51.57 70 6.83 [22.49-99.44] 3129
TR DLF (mGycm} 103075 1075.02 1300 207.82 [278.06 - 2T77.7 ] 3129
. 2 CTDIvol (my) 26.56 15.69 474 nrd 35.96 [0.03 -83.89] 801
CoEtl & DLP (mGycm}) 649 64 508.57 93093 nid 618.34 [1.14 - 2554.69 ] 201
- . CTDIvol (méy) 8.45 8.51 10.49 n/d 472 [124-35.02] 1758
TeE, ST b £ DLP (méGycm) 4573 93 58 430.78 nid 365,67 [54.73 - 1823 .73 ] 1755
s CTDIval (méy) 18.18 16,51 21.36 n/d .73 [7.53-33.5] 59
o DLP (mGycm) 569.56 504.28 695.72 nid 354.98 [186.63 - 2088.09 ] 59
X CTDlvel {méy) 11.87 1.7 1384 nrd 4.83 [5.53-24.9] 56
Fginin @ el DLP {mGycm} 246.37 245.09 32746 nid 148.24 [56.34 - 525.46 ] 56
CTDlvel {méy) 18.5 1816 23.56 n/d 10.04 [8.73-29.7] 19
EatiudelBocal=] LIy 7 R 27 31 90%.26 nid 546.27 [191.17 - 2070.62 ] 19
18 26.69 n/d 141 [795-3698] B89
izl %3 77695 nid 47321 [99.61 - 2157.3] B9
To 867 15 503 [116-39.16] 1036
OIS 336.24 600 196.03 [37.83 - 947.91] 1036
q CTDIvol (méy) 8.44 1055 12 463 [0.03 - 14.72] 120
Torace, addome, pelvi DLP (mGycm} 559.44 - 74182 1200 56.25 [2-1041.3 ] 120
- CTDIvol (méy) 2.9 10.74 5276 n/d 46.06 [2:8 -5077] 935
el a DLP (mGycm) 702.92 698.04 1059.58 nid 726.73 [14.02 - 4219.61] 935
T & CTDlvel {méy) 7.1 7.22 8.13 nrd 2.08 [2.7-13.07] 41
DLP (mGycm) 348 16 3479 42553 nid 185 46 [5892-721.56] 422




STATISTICAL ANALYSIS

1. Selection from

RIS studies list (for Example: Abdomen TC and Abdomen TC with contrast)

Elenco studi RIS

L A 1 G e | 00,881
[ angio TC gelraorta torace addominale | 36.47.2 | 26200
[ angio TC delkacrta toraco sddominals | 88.47.2 | 28200
() anglo TC i serts addominale & art Inferlar | §5.47.3 | 26201

[ nrenaggio TC guidate sagome | 54.31.1 356
TC addome compiato | 38.01.5| §13

£ 7 a0a0me compesto con MaG | 5016 | 14
=

TC andome Infariars can MG (sio paivi, colon & retto,vescica, ulsro sd annsssl o prostata) | 55.01.4 |
518

[ 7c aadome Inferiare {sio petvi, calan & retto, vasclca, utera, annessl, prostata) | B5.01.3 | $15
() T atidome supsriars con & senza MAC | 88.01.2 | 518

[T 7c articolazions coxofemarale femors con MAC-Dostrai | 38.35.4 | 52081

TC arficalazions caxefemarale femors con MOC-Sintstrola | 55.39.4 | 32052

O |8.39.2| 31951

TC famors-Sinistrala | §8.35.2| 51352

[T arto supsriars-Destroia | 83.35.H | 32351

[ 7 bazino e articotazian! sacro-lilachs | 85.32.5 | 525

[ 7c cavigila-Destraia | 88.35.6 | 4016581

[T 7c cavigila-Entramb | £5.55.8 | 4016553

[T T cavigila afo plade dx | 8.38.6 | 327 51

[T 7c cavigila aia plede-Entrambl | 6595, | 52785

C caviglla aio plade sx | 85.35.6 | 32752

7 cavigila sia plede ax con MAC | 50.38.7 | 52552

C caviglla-Hon specificata | 53,39 € | 4016551

[ 7c cawigla-sntstrora | 58.35.5 | 4016552

'C colla oon MAC (sfo gh.sallvarl, Hiralde, parstirolds, Tarings,Jarings, saafago cervicals) | 87.00.0 | 3453
() T colla (afa gn.sailvar, tiroios, paratiraide. faringa.larings, 8aafBgo carvicals) | 87.08.7 | 3452
[T coronarograna | 87426 | 26176

[} TC cranlo-sncatalo | 37.03 | 3450

[ 7C cranio-sncsfalo senza & con MAC | 87.05.1 | 3451

TC temare (coacia) con MOC-Dastrara | 58.35.8 | 4016751

[ 7 temare (coacia) con MoC-Sinistro/a | 55.33.5 | 4116752

[T 7 femors [concta)-Sinletraia | 85.35.5 | 4018582

["] ¢ ginocehio con Mac-Destrola | £ 33.C | 4016281

[ 7c ginocehio-Destraia | 85.35.4 | 4016451

[ 7c ginocenio & gamba con Moc-Destrora | 8.38.G | 33181

[ 7c ginocenio & gamba con Mac-sinistro/a | | 33152

C ginocehic s gambs-Destroia | 83.39.5 | 33081

: A
Elenco studi PACS @ @

[~ angio T¢ dal circolo poimenars

nglo TC dall*aorta addominats

— angio Tc deli*zorta toraco addominale
TC addoms compisto

v

[ 7c agdoms compiato can MdC

Ore Temore con

e ersnio-sncetaio

(7 eranio-ancaraio senza & con mac

()7 temare {coecta) con MaC-Destrala

[ 7c massicaio faccisle {Inciude ev. ricostruzione tridimenzicnale)
TC rachide cervicale

[T rachids lombasacrale @ sacrococcigen

TC rachide torscico (dorzale]

[J7c: toraca con MoC (aio: polmoni, sarta toracics, frachas, saatago. stamo, costs, mediasting)

) 7c torace sfo: polmani, aorta foracica, frachaa, escfage, atemoa, coats, mediastin

2. Selection from PACS studies list

Statistica LDR DLP Totale (mGycm)

Media [ 1074.26
Mediana 825.53
.
Elenco serie P05 - P95 [325.26,3033.16]
O —
= Aocomn 517 TOR ADDONE HOE O - DG P25 - P75 [542.88,1221.00]
[ Abgomen 5.5 TOR ADD MDC ART ~VENOSA
[ abdomen 5.7 TOTAL BODY ONCOLOGICD Min - Max [132.19,6137.85]
| Abdomen £.13 BIOPSIA IDRENAGGIO -ADDOME
O an 5 - o
B et Campione considerato (studi) 242 su 271
ADMN £.3 ADDOME DIRETTA + MDC
Abgomen €.4 ADDOME TRIFASICO FEGRTO Studibimestre \1 T3
ADDDNN £.5 ADDOME TRIFASICO 0

[ angomen £.7 ANGIO AORTA ADD
[ angomen £.5 ARTI INFERIOR!

[ aboomen and Peivis £.13 BIOR,
[ anoomen ana pamvis €17 &

IDRENAGEI0 -ADDOME
IE TRIFA SICO ANGIO
ME SMDC LOW DOSE X CALCOLE

| TC ginocehio & gamiba-Sinistrais | | 53082 ME DIRETTA + MDC Media
'C ginocchio-Sinletroia | 58.35.4 | 4016482 DDOME TRIFASICO FEGATO
C gomite-Destraia | 58.35.J | 4015481 ADDOME TRIFASICO 4050 ]
'C gomitte 8 avambraccio-Destroda | §8.38.P | 53231 .7 ANGIO AORTA ADD M Ed lana
'C gomito-Non specificatn | 83.38 0 | 4015482
_| TC mana con Moc-Destroia | 66.36.W | 4016251 LO SMDC HELICAL POR - P35
E_' TC mano-Deatrols | 28.38.M | 4015781
A P25 - P75
Min - M
1 1 -1 Campione
3. Only studies with protocols for abdomen
Studifbimestre

eseguiti

J

Statistica LDR aggregata DLP (mGycm)

[ 423.25

432.91
[2.94,1014.62]
[3.45,607.85]
[2.90,1695.91]
176

\ 126

\




ALERT

Thresold is settable from the user

Trigger Manager _
B Tigg g Parameter:

‘. Ricerca trigger || Impostazioni trigger | Impostazioni trigger TAG * Organ Dose,
e Total Organ Dose,
Modalita * Total Organ Dose Right;
MG [ | Mammo - Radio g e Total Organ Dose Left,

e Airkerma, ......

Trigger metro Protocollo Distretto
2 Dose Organo TOT (5t) - Tutti - BREAST

via Mail
]

Operatore Valore Soglia

U O

Thresold Value

Age range

Alert Non pubblicare

Action




-
EFFECTIVE DOSE

MAMMO

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

Dose Efficace Totale (mSv) 1.29
Dose Qrgano TOT DX (mGy) 5.22
Dose Qrgano TOT SX (mGy) 5.45
Dose Organo TOT (mGy) 10.67

Numero Totale Eventi Radianti (num) 12



EFFECTIVE DOSE

CT

Effective dose is estimated using VP (Virtual Phantom)

Alert Etichetta Valore
W umero Totale (i )
o ose Efficace (mSv) 22.56
o DLP Totale ( ) 1591.45
o DLP Totale 32 (mGycm) 1591.45
Alert Etichetta Valore




DOSE TRACKING IN RADIODIAGNOSTIC

« Why track?
« What to track?

« How to track?
« How to record?
« How to collect ?

- How to use the information available from tracking?



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

ioni di ri \ i A i \
Opzioni di ricerca Elenco studi RIS Elenco studi PACS @ @

Data (da) 2025-01-01 8 : i (uin-mal:e FI iofreq; -R5014 | | 3111 SﬂngiDTC disl.rerlo toracico
Angio TC arti inferiori | | 40171 AngioTC vasi addominali
Angio TC arti superiori bilaterale | | 40174 -
Data (a) 2025-09-27 ) AngioTE arto inferiore | 88.48.1 | 33 [ B ¢ addome completa con MdC ]
[l angio TC dei vasi intracranici e del colla | 88.41.3 | 26194 -
Modalita [ Angio T deli*acrta addominale | 88.47.1 | 26198 D¢ capo con MdC (efo encefalo \cranio, sella turcica, orbite)
[l angio TC deliacrta toraco addominale | §5.47.2 | 26200 [_J7¢ cape fe/o encetalo, cranis, sdiia turcica, orbite)
cT - () Angic TC di acrta addominale & arti inferiori | 28.47.3 | 26201
() AngioTC distretto toracico | £8.9221 | 35 TC collo con MdC (efo gh.salivari, tifoide, paratiroide, faringe,laringe,

AngioTC distretto vascolare intracranico | £8.41.1 | 26 ECiagultesncsitt

Apparecchiatura ) AngioTc vasi addominali | 88.9571 | 37 C1c rachide cervicale
D TC rachide lombosacrale

DAH TC vasi collo | 88.41.2 | 38 D

TC - Sezione 15 - Radial v [ Biopsia agobiopsia TC guidata ossea | | 156 ECathic bl duss k)
psia agobiop: [ 0
[ orenaggio TC guidato addome | | 356
) . 0 TC torace con MAC {efo: palmoni, aortd toracica, trachea, esofage, sterno,
Parametro di Studio TC addome completo | 88.01.5 | 313 coste, mediasting)
B 1C addome completa con MdC | 88016 | 314
TC torace (efo: polmoni, aorta toracica, fachea, esofago, sterne, coste,

DLP Totale - TC addome inferiore con MdC (e/o pelvi, colon e retio,vescica, utero ed e

annessi o prostata) | 86.01.4 | 916
Parametro di Serie . §
TC addome inferiore [eio pelvi, colon e retto, vescica, utero, annessi,
prostata) | 88.01.3 | 915

DLP v
TC addome superiore con MAC {eio fegato vie bil.
; ) pancreas,milza,retroperit,stomaco,duodenc,tenue, grossi vasi | 38.01.2 |
Parametro di Aggregazione co
U - Elenco serie
LDR Group 1 (Distretto+... ~ TC addome superiore (e/o fegato vie biliari,
pancreas milza retrop.stomaco,duodeno,.tenue, grossi vasi add. | 88.01.1 | DAbd BAlE T ORI TR AT e
omen 16.1.
317
Genere I 7¢ articolazione coxofemorale femore dx | 82.38.6 | 91851 EAD“M" 817 TOR ADDOME MDC DIR * MDC
(I 7¢ articolazione coxofemorale femore sx | 82.38.6 | 81952 0 Abdomen 5.6 TOR ADD MDC ART +VENOSA
Abdomen 5.7 TOTAL BODY ONCOLOGICO
Tutti v [ 7c arto inferiore dx | 88386 | 92151 amen
Wioe e o e ) abdomen 6.13 BIOP SIA IDRENAGGIO -ADDOME
) abdomen 6.17 ADDOME TRIFASICO ANGIO
A .
Range eta all'esame (anni) TC capo con MAC (eio encefalo, cranio, sella turcica, orbite) | 87.03.1 | [ abdomen .13 uro - TC
3451 ) abdomen & 3 ADDOME DIRETTA + MDC
Da 0 [11¢ capo jein encetalo, cranio, sella turcica, orbite] | 87.03 | 3450 [T) Abdomen & 4 ADDOME TRIFASICO FEGATO
[11¢ caviglia efo piede dx | 38.38. | 92751 ) abdomen & 5 ADDOME TRIFASICO 40/80
A 150 I 7c caviglia e/o piede sx | 82.38.6 | 92752 ) Abdomen & 7 ANGIO AORTA ADD
(] Abdomen and Pelvis £.12 BIOPSIA [DRENAGGIO -ADDOME
TC collo con MAC (elo gh.salivari, tiroide, paratiroide, faringe laringe, [ Abdomen and Pelvis 6.17 ADDOME TRIFASICO ANGIO
Download dati grezzi o=l ol ) | IR I () abdomen and Pelis £.13 URD - TC

o i i i [_J abdomen and Pelvis 6.2 ADDOME SMDC LOW DOSE X CALCOLI

. : TC colle [e/o gh.salivari, tircide, paratircide, faringe,laringe, esofago 0

Ambito Studio 3 cervicale) | 87.03 7 | 3452 DAbdDmen and Pelvis 6.3 ADDOME DIRETTA + MDC

(17 coronaregrafia | 87.42.6 | 28172 Abdomen and Pelvis 6.4 ADDOME TRIFASICO FEGATO
Ambito Evento (RDSR) 3 e ginoschio-Destrofa | | 4018451 Abdomen and Pelvis 6.5 ADDOME TRIFASICO 40i20
TC ginocchio-Sinistrola | | 4016452
TC gomito-Destro/a | | 4015451

)7 mane-Destrola | | 4015754

Dﬂbdumen and Pelvis 6.7 ANGIO AORTA ADD
DEram 1.2 POLITRAUMA

DEram 1.9 ENCEFALO #MASS +CERV.
DBrain 5.12 TOTAL BODY POLITRAUMA

Ambito Serie (DICOM) 3

¢ massiceln fassiale con MAC (e/o mascellare. senl naranasall, efmolde. O arain 5.7 ToTaL sBODY ONCOLOGICO



LEVEL OF STANDARDIZATION

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

Too many protocol
Not acceptable

Acceptable

@ AbdomenRoutine
®AddomeMDC
®AddomeMDC_3Fasi_Bolus_AP
@ AddomeMDC_3FasiBOLUS_AM
ddomeMDC_AP

& AddomeMDC_MX
®AddomeMDC_MB
®AddomeMDC_trifasica_MX
W AddomeMDC_trifasica_MB
WANCAMSB
WANGIOTC_ADDOME
HANGIOTCCRANIO
|BACINOMDC

W Biopsia_ADDOME

W Biopsia_TORACE

W Biopsia_VERTEBRALE
WC_Spine

W CAVIGLIAMB

W CervicaleSpi_C2C7
mCollo_MDC_OT

& Collo_MDCTEMPIO

& ColloMDC_AP

i ColloMDCMB

@ COLONNA_OSSO
®CRANIO_TOTALBODY

@ADDOME/FOLLOW_UP_
#ADDOME/ADDOME_PRIMA_DIAGNOSI
@TORACE/ID_TORAC_BASALE+MDC
#NEURO/3.1_CRANIO_64_Ax._4.5mm
@ADDOME/ID_MIELOMA(low_dose)
#TORACE/ID_HRCT_VOLUME
@ADDOME/_HCC_

@ TORACE/EMBOLIA_POLMONARE
“ADDOME/ID_UROTC_CALCOLI

wAltro

............ continua




-
MAMMOGRAPHY: NO PROBLEM AT ALL

ioni di ri : i \
Opzioni di ricerca Elenco studi RIS Elenco studi PACS .@. .@.

Data (da) 2025-01-01 D E{:u!;raﬁa mar_nmella monolat%rall? dx | 88.73.2 | 424537 Rx mammuografia bilaterale
D Radiografia di pezzo operatorio di mammella - R5024 | | 2121 D Rx mammografia monolaterale dx
Rx mammografia bilaterale | 87.37.1 | 848 D Rx mammografia monolaterale sx
Data (a} 2025-05-27 [ rx mammografia monolaterale dx | 87.37.2 | 847537
D Rx mammografia monolaterale sx | 87.37.2 | 8475238
Modalita [ visione esami | | 4289
MG v

Apparecchiatura

Mammo - Radiologia v
Parametro di Studio

Dose Organo TOT v
Parametro di Serie

Dose Organo v

Parametro di Aggregazione %
Elenco serie @ ®

LDR Group 1 (Proiezione. .. I : :

-

D cranio-caudal Rotational Acquisition
Genere D cranio-caudal Stationary Acquisition
D medio-lateral oblique Rotational Acquisition
D medio-lateral oblique Stationary Acquisition
D medio-lateral Rotational Acquisition
D medio-lateral 5tationary Acquisition

Range eta all'esame {:an I"||} Dsuperolaheral to inferomedial oblique Rotational Acquisition

D superclateral to inferomedial oblique 5tationary Acquisition

Tutti v

Da 0

A 150



-
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

|dentify Contrast Enhanced Spectral Mammography
(CESM/CEDM/CEM)




CESM

Distribuzione Dose Organo TOT - Record selezionati: 95
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Study Date

MAY 28th: 7 CESM procedures




DICOM HEADER

Dettaglio Studio

Mostra tutti - : 20 su

Informazioni Studio Valoi J Rilievi DICOM HEADEﬂ

Descrizione Serie:

Identificativo Serie:

Numero di Oggetti:
Distretto:
Protocollo:

Tipo di immagini:
Series Time:

@

R CC DES
1.2.840.113681.168887139.174

Descrizione Serie:

Identificativo Serie:

Numero di Oggetti:
Distretto:

BREAST

Protocollo: R CC CEDM COMBO

Tipo di immagini: DERIVED\PRIMARY

Series Time: 104327

@

Descrizione Serie: RCCLE

Identificativo Serie: 1.2.840.113684.168887139.1748417176.5080.55679
Numero di Oggetti: 1

Distretto: BREAST

Protocollo: R CC CEDM COMBO

Tipo di immagini: DERIVED\PRIMARY\\LOW_E_POST_CON
Series Time: 104327

@0

Rl

evi DICOM SR

i



RDSR

Dettaglio Studio

Informazioni Studio Valori

Distretto:

Protocollo:

Identificativo Evento Radiante:

Fantoccio:

Tipo di Evento:

BREAST

1.2.840.113681.168887139.1748417176.50

STATIONARY ACQUISITION

Distretto:

Protocollo:

Identificativo Evento Radiante:

Fantoccio:

Tipo di Evento:

BREAST

1.2.840.113681.168887139.1748417176.5080.55882

STATIONARY ACQUISITION

/

Distretto:

Protocollo:

Identificativo Evento Radiante:

BREAST

1.2.840.113681.168887139.1748447176.5080.55885

Fantoccio: --

Tipo di Evento: ROTATIONAL ACQUISITION
Distretto: BREAST

Protocollo: --

Identificativo Evento Radiante:

Fantoccio:

Tipo di Evento:

1.2.840.113681.168887139.1748417176.5080.55%88

STATIONARY ACQUISITION

Rilievi DICOM SR




COMPARISON AMONG FACILITIES

Distribution Dose Organo TOT vs Dose Organo TOT - Totale Record Selezionati: 3335 @AM
o
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Study Date
M Series 1 M Series 2

Equipment 2




Head CT - Median DLP (mGy-cm) Head
3500 32 different equipments

3000
2500
2000

1500

1000
) || || ‘\ || ‘\ ‘\ || ‘\ ‘\ ‘\ ||
1 2 3 45 6

0
I8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 19 30 31 32

DRL = 1050 mGy-cm

If the median DLP value exceeds the DRL... which is the problem?
Age of the equipment?, model? Iterative post-processing/Al-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)



-
CLASS OF EFFECTIVE DOSE

Effective Dose(E) Class of Effective Dose
E<1mSv |
1 mSv<E<5mSv [
5mSv<E<10mSv [
E>10 mSv 1V

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



