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Compressiom mammography

VajuhudeenZ.,Haouimj A.Compressiom mammographyReferencarticle, Radiopaedia.orga¢cessedn 10
Dec2021)https://doi.org/10.53347/rIE80054

In mammographycompression of the breast is performed to reduce its thickness. By
doing so, the following benefits are achieved:

U improvedsubject contrast (by reducing scattered radiation)
U improved density uniformity

U improved visualization of breast tissue near chest wall (by spreading out superimpo
anatomy

U decreased radiation dose
U decreased blurring (by reducing motion artifact)

U Compression is performed by the use of compression paddles, a component of the
mammographic unit, which can vary in size and function

https://radiopaedia.org/articles/compressiem-mammodraphy#:~:text=The%20typical%20compression%20force%20used,between %20 ¥ 2209 20Newtons



https://doi.org/10.53347/rID-80054
https://radiopaedia.org/articles/compression-in-mammography#:~:text=The%20typical%20compression%20force%20used,between%2010%20and%2020%20Newtons

Q:Compressioft 2 Nhb&MuchA (eibéagh?

In x-ray mammography,it is well known that the flattening of the
breast improves image quality and reduces absorbed dose (citare

Amended 2014 (Resolution 39)* ACRAAPMSIIM PRACTICE
PARAMETEROR DETERMINANTOF IMAGE QUALITYIN DIGITAL

MAMMOGRAPHY)

In the Eurefprotocol is stated dThe compressionof the breast tissue
shouldbe firm but tolerable. Thereis no optimal value known for the
force, but attention shouldbe given to the applied compressionand
the accuracyof the indication.e




Meanglanduladose

VajuhudeenZ.,Singh S Meanglandulardose. Referencarticle Radiopaedia.orga¢cessedn 10Dec2021)
https://doi.org/10.53347/rID79640

Themean glandular dose (MGD3 an estimate of the averag#sorbed dos¢o the
glandular tissues of a breast during mammograping. measured iliray Gy).

The most commonly accepted method of calculating the mean glandular dose is
described byDanceet al (2000):

MGD=K*g*c*s
K= entrant surface akerma
g = conversion factor for 50% glandular breast based on thickness areahaflayer
c = correction factor based on nestandardglandularitythickness
s= correction factor based on nemolybdenum anode/filter combination

https://radiopaedia.org/articles/mearglandulardose



https://doi.org/10.53347/rID-79640
https://radiopaedia.org/articles/absorbed-dose?lang=us
https://radiopaedia.org/articles/gray-si-unit?lang=us
https://radiopaedia.org/articles/mean-glandular-dose

vY 5 iIhdwendchA (kALARA?

In the Eurefprotocol Executivesummaryis stated A prerequisitefor a successful
screening project Is that the mammograms contain sufficient diagnostic
iInformationto be ableto detect breastcancer,usingaslow a radiation doseasis
reasonablyachievable(ALARAE

Table 1.4: Dose levels for typical breasts simulated with PMMA

Thickness  Equivalent Maximum average glandular

of PMMA breast dose to equivalent breasts
(mm) thickness (mGy)

(mm) Acceptable level  Achievable

level

20 21 = 1.0 = (.6

30 32 = 1.5 = 1.0

40 45 = 2.0 = 1.6

45 53 = 2.5 < 2.0

50 Bl = 3.0 < 2.4

60 75 =45 = 3.0

/0 a0 = 6.0 = 5.1




doi:10.1093/rpd/ncy024
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COMMERCIAL DIGITAL BREAST TOMOSYNTHESIS SYSTEMS
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Table 2. Exposure parameters and average glandular doses evaluated for different PMMA thickness for the systems studied
in DBT mode.

DBT system Equivalent breast Anode/filter kVp mAs AGD 3D 3D vs 2D
thickness (mm) AGD ratio
Dimensions 21 W/AL 26 30 0.77 142
32 W/AL 28 31 0.91 1.21
45 W/A] 30 37 1.14 1.18
33 W/AI 31 46 1.52 1.49
60 W/AL 33 47 1.80 1.18
75 W/AL 36 59 2.58 1.41
90 W/AL 42 55 3.21 1.57
Innovality ST 21 W/AL 27 27.8 0.91 1.75
32 W/AI 29 264 0.93 1.24
45 W/AL 31 30.0 1.18 1.20
33 W/AL 32 36.7 1.53 1.36
60 W/AL 33 40.8 1.87 1.52
75 W/AL 36 45.0 242 1.28
90 W/AL 37 56.0 3.05 1.34
Innovality HR 21 W/AL 27 329 1.08 2.07
32 W/AL 29 419 1.48 1.98
45 W/AL 31 58.2 2.28 233
33 W/AL 32 71.5 2.97 2.64
60 W/AL 33 77.4 3.54 2.88
75 W/AL 35 83.2 4.24 225
90 W/AL 37 99.0 448 1.96
SenoClaire 21 Mo/Mo 26 40.0 0.95 1.66
32 Rh/Rh 29 33.0 1.03 1.28
45 Rh/Rh 29 50.0 1.40 1.17
33 Rh/Rh 29 56.0 1.51 091
60 Rh/Rh 29 75.0 1.91 1.48
75 Rh/Rh 31 83.0 2.52 1.20
90 Rh/Rh 31 128.0 3.51 1.43
Pristina 21 Mo/Mo 26 23.1 0.60 095
32 Mo/Mo 26 54.4 1.02 0.99
45 Rh/Ag 34 28.2 1.22 095
33 Rh/Ag 34 33.7 1.33 098
60 Rh/Ag 34 41.1 1.50 098
75 Rh/Ag 34 60.1 1.91 097
90 Rh/Ag 34 90.7 2.56 097




DICOM Standard Status

C.8.31 Breast Projection Image Modules

—

Prev C.8 Modality Specific Modules X

r . |

C.8.31 Breast Projection Image Modules «1» meansMANDATORY
L d

C.8.31.1 Enhanced Mammography Image Module

Table C.& 31-1 specifies the Attributes that identify and desgye general information about the Enhanced Mammography Image Module.

Table 0)%.31-1. Enhanced Mammography Image Module Attributes

Body Part Thickness (0018,11A0) | 1 The average thickness in mm of the body part examined when compressed, if compression has been applied
during exposure.
Compression Force (0018,11A2) | 1 The compression force applied to the body part during exposure, measured in Newtons.
Paddle Description (0018,11A4) |1 Description of the compression paddle, if compression was applied to the body part during exposure.
Exposure Control Mode (0018,7060) | 1 Type of exposure control
Defined Terms:
AUTOMATIC
MANUAL
Organ Dose (0040,0316) |1 COrgan dose value measured in dGy representing the collective total for all acquired frames.
Note

This may be an estimated vaiue.

Entrance Dose in mGy (0040,8302) |1 Entrance dose value measured in mGy at the surface of the patient representing the collective total for all
acquired frames.

Note
This may be an estimated value based on assumptions about the pafient's body size and
habitus.

https://dicom.nema.org/medical/dicom/2015c/output/chtml/part03/sect C.8.31.html



https://dicom.nema.org/medical/dicom/2015c/output/chtml/part03/sect_C.8.31.html
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AGD mGy
(single projection)

AGD (mGy) vs AOP* mode
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DBT 2D
AQOP --»
TOMO DOSE STANDARD | CONTRAST
1st Q. 144 1,06 1,35 172
AGD (mGy) Median 1,61 1,18 1,51 1,85
3rd Qu. 1,85 137 177 2,05
1st Q. 43 44 43 44
Thickness (mm) Median 53 53 54 52
3rd Qu. 61 62 63 59
1st Q. 100 100 100 100
Compression (daN) Median 110 110 110 110
3rd Qu. 130 130 130 120
1st Q. 9 21 24 21
G'E?bf;"g?f%ﬁ“ Median 20 40 43 39
ard Qu. 24 65 67 67
# projections 15796 14196 1307 293

Results reported are referred to 3949 women who performed
both 2D (CC-MLO) and DBT (CC+MLO) exams within a clinical trial



In 2014 Reggio Emilia Diagnostic Imaging Department (REDID) adopted a RIS-PACSintegrated
dose monitoring system called "Gray Detector"*. It records data from CT, mammography and

angiographic examinations.

For mammography

AGD, compression,
thickness, glandularity,
automatic exposure control
(AOP mode),

are collected for

EACH PROJECTION*

@ Dec 10st 2021 more than
1,400,000 2D MX*
180,000 DBT*

Patient dose management solution directly integrated
in the RIS: "Gray Detector" software. Nitrosi A etal J
Digit Imaging. 2014 Dec;27(6):786 -93
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PRE-Standardization

Why AGD vary so much ?
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AGD variation
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Mammograhy unit

Physical charaterization of Output i £
. e Gy/ mAs
11 mammo Units T ey s
Variation <4 % s s 0384 Variation < 2 %
GU2 51,01 0,381
‘\% 50,51 0,386
RE1 50,34 0,390
RE2 50,45 0,385 |
RE3 51,59 0,382
RE4 51,48 0,382
SC1 49,59 0,384
SC2 51,09 0,383




Glandularity

Glandularity (%)

Thickness (mm)
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Recallprobability linear mixed effects model analysis
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Recall probability depends on
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0.055 _ ! Chisq Df Pr(>Chisq)
0.050 AOP 213 1 0.144
8'3?,,2 /\/ poly(compression, 3)  55.32 3 <0.001
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Q:Compressioft 2 Nhb&uchA (elbégh?

In x-ray mammography,it is well known that the flattening of the breast
Improvesimage quality and reducesabsorbeddose (citare Amended2014
(Resolution 39* ACRAAPMSIIM PRACTICE PARAMETER FOR
DETERMINANTHFIMAGEQUALITW DIGITAMAMMOGRAPHY)

In the Eurefprotocolis stated dThecompressiorof the breasttissueshould
be firm but tolerable. Thereis no optimal value known for the force, but
attention shouldbe given to the applied compressionand the accuracyof
the indication

A A. Since no optimal value is known our observation on recall rate
dependence from compression force was used the application of a
compressiorforce of at least 100N wassuggestedo the eachradiographer




Pleaseadopt a gandard!

A AOPselection= DOSE
A Compressiort-orce ~ 100 N

Results compare periods before and after this standardization
(JanMay Vs JurDec 2014)

JanMay 2014 JunDec2014*
# Women 14,108 13,987




PRE-Standardization POST-Standardization
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(Clinical) Image Quality Control is needed !



Standardization
compression force and AOP selection
A lower dose and variabllity

+

Clinical control
Image qualityé 1 n a BSP -~
A higher performance (cancer detection rate DR)
A more stable performance (recall rate RR)

= 1° optimization step



Standardization + Clinical control = 1° optimization step

JanMay 2014 JunDec 2014
# women--> 14,108 13,987
(- | 1t O 112 107
2 AGD from 1.38 to 1.2&Gy
© 3ra Qu. 1.64 T.44
% 1<t Ol AR A48 N
= Thickness - mm lower
U STa Ju. 04.0 03.U
C 1ot M : 17 L : 10 9D
i Glandularity ~ 2 % higher
(f) 3rd Qu. 59.3 62.3
Compression higher & more uniform
’ [ 3rdQu. | 120 | 123
I
| —-—
dd
g JanMay 2014| JunDec2014*
o # Women 14,108 13,987
(-_5 +# Dacalle AQA aAA
LEJ Detection rate increse of about 15 % !!!
6 # True positive 63 71
Detection Rate DR 4.47 5.08>




Linear mixed effects model analysis

Discrepancy between 1st

Fixed effects

- 2nd reader

OR 2.5% 97.5%
2nd Period 1.094 0.965 1242 | - AOP dose
AOP CNT 0.642 0.375 1.048 - ]
Thickness 0.988 0.976 1.001 AGD seem to be significanté
COUpess o PO e+ further analysis demonstrate that, for both
Glandularity 1.020 1.012 1.029 periods, the reader concordance were higher
Kgéa”d”'a”ty 2) 100 L0 29 (3.14 % Vs 2.59 %) for lower dose level
I(age”2) 1.002 1.001 1.003

Recalls

OR 2.5% 97.5%
2nd Period 1.274 1.118 1.454 Fixed effects
AOP STD 0.822 0.693 0.972
AOP CNT 1.035 0.658 1.546 - AOP dose
Thickness 0.978 0.960 0.997 - first period
I(Thickness”2) 1.000 1.000 1.000
Compression Force 0.999 0.999 1.000 On | y ANPeri odo seem to
Glandularity 1.027 1.019 1.036
|(Glandularity”2) 1.000 1.000 1.000
Age 0.733 0.660 0.814
I(age”?) 1.003 1.002 1.003

b e



IS it necessary to have a dose monitoring
system to do this type of analysis ?

Not anymore ... In principle it is NOT
necessary to configure nodes and
connections on modality / RIS / PACS /
RDS butsimplyton | i s theenetaork !

Security Platform Agent can discovers and profiles every
connected device, analyzes their risks, and automates
responses to keep it safe and operating efficiently.

For some of that for medical device profiles, contextual
anomaly detection (e.g. FDA warning), and risk identification
with a unique approach are available, too !



