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Executive summary

The purpose of this evaluation was to assess the practical performance of the Hologic
3Dimensions™ digital mammography system in tomosynthesis mode. The evaluation
was carried out between October 2017 and August 2018.

The system was reliable and the quality control test results were stable, remaining
within the appropriate limits throughout the evaluation.

The system’s performance was good and the radiographers found it easy to use. Image
quality was assessed as good in the majority of cases. Almost all lesions were seen, in
a detailed study of different types of lesion viewed in 2D, tomosynthesis and
synthesized 2D.

Both standard flat paddles and curved paddles (SmartCurve™ Breast Stabilisation
System) were used in the evaluation. The average mean glandular dose (MGD)
calculated for MLO views of 50 to 60mm thick breasts was 2.0mGy, well below the
national dose reference level (DRL) of 2.5mGy.

The Hologic 3Dimensions™ mammaography system was found suitable for use in
tomosynthesis mode for assessment in the NHSBSP, for imaging and for
tomosynthesis biopsy.



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

1. Introduction

1.1 Evaluation centre and timeline

The evaluation was carried out at the Jarvis Breast Centre in Guildford, Surrey, a breast
screening unit which is run as a standalone unit with women being referred to local
hospitals for further procedures when necessary. The centre meets the relevant national
quality standards for breast screening and meets the criteria for evaluation centres
outlined in the NHSBSP Guidance Notes for Equipment Evaluation?.

The centre serves the population of Surrey and North East Hampshire for women of
normal screening age and for the age extension trial. The centre invited over 55,000
women of screening age, between 47 and 73 years, during the year 2016-17. Of these,
more than 42,000 were screened, resulting in more than 2,800 recalls for further
assessment. Some 1200 biopsies were performed during that period.

The evaluation of the Hologic 3Dimensions system, took place over the period of
October 2017 to August 2018. Both the 2D and tomosynthesis modes of the system
were under evaluation in the centre during that period. The 18cm x 24cm SmartCurve
paddle was installed in October 2017, while the 24cm x 29cm SmartCurve paddle was
made available in February 2018.

1.2 Equipment evaluated
1.2.1 3Dimensions Mammography system and workstation

The 3Dimensions system was installed by Hologic on a loan basis for the duration of the
evaluation. Hologic agreed to indemnify the equipment and provided both technical and
applications support over the evaluation period.

The mammography gantry comprises of an automatically controlled C-arm with push
button controls for gantry height and angle, and a knob to adjust compression manually.
Gantry height and compression can also be controlled by foot pedals.

The 3Dimensions has an amorphous selenium detector. The system uses rhodium and
silver filters in 2D mode, and a aluminium filter. when operating in tomosynthesis mode.
The pixel size for tomosynthesis images in high resolution mode is 0.07mm; this mode

was used for the evaluation.

The acquisition workstation (AWS) has a single 3megapixel monitor fixed on a console
with ergonomic features of adjustable height and biometric login. The AWS can be set
up to adjust the height automatically to suit the individual operator.

8
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It has a keyboard and a separate touchscreen control pad with a mouse. There is a lead
glass radiation shield attached to the console. In addition to the footswitch for exposure,
there is also a single exposure button at the AWS.

Figure 1. Hologic 3Dimensions mammography system

1.2.2 Other equipment available for the evaluation

1.2.2.1 Paddles

Three standard-size compression flat paddles and 2 curved paddles were available for
use, as well as specialist paddles for use in assessment. All the different paddles were
automatically recognised by the 3Dimensions once they were in position on the gantry.

The 24cm x 29cm and the 18cm x 24cm flat paddles were in routine use, with the small
breast paddle (8cm x 24cm) used for women with small breasts. Specialist paddles
such as the 5cm x 5cm and 6cm x 7cm stereo paddles were used in assessment, as
required.
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18cm x 24cm and 24cm x 29cm SmartCurve paddles were in routine use as well as the
flat paddles. Figure 2 shows a 24cm x 29cm SmartCurve™ Breast Stabilisation System
(SmartCurve paddle). The shape of the 18cm x 24cm paddle is similar. The choice of
using flat or SmartCurve paddles was made by the radiographer.

’r
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Figure 2. SmartCurve paddle, 24cm x 29cm version

1.2.2.2 SecurView Reporting Workstation

A SecurView® reporting workstation was available for viewing images and to enable the
smart mapping feature of Intelligent 2D™ (synthetic) images derived from the
tomosynthesis images. Smart mapping is a feature by which a mouse click on a
suspicious area of the Intelligent 2D image automatically displays the corresponding
tomosynthesis slice on the adjacent monitor.

1.2.2.3 Hologic Affirm™ Breast Biopsy System

A Hologic Affirm™ Biopsy system was provided and was used for tomosynthesis biopsy
procedures. The Affirm has already been evaluated as described in an earlier practical
evaluation report3.

1.2.3 Image Reading

All images from the 3Dimensions were transferred automatically to the PACS and the
SecurView workstation. Clinical images were principally read on the PACS reporting
workstations.

1.3 Practical considerations

At the time of the evaluation, users were already familiar with Hologic systems having
previously worked with the Dimensions. However, users found that the space behind
the lead glass shield of the 3Dimensions was limited. They would have preferred a
wider lead glass screen to give more space behind it for all 3 staff usually present
during a biopsy procedure.

10
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1.4 Objectives of the evaluation

The main purpose of the evaluation was to determine the suitability and performance of
the equipment for use within a breast screening unit in the NHSBSP.

The detailed objectives were:

e to assess the reliability and user-friendliness of the equipment in an assessment
environment

e to assess dose against national standards

e to assess the image quality and diagnostic value of tomosynthesis and
synthesized images

11
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2. Acceptance testing, commissioning and
performance testing

2.1 Acceptance testing and commissioning

The 3Dimensions was installed in October 2017 in one of the imaging rooms in the
Jarvis Breast Centre. The system was used in place of one of the existing Hologic
Dimensions mammography machines, which was mothballed for the duration of
evaluation.

The installation was followed by the commissioning of the system, which included
integration with the main PACS and with the SecurView workstation. The system was
integrated with NBSS at the same time.

The acceptance and commissioning tests* were carried out by the local medical physics
service and the physics reports are included at Appendix 1. This followed a technical
evaluation® of the 3Dimensions by the National Coordinating Centre for the Physics of
Mammography (NCCPM). The practical evaluation only proceeded after an interim
recommendation to progress was received.

2.2 Performance testing

The local medical physics team carried out their first six monthly routine performance
survey® on the system in February 2018. The report from this survey is included at
Appendix 1. In August 2018, they carried out a second six monthly routine performance
survey and the survey report is also included in Appendix 1.

12
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3. Routine quality control

Routine quality control (QC) was carried out as detailed in the NHSBSP guidelines.*
Tests were carried out daily, weekly and monthly. All test results were recorded on the
QA spreadsheet provided by the local physics service.

Regular testing of the AWS monitor was carried out and gave satisfactory results. All
monitors are tested monthly.

3.1 Daily QC tests

The following quantities were recorded daily for the 2D mode during the evaluation
period:

e mMAs

¢ SNR (signal-to-noise ratio)

e mean pixel value

¢ CNR (contrast-to-noise ratio)

The results for these are presented in Figures 3 to 6. Although measurements of CNR
are only required weekly, these were recorded daily and the daily CNR is shown in
Figure 6.

For the tomosynthesis mode, the mAs and the mean pixel value as the detector dose
indicator (DDI), were recorded daily. These are the only quantities required by the QC
guidance for tomosynthesis’. The results are shown in Figures 7 and 8.

No artefacts were recorded during the evaluation period.

13
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3.1.1 Daily tests — 2D exposure
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Figure 3. mAs recorded daily for 45mm of Perspex (2D)
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Figure 4. SNR recorded daily for 45mm of Perspex (2D)
14



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

350 -
300 -
° 250
=
g 200 -
@
X
o3
c 150 T
8 dat
2 e ata
100 - e— haseline
50 == remedial level
0 T T T T T T T T
A ’\ r\'l AD AD AD AD _AD _AD _AD _AD
,\Q\ ,\'\\ ,\f),\ '\\ D) o\ ) @) %) ) a\
AV A T\ QQ,\ \0 Qro\g ({5\0 N A\O ,LQ,\Q ..LQ)\Q o a0

Figure 5. Pixel value recorded daily for 45mm of Perspex (2D)
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Figure 6. CNR recorded daily for 45mm of Perspex (2D)
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3.1.2 Daily tests — tomosynthesis exposure and artefacts
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Figure 7. mAs recorded daily for 45mm of Perspex (tomosynthesis)
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Figure 8. Detector Dose Indicator recorded daily for 45mm of Perspex (tomosynthesis)
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3.2 Weekly QC tests

The results for the following tests in 2D mode were recorded weekly for the duration of
the evaluation:

e CNR
e uniformity
e image quality measured with a TORMAM

They are presented in Figures 9 to 11.

For the tomosynthesis mode, only the image quality was recorded. This is shown in Figure
12.

3.2.1 Weekly tests — 2D
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Figure 9. Weekly CNR measurements for 45mm Perspex (2D)
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Figure 10. Weekly uniformity measurements for 45mm Perspex (2D)
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Figure 11. Weekly tests of image quality measured with TORMAM test object (2D)
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3.2.1 Weekly tests — tomosynthesis
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Figure 12. Weekly tests of image quality measured with TORMAM test object (tomosynthesis)
3.3 Monthly QC tests

The results for the following were recorded in 2D mode monthly for the duration of the
evaluation:

mAs for 20mm and 70mm Perspex
SNR for 20mm and 70mm Perspex
CNR for 20mm and 70mm Perspex
mean pixel value for 20mm and 70mm Perspex

They are presented in Figures 13 to 20.

For the tomosynthesis monthly tests, the following results were recorded during the
evaluation:

e mAs for 20mm and 70mm Perspex
e DDI for 20mm and 70mm Perspex

These are shown in Figures 21 to 24.

19



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

3.3.1 Monthly tests — 2D
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Figure 13. mAs recorded monthly for 20mm Perspex (2D)
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Figure 14. mAs recorded monthly for 70mm Perspex (2D)
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Figure 15. SNR recorded monthly for 20mm Perspex (2D)
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Figure 16. SNR recorded monthly for 70mm Perspex (2D)

21



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system
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Figure 17. CNR recorded monthly for 20mm Perspex (2D)
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Figure 18. CNR recorded monthly for 70mm Perspex (2D)
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Figure 19. Detector Dose Indicator for 20mm Perspex (2D)
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Figure 20. Detector Dose Indicator for 70mm Perspex (2D)
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3.3.2 Monthly tests — tomosynthesis
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Figure 21. mAs recorded monthly for 20mm Perspex (tomosynthesis)
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Figure 22. mAs recorded monthly for 70mm Perspex (tomosynthesis)
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Figure 23. Detector Dose Indicator for 20mm Perspex (tomosynthesis)
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Figure 24. Detector Dose Indicator for 70mm Perspex (tomosynthesis)
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4. Data on assessments conducted

4.1 Clinical Dose Audit

Exposure details of tomosynthesis images were extracted from the DICOM headers for
a dose survey of 980 images (CC and MLO). Details for both the flat paddles and the
SmartCurve Breast Stabilization System relate to the period February 2018 to July
2018. Incorrect calibration of the paddle height for the 18cm x 24cm SmartCurve paddle
meant that data from earlier than February 2018 had to be discarded.

The dose calculator from NCCPM was used to calculate average MGDs. It is based on
a model and data published by Dance et al.8 ® The model assumes flat surfaces at the
top and bottom of a breast under compression, and has not been modified for curved
paddles.

Detailed results for the 4 dose surveys are presented in Appendix 2. The average
MGDs and compressed breast thicknesses (CBTs) are summarised in Tables 1 and 2
for the different paddle sizes. All the MGDs for the MLO view of 50-60mm thick breasts
compare favourably with the national diagnostic reference level (DRL) of 2.5mGy for 2D
imaging.

For the 18cm x 24cm SmartCurve paddle, the average MGD for the MLO view was
1.95mGy, for 50 to 60mm thick breasts. It is very close to that for the 18cm x 24cm flat
paddle (1.96mGy).

For the 24cm x 29cm SmartCurve paddle, the average MGD for the MLO view of 50 to
60mm thick breasts was 1.88mGy, which is slightly (7.5%) lower than for the
corresponding flat paddle (2.02mGy). The value of 1.88mGy is, however, the mean of
only 3 values that fell in the 50 to 60mm thickness range, and so no definitive
conclusion can be drawn from this result.

Table 1. Average values of MGD and CBT using 18cm x 24cm paddles

Paddle View  Group of women  Numberof  Average Average
images MGD (mGy) CBT (mm)

Flat CcC All 293 2.07 55
MLO Al 336 2.02 54
MLO  CBT 50 to 60mm 114 1.96 55

SmartCurve CC All 37 1.82 48
MLO Al 40 1.89 50
MLO  CBT 50 to 60mm 16 1.95 55

Table 2. Average values of MGD and CBT using 24cm x 29cm paddles

26
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Paddle View  Group of women  Numberof  Average Average
images MGD (mGy) CBT (mm)

Flat CcC All 98 2.64 65
MLO  all 105 3.02 70
MLO  CBT 50 to 60mm 18 2.02 56

SmartCurve CC all 36 2.29 59
MLO  all 35 293 68
MLO  CBT 50 to 60mm 3 1.88 54

The overall average MGD, for MLO views of 50 to 60mm thick breasts, was 1.96mGy.

4.2 Comparison of displayed dose with calculated MGD

The doses displayed on the acquisition workstation are stored in the DICOM headers of
the images. These are calculated by the 3Dimensions, using stored values of X-ray
output and half value layer (HVL). The MGDs that were used for the dose surveys were
obtained by calculation, using data and equations published by Dance et al.5’. The
output and HVL values were derived from physics measurements made by NCCPM at

the Jarvis Centre.

The displayed dose is plotted against the calculated dose in Figure 25. The slope of the
trendline is 14% higher than equality (slope = 1), and this reflects the differences in the
output and HVL values used in the calculations.
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Figure 25. Displayed dose versus calculated dose (tomosynthesis)

4.3 Imaging times

Imaging times were found to be acceptable in clinical use. To provide illustrative figures,
a 45mm thick block of Perspex was imaged in both tomosynthesis mode and combo
mode, and timings from pressing the exposure button noted with a stopwatch. However,
only tomosynthesis mode was used during the evaluation. The results are shown in
Table 3. The times shown are cumulative, for example the first reconstructed slice is
seen 6s after the end of exposure.

Table 3. Stopwatch timings for exposures of a 45mm Perspex phantom from the beginning of
acquisition

Exposure stage Tomosynthesis Combo time in
time in seconds  seconds

End of exposure / decompression 10 17

First reconstructed slice seen on screen 16 16

System ready for next exposure (cycle time) 31 42
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4.4 Timings for image reading by readers

Image reading was carried out on the PACS workstations normally in use within the
centre. There was a standalone SecurView provided for the purposes of the evaluation.

Although images loaded more quickly on the SecurView than on the PACS
workstations, the readers preferred to use the PACS workstations as they were more
familiar with the equipment.

All readers were radiologists with a number of years’ experience in reading
tomosynthesis images. They found that image reading was mostly limited by the time
taken for the images to load on the PACS workstations.

Although the smart mapping tool available on the SecurView was not widely used,
readers found it useful to confirm the position of lesions. They also found that the
presence of calcium was confirmed more quickly with the smart mapping tool, as
discussed in Section 8.15.

4.5 Clinic workflow

Normally, tomosynthesis imaging and tomosynthesis biopsy is carried out in the centre
in a single room. However, during the evaluation, assessment cases were shared
between the 3Dimensions and the existing Dimensions system located in another room.
Workflow was found to be the same in all cases, as no delays or problems were
experienced when using the 3Dimensions.

4.6 Image quality assessment
4.6.1 Breast density

As part of the image quality assessment, readers were asked to make an estimate of
the percentage breast density for each case within a sample dataset. Comments were
recorded using a modified version of NHSBSP Equipment Evaluation Form 8 for user
assessment of digital image quality. These cases have been classified as fatty (0 to
33% density), mixed (34 to 66% density) and dense (67 to 100% density). The density
information was taken from 98 cases and the proportions found were:

o fatty: 21%
e mixed: 69%

e dense: 10%

The results are shown in Figure 26.
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m fatty
B mixed
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Figure 26. Reader estimates of breast density

4.6.2 Image quality

The readers also assessed the image quality for these cases with the results for a total
of 267 image views shown in Figures 27 to 31. Image view refers to a reader reading
either a CC or MLO view for a single case.

82% of the image views were rated as satisfactory for overall contrast. The rest were
assessed as either high or very high.

In the assessment of the suitability of image processing, the readers judged it good or
excellent in just under 80% of image views with the rest satisfactory. There was no poor
or inadequate.

Overall diagnostic value was found to be excellent or good in more than 85% of the
image views. 2% were judged poor with the rest satisfactory. No image views were
assessed as inadequate.

Diagnostic zoom was rated as good or excellent for more than 80%. There was one
image view judged poor with the rest satisfactory.

Diagnostic value of the Intelligent 2D images was also assessed. More than 76% of the
image views were rated good or excellent. 16% were satisfactory with the rest, 8%,
judged to be poor.
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Figure 27. Readers’ assessment of overall contrast
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Figure 28. Readers’ assessment of suitability of image processing
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Figure 29. Readers’ assessment of overall diagnostic value
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Figure 30. Readers’ assessment of diagnostic value of zoom
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Figure 31. Readers’ assessment of diagnostic value of Intelligent 2D images

4.7 Radiologists’ commentary

One of the radiologists made the following comments as part of this study:

intelligent 2D makes the calcium particles appear coarser and more benign
looking whilst often the finer particles are not seen at all

tomosynthesis always gives added value with calcifications, which enables
ruling out an associated mass (see manufacturers comment)

with round masses, both 2D and Intelligent 2D appear the same, but
tomosynthesis is better as the entire margin is more clearly seen

ASDs may be less visible in Intelligent 2D than in 2D images, however that
does not necessarily mean that it is of less diagnostic value, because
tomosynthesis makes it look normal or benign, which paradoxically increases
diagnostic value, as less visibility on Intelligent 2D means that the lesion is not
real.

4.8 Using the 3Dimensions system for biopsy
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Tomosynthesis biopsies were carried out on a total of 43 women during the evaluation
period. Four of these were diagnostic vacuum biopsies with 1 vacuum excision, while
the rest were core needle biopsies. All the biopsies were carried out by the radiologists.

Use of the Affirm biopsy system with the 3Dimensions was the same as its use with a
Dimensions®. Radiographers’ comments on the practicalities of using tomosynthesis
biopsy with the 3Dimensions are summarised in Sections 7.18 to 7.20.

34



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

5. Equipment reliability

The equipment performed reliably during the entire evaluation period. There was no
unplanned downtime reported.

The faults recorded on the NHSBSP Equipment Fault Reporting System during this
period are listed at Appendix 3.
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6. Electrical and mechanical robustness

A record of all safety checks recommended in the evaluation guidelines was kept for the
system during the evaluation period. There were no safety issues, and no electrical or
mechanical problems were encountered during the evaluation period.
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/. Radiographers’ comments and
observations

The views of radiographers were sought on the use of the 3Dimensions system in
tomosynthesis mode for assessment. The questionnaire was based on standard form
11 from the NHSBSP guidelines. Because of the similarity of the 3Dimensions to the
Dimensions, questions which looked at similar topics had an additional response option
to indicate this similarity.

Radiographers initially completed the questionnaires in February 2018, but on review it
was seen that their experience to date had not been enough to reflect use in the longer
term. They therefore completed the questionnaires again in October 2018, when they
were familiar with the system and experienced in its use. Views reported in this section
are mainly from the later set of responses, but some earlier responses are included.

A total of 20 staff returned the first questionnaire, and 18 the second. The main details
from the answers and comments made on the questionnaires are given below. A copy
of the questionnaire is included at Appendix 4.

7.1 Operator manual

Hologic provided a user manual and radiographers were asked to give it a rating if they
had used it. Responses were good (5) or satisfactory (1), while 1 rated it the same as
the Dimensions. The others did not use it.

A shorter set of instructions, developed in-house, was in use and was preferred by most
users (14), while 1 did not prefer it and 3 had no preference.

7.2 Training

The applications training for tomosynthesis was delivered by Hologic applications staff
to some radiographers who then trained the others, as described in Section 12.1.

The training was considered excellent (6) or good (6) by those who responded. Several
commented on missing the training and having to learn from colleagues.

The training for the acquisition workstation was also regarded as excellent (6) or good
(6) by those who responded.
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7.3 Ease of use

Respondents initially rated this as excellent (8) or good (7), and later as excellent (12)
or good (4). All staff were familiar with the Dimensions systems in use at the centre, and
so the others simply rated ease of use as “same as Dimensions”.

7.4 Ease of fitting the tomosynthesis faceplate

This was rated by most as excellent (10) or good (5), while 2 said it was the same as for
the Dimensions.

7.5 Exposure controls

The 3Dimensions has 2 options for initiating exposures, a foot pedal and a single
exposure button on the top of the AWS. Both were generally liked, with the foot pedal
rated as excellent (14) or good (4). The exposure button was initially rated excellent (3),
good (12), average (2) or satisfactory (1), while 2 did not use it. In the later responses,
the exposure button was rated more highly, as excellent (9), good (8), or satisfactory

(1).

Several comments indicated a preference for using the foot pedal rather than the
exposure button.

7.6 Tomosynthesis QA tests and calibration

QA testing is carried out by different radiographers in turn, but a few had not yet carried
out these tests on the 3Dimensions. Those who had done so rated the tests as easy (4),
average (12) or difficult (1). The respondent who found the QA tests difficult said that
the QA instructions were not ready at first, and not clear enough. With regards to weekly
calibration, respondents rated this as easy (5) or average (12).

7.7 Exposure times
When asked whether the compression time was acceptable, all 18 said it was.
7.8 System performance and throughput

All 18 respondents said that system performance did not limit patient throughput.

7.9 Comfort level of women

Four rated comfort during tomosynthesis exposures as excellent and 8 good. One
commented that most women do not seem to notice the difference. In the earlier
responses, one respondent said the curved paddle was uncomfortable, as it dug into
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the shoulder, and another that the curved paddle was less comfortable. Body habitus
and sensitivity of the client also play an important role in addition to equipment design.

7.10 Range of controls and indicators

Asked whether all the expected controls were present, all respondents said that they
were. The biometric login was made available 2 months after the start of the evaluation
period.

All respondents said the controls and on-screen icons were easy to find and use.

7.11 Image appearing at the acquisition workstation

The time for the image to appear at the acquisition workstation was rated excellent (11)
or good (3). Two said it was slightly slower than the Dimensions and two did not
respond.

7.12 Image handling and processing at the AWS

When rating the image handling at the AWS, scrolling through the image levels was
rated as excellent (6), good (5), average (1) or satisfactory (1). Three assessed it as the
same as for the Dimensions. One would have preferred to use a rollerball for scrolling.

Radiographers rated the image processing facilities at the AWS as excellent (1), good
(7) or average (1). Three considered the image processing to be the same as for the
Dimensions.

Only 10 of the respondents had used query/retrieve at the workstation, to bring back
prior images, and they rated it as excellent (4), good (3), average (2) or satisfactory (1).
Two also said it was the same as with the Dimensions.

7.13 Ease of use of human interface facilities at the AWS

Most respondents had no issue with using the keyboard, rating its ease of use as
excellent (7), good (5) or average (2). Two rated it the same as for a Dimensions.

Fourteen respondents commented positively about the touchscreen, rating its ease of
use as excellent (6), good (4), average (3) or satisfactory (1). At the earlier stage,
comments were that it seemed slow to respond, but this was not reflected in the later
responses. The sensitivity was reduced after a few months, on request from the centre,
because users found it over-sensitive initially. All respondents were satisfied with the
sensitivity after this.

Use of the mouse was rated positively by most respondents, saying it was excellent (4),
good (9), average (1) or satisfactory (1). There were 3 non-respondents. Five initially
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had difficulty using the mouse to move the cursor, especially between the 2 screens, but
this was no longer a problem after the longer period of use. One had initially found it
over-sensitive, which sometimes caused the wrong client to be highlighted on the
screen.

Ease of scrolling through the tomosynthesis slices was rated as excellent (4), good (9),
or satisfactory (2). One said it was the same as on a Dimensions with 2 non-
respondents. There 2 comments about preferring to use a roller ball, which they felt
made this task easier than with a mouse.

7.14 Image quality for tomosynthesis

The overall quality of tomosynthesis images, viewed at the AWS, was rated positively
by all the respondents, who assessed it as excellent (10) or good (7). One thought it
was the same as for a Dimensions.

Visibility of fine calcifications was rated as excellent (6), good (8) or average (2). One
said it was the same as on the Dimensions, while one did not answer because they had
not noticed, or considered it a matter for the readers to judge.

7.15 Level of confidence in the system

All respondents expressed confidence in the system, giving ratings of excellent (11) or
good (6). One said their confidence was the same as for a Dimensions.

7.16 Hazards

Seventeen respondents said there were no potential hazards to themselves, while 1
said it was the same as for a Dimensions. Two identified minor hazards in the earlier
responses. One was the repeated trapping of her hand under a curved paddle while
positioning, while the other considered the position of the monitor to be a potential
hazard. This has been discussed in detail in the 2D practical evaluation report.™

Respondents did not perceive any hazard to the woman, with 15 saying no hazard and
one saying it was the same as for a Dimensions.

7.17 General comments

A number of general or further comments were made by the radiographers. These
were:

e really great

o fantastic equipment, excellent clarity
e HD is a winning feature
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¢ the position of the monitor screen obstructed the view of the client, limited
space to reposition without hindering movement for the mammographer — this
should have been identified at room design stage and amended

¢ it would be desirable to have a management system, so that images acquired
on other systems would be visible on the 3Dimensions, which would be useful
for biopsy, and sometimes essential (see manufacturers comment)

e the moveable faceguard is a good addition, but needs careful positioning not to
cut off the chest wall edge of the image

7.18 Fitting and removing biopsy equipment

Fitting and removing the Affirm biopsy attachment was rated as excellent (1), good (6)
or average (3). Three found it to be the same as for a Dimensions, while the others did
not comment because they had no experience of doing this.

7.19 Ease of use of system for tomosynthesis biopsy

Twelve respondents had experience of biopsy with the 3Dimensions, and rated its ease
of use as excellent (1), good (4), average (3) or satisfactory (2). Two said it was the
same as for a Dimensions. One commented that there was some play in the needle.

7.20 Additional comments on tomosynthesis biopsy

One said that QAS testing indicated great accuracy for both 2D and tomosynthesis
biopsy. One said that the round pointer for needle testing tilts with compression,
preferring a square or rectangular one. One warned that needle guides are specific to
the individual X-ray set, so they need careful identification.

Needle guides for Hologic equipment have an ‘L’ on the package and clear identification
of compatibility is also on the package
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8. Readers’ comments and observations

The views of radiologists on the use of the 3Dimensions in tomosynthesis mode for
assessment were collected using standard evaluation form 12 from the NHSBSP
guidelines’. The questionnaires were completed by 6 experienced radiologists who
have been working with tomosynthesis images for a number of years. The answers to
the questionnaires are given below with the main comments from the respondents
included. A copy of the questionnaire is included at Appendix 5.

The Jarvis Breast Centre’s PACS is located at a remote site. Some reports of slow
image handling in the following sections are likely to reflect PACS and network issues,
rather than properties of the 3Dimensions tomosynthesis images.

8.1 Operator manual

The operator manual which was provided by the manufacturer was not used by the
radiologists during this evaluation as they were already familiar with using the
Dimensions previously.

8.2 Applications training for tomosynthesis

Only one of the respondents said that the applications training was good while the
remaining 5 did not respond.

8.3 Use of reporting station controls for tomosynthesis

Most of the respondents rated the mouse, keyboard and keypad as excellent, good or
average. It should be noted that most image-reading was done on the PACS
workstations, which readers preferred to use. The SecurView was mainly used in
evaluation of the smart mapping tool, reported in section 8.15.

One respondent said that they had not been told how to use the keyboard or keypad for
image reading.

8.4 Image handling tools for tomosynthesis
The rating of image handling tools including zoom and cine was excellent (1), good (3)

and average (2). One commented that the tools were the same as those used in
everyday image reading.
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8.5 Visibility and usability of on-screen icons for tomosynthesis

The on-screen icons were scored as excellent (1), good (4) and average (1).

8.6 Slab thickness change when reviewing tomosynthesis images

Only 2 of the respondents had changed the slab thickness, with one making use of it on
rare occasions. The other one who commented that they were unable to change to
2mm thickness slabs, but only to larger thicknesses. There was also a comment from
another respondent that they had not been shown how to do it.

8.7 Reading and reporting flow pattern in tomosynthesis mode

The response about the reading and reporting workflow was varied. One respondent
rated it as excellent with another as good. Of the others, 3 rated it as poor with the last
respondent rating it as satisfactory. A majority of respondents commented that the
workflow was slow, very slow or too slow, but acknowledged. This may be due to the
use of PACS amd it not being located within the evaluation centre.

8.8 Time for image to appear on reporting workstation in tomosynthesis mode

For the selection of each new patient, the time was judged as either satisfactory (2) or
poor (4). One respondent also commented that it was too slow.

The in-examination change was marked as satisfactory (1) and poor (3). The remaining
2 did not respond. One commented that it was slow.

For biopsies, one said it was good with 2 rating it as average. The remaining readers
did not respond.

8.9 Adjustment of reporting monitors to suit the user
Two respondents found this easy and 2 average, while the remaining 2 did not respond.

8.10 Navigating between tomosynthesis slices

Five respondents found it easy to navigate between the tomosynthesis slices. The last
one found it average and also commented that it was slow.

8.11 Image quality of tomosynthesis images

The majority of readers considered image quality to be excellent (2) or good (3) for
image contrast. One did not respond.
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For image sharpness, 4 found it good and one average. There was one non-
respondent.

8.12 Visibility of fine calcifications

When looking for fine calcifications, the respondents rated tomosynthesis as good (2),
average (2) and poor (2).

Two rated the visibility of fine calcifications in Intelligent 2D images as excellent, 2 good,
one average and one satisfactory.

One of those who gave the poor rating for tomosynthesis images also commented that
viewing an Intelligent 2D image can also underestimate the number of particles in a
cluster, when compared to viewing a magnification table image.

8.13 Value and quality of Intelligent 2D images

The value and quality of Intelligent 2D images was rated as excellent (1), good (1) and
average (3). The one non-respondent commented instead that it was useful in most
cases.

8.14 Comparison of Intelligent 2D™ images

8.14.1 Intelligent 2D compared with 2D

When comparing Intelligent 2D images with 2D images, one respondent said it was the
same while 3 respondents said it was poorer and the other 2 did not respond.

One commented that some small masses were difficult to see. Another comment was
that Intelligent 2D seemed to smooth features making cancers less obvious, although
calcifications were seen better. Another reader said that asymmetry and low density
masses were not well seen.

Of the 2 who did not give a rating, one commented that it was variable and they still
relied on looking at the 2D images. Raw data tomo images are always read in
conjunction with synthesized images. They also said that on occasion, the Intelligent 2D
did not show calcifications. The other one commented that they wanted to have a more
formal comparison using batches of images to be able to answer.

8.14.2 Intelligent 2D compared with C-view

When comparing Intelligent 2D with previous experience of viewing C-view images, one
respondent said it was the same and 2 said it was poorer while the other 3 did not
respond.
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One of those who said it was poorer commented that Intelligent 2D “gets rid” of more
lesions and makes them appear as lower density.

8.15 Usefulness of smart mapping tool on SecurView reporting workstation

Two respondents rated the usefulness of the smart mapping tool as good and 3 said it
was average, while the last one said it was poor.

There was one comment that the mapping tool was useful to find calcification on
tomosynthesis images, and for double-checking and speeding up checking of areas of
calcium. Another comment was that it was hard to go from one workstation to another
and keep to the first-time view but this may be due to the use of additional PACS
workstations.

8.16 Acceptability of images acquired with SmartCurve Breast Stabilization
System

Three respondents said the images acquired with curved paddles were acceptable, 2
said they did not know, while the last did not respond.

8.17 Recording findings on NBSS for tomosynthesis images

This function is not currently available on NBSS.

8.18 Overall impression of image quality

Most of the readers thought that image quality was good (5) with one saying that image
quality was excellent.

8.19 Overall satisfaction in use for assessment

The overall opinion from respondents was that the 3Dimensions system was excellent
(1), good (3), average (1). There was one respondent who thought it was poor and
commented that the slow loading of images on the reporting workstation severely
detracted from its benefits. This comment relates to the local PACS/IT infrastructure and
not directly to the system under evaluation.

8.20 General comments

One respondent commented that loading and saving the tomosynthesis images to the
PACS was slow and time-consuming but relates to the IT infrastructure, not the system.

Another responded that the system seemed very good and was certainly equivalent to
or better than any other systems they had seen. They also commented that the slow
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loading of tomosynthesis images were hindered by the PACS speediness. This might
not be the case for an on-site PACS, or if images had been viewed primarily on the
SecurView, as images were sent directly to it.

9. Information Systems

9.1  Workflow configuration

The 3Dimensions system was integrated into the local network of the centre as shown
in Figure 31. The PACS was located at a site remote to the centre.

The clinic worklist was sent from the NBSS system to the 3Dimensions, which was
connected to both the PACS and to a SecurView reporting workstation.

Images were sent to both when the examinations were closed. Prior images were
available on the SecurView workstation as well as on the PACS workstations for
comparative image reading.

NBSS
worklist
Query f Query/
Retrieve Retrieve
3Dimensions ( ___________ » PACS
X-Ray N PACS reporting
system — —> =" wworkstation
, tomo an
Intelligent 2D - 2D, tomo and
images 1 niefligen
2D, tomo 1 images
and Query/ |
Intelligent Refrieve 1
2D images I
1
SecurView .
reporting = = —— - v

workstation

Figure 31. Image workflow example
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9.2 Reporting workstations

As described in Section 1.2.2.2, a SecurView workstation was available for the
evaluation. However, the SecurView was only used as a secondary reporting
workstation as the readers viewed the clinical images on the PACS MX workstations. Its
main use was to enable the smart mapping feature of Intelligent 2D (synthesized)
images derived from the tomosynthesis images. Smart mapping is a feature by which a
mouse click on a suspicious area of the Intelligent 2D image automatically displays the
corresponding tomosynthesis slice on the adjacent monitor.

9.3 Image sizes

The 3Dimensions is capable of producing tomosynthesis images in two different
formats: standard with 100 micron pixel size and high resolution with 70 micron pixel
size. High resolution images were used in the evaluation.

Table 3 shows the sizes of images produced by the 3Dimensions. The size of a
tomosynthesis image depends on the field size and the CBT. The range of values given
reflects the extremes that have been imaged in the centre, from the thinnest breast
(18cm x 24cm image) to the thickest (24cm x 29cm image).

Table 3. Image file sizes in megabytes (MB)- no compression applied

Image type 18cm x 24cm 24cm x 29cm
(thinnest breast) (thickest breast)
2D image 16.6 26.6
2D synthesized (Intelligent 2D) image 25.0 40.0
tomosynthesis projections 13.5 65.9
tomosynthesis HD image 477 1 28354
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10. Confidentiality and security issues

The evaluation complied fully with the NHS Cancer Screening Programmes’
Confidentiality and Disclosure Policy™".
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11. Security issues

There were no issues with security as the system was located within the centre.

All electronic patient data were stored within NBSS and PACS as well as the centre’s
other systems. Access to all these systems is restricted to authorised users by
password protection.

Access to the AWS and to the reporting workstations was similarly restricted to
authorised users with individual passwords.
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12. Training

12.1 Radiographer training

The applications training for tomosynthesis use was delivered by an applications
specialist to the radiographers who were present in the centre at the time. The training
was cascaded from these to the others, as is the usual practice.

All radiographers were experienced in the use of tomosynthesis imaging, and some also
had experience in tomosynthesis biopsy.

12.2 Reader training
All 6 readers were experienced radiologists who had previously attended approved

tomosynthesis image reading courses at either Kings College Hospital or St George’s
Hospital. They also had several years’ experience of reading tomosynthesis images.
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13. Discussion

13.1 Equipment and practical considerations

The 3Dimensions has a number of new features, which were mostly well received by
the users, although some problems were reported with use of the SmartCurve paddles.
Use of the SmartCurve paddles and the new ergonomic features of the 3Dimensions
are described in detail in the practical evaluation (2D) report'® and only mentioned
incidentally in comments in this report. Of more consequence for the tomosynthesis
evaluation are the 70 micron pixels for tomosynthesis and synthesized images, the new
type of synthesized images (Intelligent 2D) and the smart mapping feature. These are
discussed in Section 13.4.

13.2 Physics testing and routine QC

Physics tests carried out at commissioning and again at approximately 6-monthly
intervals later found equipment performance to be satisfactory.

QC tests for tomosynthesis were carried out routinely during the evaluation, and results
are presented in Section 3. These were the standard tests required in the NHSBSP
protocol7. The test results showed that the performance of the system was consistent
and satisfactory, and remained within the NHSBSP limits.

13.3 Dose surveys

Dose surveys were carried out for both flat and curved paddles, of both sizes. The
standard value for comparison is the dose (MGD) for MLO views of 50 to 60mm thick
compressed breasts. The doses for curved paddles are based on the simplistic
assumption of using the displayed CBT to calculate the MGD; however, this assumption
has been verified by physics measurements*.

For the 18cm x 24cm paddles, the doses were practically the same, 1.96mGy for the flat
paddle and 1.95mGy for the SmartCurve paddle. For 24cm x 29cm paddles, the dose
was lower for the SmartCurve paddle than for the flat one, 1.88mGy compared with
2.10mGy, but the 1.88mGy is the average of only 3 values, so no firm conclusion can

be drawn from the limited data. Still, the results seem to differ from those found in the
2D practical evaluation'', where doses were found to be higher when using the
SmartCurve paddles. A possible explanation is that breasts are compressed to a
different extent in tomosynthesis imaging for assessment. Not enough is known about
how breast tissue distributes itself when compressed under a curved paddle, with
different degrees of compression.
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13.4 Clinical assessment

First the readers evaluated image quality in a general way, for a set of 98 cases. The
great majority of ratings given were “good”, for suitability of image processing,
diagnostic value of tomosynthesis and Intelligent 2D images, and diagnostic value of
zoom. Overall contrast was rated by most as satisfactory.

An image quality study of 68 assessment cases gave more detailed results for different
types of lesions, viewed in 2D, tomosynthesis and Intelligent 2D. For microcalcifications,
round and spiculated masses and ASDs, the clear majority view was that lesions were
clearly seen in most cases, with only a few or none not seen at all. Only distortions
showed a different picture, as they were clearly seen in almost all cases in
tomosynthesis images, but less well on the whole in 2D and Intelligent 2D.

Comparing the diagnostic value of tomosynthesis to 2D images, tomosynthesis was
perceived as much better for all types of lesions except microcalcifications. For these,
results were more mixed with some better, some worse than 2D images, and the
majority the same.

Comparing the diagnostic value of tomosynthesis to Intelligent 2D images yielded more
mixed results. Intelligent 2D images were generally judged as better than or the same
as 2D. Only for microcalcifications were Intelligent 2D images perceived as worse, in
about 20% of cases.

13.5 Radiographers’ views

The radiographers found the 3Dimensions generally easy to use and liked the quality of
the images on the AWS. Most of the practical aspects were similar to the Dimensions,
with which all were familiar. The newer ergonomic features were generally appreciated,
as detailed in the 2D practical evaluation report’®. The foot pedal for exposures was
much liked, with all of the 18 radiographers rating it excellent or good.

Those who received applications training rated it highly. The few complaints were from
those who missed the training when it was delivered because they were working on
mobile vans.

The radiographers expressed a few concerns about the system:

e some had difficulty using the mouse to scroll through tomosynthesis slices on
the AWS screen, and expressed a preference for the rollerball (on the
Dimensions) for this task; this was less of a problem after some months of use

e some had initial difficulty using the touchscreen, but this was resolved after the
sensitivity was reduced and they had more experience with it

e occasionally their hands would be trapped under the sides of the curved
paddles when positioning, and it was reported that they sometimes caused
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discomfort to women; avoiding the use of curved paddles on thinner breasts
resolved this issue

e some expressed concern about play in the needle, when performing
tomosynthesis biopsy

13.6 Readers’ views

The readers were generally satisfied with practical aspects of reading 3Dimensions
images, except for repeated comments about slowness affecting workflow, such as in
image transfer or bringing the next image onto the screen. It was suggested that this
might be due to the Jarvis Centre being connected to a PACS at a remote site, although
this idea could only be tested by installation elsewhere, at a site where the PACS is
local. It is possible that the PACS workstations they used, and the large size of the
tomosynthesis images, were also contributory factors. More use of the SecurView might
have alleviated this problem.

The readers made thoughtful comments on the visibility of different types of lesions.
These are found in Sections 4.7 and 8.12 to 8.14, and are difficult to summarise; there
were some differences of opinion, even though readers viewed the same set of images.
In practice, different types of image (2D, tomosynthesis and Intelligent 2D) might be the
most useful for viewing, depending on the type of lesion.

The smart mapping tool was not much used, as it was available on the SecurView and
the preference for reading was the PACS workstations. Its usefulness was rated good
or average by most, and one commented on the time saving it offered when finding or
checking areas of calcification.
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14. Conclusions and recommendations

The 3Dimensions was reliable in use in tomosynthesis mode. It was used for imaging
and for tomosynthesis biopsy. Practical aspects of its use were liked, after some initial
adjustments were made and users gained experience with new features such as the
touch screen. The remote location of the centre’s PACS probably contributed to some
reported slowness in sending or retrieving images.

The average MGD calculated for MLO views of 50-60mm thick breasts was 2.0mGy,
well below the national DRL (for 2D images) of 2.5mGy.

The overall assessment of image quality and diagnostic value was that they were good,
although a slightly more complex picture emerged when viewing different types of
lesions. The majority of lesions were clearly seen, while only very small numbers were
not seen in some types of image (2D, tomosynthesis and Intelligent 2D). 12D is
recommended to be used in combination with tomosynthesis and not alone — this may
change the results.

The 3Dimensions was found to be suitable for use in assessment in the NHSBSP, for
tomosynthesis imaging and tomosynthesis biopsy.
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Appendix 1: Physics survey reports

A1.1 Commissioning Report

Regional Radiation Protection Service m
St Luke’s Wing Royal Surrey County Hospital Guildford Swrey GU2 7XX
Tel: 01483 408305 Fax: 01433 406742 Email: rse-tr radprotiainhs. net

Mammography Physics Commssioning Report — Version 2
Hologic 3Dimensions
Jarwvis Breast Scrmiug Centre — Room 3

|1 mImtroduction

A commissioning survey was carried out on the 17" and 13® October 2017 for a Hologic 3D4imensions full-field
digital mammography system with tomosynthesis installed in Room 3 at the Jarvis Breast Screening Centre. The
X-ray equpment was tested in accordance with the requirements of the Jonising Radiations Regulations 1999 and
NHS BSP 33, "Quality Assurance Gindelines for Bedical Physics Services’. Enpineering controls, safety features
and warming signals provided by the employer were also checked as part of the survey.

The performance of the X -ray equpment and displays were checked using procedures desenbed in IPEMMES “The
Commissioming and Routine Testing of Mammographic X-ray Systems” and WNHSBSP publication 0604
“Commssiomng and Foutime Testing of Full Field Digital Mammography Systems”. Performance was compared
with NHSBSP standards and the Recommended Standards for the Routine Performance Testing of Diagnoshie X-
Ray Imaging Systems (IPEM91). Tomosynthesis mmaging capabilites were tested in accordance with the
MWHSBSP Equipment Report 1407 “Foutine quality control for breast tomosynthesis (Physicists)™

A new acquisiion workstabon monitor for the mammography umit and new 5MP tomosynthesis reporting
workstations were also assessed m accordance with IPEM Feport 91 and NHSBSP pubbicaton 0604 and the
reports are attached.

A Cntical Examinahion of the mammography system was completed on behalf of Hologie and wall be reported
separately.

This report has been updated ro take into account mew information provided by Hologic regarding the
application gf a geometric correction factor when performing the image size test. Changes have been highlighred

in red.
(2 Equipment
Mammeography Unat: Hologic 30imensions
System ID-: IDM160T00101
Detector ID: YMEB68135
Tube ID: B4518-F7
Acquisition Monitor: Barco MDNC-3321 (3MP) SH: 2590087657
Reporting Workstation: Barco MDMG-5221 (5MP) SH: 2590080575 (Left) / 2590075135 (Fight)

|3 Radiation Protection
The unit has been installed into an existing mammography room and the room layout has not been altered.

Thke following pomts were noted regarding radiation protection:
* Measurements of scattered doses were made nsng a ‘combo’ tomosynthesis + 2D exposure at the

opposite the gantry. These measurements were sabisfactory and doses are not expected to exceed a
constramnt of 0.3 mSv'anmum based on a workload of 250 patients'week

= A new lead screen has been installed by Hologic at the confrol conseole and 1s labelled appropriately (0.5
mm Pb @ 35 kV).

Page 1
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A “Controlled Area X-Rays/Do Mot Entrer” warming hight is fitted to the left hand side of the door info
the mammography room from the comdor. This was found to be funchoming commectly.

All emergency off buttons were tested and found to be operating satisfactory. The system 15 comectly re-
armed when the start button posithoned beland the operator screen 15 pressed.

A prior nsk assessment will need to be camed out for the new mammography mstallation.
Area local miles are m place, but should be reviewed after canrying out the nisk assessment.

A fault reporting system 1s m place already.

I 4 Egquipment Eadiation Protection and Performance

Radiahion protection and performance checks gave satisfactory resulis. This is the first system of 1ts fype mstalled
in the UK, however results were compared with those from Hologie Dimensions systemns previously tested. Mean
Glandular Doses (MMGD=) 1n both 2D and tomo modes were found to be comparable to those measured for
Dimensions systems. Contrast to Neise Ratos (CHEs) m 20 mode were also found to be comparable, however
CMEs for tomo images were found to be shghtly lower. This may be due to an merezse 1n image noise cansed by
the smaller reconstructed pixel mize for tomosynthesis mages {T0pm for the 3Dimensions system compared with
110pm for the Dimensions system). It 15 not known what effect thos wall have on overall image quahity. The
CDMAM test object was used to assess threshold confrast detanl detection in 2D and tomosynthesiz modes and
results were again comparable to those obtained from Dimensions systems. It 15 acknowledged that the CDRAM

The detailed results are appended to this report.

I 5 Conclusions and Recommendations

Foom protection was found to be satisfactory. The X-ray equipment was operating satisfactonily m bne with
spectfication. The performance in terms of mmage quality and dose 15 excellent.

Page 2
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Recommendations

Radiation Protection

59

Flag | Conclusions Recommendations Local Action Taken Sign & Dare
(where reguirad)
A prnor nsk asseszment should be .. .
@ carried out for the new equipment 6.1 A prior nsk assessment should be camed out.
Area local mles were on display but 6.2 Area Local Rules should be eviewed for the new
require reviewing. equipment.
Loeal QC chacks will need to be 6.3 Local QC chacks should be establizhed as soon as
implemented on the new unit. These possible. Baseline, remedial and suspension levels will need
were diseussed with users duning the to be set mn both 2D and tomosynthesis modes. A spreadsheet
survey. has been provided to record results.
- 6.4 Examnations protocols should be documented and
O Eml t“mi protocols should be <hould inchude the standard setfings used for both 2D and
. . 6.5 A patent dose survey should be undertaken to estabhish
O ‘“‘P‘I frent dose survey willneedtobe | 7 gy o the newr mammosraphy mit. At least 50
patients are required for both 2D and tomosynthesis modes.
Lonvengonal JD Mods
Flag | Conclusions Recommendations Local Aenion Taken Sign & Dare
The X-ray beam overlaps the left side of 6.6 This wall have no 1mpact on the image quality, pafient
the images in contact mode by slishtly dﬂs&ngmdiaﬁmﬂﬂyofﬂtmtﬂnanithﬁrﬁfmmaﬂﬁm
more than Smm in some cases. 15 required.
Page 3
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Flag | Conclusions Recommendations Local Aerion Taken Sign & Dare
{where required)
The system has an Enhanced Mode 6.7 Standard Mode 1= recommended as the default. Usze of
Q feature whach can be selected for Enhanced Mode would need fo be justified in terms of the

tomosynthesis. Ths pives an merease in | meoreased dose to the pahent.
CHE. up to 48% depending on the
PMMA thickness; however 1f should be
noted that the Mean Glandular Doses
may be up to twice those in Standard
Mode. This vanes depending on the
thickness of PMMA and at 7em (90mm
breast equivalent) the resulis for
Standard and Enhanced modes are the

installed af the fime of testing. by the service engineer and resulis reported to Physies.

CME.= and MGDs= are the same in Tomo | None.
and TomoHD modes, however a C-iew
synthefic 21 image s penerated
mtomatically in TomoHD mode. There
15 cwnrrently no recommended test for
assessing mmage quality for C-view.

O The stereo biopsy license was not 6.8 AEC and QAS tests have bean requested to be camed out

Flag Conclustons Recommendanions Local Acrion Taken Sign & Dare
(where required)

pew SMP momtors were found to be

Both the acquesihon monitor and the | None
G
operating satisfactonly.

Emma Bolr Mary Eelly
Principal Physicist Lead Physicist

18* October 2017 (Updated 3™ August 2018)

Eey
ﬁlmdimacﬁunmquimd [™) To be resolved as soon as practicable DTnheaddrssad ani:msmnnte ﬁsmsfscmry
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Regional Radiation Protection Service
5t Luke's Wing  Royal Swrray County Hospital  Guildford  Surrey  GU2 7XX
Tel- 01483 408305  Fax- 01483 406742  Email- go-gr radorotGnhe net

Mammography Physics Commissioning Report

2D Resulrs Summary
Enwim Jarvis BSC Survey Dare  13-13 October 2017
Iqui'pm X-ray Room 3
Heray Set Hiotogic 3Dimenslons
Delecior Dift- Hologic
lS‘Iru}'RmIn
1 Radiation Profection
Aleamurement Criteria Fesult 0K Commeats
Weday unit "
Room Profection -
Local Rules Up o date, on dspiay "3
Room Waming Lights Funcaoning o
Fault book ¥
1 Tube and Generator
Aleaswrement Criferia Feezult OE Comments
Tube Voliage M Eor 21KV 06 KV v
Tube Output
(HEymAsES0cm)
IEI.“-’ WWREh BF EEEIHESEI: E?.? '
2BV WAgQ BF Baselne sat B0 9 ¥
ZBEV WRh FF Baselne sat S0 v
IRV WAQ FF Baselne sat 714 -
Repea@niiny (%) Max 5% oev fiom mean 0.1 -
Wariation with mAs (%) Max 10% dev from mean 19 -
Half WValue Layer [mmsAl
28KV WiRh 0.497 ¥
25KV WAQ 0.531 ¥
Focal Spol imm)
BF W >150% of nominal (0.3 026 ¥
FFW =150% of nominal (0.1] 0.09 -
Tube Ieakages JmHEyM| Max 1 mGymrEgim [.03 MGy 1m ¥
3 X-ray Set
A Criseai — p C
Max k) 15 - 20 kg 105 v
Maimum emor (ka) Zhg 1.1 -
Change over 30s Should be no change Mo change i
CET Incicains man efmor {mim) +5mm at 50 N 4 o
Edge of bucky alignment WHIn 5 mm 4.5 ¥
18x24: LR:1.00 FB: 1.00
Image Stze Falie = 0L.95 Of spediied 24028 LR:1.00 FB: 1.00 v
{Gid Transmission Factor MiA 0.2 gzgwwm i
Paddie Transmission Factor MiA DLB1 f 26KV WIFh w
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4 Ali
Aesurement Criceria Resalt 0K Comment:
-3y to Light Algnment £5mm at all edges F B L R
24x30 BF W a o 1 2 ¥
124 BF W -1 -2 o 1 ¥
1824 [laft shift) BF W -1 -2 o -1 "
18x24 (right shift) BF W -1 -1 -2 2 ¥
Mag 10 cm FFW 1 -1 o 1] i
¥-ray in Detector Akgn. mm) | 0-5mm overiap al sides F B L R
24x30 BF W 4 1 4 3 ¥
18x24 BF W 3 4 B 4 ¥ 1
18x24 [left shift) BF W 3 4 3 5 ¥
1824 [right shift) BF W 4 5 & 3 ' 1
Mag 10 cm FF W 2 2 2 1 ¥
& Detector Performance
Aleyurement Criteria Eemilt OE Commen:
Detecior Response
Alr Kerma (pGy) at Py=300 97.7 o
Holsa Baselines 5et 4.60 s
ENR 544 ¥
=7 0% Myquist freq,
Limiting Resalution {ipdmm) e . £.3 Ipfmm v
:‘gﬂr‘n"'&pm 14, 0365 0252 0206 v
Easellnes st
SWCTFipara)at 1, 4,
5.Epimm 0,362 02459 D204 v
Spatial Discontinuity None Mone ¥
Image Retention Retention Factor = 0.3 0.02 o
Callpar accuracy Emr 2% 1.0% i 2
Distorsion Any Distorion No distoriion seen o
Unformity =10% varation 1.0%
i Tmage Quality
Meymrement Criveria Resalt OE Commen s
COMAM
Threshold =0id Thickness Min Achievable
Detall iameter 1mm 0.0%1 D.OS5E6 0.049 ¥
0.5mm 0150 D102 0.085 i
0_25mm 0.352 D244 0205 v
0. 1mm 1660 1.100 0.681 ¥
Tomam Basellna st Baseline sat ¥
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7T AEC Performance
Aleasurement Criteria Eerznbt DK Comments
AEC Repeatanlity (%) 5% Max dev fom 1.6 o
AEC varation with position =10% varation In mAs 4.0 i
Hi specification
?,E]C variatian with density 1% change per 16% ¥
=g
Back up Timer Functioning Funciioning .,/
24x30
CMR - variathon with PMMA | Basslines set SEIIII'IE CHR
2em 25 W Rh .41 "y
Jcm 265 W Rh 8.52 v
4 cm 28 W Rh 7.76 o
45cm 23 W Rh 7.24 o
5cm 31 W Rh 7.26 v
& cm 31W AQ 7.00 o
7 cm 34W Ag 5.71 v
[wiag
CMF - varlation with PMMA. | Baselines set Saftings CHR
2cm 25 W Rh 11.48 v
3em 27 W Rh 9.67 v
4cm 3 W Rh ane ¥
45cm 31 W Rh 7.30 v
5cm 31WAQ 6.20 "
& cm 34W Ag 5.06 v
8 Mean Glandular Diose
hleasurement Criteria BErsult OE Comments
24230 Within 30% of MGD (mey)
MGD (mGy) at thickness dspiayed vakes and | S | MAE I Gk | mam
2cm <1mEy swrh| 55 [ o059 [o62] 5% v
Jcm «1_SmGy 26 W Rh &5 0.865 | 0.6 -1% o
Zcm —amEy ZEWERh | 107 | 147 | 114 | % ¥
4.5 cm “Standand Breast” = SMGY AWFRh | 126 1.47 | 1.41 4% v
Secm =IMGY FAWRh | 157 | 2.06 | 192 ™% "
&cm <4 SMEY 3IWAD | 174 | 279 | 244 | 14% "y
7 cm <6.5MEY Mwag| 174 | 336 [276 | 2% v
9 Stereotactic Undt
Aleasurement Criteria Eerznbt DK Comments
Stereptactic emor (mm) XY 1mm, £ 3 mm QAS needie — max daviation 0.2 mm i
MGD (mGy) at thickness Sefings MAS MGD (dlsp)
2cm =1mGy 25 WRh B1 0.7 '
3cm <1_5mEy 26 WRh oz 085 o
4om <IMGY 28 W Rh 126 1.38 '
4.5 om “Standard Breast” <2 SMEY 23 WRh 155 1.79 v
Scm =3mGy S1TWRN 160 2 v
6cm <4 SMEY 31 W Ag 188 301 o
7cm <B6.5MEY 3 W AD 08 403 i
Comments
1. The x-ray to imaged fisld alienment error excesds Smm for the left edges of the 18x24 central and laft shift
Jfialds.
2. Callipsr accuracy was tested in both contact and magnification modes on both the acquisition monitor and
SecurFiew workstation
Reported By:
Emma Bolt

Principal Physicist

18® October 2017 (Updared 3™ Augusr 2018)
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Regional Radiation Protection Service m

St Luke’s Wing Royal Swrey County Hospifal Guildford Swrey GU2 7X0(
Tel: 01483 408395 Fax: 01483 406742 Email: recfrradprofi@mhs.net

Mammeography Physics Commussioming Report

Tomeosynthesis Resulrs Summary
Location Jarvis Breast Screening - Room 3 Survey Dare 13 Ocrober 2017
Equivment Holoeic 3D P
dray Set |Hoioglc 3DImensions
Defector  |FFOM-5D
Survey Results
Measorement I Criteria or specification I Results ISalisfarmcrj' I'Cumnrl.is
Aliznment
X-may feld to
Teconstmcted imape 0-5nmm I mm s
alirmmemt at chest wall
Primary beam most be
Primary beam attemmation |  blocked by detector & Confirmed satisfactory L
sETouding stmochore
Missed tissue at chest wall = Snmm 4.5 mm L
All markers at top &
1;_]. B! ]?.'oil.m! bottom of target woloms Yes L
st be bronght mto fooos
Tube ouiput and HVL
kFTF Crupant HFL
26 WAl 13 0433
2B wal 23 0468
Tube Output WAl 344 0.506
(uGymAsT 1m) and HVL Baselines set WAL _:’,rg ﬂ;"‘-‘t v
t A]] i .-a.
33 wal 444 0560
36 WAl 54.9 0.614
42 WAl TT4 0.713
Uniformity and artefacts 1 be seen Artefacts were seen b 1
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Survey Resulis
Measurement Criteria or specification I Results ISalisfaan Comments
Ceometric distortion and artefact spread
Height of test object above table
(mum)
75 FLF 13
Height of best plane of - - - -
" 72 313 525
T e —
plane — ratio of mesn.
L
separstions of ¥ 1.00 1.00 1.0
and ¥ planes
Scaling acouracy (%) 036 0.47 0.43 il
FWHM perpendicualar to i
detector (vertical ot Z Baselimes set 114 107 104 v
plane resphition]), mm
X plane 0Mmm | 003mm | 002 mm
Spresd |(parallel to tube ] ) i v
i) 06 pixels | 05 pixels | 0.4 pixels
[ T plane 00fmm | 0.09mm | 007 mm
detector {perpendicular L
0 tibe axis) 13pixels | 13 pixels | 1.1 pixsls
Antomatic Exposure Conirel (AEC Performance)
. Max devistion in mAs or mAs repeatability = 1.2 %
AEC Fepeatability )
ESNE. from mesn of =5% SHE variation=1.4 %
Comirast to Noise Ratios (CHNEs)

Image Sige = Mx30 AEC mode = Auto Filter, Stamdard Processing = LOC Tomo

Variztion with PMAA EHTF R
2mm 26 WAl 7.0
3om _ 28 WAl 52
3 om Baselines set 30 WAl 15
45om 31 WAl 446 -
5cm 33 WAl 4.3
i cm 36 WAl 30
7 m 42 WAl 3.1
Image Sige = Mx30 AEC mode = Aufo Filter, Enhanced Processing = LOC Tomeo
P . % dfY from
Varistion with PMAA T ENR iy
2om . 27 WAL 10.0 41%
Tm Baselines set 20 WAl 78 48%
4om 32 Wal 3 4%
45cm 33 WAL 5.1 33% i 2
5 om 36 WAl 54 26%
i cm 41 WAl 26 -34% =
7 42 WAl 30 L]

* A processing artafact wos presont on this image which reeebed i a lower CHE them axpecied. The arufact & not axpecied to affect clinical images.
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Survey Resulis
Measurement Criteria or specification I Results ISalisfaan Comments
Image Quality
AEC mode = Ante Filter, Standard
Detail diameter, mm Result
0.08 1.910
_ _ 0.1 1152
Detail TF’“ - Camparsble with ofher 013 0.678
threshold 5:m dhickness, | umits of same type 016 0455
02 0.357
025 0.268 -
031 0.190
0.4 0.151
0.5 0.125
0.63 0.105
0.8 0.087
1 0.076
Best slice in forus (averape): 21
Predicted Threshold Contrast Measurements
& Prediced Data
t —— Fitio Data
z 1.00 E. — Hologic Dimessions 207
2
&
h
2 o0 +
E 3
B
£
L |
008 080
Detall Diameter {mm)

66



Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

Survey Resulis
Measurement Criteria or specification I Results ISalisfaan Comments
Mean Glandular Dose (MGID)
AEC mods = Siandard
. MGD (mGy) % diff berween displayed | . .

PMMA | Basclinesset | MHIF [ prm ‘f“r& elelated Satigfactory | Comments
2 on 26 WAL 0.08 004 3.7% -
3 on Displayed | 28 WAl 1.07 1.08 05% v
4om  |vebues ef MGD[™ 30 wag 140 14 3% v
35cm | Dot=30%  TRregral 185 193 43% v
S om w 33 WAl 220 235 5 8% v
6 cm - 36 WAL 330 366 7.0% v
7 an 42 WAL 4.57 4.89 0% -

AEC mode = Enhanced
Baselines set MGD {mGy) % T
Between | % diff
PMMA KWTE _ ' j Comments
Coteatatsd | Disolaved i@fﬂd’ Sfrom | Satiyfaciery
Displayed calculared

Tom  |velues ef MGD[ 57 wag 1.50 1.89 0% 5% "
3m mot > “;‘L 0 WAL 215 216 4 100% v
4cm mm m"“ 32 WAL 279 284 2% 100% -
4.5m calmes 33 WAl 3.56 375 55 03% - 2
5 on 36 WAL 435 349 3% 08% -
6 cm 41 WAI 502 530 4% 1% -
7 on 42 WAI 457 489 T 0% -
|Comments

1. A subtle artefact was seen on the back edge of tomosynthesis shees. This 15 commeon for Hologie
systems and 15 unlikely to impact on chnical imape quabty.
2 The system has an Enhanced mode whach can be selected for tomosynthesis. however it should be

noted that the Mean Glandular Dose measured are up to tance those in Standard mode with an averape
increase m CHE of 22% across the PRMMA range of 2 cm - 7 oo

Raported By: Emma Bolr Mary Eelly 18102017
Prinicpal Physicist Prinicpal Physicist
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Regional Radiation Protection Service

St Luke's Wing Royal Swrey Coundy Hospifal Guildford Swrey GU2 70X
Tel (1483 408395 Fax: 01483 406742 Email: rec-fr-radprot@nhs. nef

Mammography Image Display Commissioning Report

Jarvis Breast Screening Cenire - Room 3
October 2007

1. Background

A commissicning survey of the acquisition monitor for the mammography unit located in Room 3 at the Jarvis
Breast Screening Centre was undertaken on 13th October 2017. The monitor was tested against the criteria
given in the NHSBSP Report 0804, Commissioning and Routine Testing of Full Field Digital Mammography

Systems. Tolerances for secondary monitors are less sirict than for primary monitors which can be seen from
the remedial levels given below.

2. Equipment
_lﬂf Tl -I.
Type Acguisition Monitor
__Location Fioom 3
Make & Model Barco MD-3321
Pixels __aMpP
Serial No. 2580087887
Test Pattern
Type | SMPTE
3. Survey results
- Remedial Comment
P I et Resulis OK?
hysical parameter Level 0| No.
General condition of unit Satisfactory Satisfactory v
100% White < 200 517 ¥
Luminance 0% Black =1.0 0.4 ¥
{odim) . :
Ratio < 100 1282 ¥
Max % diff from DICOM
GSDF £ 20% 6.3 ¥
greyscale calibration
% Mon-Uniformity > 0% 55 v

4. Commenis

Mone, satisfactory.

Emma Bokt
Principal Physicist
18th Owtober 2017
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Regional Radiation Protection Sewicm

St Luke’s Wing FRoyal Swrey County Hospifal Guildford Swrey GU2 70X
Tel 01483 408335 Fax: 01483 406742 Email rec-frradprot@nhs._net

Mammuography Image Display Commissioning Report
Jarvis Breast Screening - October 2017

1. Background

A commissioning sureey of the primary image display monitors was undertaken at Jarvis Breast Screening on
13th Ociober 2017. The monitors were tested against the criteria given in the NHSBSP Report D804,
Commissioning and Routine Testing of Full Field Digital Mammography Systems.

2. Equipmendt
Workstation
Type Mammaography
__Location Clinic Area
Make & Model Barco MDMG-5221
Pixels _ 5M
. Left 2520080575
Serial Mo
=ne Right 2500075135
Test Pattern
Type | TG18-LN
3. Survey resulis
. Remedial Results Comment
Physical paramete Level Left Monitor | _ Right Monitor_| 0" | No.
General condition of unit Satisfactory "
100% White <450 1006 871.5 <
Lurmi
mNSTCE I 0% Black >15 1.12 104 v
{edim?)
Ratic < 300 08 934 +
Max % diff from DICOM | o + 10% 22 05 ¥
greyscale calibration
% Mon-Uniformity = 30% 22 1.8 +
% wvariation between 100%
luminance of paired = 5% 36 L
monitors.
Foomm llumination (fux) =10 B.5 ¢ - Main lights off, small lamps on "
4. Comments
Satisfactory
Emma Bodt
Senior Phiysicist
18th October 2017

NEW DRAFT DAT 3 2 035 monitor QA4 mammao. K Vs 7
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A1.2 Routine Physics Report — February 2018

Regional Radiation Protection Service m

St. Luke’s Wing Royal Surrey County Hospital CGuildford Swrey GU2 TXY
Tel: 01453 408305 Fax: 01483 406742 Email- oo radororginhs net

Mammography Physics Routine Survey Report
Hologic Selenia 3Dimensions with Tomosynthesiz
Jarvis Breast Screeming Centre

|1 Introduction

A routine radiahon protechion and performance survey of the Hologic 3Dhmensions digital mammography
equipment was undertzken on the 19" February 2018. The X-ray equpment was tested in accordance with the
requrements of the The lomsing Radiation (Medical Exposure) Regulations 2017 and MHS BSP 33, “Chuality
Assurance Guidebmes for Medical Physics Services’. Enginesring controls, safety features and warming signals
provided by the emplover were also checked as part of the survey.

The performance of the equpment was checked using procedures descnibed mm IPEMB9 “The Commissioning
and Roufine Testimg of Mammogaphic X-ray Systems™ and NHSBSP pubhication 0604 “Commissiomng and
Foutme Testing of Full Field Dhgital Mammography Systems". Performance was compared with NHS BSP
standards and the Eecommended Standards for the Eoutine Performance Testing of Dhagnostic X-Fay Imaging
Systems (TPEMO1).

The swvey included performance festing of the fomosynthesis imaging capabilities in accordance with the

MNHSBSP Equipment Report 1407: Routine quality control tests for breast tomosynthesis (Physicists) (May
2015).

|2 Equipment
Mammeography Umnit: Hologic Selema 3Dimensions
System ID- IDA160700101

I 3  Concluzion: and Recommendations

Detailed results are given in the attached summary. Where results exceed remedial critena these are reflected
the comments and recommendations below.
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Tomosynthesis Mode _
Flag | Conclusions Recommendations required) T ( Sign & Date
ﬁ Mone, satisfactory Mone

Conclnsions Recommendations I',:“.u“""u-r‘h{m Sign & Date

1. The maxmum compression force was measured to be | The service engineer should be asked to reduce

slightly preater than 20 kg. the maximum compression force to be between

15-20 kz.
2. The x-ray field was found to overlap the imaged area by | Mone.

slightly more than 5 mm for some fields. This will have no

significant mmpact on image quality, patent dese or
radiation safety and therefore no action 1s required.

3. The ¥-ray tube output and AFEC post exposwre mis
values were found to have decreased from baseline values,
bowever Mean Glandular Doses (MGDs) remam wathm
+25% of the baseline value and no sipmficant reducton m
mage quality was observed.

It 15 recommended that local QC 15 monitored
closely to ensure that the mAs values remam
within +10% of remedial levels.

4 For 7 em PMMA | the vanaton betwesn displayed and
calculated MGD was found to be shehtly outside the = 30%
remedial linmt.

Hologic have been contacted and asked to
comment on the method used for MGD
calculation REPS wall follow up m due course.

10 € 6 0

5. The post exposure mfs values under AEC control m
steren mode were found to be comparable fo previeus
vahues. Besults are shown in tabla 1

Mone.

%}fmmmﬁmm ™ To be resolved as soon as practicable ) To be addressed &) Points to note & Satisfactory
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Table 1. Stereo AEC Test Results

Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

Baseline results October 2017 February 2018
FMMA (em) | CBT (cm) | KV / Target-Filter | mds CBT (cm) | kV/ Tarpet-Filter | mAs
2 22 25 WEh 61 2.3 25WEh 60
45 53 29 WEh 155 5.3 29 WEh 156
7 20 MWAg 08 2.0 MWAs 204
Rebecca Hammond Tom Jupp
Trainee Healtheare Scientist Prineipal Physteist
23 February 2018
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Regional Radiation Protection Service

S Lukes Wing Royal Sarey County Hospita' Guitiorg Sumey GLIZ 7XX
Tal: 07453 408395 Fax: 01483 406747  Ematrsc-Fraguotents.na

Mammaography Routine Performance Report
Results Summary
Location  Jarvis BSC Survey Date 19/02/2018
A-ray Room 3
[Equipment
¥ray Set Hologic 3DImensions
Detactor DR
Haologic 3DImensions
=mail Field Dightal  [néa nia
LSurW}r Resulis
1 Radiation Protection
Aleasurement (Coriteria Baceline Ferzalt OE (Commenr:
¥-ray unit =]
Room Protection A
Local Rules Up o date, on display 4]
|Foom Waming Lighis Funclioning |7
1 Tube and Generator
Aleazurement (Criteria Baceline Feeemli 0K Commeniz
Tube Voitage (kV) Max emor +1KV 10 A
Tube OWip PGV MASGS0CT
ZEKV Moo BF | =120 + 70% of basaline | WA
2BKV MoRh BF [l MIA
28KV RhRh BF [ MIA
25KV WRh BF 67.7 ] bl
ZERV WAg BF 80.9 79 [Ca)
25KV MoMo FF L] HiA
ZERV WRh FF 58.5 51 [l
Cutput Rate (MoMo) =7.5 mGysec || HA
Fozal Spot (mm)
BF Mo | 150% O nominal vaue Fominal BF (K] ] A
BF Rh [ HIA
BF W 0.28 [Tl
FF Mo Mominal FF oi ] NIA
FF Rh [ WA
FFW 4o change from baseline |
3 X-ray Set
Aleaswrement (Coriteria Baceline Ferzali OE (Commenr:
Pafient Comprassion
Max [kg) 15-20kg M5 L 1
Madmum emor [kg) 2k 20 [
Change over 30s| Shoud be no change [
CEBT Indicaor max emor {mm} 5 mm at 100 N 4.0 )
Edge of bucky alignment {mm) Within 5 mm Wl
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4 Alignment
Mrazarement Criteria Bazdine Ferult OE
¥-ray fo Light Alignment (mm) | +5mm at all edges F B L R A
1BX24 R BF W 1 4 3 i
1BX24L BF W 1 3 1 A
24330 BF W 05 -1 A
16x24 BF W i 3 0 o
Mag FF_ W 0 -1 o A
%3y to Detecior Allgnment | 0-5mm overiap all sides F B L R bl
1BX24R_BF W 2 4 4 2
1Bx24L BF W 2 3 6 &
24330  BF W 5 0 4 0
1Bx24  BF W 2 4 5 3
Mag FF_ W 1 3 2 i
5 Detector Performance
Meazarement ‘Criteria Baceline Reult 0K
Detector Response
Air Kerma (uGy] st Pé= 300 20% change fm baselng 9774 972 bl
Moise] 10% change frm bassline 453 430 [
SNR| 10% change fm baselne 54.43 58.2 A
Limiting Ressolufion (ip/mm) <75% of baseline 6.3 6.3 |
mmﬁ;ﬁmm' 10% change m baseline | 0365 0252 0206 035 023 049 o
m[ﬁjmﬂ“m' 10% change fm baseline | 0362 0249 0204] 036 023 020
Spatial Discontinuity Hone =)
Image Retention Feetantion factor <0.3 001 A
Uniformity =10% vanation DR 1.0 )
CR Centre-siie
Let-right
6 Image Quality
Aleasurement Criteria Eenlt DE Commentz
COMAM
Thresshak] goid thicknass (jm) Min Achievank
Detall Dlameter 2mm na
imm|  0.091 0.056 1.D& 73|
05mm{  0.150 0102 0.10 7]
0.35mm|  0.357 0244 0.2 A
0.imm| 15680 1.100 .53 |7
TORMAX [
Pespendicular Ip/mm| Significant diference 1 [vm
Parallel Ip/mm| from baseline
Contrast %) 6mm|
Conirast (%) 0.5mm|
Contrast (%) 0-25mm|
TORMAM [ Significant difarence
DM from Basslne] from baseline Unchanged =]
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7 AEC Performance
Aleazurement (Criteris Bazeline Feenli 0K Comment:
AEC Repagtabillty (%) 5% miax dew fom mean 25 b
Eack up Timer Funicioning mAS BF: FF: =]
24x30
CNR - varation with PMMA_ | 10% change fim baseline | Sefiings CHR | sefings CNR [
2 cm| 25 W Rh 041 [25 W Rh 945
3 cm| 26 W _Rh B.52 (26 W _Rh 528
4 cm| 28 W FRh 776 (28 W Rh 736
45 om 23 W FRh 724 |23 W Rh 727
5 cm| 3 W _ FRh 736 [31 W Rh 726
6 Cm| 3 W _Ag 701 (31w Ag 705
7 cm| 34 W Ag 571 (38w ag 570
Mag
CHNR - varation with PMMA,__ | 10% change fm basaline | Sefiings CNR | Sefings CNR [
2 cm 25 W FRh 1148 [25 W FRh 10.89
3 cm| 27 W _FRh 067
4 cm| 3 W FRh 802 [30 W Rh 7.3
45 cm 31 W FRh 7.30
S cm| 3 _W_FEh 6.20
& i 3 W Ag 506 (32 W Ag 479
|8 Mean Glandular Dose
Aleasnrement ‘Criteria Baseline Fezult DE Comments
2430
MGD (mGy) at thickness 25% change fim baseline | Sedtings MGD | Setiings MGD
Zcm <ImGy S W_Rn 062 z5W RN 058 WA
3cm| =1.5mGy % W _Rn 06 2EW RN 074 B
4om| <2mGY 23 W__FRh 1.14] W __Fn 095 A
"Standand breast™ 4.5cm| <2 5miEy 29 W _Fh 141 =mw  Fn 1.24] WA
scm| <3mGY 31 W Rh 192 31w Fn 170] M
om| <4 SMEY H W Ag 244 31W _ Ag 221 WA
Tom| <6.5mGY MW Ag 276 MW Ag 243 [
[Comments

1 The maximum compression fors was maasured to be slightly greater than 20 kg.
2 The s-ray fisit was found to cveriap e imaged fisid by sighity more than 5 mm for some fleids.

3 For 7 cm PRMA, the vanaton between dispiayed and cakulated MGD was found o be slightly ouiside the = 30% remedial lmit

Reported By: Tom Jupp
Principal Physicist
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Regional Radiation Protection Service [/ 5

5& Luke’s Wing Royal Swrey Gounfy Hospital Guidford Surmey GU2 7TXX
Tel: 01483 408395 Fax: 01483 406742 Email: rac-ir-radproti@nhs.net

Rourine Soc-Monthly Testing
Tomeasynthesis Results Summary
Location Jarvis Breast Screening Centra - Clara Survey Date 19 February 2015
Egnipment Hologic 3Dimensions
Sarvey Resulis
Criteria or . % Diff from ,
Measurement ification Baselime(s) Resuliz Bacek Satisfactory
L.lig!nnﬂ
X-ray field to
Teconstucted mage 0-5mm - 4 mm - '
aliznment at chest wall
Primary beam mmst
e blocked by
Primary beam sttenmation detector & - Confirmed satisfactory - "
surTounding
stmciure
Missed tisme at chest . -
) = 5mm - 5 mm - '
wall
All markers at top
Target volume & bottom of targst } Yo -
visualisation volume mmst be i
brouzht into fecns
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Measarement cmu-::t:; Baseline(s) Results % Diff from | o y;efactory
Antomatic Exposore Control (AEC Performance)
Contrast to Noise Ratios (CNRs)
Image Sige = 24x30 AEC mode = Autofilter Processing = LCC
Variation with PMMA EV/TF CNE EVIT/F CNR
2om 26 WAl 70 6 WAl 73 3.8% /
3om 28 WAL 52 28 WAl 56 £.4% +
4om < 20% change from| 30Wa1 45 30Wal 45 0.7% +
45cm baseline 31 Wal 46 31 Wal 45 27% /
Som 33 WAl 43 33 Wal 41 57% /
[T 36 WAL 30 36 WAl EX 7.5% /
Tom 42 WAl 31 42Wal EXi) T v
Image Quality
CDMAM
Image Sige = 18x24 AEC mode = Autofilter Processing =LCC
Dietail
digmeter, | Teshold gold | o it diameter, mm | Threshold gold thickmess um
. ' rhickmess jm
0.08 1910 0.08 1.61%
010 1.152 0.10 1.063 2%
CDMAM c bile writh 013 0.678 0.13 0.672 -1%
other umits of same | 0-16 0.455 0.16 0471 3%
Detail detecion— | type. Mo significant| 020 0.357 0.20 0350 1%
threshold gold thickness, |  change from 025 0.268 025 0263 -1% P
um baseline. 031 0.190 0.31 0.196 3%
040 0.151 040 0.151 [
050 0.135 0.50 0.126 1%
.63 0.105 0.63 0.102 -3%
080 0.087 0,80 0.086 2%
1.00 0.076 1.00 0.078 %
Best slice in focus (average): 21
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A1.3 Routine Physics Report — August 2018

Regional Radiation Protection Service E!EE

St. Luke’s Wing Royal Surrey County Hospital Guildford Swrey GLU2 7XX
Tel: 01433 408395 Fax: 01483 406742 Email: rze-tr radorot@nhs net

Mammography Physics Routine Survey Report
Hbologic Selenia 3Dimensions with Tomosynihesiz
Jaris Breast Screeming Cenfre — Room 3

[1 Imtroduction |

A routine radiahion protechon and performance survey of the Hologie IDimensions digital mammography
equipment was undertaken on the 14% Angust 2018, The X-ray equipment was tested in accordance with the
requirements of the The Jomsing Radiation (Medical Exposure) Regulafions 2017 and NHS BSP 33, "“Cruality
Assurance Guidelmes for Medical Physics Services’. Engineenng controls, safety features and waming signals
provided by the employver were also checked as part of the survey.

The performance of the equipment was checked using procedures descnibed mm IPEMB9 “The Commissioning
and Boutine Testmg of Mammographic X-ray Systems” and NHSBSP pubhicafion 0604 “Commissionmg and
Foutine Testing of Full Field Digital Mammography Svstems”. Performance was compared with NHS BSP
standards and the Fecommended Standards for the Routne Performance Testing of Dhagnostic X-Ray Imaging
Systems (TPEMS1).

The swvey included performance testing of the fomosvothesis imaging capabibites in accordance with the
NHSBSP Equpment Report 1407: Foutine quality confrol tests for breast tomosyothesis (Physicists) (May

2015).

|2 Equipment |
Mammography Umit: Hologic Selema 3Dimensions
System ID- IDM160700101

I 3 Conclusion: and Recommendations |

Detailed results are given in the attached summary. Where results exceed remedial crniteria these are reflected in
the comments and recommendatons balow.

Flag | Recommendations Local Action Taken | Sign & Date
{where required)
Tomosynrhesis Mode:
ﬁ The routine 6-monthly physics QA tests were found to be
satisfactory.
Convenrional 2D Imaging:

tolerance when using the MAG mode. This should be

checked by the engineer at the next roufine service.

2. The ¥-ray beam was found to overlap the left hand sides of

contact mode images by more than Smem This wall have no
impact on image quality, patient dose or radiation safety of the

system and therefore no action i1s requred.

3. The post exposure mA s values under AEC conirol m stereo

O 1. The max kV emor was found to be just outside

mode were found to be comparable to previous values. Results
are shown in table 1.

Note: You are advized to warn service companies in advance of any issues that require investigation at the next
service so that they can schedule additional time for the enginear.
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@Immdiate action required
ES To be resolved as soon as practicable
'’ To be addressed
N Pomts to note
Satisfactory

Table 1. Steree AEC Test Results

2n:
Baseline results October 2017 August 2018
PMMA (cm) | CBT (cm) | kEV / Target-Filter | mds CBT (em} | kV/Target-Filter | més
2 22 5WEh 61 21 25WEh 65
45 53 29WEh 155 5.3 29 WEh 155
7 2.0 MWAE i 2.0 MWAs 212
Tamo:
Baseline results October 2017 Anpust 2018
PMMA (cm) kV Target-Filter mis EV Target-Filter mis
2 26 WAl 39 26 WAl 40
45 31 WAl 62 31 WAl 62
7 42 WAl 74 42 WAl 74
Mandeep Rai Mary Eelly
Trainee Healtheare Sciennst Principal Physicist
16* August 2018
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Regional Radiation Protection Service

S Lukes Wing Royal Sarey County Hospita' Guitiorg Sumey GLIZ 7XX
Tal: 07453 408395 Fax: 01483 406747  Ematrsc-Fraguotents.na

Mammaography Routine Performance Report
Results Summary
Location  Jarvis BSC Survey Date 14/08/2018
A-ray Room 3
[Equipment
¥ray Set Hologic 3DImensions
Detactor DR
Haologic 3DImensions
=mail Field Dightal  [néa nia
LSurW}r Resulis
1 Radiation Protection
Aleasurement (Coriteria Baceline Ferzalt OE (Commenr:
¥-ray unit =]
Room Protection A
Local Rules Up o date, on display 4]
|Foom Waming Lighis Funclioning |7
2 Tube and Generator
Aleazurement (Criteria Baceline Feeemli 0K Commeniz
Tube Voitage (kV) Max emor +1KV 14 | 1
Tube OWip PGV MASGS0CT
ZEKV Moo BF | =120 + 70% of basaline | WA
2BKV MoRh BF [l MIA
28KV RhRh BF L1 NA
25KV WRh BF 67.7 55 bl
ZERV WAg BF 80.9 78 [Ca)
25KV MoMo FF [ MiA
2EKV WRh FF 58.5 40 4]
Cutput Rate (MoMo) =7.5 mGysec || HA
Fozal Spot (mm)
BF Mo | 150% O nominal vaue Fominal BF (K] ] A
BF Rh [} WA
BF W 0.2 [
FF Mo Mominal FF oi ] NIA
FF Rh L1 MA
FFW 4o change from baseline |
3 X-ray Set
Aleaswrement (Coriteria Baceline Ferzali OE (Commenr:
Pafient Comprassion
Max [kg) 15-20kg 0.0 =)
Madmum emor [kg) 2k 03 [
Change over 30s|  Shouid e no change =]
CEBT Indicaor max emor {mm} 5 mm at 100 N 4.0 )
Ecige of bucky algnment (mm) Wthin & mm || WA
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4 Alignment
Mrazarement Criteria Bazdine Ferult OE
¥-ray fo Light Alignment (mm) | +5mm at all edges F B L R A
1Bx24{L) BF W i o0 1 A
24330 BF W 2 0 1 ©
16324 BF W 1 0 0o o
1Bx24(R) BF W i 4 2 32
Mag FF_ W 1.0 -1 A
%3y to Detecior Allgnment | 0-5mm overiap all sides F B L R L]
1Bx24(L) BF W 2 5 6 5
24330 BF W 5 4 & 3
1Bx24 BF W 2 5 6 4
1BX24(R) BF W 2 4 7T 2
Mag FF_ W 2 4 1 i
5 Detector Performance
Meazarement ‘Criteria Baceline Reult 0K
Detector Response
Air Kerma (uGy] st Pé= 300 20% change fm baselng 9774 EH bl
Moise] 10% change frm bassline 453 430 [
SNR| 10% change fm baselne 54.43 58.4 A
Limiting Ressolufion (ip/mm) <75% of baseline 6.3 74 |
mmﬁ;ﬁmm' 10% change fm baseline | 0365 0.252 0206 035 023 0.2 o
m[ﬁjmﬂ“m' 10% change fm baseline | 0362 0249 0204] 035 024 020
Spatial Discontinuity Hone =)
Image Retention Feetantion factor <0.3 0.03 A
Uniformity =10% vanation DR [E] )
CR Centre-siie
Let-right
6 Image Quality
Aleasurement Criteria Eenlt DE Commentz
COMAM
Thresshak] goid thicknass (jm) Min Achievank
Detall Dlameter 2mm na
imm|  0.091 0.056 0.05 73|
05mm{  0.150 0102 0.09 7]
0.35mm|  0.357 0244 0.2 A
0.imm| 15680 1.100 0.54 |7
TORMAX [
Pespendicular Ip/mm| Significant diference 1 [wm
Parallel Ip/mm| from baseline
Contrast %) 6mm|
Conirast (%) 0.5mm|
Contrast (%) 0-25mm|
TORMAM [ Significant difarence
DM from Basslne] from baseline Unchanged =]
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7 AEC Performance
Meararement Criteria Bazeline Frrult OK
AEC Repagtabillty (%) 5% miax dew fom mean 10 b
Eack up Timer Funicioning mAS BF: FF: =]
24x30
CNR - varation with PMMA_ | 10% change fim baseline | Sefiings CHR | sefings CNR [
2 cm| 25 W Rh 041 [25 W Rh 953
3 cm| 26 W _Rh B.52 (26 W _Rh .54
4 cm| 28 W FRh 776 (28 W Rh 705
45 om 23 W FRh 724 |23 W Rh 768
5 cm| 3 W _ FRh 736 [31 W Rh 7.60
6 Cm| 3 W _Ag 701 (31w Ag 749
7 cm| 34 W Ag 571 (38w ag 6.12
Mag
CHNR - varation with PMMA,__ | 10% change fm basaline | Sefiings CNR | Sefings CNR [
2 cm 25 W FRh 1148 [25 W FRh 11.28
3 cm|
4 cm| 3 W FRh 7.35 [30 W Rh 7.19
45 cm
S cm|
& i 3 W Ag 470 [32 w Ag 471
|8 Mean Glandular Dose
Meamnremend Criteria Easeline Result OK
2430
MGD (mGy) at thickness 25% change fim baseline | Sedtings MGD | Setiings MGD
Zcm <ImGy S W_Rn 062 z5W RN 063  hA
3cm| =1.5mGy % W _Rn 06 2EW RN [
4om| <2mGY 23 W__FRh 1.14] W __Fn 111 A
"Standand breast™ 4.5cm| <2 5miEy 29 W _Fh 141 =mw  Fn 1.38) WA
scm| <3mGY 31 W Rh 192 31w Fn 100 M
om| <4 SMEY H W Ag 244 31W _ Ag 241 WA
Tom| <6.5mGY MW Ag 276 MW Ag 275 WA
[Comments

1 The kV In mag mode was found o be cutsige the tolerance of 1kV. The contact mode was found 1o be within limits.

2 The x-@y o detector alignment was Tound to be greater than Smm on the left hand side for all contact mode feld slzes.

Reported By: Mandeep Rai
Trainee Healihcare Scientost
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Regional Radiation Protection Service [JJ75}

St Luke’s Wing Royal Swrey Gounty Hospifal Guildford Swrey GU2 TXX
Tel: 01483 408395 Fax: 01483 406742 Email: rec-ir.radprofi@nhs.net

Mammography Physics Report
Rounne Soc-Monthly Testing
Tomasynthesis Results Summary
Location Jarvis Breast Soreening Cantre - Clara Survey Date 14 dugust 2018
Eguipment Hologic 3 Dimansions
Survey Results
Criteria or . % Daff from -
Measurement Baseline( Resulis Satisfact Comments
specification %) Baseline a ey
Abiznment
M-ray field o
reconstructed imags 0-5mm - 3 mm - +
alignment at chest wall
Primary beam nmst|
be blocked by
Primary beam attennation) detector & - Confirmed satisfactory - +
surmounding
smaciure
Missed 1:::]11& at chest -5 _ 5 mm _ P
All markess at fop
Target vohmme & botiom of target _ Yo _ 7
visualisation volume muest be
brought mboe focus
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M Criteria or K Resal % Diff from .
ot specification Ba %) Baseline Satisfactory | Co
Tube Output
EHTF Ohnuipant Catpat
26 Wal n3 218 -2.3% ¥
28 WAl 283 277 -2.1% +
Tuhbse Ontput Significant change | 30 WAL 34.6 337 -2.5% ¥
(nGy/mAs@im) from baseline 31 WAl 378 372 -1. 7% ¥
33 WAl 444 438 1.7 o
36 WAl 548 54.1 -1.2% v
42 Wal TT4 769 0. v
Uniformity and Artefacts
Mo clinically
Uniformity and artefacts | sizmificant artefacts - N artefacts seen +
should be seen
Height af test object above table | Hedght of test object above table
() (mm)
] 315 525 ] 315 515
Height of best plane of = }mm change y a .
£ baseline® 72 313 52.5 7.2 314 515 0.1 mm ¥
Dastortuon withon focal
plane —ratio of mean | < 5% change from .
tions of balls in X hasalime® 1.00 1.00 L.00 1.00 LoD 100 0.1% ¥
and ¥ planes
= Ty Change from
Scaling accurmcy (%) | PLooLne Of absolute] o 047 0.43 036 0.43 041 58% v
L = ] Sg*
FWHM perpendicalar to
. 20% change from)
detector (vertical or £ = ; 114 10.7 10.4 112 10.7 103 1.6% ¥
} baseline®
X plane 004 mm | 003 mm | 002 mm | 003 mmm | 0.053mm | 0.0 mm
Spread |(parallel to tube 0.2 pixels ¥
axic) = 2 pixels or 50% 061 pixels|0.53 pixels)0.37 pixels |0 46 pixels| 0.53 pixels |0.21 pixels
- change from
L Y plane haseline® 0080 mm | 0.09mm | 007 mm | 0.07Tmm | 0.07Tmm | 0.06 mm
desector | (perpendicalar . . . ] . . 0.3 pixels ¥
10 fube avis) 134 pixals 1.341:5.1;.“_15'].%1)01&15 1.04 pixels] 1.16 pixels | 1.00 pixels

*These are proposed as meastigation bvels not remadial [mits

84




Practical evaluation of Hologic 3Dimensions digital breast tomosynthesis system

CDMAM contimed
Predicted Threshold Confrast Measurements
* % Bassine
1.00
E
B
&
i
§ 0
[
E
0.1
008 Dedall Diametar {mm) o8
Criteria or . % Diff from -
Measurement iFication Baseline{s) Resuliz Baseline Satisfactery
TORM Wo significant
S M deterioration from - N siznificant deterioration seen v
Visibility of detadls .
baseline
Mean Glandular Diose (AMGIY)
AEC mode = Anto-Filter Processimg = LOC
PLMA ==23% E EVTF MGD fmGy) EVITF = ugm &
from baseline Caleulated | Displayed | 0 0 0 oeen
2am 26 WAl 008 26 WAl 100 0.97 -3.0% 2% v
Jom . 28Wal 1.07 28 WAl 113 116 2. 1% 2 ¥
4cm DMEPGL;" i"f;‘“'ﬂ;:‘ 30 WAL 1.40 sowal | 137 144 5.1% 2% -f
45mm if 31 WAl 185 31 WAl 1.81 1.93 6.5% -M% +
5o calcalated values | 33 WAL 210 33 Wal 217 235 1% 1% 7
Gom 36 WAl 330 36 WAl 335 3.66 0.4% -1% v
Tom 42 WAl 457 42 WAl 4.54 4.89 7.7% -1% ¥
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Measurement Cm‘“:'h:’l Baseline(s) Results » Mf":"‘ Satisfactery
Awntomatic Exposure Control (AEC Performance)
\Contrast to Naoise Rafios (CNRs)
Image Sige = Mx30 AEC mode = Anto-Filter Processing =LCC
Variation with PMMA EVITF CNE EVITF CNR
2om 2§ WAl T0 26 WAl T5 T0% -
Jom 23Wal 52 28 Wwal 58 11 5% +
4cm < 207 change from| 30 WAL 45 30 WAl 4.6 33% +
435mm baseline 31 WAl 4.6 31 WAl 46 0.6% +
5am J3wWal 43 33Wal 43 0.0% b
Gom 36 WAL LY 3§Wal EX:] -2 3% +
Tom 42 Wal 31 42 Wal ED | -1.6% i’
Image Quality
CDMAM
Image Sige = 18x24 AEC mode = Auto-Filter Processing =LCC
Detail
diameter, Mi:‘” Detail diameter, mm | Threshold gold drickness pm
mm
0.08 1910 008 1.725
0.10 1.152 0.10 1.000 -13%
CDMAM Comparsble with 0.13 0.5678 013 0676 0%
other units of same | 0-16 0.455 016 0477 5%
Deetail detection — type. Mo sigmificant] 0.20 0.357 020 0364 2%
threshold gold thickness, change from 0.25 0.268 025 0272 2% v
um haseline. 031 0.180 031 0.200 5%
040 0151 040 0.1462 T
050 0125 050 0.128 2%
0.63 0.105 0.63 0.107 2%
0.80 0.087 080 008D 2%
1.00 0.074 100 0079 4%
Best shice in foous (average): 21
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Appendix 2: Dose surveys

A2.1 Dose survey for tomosynthesis using 18cm x 24cm flat paddle

NHSBSP Breast Dose Survey

Survey Mo: [ 415 Toma mode: froma
Centre: [Janis Braast Centra ]
Date of first exam: FV0Z/Z018
Dee of last exam: W MGD to standard breast
IC aube’manual kV: (suio PMMA thickness: [HEmm
Model: B Dimensions SUVAEC setting:  [suicditar MGD mAS:
Local W:[Emall Flat fomo KV set: HVL:
Installethon: (fteg tanpget: W MGD:
KV mode: [zt fer: [A]
standand kv :
Rousine/age trial:|routine screening

51 Dose histogram
45 4 * 100 4
4 . o 20 |
3.5 80
3 70 4
MED{mGy) 25 . Moof 01
2 films 501
15 bl
1 201
| 20 |
051 10
0 r r r : s ol
o 0 40 &0 & 100 01224567 8810
breast thickness (mm) MGD{m Gy}
Count of Images Summary of X-ray faciors seleced
view  manfims  Extrafims Anode  Riter KV fims
[cc [ =z | [w Ja [= [z
[a | = |w|.a.||2?|5
Average doses for maln Images
| 7] I.AI | 2 | 55
MGD  MGD MGD {rcmess
wiow MOOIIMS ymoy  ymay)  mey) mm) e T et
[oc [ =a | 1o4a | 443 [ 2w | &6 J I J |

o8 | ==& [ o [ & | zt2 | & [w Ja [z [14
W[ [5 [

Average 00ses per sceening examinaton

o e

e

Wiew Mo of maan 2 mean
ims MGD 2Bem.  thickness

(my) {mmj

I [} I 114 I 196 I 004 I 3]
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A2.2 Dose survey for tomosynthesis using 24cm x 29cm flat paddle

NHSBSP Breast Dose Survey

Survey Mo: [ 21§ Tomo mode :
Cengre: |Janis Breast Centre |
Diate of first exam: FU022018
Deie of last exam: [P007 /2018 MGD 0 standard beast
X-ray Aoiogic aupymanual kV: [ann PMMA thickness: [E5mm
Maodel:p0imensions aUVAEC setfing: [auiotitar MGD mAs:
Loeal :§ arge Fiat iomo KV set: HVL:
Insallathon: {fuaa warget: [y MGD:
KV mode:|=uta fner: [
‘ssandard K
Rousine/age trial:|routine screening
51 Dose histogram
4.5 4 ‘~ a0 -
41 L)
3.5 - 25
24 20 |
MED{mGy) 25 * Mo of
2 films 151
15 - 10
1
05 + 5 -
0 . . . . . . ol
° o 012 32 4567GE8@B
breast thickness (mm) MGD{ mGy)
Count of Images Summary of ¥-ray factors selecied
vion  manfims Exirafims Anode  Riter KV TImm
[cc [ = W [a [= [
0B s | W Al an 10
J I | | J
W A 3 |3
_ for mah imap v A | 2 [
min MEx maan maan
MGD  MGD MGD {hickmess W A [F =
vaw Moo o 7] Al T T
[cc [ s [ 130 [ 482 [ z&4 | &6 } ] ] ]
W ar [ I
[[oa [ ws [ 1im [ 4 [ame [ 70 I I I
v A | *® |2
Average doses per screening examination
Mo al min max maaEn I w I Al I ® I 22
WOHTIEN MGD MGD MGD
mey ey (may) [w A e
fonevew | 11 | 100 | ag | 180 [w [a ="z
woview | %2 | 13¢ | 731 | 2o [w [a &=
Average dose for S0-50mm thick breasts
View Mo of meen 2 mean
Times MGED SR fhkkness
MGy} {mmj
[oa [ w [ =zoz [onn [ s
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A2.3 Dose survey for tomosynthesis using 18cm x 24cm SmartCurve paddle

NHSBSP Breast Dose Survey

Survey Ho: | 417 Toma mode :
Cengre: |Janis Breast Centre |
Dase of first exam: FL022018

Daie of last exam: [20/07 /2018 MGD t0 standard beast
X-ray Aologic aute/ manual kKV: |m.n|} PMMA thickness: [FEmm
Mode-j2 Dim ensions autVAEG setfing: [suinditer MGD mAs:
Local l:}=mall Curva lomo KV sei: HVL:
Insallathon: {fuaa et W —
KV mode:|=uta . [
‘standand K : —
Routine/age trial:|routine screening

35 1 Dose histogram
* 20 -
3 4
. 18
25 P 16
L) * 14
24 q.‘
MGD(mGy) . Mo of *- |
15 - . & fima 7 1
1 7 5
[
05 41
24
o T 0
o 20 4 @ &0 012 3 45678810
breast thickness (mm) MGD{ mGy)
Count of Images Summary of X-rey factors seleced
vion  manfims Exirafims Anode  Riter KV TImm
oo | a7 | |w A |2'5 | 1
joe | a | w & [z [
W A [= [
wmml‘ﬂlm I W I""I I_zg I 15
min MEx maan maan
MGD  MGD MGD {hickmess [W [Aa [ [i2

wiaw MODIUMS ymey  may) MGy mm

[occ [ & [ 18 [ze [ 182 [ 2 I EREN
[oa [ &0 [ 1w [am [ 18 [ &0 Jw ja J= jm
v A | -

Average doses per screening examination
Mo af min max maaEn I w I Al I L I a
WOHTIEN MGD MGD MGD I W IAI l_-:!-ﬁ- I .

Average dose fOr S0-50Mm thick breasts
View Mo of mean 2 mean
ims MGD SEM.  thickness
(M) {mmj

o %  [s [owo [ &
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A2.4 Dose survey for tomosynthesis using 24cm x 29cm SmartCurve paddle

NHSBSP Breast Dose Survey

Survey Ho: | 4138 Toma mode :
Cengre: |Janis Breast Centre |
Dase of first exam: FL022018

Daie of last exam: [P0i07 2018 MGD to standard beeast
X-ray Fioiogic auty manual kV: |m.r||} PMMA thickness: [E5mm
Model:Boimensions SuVAEC setiing: |autoditar MGD mAs:
Local id:§ srge Curve iomo KV sei: HVL:
Insallathon: {fuaa waget: [ MGD:
KV mode:|=uta fiter: [
‘ssandard K
Rousine/age trial:|routine screening
51 Dose histogram
a5 4 * 12
1] *
25 10
ER - &
MGD{mGy) 2.5 Mo of
2 » fims ©
15 [ ] :.“ 1
il [ ]
0.5 - 2
0 . . . . . ol
o o a0 @ b 100 012 3 45678 8 10
breast thickness (mm) MGD{ mGy)
Count of Images Summary of ¥-ray factors selecied
vion  manfims Exirafims Anode  Riter KV TImm
[cc [ = [ W [a ==
[oe [ = [w [ a | 2 [E
w A [a [z
Auerage doses for main images [w [~ [= ¢
min MEx maan maan
MGD  MGD MGD {hickmess [W A [ 3= |1
wow  NOOIIME ymoyy  (may) (MG mm) —
[cc [ 3 [ 136 [ 4 [ z= | &0 } } I J
[[oa [ 35 [ 145 [ 4e8 [ zma | a8 EREREN L
v A | ® |12
Average doses per screening examination
Mo ol min max maaEn I w I Al I * I E
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] mey)  men  mey) v A | E
fonevew | 1 | 0& | 0&1 | 0& ENENENE
frwoview | 35 | 147 | 4z | 25 W A I e |1
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ims MGD SEM.  thickness
(M) {mmj
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Appendix 3: Fault reports requiring

engineer visits

Date Fault Solution
21/11/2017 Smudgy top and bottom line on Engineer visit
tomosynthesis images Adjusted left hand
24x30 collimator blade
05/12/2017 Grinding noise on compression Engineer visit
Loose cover on
compression motor.
Cover was fastened
Engineer cleared
03/01/2018 Following power outage image taken of Image repeated on
poor quality another system. Apps
specialist looked at
image on site. Checked
defaults had not reset.
Paddle and
compression not
registering.
17/01/2018 2 CC’s completed. Positioned for LMLO — | Column off — no
no light on pressing button emergency switches
appear to have been
pushed. Rebooted
system. Cleared
15/02/2018 VTA(29:17) call service PMC(38:24) System rebooted OK
Emergency gantry shutdown. VTA(38:23) | Reported to engineer
call service GEN(25:17), also GEN(25:41) | on next visit
VTA(29:19), VTA(29:20)
26/02/2018 Full gantry shutdown as moving from CC System rebooted OK

to MLO

Engineer taken logs for
further investigation
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27/02/2018

On artefact evaluation, there is a white
line 192mm long 1mm wide central along
the far edge

Calibration and artefact
evaluation repeated
with same effect
visible. Not visible on
QA block images.
Discussed with
engineer, explained by
the paddle attachment
at 4cm overlapping the
fields edge when field
fully open. OK to use.

31/05/2018

Error occurred while making exposure.
mAs too low. QA failing and unable to
display ROI on uniformity images

Full recalibration of the
system and completed
weekly QA. System
functioning normally -
OK to use.
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Appendix 4: Radiographer questionnaire

NHSBSP tomosynthesis equipment evaluation form 11: Radiographer’s observations and findings

A copy of this form should be completed by each operator, once comfortable with use and operation of the equipment. For each
question, please tick one of the “Excellent to Poor” columns, and/or delete from the alternatives (Yes/No, Better/Same/Worse etc.)
as appropriate. “Same as Dimensions” column is for questions where there has been no change, in which case, there is no need to
fill in other columns.

Equipment: Hologic 3Dimensions Evaluation Centre: Jarvis Breast Centre
Name:
Same as |Excellent| Good |Average| Satis - | Poor | Compared |[Comments
Dimensions factory with 2D
1. How do you rate the Better/
supplier's operator manual Same/
(if used)? Worse
2. Would you prefer an in- Yes / No
house simplified version?
3. How good was the clinical
applications training for Better/
tomosynthesis provided by Same/
the supplier for: Worse
a. modality?
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Same as | Excellent| Good |Average| Satis - | Poor | Compared [Comments
Dimensions factory with 2D

Better/
Same/

b. acquisition workstation? Worse

4. How do you rate the
system’s ease of use for
tomosynthesis?

5. How easy was it to
fit/remove the
tomosynthesis faceplate?

6. How convenient was it for
making the exposures
with?

a. foot pedal

b. single button

7. How do you find carrying
out the:

tomosynthesis?

b. calibration procedures Difficult / Average / Easy
for tomosynthesis?
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Same as |Excellent| Good |Average| Satis - | Poor | Compared |[Comments
Dimensions factory with 2D

8. Were the compression Yes / No Better/
times acceptable for each Same/
exposure? (If not explain in Worse
comments)

9. Did the system Yes / No Better/
performance limit patient Same/
throughput? Worse

10. How do you rate the Better/ Enter any informative comments made by women
comfort of women during Same/
tomosynthesis exposures, Worse
including acceptability of
gantry motion?

11. Range of controls and
indicators (on-screen
icons) for tomosynthesis:

Better/

a. Were all the expected Yes / No Same/
controls present? Worse
Yes / No Better/

b. Were they easy to find? Same/
Worse

Yes / No Better/

c. Were the icons easy to Same/
use? Worse
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b. touchpad?

c. mouse?

Same as |Excellent| Good |Average| Satis - | Poor | Compared |[Comments
Dimensions factory with 2D
12. How do you rate the time
for an image to appear at Better/
the acquisition \?Vaor?see/
workstation?
13. How do you rate image
handling at the acquisition
workstation: Better/
a. scrolling through the \?Vame/
image levels? orse
. - Better/
?
b. the processing facilities” Same/
Worse
c. use of query/retrieve? g:::]eg//
Worse
14. How easy was it to use, for
tomosynthesis, the: Better/
Same/
a. keyboard? Worse
Better/
Same/
Worse
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Same as |Excellent| Good |Average| Satis - | Poor | Compared |[Comments
Dimensions factory with 2D
d. scrolling through the
tomosynthesis slices?
15. How do you rate the
following:
a. image quality at the
acquisition workstation
for tomosynthesis
images?
b. visibility of fine calcs on
this system in getter//
tomosynthesis mode? ame
Worse
16. What was your level of
confidence in the system? Better/
Same/
Worse
17. Were there any potential
hazards with use in Better/
tomosynthesis mode to: Same/
a. you? Yes / No Worse
Yes / No Better/
b. the woman? Same/
Worse
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18. Any additional comments on general or imaging performance in tomosynthesis mode

Additional questions for tomosynthesis biopsy

Same as
Dimensions

Excellent

Good

Average

Satis -
factory

Poor

Compared
with 2D

Comments

1.

How easy was it to
fit/remove the Affirm stereo
attachment to the system?
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Same as |Excellent| Good |Average| Satis - | Poor | Compared |Comments
Dimensions factory with 2D

2. How do you rate the ease
of use of the system for
tomosynthesis biopsy with:

a. needle?

b. vacuum?

3. Any additional comments on tomosynthesis biopsy
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Appendix 5: Reader questionnaire

NHSBSP tomosynthesis equipment evaluation form 12a: Radiologists’’Readers’ observations and findings

A copy of this form should be completed by each reader, once comfortable with use and operation of the equipment. For each
question, please tick one of the “Excellent to Poor” columns and delete from the alternatives (Yes/No etc.) as appropriate. Same as
Dimensions column is for questions where there has been no change, in which case there is no need to fill in other columns.

Equipment: Hologic 3Dimensions Evaluation Centre: Jarvis Breast Centre
Same as |Excellent |Good |Average [Satis- [Poor Comments
Dimensions factory

1. How good were the operator
manual instructions for
tomosynthesis? (State N/A if not
applicable/not used)

2. How good was the application
training for tomosynthesis provided
by the supplier?

3. Have you attended any external Yes / No
training course for tomosynthesis?

If so, please enter Training Centre
in the comments.
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Same as
Dimensions

Excellent |[Good

Average

Satis-
factory

Poor

Comments

How do you rate the use of the
reporting workstation controls for
tomosynthesis?

a. mouse/trackerball

b. keyboard

c. keypad

How do you rate the image
handling tools (zoom, cine for
example) for tomosynthesis?

(o}

. How do you rate the visibility and

usability of on-screen icons for
tomosynthesis?

reading/reporting flow pattern in
tomosynthesis?

7. Did you sometimes change the Yes /No/
slab thickness when reviewing the slabs not
tomosynthesis images? used

8. How do you rate the
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Same as
Dimensions

Excellent |Good |Average

Satis-
factory

Poor

Comments

How do you rate the time for an
image to appear on the screen in
tomosynthesis mode?

a. new patient selection

b. in-examination change

c. during a biopsy procedure

10.

How easy is it to adjust the height
and angle of the reporting monitors
to suit the user?

Easy / Average / Difficult / NA

11.

How easy was it to navigate
between the tomosynthesis slices?

Easy / Average / Difficult / NA

12.

How do you rate the following
properties of the tomosynthesis
images?
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Same as
Dimensions

Excellent |Good |Average

Satis-
factory

Poor

Comments

a. contrast

b. sharpness

13. How do you rate the visibility of
fine calcs (including shape)?

a. in tomosynthesis images

b. in Intelligent 2D (synthetic)
images

14. How do you rate the value/quality
of Intelligent 2D (synthetic)
images?

15. How do Intelligent 2D images
compare with

a. 2D images?

b. C-view images as seen on
Dimensions?

Poorer / Same / Better

Poorer / Same / Better
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acquired with curved paddles
acceptable?

Same as |Excellent |Good |Average [Satis- [Poor Comments
Dimensions factory
16.How do you rate the usefulness of
the mapping tool on the SecurView
to display the slice at which the
selected feature appears?
17. Are tomosynthesis images Yes / No

18.How easy was it to record findings
for tomosynthesis on NBSS?

Easy / Average / Difficult / NA

19. What is your overall impression of
the quality of the tomosynthesis
images?

20. What is your overall level of
satisfaction with using this
tomosynthesis system for
assessments?
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21. Any additional comments on general or imaging performance of the system for tomosynthesis
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Appendix 6: Manufacturer's comments

7.17 General comments

In regards to comment: “it would be desirable to have a management system, so that
images acquired on other systems would be visible on the 3Dimensions, which
would be useful for biopsy, and sometimes essential”.

The Hologic Mammography systems allow to retrieve images from PACS when the Query
Retrieve function is activated. This is a setup which is to be activated at PACS level and it is
supported by the system. It is possible to retrieve images from different vendors, as far as they
are in MG or BTO format.

This is particularly of use in assessment clinics or during biopsy procedures, to revise prior
acquisitions.

8.14 Comparison of Intelligent 2D images

As mentioned in the report conclusions, Hologic recommends that Synthesised 2D images are
reviewed with the tomosynthesis dataset. Should you compare the 2D image with the
Synthesised 2D image, the latter needs to be read in combination with its corresponding
tomosynthesis dataset.

9.3 Image sizes

The table reported in chapter 9.3 refers to tomosynthesis images in non compressed format.

Compression is available for the tomosynthesis datasetimages, both in Jepeg Lossless and
Jpeg 2000 Lossless formats.
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