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2. EXECUTIVE SUMMARY 
 
2.1  Introduction 
 
BSSA has provided high quality breast cancer screening services to the women of SA since 
1989. BSSA was the first jurisdiction to join the National Screening Program and the first 
service in Australia to achieve full accreditation, which it has maintained from 1994 to the 
present. In May 2011, the Program was awarded by BreastScreen Australia the highest level 
of accreditation - four years with commendation. 
 
BSSA employed analogue (film-screen) based mammography since the inception of the 
Program in 1989 until 18 October 2012.  Advances in digital imaging (a technique for 
capturing, storing, and transmitting images in digital format) marked the end of the analogue 
mammography development cycle. Digital mammography was found to have at least 
comparable performance for cancer detection to film based screening but used less radiation 
and offered improvements in the acquisition, transmission, display and storing of the images.  
 
In line with all other population based breast cancer screening programs across Australia, 
BSSA has replaced analogue technology with digital technology.  This commenced on 6 
September 2010 with the transition concluding on 18 October 2012.   
 
The Review was commissioned by the Minister when, in September 2012 through stringent 
internal routine quality assurance activities, BSSA identified a lower than expected cancer 
detection rate under digital technology. This was a most unexpected outcome. Cancer 
detection rates were identified as being statistically significantly lower for women screened 
via digital technology, compared with women screened via analogue technology. These 
stringent internal quality assurance activities identified the lower than expected cancer 
detection rates 12 to 18 months earlier than would have been evident by the routine 
mandatory reporting to the BreastScreen Australia National Quality Management Committee 
(NQMC).  
 
The Review has been undertaken in accordance with the BreastScreen Australia National 
Accreditation Standards (NAS) Decision Tool, chapter 2 section 2.5 – Managing gaps in 
performance; the SA Health Policy Directive: Incident Management and Incident 
Management Guideline Incorporating Open Disclosure Response and the Health Care Act 
2008 (SA) Part 8 - Analysis of adverse incidents   
 
2.2  The Review  
 
BSSA identified that between the period 6 September 2010 and 30 June 2012 fewer cancers 
had been diagnosed than would have been expected. In comparison to past statistical trends 
the potential deficit was around 95 and this followed the introduction of digital screening 
technology. BSSA conducted extensive investigations in order to attempt to define the 
problem, identify possible causes and put corrective and remedial measures in place. 
However, BSSA was unable to conclusively identify what factor(s) contributed to this 
unexpected outcome.   
 
Following this, an external Advanced Epidemiologist, Mr Nathan Dunn from the Preventative 
Health Unit, Queensland Health, was engaged to analyse the BSSA data. He verified that the 
self assessment conducted by BSSA was accurate and confirmed that the lower rates were 
of statistical significance and not by chance alone.  
 
The purpose of the Review was twofold: 

 To ascertain if there were any cancers that had escaped detection during the period 
in question, and if so, identify them as soon as possible so that the women may 
receive appropriate care.  
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 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 

 
The scope of the Review included: 

 Review (re-reading) of the digital mammograms that had previously been given a 
clear result during the period in question. 

 A Root Cause Analysis (RCA) with the purpose of investigating and identifying any 
issues within the system that contributed to or resulted in the occurrence of the lower 
than expected cancer detection rates via digital technology.   

 Six individual projects or lines of inquiry conducted by external subject matter experts: 
 Data analysis and validation  
 Data management and integrity audit 
 Digital technology implementation review 
 Radiography services audit  
 Medical physics investigation of equipment performance 
 Picture Archiving and Communication System (PACS) audit  

 
The Review (re-read of the digital mammograms; RCA; and six projects) concluded on 30 
April 2013 with the final report (the Report) completed on 17 May 2013.  This allowed for the 
necessary time for the information and data to be made available and for it to be analysed 
and included in this Report.  
 
The assessment of the BSSA clients who were recalled following the re-read of their digital 
mammograms commenced on 24 January 2013.  All of the women who accepted an 
invitation for assessment were assessed by 30 April 2013.  A few women opted to be 
assessed in May 2013 at a date that was suitable to them. 
 
The Minister commissioned a multi-disciplinary Steering Committee that provided 
independent and strategic oversight of the Review process. This was chaired by the Chief 
Executive, SA Health and the membership included a consumer representative and 
clinicians, including an expert independent radiologist.  
 
2.3 Summary of Findings 
 
Reduction in recall rates at screen reading of digital mammograms was identified as 
the major cause of reduced cancer detection rates. The reason for the reduced recall 
rates is multifactorial and detailed in the Digital Mammography Re-read Review and 
addressed in the RCA recommendations. 
 
2.3.1  Digital Mammography Re-Reads 
 

 53,104 screening mammograms were re-read 
 570 women were recalled to assessment 
 56 women with cancers were identified by the re-read process, 41 invasive cancers 

(including 40 invasive breast cancers and one lung cancer metastasis to the breast) 
and 15 cases of ductal carcinoma in situ (DCIS) 

 
Screen reading practices were identified as a major cause of the lower than expected cancer 
detection rate under digital mammography. The main reading practice identified was a 
reduction in recall rates to assessment.   
 
2.3.2 Root Cause Analysis (RCA)  
 
RCA Report 1 – public report incorporates recommendations for changes or improvements in 
relation to procedure or practice as determined by the RCA team.  The recommendations 
from the RCA Public Report are detailed in 2.5.2. 
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2.3.3 Data Analysis and Validation 
 
Validation of the data by an external Advanced Epidemiologist confirmed that the lower than 
expected cancer detection rates via digital mammography were statistically significantly 
lower than the corresponding historical rates under analogue mammography. 
 
2.3.4 Data Management and Integrity Audit  
 
There were no data entry, quality assurance processes or reporting factors that contributed 
to BSSA’s lower than expected digital cancer detection rates. 
 
2.3.5 Digital Technology Implementation Review 
 
The discontinuity in the implementation of digital technology did not provide an optimal 
operational environment for BSSA. However, it was determined that the planning and 
processes for implementation of digital technology were not likely to have contributed to the 
lower cancer detection rates.  
 
2.3.6 Radiography Services Audit 
 
The audit found that overall BSSA offers a high quality mammography service to clients. 
 
2.3.7 Medical Physics Investigation of Equipment Performance  
 
Re-testing of the digital equipment that was in operation during the time in question was 
conducted by an external medical physicist and a review of the earlier physicists’ reports and 
test results indicated compliance with all Royal Australian and New Zealand College of 
Radiologists (RANZCR) and NAS requirements. This indicates that equipment performance 
was therefore satisfactory over the time period in which the reduced cancer detection rate 
was observed. 
 
2.3.8 Picture Archiving and Communication System Audit 
 
The PACS audit did not find a conclusive factor that led to lower cancer detection rates. A 
definitive judgement on whether training was effective and relevant cannot be made. A more 
detailed investigation focused on all methods of training would be required. Based on 
material covered in supplied training documentation alone, there is a possibility there was not 
sufficient coverage in initial training of the nature of clinical image display in PACS, and the 
tools used to assess these images. This may have led to issues in clinical diagnosis of 
images across the reference period.    
 
2.4 Key Recommendations 
 
The key recommendations are derived from and are detailed in the RCA and the review of 
the Digital Mammography Re-reads. The recommendations are: 

1. That BSSA adopt the recommendations in the Review of the Digital Mammography 
Re-read as the basis of a Quality Improvement Plan. 

2. That the quality assurance activities based on these recommendations be mandatory. 
3. That the recommendations of the RCA dated 8 May 2013 and detailed elsewhere in 

this Report be fully accepted by BSSA and acted upon. 
 
In addition to these key recommendations, BSSA should review and implement where 
appropriate and feasible, recommendations contained in the Digital Technology 
Implementation Review report and PACS audit. 
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2.4.1 Individual Report Recommendations – Summary 
 
1. Digital mammography re-read: See above and section 2.5.1 
2. RCA: See above and section 2.5.2 
3. Data analysis validation: Nil 
4. Data management and integrity audit: Nil 
5. Digital technology implementation review:  

a) That SA Health review the processes used to approve and fund large complex 
projects 

b) That BSSA establish a multi-disciplinary planning group, to include the radiology 
coordinator and chief radiographer, to plan for future capital replacement and to 
assess new technologies. 

c) That BSSA review the triple data audit process and establish a more timely 
process for the retrieval and recording of post treatment breast cancer data in 
conjunction with the implementation of the BSSA Replacement Information 
System (BRIS) project. 

d) That BSSA advocate for the implementation of the BreastScreen Australia 
Evaluation Final Report recommendations related to governance and 
management to improve national policy leadership and program development in 
particular for emerging issues and new technology.  

e) That BSSA support the reinvigoration of the Digital Mammography User Group 
across the BreastScreen Australia Program. 

f) That SA Health advocate for a review of the current Commonwealth/State 
funding arrangements to ensure that future investment is appropriately made for 
the replacement of the Program’s digital technology capital and to maximize the 
benefits of this technology. 

g) Propose that the Breast Imaging Group (BIG) of RANZCR review the training 
and support requirements to optimise digital reading of screening 
mammograms.  

6. Radiography services audit:  
a) That BSSA consider enhancing the monitoring of the radiography quality 

assurance (QA) program and equipment testing, by reviewing on an annual 
basis with the oversight of a qualified medical physicist. 

b) That BSSA consider a trial and review of the C120 dose mode as 
recommended by the medical physicist. 

c) That BSSA consider performing a review of the breast compression used for 
digital mammography. The PACS vendor may be able to assist in extracting the 
required information from PACS regarding breast compression. 

7. Medical physics investigation of equipment performance: 
a) It is recommended that future screening is carried out at an increased radiation 

dose in order to reduce the image noise. This can be achieved by using a 
different Automatic Exposure Control (AEC) mode known as C120. 

8. PACS audit: 
a) Investigate observed image variation at reading stations. It is 

recommended that BSSA investigate whether observed differences in image 
display on clinical monitors at reading workstations can be replicated and if so, 
is it clinically significant. In the event that it is determined to exist and found to 
be clinically significant, it is recommended a multi-disciplinary group should be 
formed to determine root cause and any remedial actions required. The 
multidisciplinary group may include, but is not limited to, radiologists, medical 
physicists, vendors and PACS administrators. 

b) Confirm black luminance setting for 5MP Barco monitors. It is 
recommended that BSSA change the setting to the PACS vendor 
recommended value, “equalize with displays of same type”, on clinical 5MP 
paired monitors and compare results with the current value (“native black”).  
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Results should be compared using both dedicated test patterns and a range of 
breast type images. These comparisons should be made by clinically trained 
staff and a consensus on a more appropriate setting reached. 

c) See section 2.5.8 for suggested improvements 
 
2.4.2 Observations on the Findings of the Other Reviews in the Light of the Re-read 
 Project 

The reading of a high volume of BSSA screening images on site by the external readers 
provides an opportunity to reflect on the clinical significance of some of the observations 
made in the other above audits conducted as part of this Review. Consideration of strategies 
to reduce image noise and image blur and further enhancements to radiographic quality 
assurance practices detailed in the Radiography Services Audit and the Medical Physics 
Audit are supported by this re-reading experience of 53,104 cases and are highlighted in 
greater detail in the re-read report.  

In addition to the key recommendations, the Digital Technology Implementation Report 
includes important longer term suggestions that SA Health and BSSA should review and 
implement where appropriate and feasible. Similarly, the PACS Audit has highlighted some 
areas for consideration and enhancement.  

In relation to the clinical significance of the observation of image variation at reading stations 
and black luminance setting for Barco monitors outlined in the PACS audit, it is noteworthy 
that the external readers did not find these issues to hinder their performance and the 
cancers detected as part of this review were identified using the existing PACS settings. 

2.5 Detailed Findings and/or recommendations from the various lines of inquiry 
 
2.5.1 Digital Mammography Re-Reads 

 
Associate Professor Warwick Lee, December 2012 to March 2013 
Executive Summary 

 53,104 screening mammograms were re-read 
 570 women were recalled to assessment 
 56 women with cancers were identified by the re-read process, 41 invasive cancers 

(including 40 invasive breast cancers and one lung cancer metastasis to the breast) 
and 15 cases of ductal carcinoma in situ (DCIS) 

 This equates to a rate of 10.5 cancers detected per 10,000 screening mammograms 
re-read.  

 
Screen reading practices were identified as a major cause of the lower than expected cancer 
detection rate under digital mammography. The main factor identified was a reduction in 
recall rates to assessment.  A Quality Improvement Plan has been recommended, in line with 
the recommendations of the RCA, detailed elsewhere in this Report.  
 
Background 
Following documentation of a lower than expected cancer detection rate for the period 6 
September 2010 to 30 June 2012, the former SA Minister for Health and Ageing 
commissioned a wide ranging review of digital mammography at BSSA from 12 December 
2012.  
 
The purpose of the review was twofold: 

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care  

 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 
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Details of Decreased Cancer Detection Rates 
In September 2012 the Program’s internal audit processes discovered that the cancer 
detection rates were significantly lower under digital compared to running under an analogue 
mammography environment. The reduced cancer detection rates related to the BreastScreen 
Australia’s NAS 2.1.1 (Invasive cancer in round 1 women in the target age group (TAG 50-
69), NAS 2.1.2 (Invasive cancer in round 2 plus women in the target age group (TAG 50-69) 
and NAS 2.2.1 (small Invasive cancer in all round women in the TAG).  
 
Precedents of Re-read of Screening Mammograms 
The author of this Report is aware of four known precedents of the BSSA re-read of 
screening mammograms across BreastScreen Australia. Two were on a basis of quality 
control where there was no concern regarding reduction in cancer detection rates and two 
were on the basis of quality assurance with reduced cancer detection rates and failure to 
reach the NAS for cancer detection.  

 State/Territory 1: re-read 5,339 digital mammograms due to a quality control issue. 
Two cancers were identified which equates to a rate of 3.7 cancers detected per 
10,000 screening mammograms re-read. 

 State/Territory 2: re-read approximately 6,000 screens due to a quality control issue 
in the early 2000’s. No cancers were detected. 

 State/Territory 3:  re-read the screening examinations of two Services in the early 
2000’s due to reduced cancer detection rates with failure to reach the NAS. Details of 
the re-read process are not available, but sufficient cancers were identified by the re-
read to reach the NAS. 

 State/Territory 4: re-read 11,800 examinations due to reduced cancer detection rates, 
finding approximately 18 cancers. This equates to a rate of 15 cancers detected per 
10,000 screening mammograms re-read.  

 
Group of Digital Re-reads 
The re-read project re-examined the digital screening mammograms of women who attended 
BSSA between the 6 September 2010 and 30 June 2012 who were screened with digital 
mammography and had a normal result. The review group was estimated to be 
approximately 54,000 sets of digital mammograms. 
 
One of the principal aims of the Review was to ascertain if there are any cancers which have 
escaped detection to date and if so, identify them as soon as possible so that the women 
may receive appropriate care. As such, the following groups of women were not included in 
the review: 

 who were known to be deceased  
 with a breast cancer diagnosed outside the Program that BSSA was aware of  
 with a screen detected breast cancer    
 who were last screened via analogue technology since 6 September 2010  
 last screened via digital after 30 June 2012 
 who were recalled and assessed during this time  
 who had more than one normal digital mammogram    

 
Re-read Process 
The re-reading of the digital mammograms was undertaken by 13 BreastScreen Australia 
radiologists, external to BSSA. All external radiologists were recruited from BreastScreen 
NSW and BreastScreen Victoria and were experienced in reading digital mammography. The 
performance of all external radiologists at clinical audit with regard to cancer detection rates 
and recall rates met the standards required by either BreastScreen NSW or BreastScreen 
Victoria. Readers were recruited by three senior BreastScreen radiologists, external to 
BSSA, on the basis of experience with digital mammography with satisfactory performance at 
clinical audit, not on the basis of exceptionally high sensitivity, so as to reflect usual clinical 
practice in a screening program. In this respect, they can be considered peers of the BSSA 
readers. 
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The reading sessions were not normal reading sessions since cases that have been recalled 
to assessment after initial reads by BSSA had been removed. These cases include both true 
positive assessment cases (cancers) and false positive assessment cases (no cancer at 
assessment, client returned to screen). In addition, the review cohort did not include women 
who had had more than one round of cleared digital screening, women who were diagnosed 
with interval cancers at the time of the announcement and deceased clients.  
 
With these caveats, in all other aspects, the re-reads were treated as normal reading 
sessions, in line with the radiologists’ normal pace, procedures and performance (sensitivity 
and specificity). The aim was to determine if the statistical variation in cancer detection rates 
indicates the presence of cancers that might have escaped detection to date.  
 
All re-reads undertaken by the external radiologists were performed in the central BSSA 
reading facilities at Wayville on Sectra IDS7 PACS workstations. Readers viewed the same 
current and scanned immediate prior images as were available at initial screen reads at 
BSSA. The readers also had access to the complete clinical records and hard copy images 
of all clients, as did the original BSSA readers. 
 
Reads were single-read and classified as per standard Australian imaging classifications as 
follows:  

 Imaging grade 1 or 2 (Normal/benign = return to routine screen) 
 Imaging grade 3 (Equivocal = recall) 
 Imaging grade 4 (Suspicious = recall) 
 Imaging grade 5 (Malignant = recall) 

 
Cases recalled by an external reader were re-read by a second external reader (referred to 
as “consensus read”) with the consensus reader to make the final decision regarding recall 
or clear result.   
 
Results of the External Re-read Process 
One of the purposes of the re-read process was to meet an aim of the BSSA independent 
system wide Review:  

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care.  

 
The re-read process achieved this purpose. Fifty-two cancers were identified promptly, 
ensuring that women who were screened by BSSA received appropriate care. An additional 
four cancers were also identified through the review; however, these women had already 
been diagnosed with cancer external to BSSA. 
 
The re-reading commenced on Friday 21 December 2012 and was concluded Monday 11 
March 2013 with a total of 53,104 primary external re-reads and 1,395 consensus reads.  
The primary recall rate of the external readers was 2.63% and the final number of women 
recalled after consensus re-reads was 570 for a final recall rate of 1.07%.   
 
At the time of this report (17 May, 2013), 559 women had been assessed (553 at BSSA and 
six outside the Program, as per their choice). There are a further four women who declined to 
attend for assessment or were unable to do so for health reasons. In addition to the above, 
four women included in the review and recalled at external read, had already presented with 
an interval cancer. Another woman with an occult breast cancer metastatic to an axillary 
node was identified correctly by BSSA and was assessed outside of BSSA. The review 
confirmed this recall.    
 
At the time of this report (17 May, 2013) 56 women recalled for assessment following the re-
read were diagnosed with cancer. Forty-one women were diagnosed with invasive cancer 
(one was metastatic lung cancer) and 15 women with ductal carcinoma in situ (DCIS).  
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Of the DCIS cases, nine were high grade (1 with micro-invasion), three were intermediate 
grade and two were low grade papillary. The invasive cancers were pathology grade I in 13 
cases, pathology grade II in 17 cases and pathology grade III in five cases. In five cases the 
final pathology grade is to be determined, pending surgical excision and histopathology 
examination.  
 
To date, there are a further three women who have been referred for open biopsy, the results 
of which are not yet available.   
 
Effect on BSSA Cancer Detection Rates Following External Re-reads 
When the cancers detected by the external readers are combined with the cancers detected 
by the BSSA readers for the reporting periods financial years 2010/2011 and 2011/2012, 
digital images only, the cancer detection rates improved, as indicated in Table 1. Standards 
for invasive breast cancers for round 1 woman and small invasive cancers, all rounds, were 
still unmet; however, the improvements made in the cancer detection rates for round 2 plus 
woman and small invasive cancers for all round women were statistically significant.  
 
The number of cancers detected by the external re-read of digital mammograms does not 
take into account the number of interval cancers that were potentially detectable by the 
digital mammograms. To date, there are up to 16 such cancers. This is discussed in sections 
devoted to interval cancers.  
 
The year to date 2012/2013 preliminary figures to 31 January 2013, shows significant 
improvement in the cancer detection rates compared to the period under review, with only 
the small cancer detection rate being unmet but close to the threshold.  
 
However, the cancer detection rates are not at the historical high levels achieved by BSSA 
and screen reading practices need to be addressed, as detailed elsewhere in this Report. 
The 2012/2013 data does not include any external reads. 
 
TABLE 1 – NATIONAL ACCREDITATION STANDARDS (NAS) RELATING TO CANCER 
DETECTION RATES, DIGITAL SCREENING ONLY 
 

NAS Standard BSSA reads 
2010/2011 & 
2011/2012 
combined 

BSSA plus 
external re-read 

2010/2011 & 
2011/2012 
combined 

BSSA reads 
YTD 2012/2013 

To end Jan 
2013 

NAS 2.1.1 
Invasive breast 
cancers Round 1, 
Age 50-69yrs 

>50 per 10,000 
women  
screened 

 
33.5 

 
48.1 

 
66.8 

NAS 2.1.2 
Invasive breast 
cancers Round 
2+, Age 50-69yrs  

>35 per 10,000 
women  
screened 

 
32.1 

 
38.2 

 
38.8 

NAS 2.2.1 
Small invasive 
cancers  detected, 
all rounds 

>25 per 10,000 
women  
screened 

 
18.3 

 
23.5 

 
23.9 

NAS 2.3.1 
DCIS, Round 1, 
Age 50-69yrs 

>/= 12 per 
10,000 women  
screened 

 
14.6 

 
16.7 

 
21.3 

NAS 2.3.2 
DCIS Round 2+, 
Age 50-69yrs 

>/= 7 per 10,000 
women  
screened 

 
8.8 

 
10.8 

 
10.4 
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Effect on BSSA Recall Rates Following External Re-reads 
As part of its monitoring processes for the roll out of digital mammography, BSSA had noted 
that recall rates after the introduction of digital mammograms and soft copy reading were 
lower compared to recall rates for women screened with analogue mammograms. In the 12 
months ending 30 June 2011, the recall rate for subsequent round women was 1.26% for 
women screened with digital mammography compared to 2.24% for women screened with 
analogue mammograms.  
 
As shown in Table 2, when the number of women recalled by the external readers is added 
to the number of women recalled after the primary reading by the BSSA readers, the recall 
rate returned to the BSSA historical levels of over 2% for subsequent rounds, while it 
remained higher than historical rates for round 1.  Even with these increases, the recall rates 
still meet the NAS to minimise unnecessary recall (less than 10% for round 1 and less than 
5% for subsequent rounds). The effect of the re-read process (adjusted total) on recall rates 
and the subsequent recall rates in BSSA are shown in the table below. 
 
TABLE 2 – RECALL RATES ALL ROUNDS BY YEAR 
 

Year Recall Rates Round 1 (%) Recall Rates Round 2+ (%) 
2009/2010 5.13 2.06 
2010/2011 Analogue 5.29 2.24 
2010/2011 Digital 4.59 1.26 
2010/2011 Digital + review 6.39 1.64 
2010/2011 Adjusted total 5.60 2.08 
2011/12 Analogue 4.84 2.25 
2011/2012 Digital 4.43 1.30 
2011/2012 Digital + review 7.93 2.07 
2011/2012 Adjusted total 6.51 2.15 
2012/2013 YTD Jan 2013 
Analogue 

5.97 2.91 

2012/2013 YTD Jan 2013 
digital 

8.54 2.27 

2012/2013 YTD  Jan 2013 
total 

8.25 2.33 

 
Interval Cancers 
 
An interval cancer is invasive cancer or DCIS that is diagnosed in the interval after a 
negative screening episode and before the next scheduled screening examination. 
 
Four women who were recalled by the external readers were found to have already been 
diagnosed with interval cancers outside the Program in the interim. Thirty women who had 
been identified to have an interval cancer prior to commencement of the re-reading process 
were not included in the initial re-read process, since the stated aim was to identify 
undiagnosed cancers and these women had already been diagnosed with breast cancer and 
they would have been subjected to mandatory quality assurance reviews by BSSA 
radiologists, as per the requirements for all BreastScreen Australia services.  
 
However, for completeness, an expert external radiologist (Professor Mary Rickard) has 
subsequently reviewed their digital screening images performed prior to the diagnosis of the 
interval cancer. This was done initially without any knowledge of the final location or 
pathology of the lesion, the sole aim being to identify any indications for recall. A subsequent 
review was then undertaken by Professor Rickard with the knowledge of the quadrant in 
which the cancers were diagnosed.  
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Diagnostic imaging was not available for comparison. It was estimated from the review of 
these 30 cases that an additional 16 (53.3%) cancers may have been identified at screen 
(false negative prior screens) and three women (10.0%) would have been falsely recalled.  
Had the 16 false negative prior screen examinations been included in the external re-read, 
the impact of the re-read process on the cancer detection rate would have been greater.  
 
When combined with the 56 cancers detected by the initial re-read process, the additional 16 
false negative cases would account for 72 cancers that were potentially detectable at the 
time of initial screening.  
 
This review of interval cancers was performed by a single reader knowing that the cases 
were interval cancers and this may have inflated the number of false negative prior screening 
mammograms.  It is also limited to interval cancers up to the end of 2012, since complete 
data on interval cancers arising from January to June 2013 will only be reported by the SA 
Cancer Registry after this period.  
 
To place this review of interval cancers into perspective, it is compared to a study from 
BreastScreen Victoria1. This study reported the review of 129 interval cancers mixed with 99 
screen detected cancers and 99 normal examinations, read by five radiologists unaware of 
the status of the case. Recall by any 3 of 5 radiologists of a lesion confirmed to be an interval 
cancer classified the case as a false negative (FN) screen. The rate of FN screen in that 
review was 38%. This rate excluded the “minimal sign” interval cancers where the lesion is 
visible only with the aid of the diagnostic images. If this rate is applied to the current group of 
interval cancers at BSSA, 11 additional cancers may have been expected in the review of the 
interval cancers. The finding of 16 potential false negative cancers is therefore consistent 
with the expected number based on the Victorian study. 
 
It is expected that the interval cancer rates for the screening years 2010, 2011 and 2012 will 
increase due to the reduction in cancer detection rates that prompted this Review.  
 
All cancers identified by this review will be classified as interval cancers. The Program has 
sought expert advice from the BreastScreen Australia NQMC, which has determined this 
classification to be appropriate. 
 
Observations Regarding BSSA Digital Screen and Assessment Practices 
The digital re-read process provided the opportunity for a group of external radiologists to 
review a high volume of images from BSSA. This also entailed review of previous and some 
current assessment episodes. This allows for the following observations to be made 
regarding both the screening and the assessment practices at BSSA, regardless of the final 
outcome or the number of cancers detected by the external read. 
 
Recall Rates 

 As discussed above, the recall rates for subsequent rounds for digital mammograms 
during the re-read period was 1.26%. Modelling has shown that cancer detection 
rates are optimal at the 4% level for subsequent rounds, when a trade-off between 
cancer detection rates and false positive recalls to assessment are considered2. 
Beyond 4% recall, there is little further increase in cancer detection. BSSA has 
traditionally maintained good cancer detection rates, well above the NAS, with low 
recall rates for subsequent rounds, in the region of 2.5%. It is concluded by this 
review that the digital recall rates have decreased to a level that impacted 
significantly on cancer detection rates.  

                                                 
1 Amos AF, Kavanagh AM, Cawson JC and the Radiology Quality Assurance Group of BreastScreen Victoria. 
Radiological review of interval cancers in an Australian mammographic screening programme. J Med Screen 
2000;7:184-189.  
2Otten JDM, Karssemeijer N, Hendriks JHCL et al. Effect of recall rate on earlier screen detection of breast 
cancers based on the Dutch performance indicators. JNCI 2005; 97(10)784-754. 
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 While most programs experience an increase in recall rates after the introduction of 
digital mammography, at least on a temporary basis, some programs internationally 
have also noted a reduction in their recall rates, but without compromising cancer 
detection rates. Low recall rates per se are not an indication of low cancer detection 
rates. However, in BSSA’s case, the reduction in recall rates contributed to reduced 
cancer detection.  

 This Review was not designed to determine reasons behind the reduced recall rates. 
However, it is thought that it relates primarily to failure of recognition of differences in 
the mammographic appearances of breast lesions between analogue mammography 
and digital mammography and changes in reading practices, the so-called learning 
curve.  

  It is noted that the Digital Technology Implementation Review contained elsewhere in 
this Report found that the time delay in the full implementation of digital 
mammography impacted on the screen readers with slow introduction of digital 
examinations. This may have lengthened the learning curve.  

 
Image Quality 

 General: Quality of the digital images is generally satisfactory and acceptable images 
for screening and diagnostic purposes have been obtained. However, as in all things, 
there is room for improvement. The images are generally noisy with some images 
affected adversely by increased quantum mottle. This is detailed in the Medical 
Physics Investigation of Equipment Performance within BSSA by Dr Jenny Diffey. 
The mottle could be reduced by using the Automatic Exposure Control C120 setting 
that reduces mottle by increasing radiation dose modestly while still maintaining the 
lowest radiation dose level of all mammography vendors. The “look and feel” of the 
Sectra images is different to that of analogue images, but this applies to all digital 
mammography vendors. For example, there are examples of cancers detected by the 
re-read of Sectra images that are more conspicuous on the Sectra screening images 
than on repeat routine views at assessment obtained with the Hologic modality. 

 Blur: External readers noted many blurred images that were included for screen 
reading that they would have recalled as “Technical Recalls” at their own Services. 
There is concern from three points: 

 Radiographic quality control at the time of acquiring the images may be 
suboptimal. The acquisition monitors are 2MP monitors and the 
radiographers may not have seen the blur. Alternatively, the 
radiographers may not have paid enough attention to blur. 

 The radiologists may not have considered it part of their role to assess 
image quality at the time of reading. 

 The radiologists may not have seen the blur due to suboptimal soft copy 
reading practices. Often the blur was only visible if the “zoom” function 
(i.e. electronic magnification) was used. This is discussed below. 
However, concern is raised that if the readers cannot perceive blurred 
images, they may also be failing to perceive subtle mammographic 
findings. 

 Positioning: As the case with blurred images, external readers noted many images 
that were included for screen reading that they would have recalled as “Technical 
Recalls” at their own Services due to missing breast tissue, particularly in the axillary 
region. Conversely, many women had more than the standard four images where it 
was thought by the external readers that four would have been adequate. There was 
concern that some additional views, such as “up-lift” views, had become standard 
radiography practice at BSSA. This acquiring of additional views increases the 
radiation dose without benefits for the clients while also adversely impacting hanging 
protocols. 
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 Hanging protocols and soft copy reading practices: It has been shown that 
reader performance is better when images are displayed with at least “screen fit” 
resolution, where only one image is displayed on a viewing screen, compared to a 
protocol where two or more images are displayed on a single monitor3. 

 
  It has been further shown that there is a trend to better reader performance when 
  magnification factors greater than screen fit are used4. Hanging protocols should  
  encourage viewing of images in at least screen-fit mode and zooming of all cases 
  should be encouraged. This should also apply to comparisons with prior images. The 
  current BSSA hanging protocol does not encourage this practice. 

 
At BSSA currently the number of images hung is determined by the number of prior 
images. If there are more prior images than current images, the current round images 
will be repeated and therefore lengthen the hanging protocol. A reader may therefore 
take shortcuts and not complete the full hanging protocol or omit zooming. This 
situation is accentuated if an excess number of images per client are obtained. 
 
The 4th “standard” hanging in the current BSSA protocol consists of left and right 
medio-lateral oblique (MLO) views on one monitor and left and right cranio-caudal 
(CC) images on the other monitor (not screen-fit). This encourages viewing at lower 
resolution.  
 
It is not possible to compare prior and current views of one breast simultaneously in 
at least screen-fit mode. If a reader wishes to do so, the PACS hanging must be 
manually altered.  
 
Due to this suboptimal hanging protocol, there may be a tendency not to use the 
zoom function, leading to failure to detect some lesions, especially calcifications and 
some small spiculate masses or subtle stellate lesions. 
 

 Lesions not recalled:  An observation was made by external readers that particular 
types of lesions had not been recalled, regardless of whether they were true positive 
or false positive recalls, namely: 

 Lesions in review areas of the breast: against the chest wall, at the 
 extremes of the breast and in the so-called “milky way”. 

 Small masses with unclear margins. 
 Small clusters of equivocal calcifications and more extensive clusters of 

 suspicious calcification.  
 Asymmetric densities that have increased in density while remaining of 

 similar size. 
 Some stellate lesions that had remained stable between screens were 

 not recalled.  
  
  This may reflect both failure in perception and interpretation. 
 

It was the view of the external readers that a significant number of the lesions not 
recalled by the BSSA readers that were subsequently shown to be cancers were not 
subtle lesions. A review of the screening images of 43 of the 56 women who were re-
read and diagnosed with cancer at assessment by needle biopsy was undertaken by 
three external radiologists (Professor Mary Rickard, Dr Allison Rose, Associate 
Professor Warwick Lee).   
 

                                                 
3Haygood TM, Arribas E, Brennan PC, et al, Conspicuity of microcalcifications on digital screening 
mammograms using varying degrees of monitor zooming. AcadRadiolo 2009; 16:1509-1517. 
4Haygood TM, Arribas E, Liu QM, et al. Detection of microcalcification on digital screening mammograms 
using varying degrees of monitor zooming. AJR: 2011; W761-W768 
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Each screening examination that resulted in recall was graded for the level of 
difficulty in making a decision to recall, based on both perception of a lesion and 
analysis of the lesion perceived at screen, using a 5 point grading scale (1 for easiest, 
5 for hardest). The scores of the three readers for each case were pooled to provide 
a single score for each case. The average degree of difficulty in perceiving a lesion 
and making a decision to recall for this group of 43 women was 2.2 out of 5, in 
agreement with the impression that cancers not recalled at initial read were, in 
general, not subtle lesions. Only one lesion was categorised as 4 out of 5 and none 
as 5 out of 5.  

 Recall rate at third read: When only one of the two primary readers recalls a woman 
at screen reading, a third read is performed to decide on the final outcome, where the 
third reader is aware of the results of the first and second readers.  The recall rate at 
third read in BSSA is usually in the order of 20%. In other BreastScreen jurisdictions, 
it is closer to 40%.  This low recall rate at third read will contribute to the overall low 
recall rate of BSSA. However, it may also result in lower cancer detection rates.  

 Needle biopsies at assessment: External readers, while reviewing client files during 
screen reading, made two observations regarding assessment practices: 

 Lesions previously recalled had not been biopsied, too great a reliance 
possibly being placed upon normal ultrasound result or possibly benign 
mammographic appearances at mammographic work-up, especially with 
calcifications. 

 There is a heavy reliance placed upon fine needle aspiration biopsy 
(FNAB) at BSSA with comparatively less frequent use of core needle 
biopsy and vacuum assisted core needle biopsy, including biopsy of 
micro-calcifications. Apart from lesions likely to be benign, FNAB of 
screen detected lesions is not standard practice nationally or 
internationally5. Small soft tissue masses that may be invasive cancer or 
DCIS frequently only underwent FNAB at BSSA. However, FNAB cannot 
distinguish invasive cancer from DCIS and reliance upon FNAB may lead 
to over treatment of the axilla in cases of DCIS, or increased re-excision 
rates. In addition, FNAB cannot confirm the presence of calcium in the 
biopsy, a critical factor in assessing micro-calcifications. Further, in the 
setting of screen detected breast lesions, FNAB has significantly higher 
false positive and false negatives rates than core biopsies. 

 
Conclusion 
The purpose of the BSSA System wide review was twofold: 

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care.  

 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 

 
The re-read process achieved its first aim. A significant number of cancers were identified 
promptly, ensuring that women who were screened by BSSA received appropriate care.  
The re-read process also achieved the second purpose. Factors have been identified that 
may have either directly resulted in reduced cancer detection rates or resulted in suboptimal 
screen reading practices.  

                                                 
5 WHO Classification of Tumours of the Breast. World Health Organization 2012. 4th edition. Lakhani RS, Ellis 
IO, Schnitt SJ, Hoon PH and van de Vijver MJ. IARC Press, Lyon, France. 
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With regards to screening reading practices the main factors are: 
 Low recall rates with failure to recall cancers. This may be the result of a combination 

of a culture within BSSA which has had historically low recall rates, errors in 
perception at screen reading and errors in analysis of lesions perceived in the digital 
environment.  

 Sub optimal hanging protocols. 
 Possible poor soft copy reading practices. 
 Image quality issues. 

 
Recommendations 

1. That BSSA adopt the recommendations in this Review as the basis of a Quality 
Improvement Plan. 

2. That the quality assurance activities based on these recommendations be mandatory. 
3. That the recommendations of the RCA dated 8 May 2013 and detailed elsewhere in 

this Report be fully accepted by BSSA and acted upon. 
 
In addition to these key recommendations, BSSA should review and implement where 
appropriate and feasible, recommendations contained in the Digital Technology 
Implementation Review Report and PACS audit. 
 
Specific Recommendations for the BSSA Screen Readers related to recall rates, lesion 
perception and analysis in the digital environment and digital reading practices 

1. Review by all screen readers individually of all cancers not recalled at initial BSSA 
read, detected by the re-read process. Attention to specific lesion subtypes not 
recalled for focused review: 

a. lesions in review areas of the breast: against the chest wall, at the extremes of 
the breast and in the so-called “milky way” 

b. small masses with unclear margins 
c. equivocal or suspicious calcifications, regardless of size 
d. asymmetric densities that have increased in density, regardless of stability of 

size over time 
e. stellate lesions, regardless of stability of size over time 

2. Review of all the cancers referred to in 1) in an open educational forum, possibly with 
the support of an external BreastScreen radiologist.  

3. Completion of at least one training test set of digital screening mammograms per 
year, such as the BREAST training set, with self-assessment and assessment of 
individual results by the BSSA Radiology Co-ordinator.  

4. Establishment of a digital mammography image library at BSSA to be incorporated 
into specific digital mammography training protocols for existing and new readers. 

5. Review of soft copy reading practices and hanging protocols: 
a. Review speed of reading, length of reading sessions and time of day of 

reading sessions. Reading digital mammography has been shown to take 
longer than reading film-screen mammography6. This is particularly relevant to 
the digital reading learning period. 

b. Hanging protocols should encourage viewing of images in at least fit-to-view 
mode, including when prior images are compared. 

c. Zooming of all cases should be encouraged. 
d. Review the continued use of the 4th “standard” hanging in the current BSSA 

protocol, as it is not “screen fit” and encourages viewing at lower resolution. 
e. Discourage radiographer practices that increase the number of additional 

images.  
f. The hanging protocol should be driven by the number of images in the current 

round, not the prior round. 
 

                                                 
6 Haygood TM, Wang J, Atkinson EN et al, Timed efficiency of interpretation of digital and film-screen 
mammograms. AJR 2009; 192:216-220. 
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Specific Recommendations for BSSA third reader practices 
1. Discourage low recall rates at third read below 40%. 
2. Trial consensus third reads. 
3. Review on an on-going basis third reader performance outcomes. 
4. Document reasons for lesion dismissal at third read with feedback to primary reader 

and opportunity for appeal/discussion. 
 

Specific Recommendations for BSSA Assessment Teams 
1. Require greater readiness to biopsy lesions, regardless of previous recall, particularly 

if not biopsied previously. 
2. Reduce use of FNAB at assessment.  

a. Abandon the use of FNAB for assessment of all microcalcifications. 
b. Consider limiting FNAB use only for non-calcified lesions with grade 3 imaging 

features that are likely to be returned to re-screen and using core biopsy for 
lesions with grade 4 and 5 imaging features. 

 
Specific Recommendations to address image quality 

1. Image noise: 
a. Consider the use the AEC C120 setting to reduce mottle. 
b. Review the processing algorithms used for production of the clinical digital image. 

2. Image blur: 
a. Acquire higher resolution acquisition monitors (3MP) at image acquisition 

workstation. 
b. Highlight radiologists’ role in image QA and determination of technical recalls. 

3. Address radiographic QA: 
a. Radiographer education regarding positioning and unnecessary images  

 
2.5.2 Root Cause Analysis (RCA) 
 
RCA Report 1 – public report incorporates recommendations for changes or improvements in 
relation to procedure or practice as determined by the RCA team. The RCA Part 8 Health 
Care Act 2008 was independently commissioned to the Review and it was fortunate that 
these recommendations were available at the time of the release of this Report.  
 
Root Cause Analysis Report 1 Public Report, Part 8(72)(1)(a) Health Care Act 2008 (SA)  
Date of event: 17/09/2012 
 
Fact-based description of the incident as known at the time of the incident: 
Lower than expected breast cancer detection rates coinciding with the introduction of digital 
screening technology. 
 
Recommendations (8 May 2013): 
 
1. Review image hanging protocols and other user interface issues to improve 

compliance with the full hanging protocol and zoom functions and to minimise 
the repetition of current round images incorporating:  

 Instruction of radiologists in the routine use of zooming and retraining of 
radiologists in the use of workstation tools and critical functions specific to 
interpretation with the use of Sectra PACS.  

 Utilisation of a Model of Improvement method (small scale testing, Plan-Do-
Study-Act cycles) of trialling different hanging protocols and interface methods 
with the engagement of BSSA radiologists, other staff and experiences of 
other BreastScreen services. 

 Provision of regular training updates following planned RIS-PACS 
modifications. 

 Development of a seamless interface between the new RIS and PACS to 
minimise distractions. 
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2. Enhance image quality processes by: 
 Development and implementation of a plan to improve radiographic 

positioning and reduce image motion blur.  
 Review of the modality (Sectra mammography) exposure factors and 

processing algorithms. 
 

3. Review of the triple data audit process and other data development to facilitate: 
 Establishment of a process that is as timely as possible for the retrieval and 

recording of post treatment breast cancer data. 
 Development of systems to capture the time taken for mammogram case 

reading and other measures to evaluate compliance to the image hanging 
protocol and use of zooming function. 

 Quarterly provision to radiologists of the results of measures developed to 
evaluate compliance to the image hanging protocol and zooming usage and of 
preliminary cancer detection, in addition to performance indicators currently 
provided. This data should be reviewed at the Radiology Quality Review 
Committee using appropriately anonymised statistics, and benchmarked 
against each other, the periods aggregated figure, other states, the NAS, and 
prior analogue achieved rates where possible.  

 
4. Enhance quality improvement processes for the clinical team and in particular 

the radiology team, including: 
 Implementation of quality improvement steps into the current reading pathway 

by ensuring that one of the mammogram readers (either one of the two 
primary readers or an additional reader) and that the ‘third’ reader for 
discordant outcomes have a record of meeting or exceeding the NAS 
standards for cancer and small cancer detection. There should be real time 
feedback to and peer review by all radiologists of cancers detected by these 
processes.  The primary reading quality step should be continued until such 
time as cancer data indicates satisfactory cancer detection is achievable 
without this quality step. Selection criteria for third readers should include 
good detection rates for cancer and specifically, small cancer. 

 Alignment of the learning environment for image review to digital. The facilities 
should allow viewing of digital images on a sufficiently large screen with 
appropriate specifications for the radiology group to effectively discuss cases. 

 Training of a team of radiologists and other relevant staff in Clinical Practice 
Improvement methodology, human factors and pro-active safety culture 
practices. These principles should be incorporated into routine clinical 
practice.  

 Review the structure of the Radiology Quality Review Committee and the 
Teaching and Review Quality Improvement Committee meetings to include 
the use of a structured learning framework. Lessons learnt should be 
converted to actions and effectively communicated to all radiologists and 
clinical staff, and their implementation status reviewed as appropriate. The 
climate of these forums needs to provide for a psychologically safe 
environment to speak freely in regard to quality and safety issues.  

 Expansion of the Radiologist Co-ordinator role to include responsibility for 
ensuring effective processes and structures to enable a high performing 
radiologist team with a patient safety culture and quality improvement focus.  
The Radiologist Coordinator should assist radiologists not meeting the NAS 
for cancer and small cancer detection to develop an approved individual 
Quality Improvement (QI) plan. 
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5. Improve clinical and in particular radiological practice by use of the appropriate 
processes (such as job and person specifications, employment contracts, 
scope of practice), including:  

 Participation in a process of performance development and review. 
 Participation in a minimum set of quality improvement and on-going learning 

activities that include involvement in individual and peer reflective review 
processes, participation in quality improvement meetings and activities, and 
continuing education. For radiologists this should include use of 
mammography screening learning sets (such as BREAST). 

 Compliance by radiologists with a minimum training for digital mammography 
in line with best practice or New Zealand Standards7 until Australian 
Standards are developed. Training should be based on adult learning 
principles (needs-based, competency-based, including assessment and 
follow-up).  

 
6. Engage an organisational psychologist to assess and implement improvements 

to the organisational culture, including: 
 A review of the clinical and management team structure, staffing, roles and 

performance review and development practices to enhance their ability to 
maintain high performance with a specific emphasis in providing a strong 
culture of learning and patient safety.  

 Establishment of effective working relationships within the organisation. 
 
2.5.3 Data Analysis and Validation 
 
Findings 
The external Advanced Epidemiologist confirmed that the subsequent round cancer 
detection and small cancer detection rates in the cohort of women screened (during the 
period on question) using digital mammography was statistically significantly lower than the 
corresponding historical (current periods July to September 2012) rates under analogue 
mammography.  Further, small cancer detection rates for the most recent period 2011/2012 
were statistically significantly below the requirement of >25 per 10,000 women screened 
stipulated in the NAS.  This trend appeared to be evident across BSSA and not confined to 
any particular screening sites and could not be explained by changes in the cohort of women 
presenting for screening or by chance alone. 
 
Recommendations - NIL 
 
2.5.4 Data Management and Integrity Audit 
 
Findings 
Within the scope of audit, no data entry; quality assurance processes; or reporting factors 
were found to have contributed to BSSA’s lower than expected digital cancer detection rates.  
 

1. All processes observed seemed very comprehensive and matched the workflow 
information provided prior to the site visit and audit.  

2. All aspects of the reading, assessment and recording of histopathology and treatment 
workflow underwent quality assurance by appropriately experienced and skilled staff 
members.  

3. The reading information being reviewed by Medical Officers and the triple audit 
process of the histopathology and treatment data by the Pathologists, Radiologist and 
Surgical staff ensures high quality data.  

4. The high quality of data entry and quality assurance in this process was clearly 
evident in the record review. No data discrepancies or differences were noted.  

                                                 
7BreastScreen Aotearea. Interim Digital Mammography Standards for Full Field Digital Mammography and CR Systems DRAFT [Version 4] 
http://www.nsu.govt.nz/files/BSA/BSA_NPQS_Interim_Digital_Mammography_Standards_v4_Jan_2013.pdf 
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5. All client records reviewed were in exceptional condition.   
6. No areas of non compliance with the NAS requirements were identified.  
 

Recommendations - NIL 
 
2.5.5 Digital Technology Implementation Review 
 
Findings 
The overall finding of this review project was that the planning and processes used by BSSA 
for the implementation of digital technology were of a high standard. The implementation of 
digital technology by BSSA was well planned. Although the planning process was subjected 
to multiple changes related to the funding approval processes, the projects delivered the 
desired project outcomes despite being delayed and time constrained. This is a significant 
achievement and supports the view that the projects were managed appropriately with the 
dedicated support from the all the staff involved. Therefore, it is not likely that the planning 
and processes contributed to the unexpected outcome of lower breast cancer and small 
breast cancer detection rates.  The discontinuity in the implementation of digital technology 
did not provide an optimal operational environment for BSSA.  
 

1. The PRINCE2 project management approach used for both the Mobile Unit 
Replacement Project (MURP) and the Digital Mammography and PACS (DMAP) 
Project are consistent with industry standards. This was also consistent with the 
PRINCE2 methodology used by several other jurisdictions, being BreastScreen 
Queensland, BreastScreen WA and BreastScreen Victoria who used a state modified 
version of the methodology.  

 
2. The governance structure for both the MURP and DMAP was established in 

accordance with the PRINCE2 methodology but with a broader representation on the 
DMAP due to the nature and scale of the project. The project teams were relatively 
small but involved many additional BSSA staff in the project especially in the quality 
assurance processes for the project. The BSSA clinical staff members were involved 
in providing technical advice and training. The cross over of key staff from the MURP 
to DMAP also provided many advantages in terms of project management and would 
have assisted greatly in meeting the timeframe.  

 
3. BSSA engaged the radiologists as a group in the key policy and protocol decisions 

that were critical to the project specifically, soft copy reading, digitising priors and the 
hanging protocols. The BSSA clinical staff members were closely involved in the 
MURP and the DMAP projects including the radiology coordinator and the senior 
radiographers and had lead responsibility for the tender evaluation decisions.  

 
4. BSSA Digital Monitoring Summary Reports were undertaken monthly and provided 

valuable process data in monitoring the impact of digital technology on screening, 
specifically the technical recall rate, and the number of images taken and timeliness 
of reporting. However, it was noted that there was a significant delay in being able to 
monitor the clinical outcome data, specifically the breast cancer and small breast 
cancer detection rates, because of the BSSA commendable but time consuming triple 
data audit process.  

 
5. A significant component of project management is change management particularly 

the use of communication strategies to inform key stakeholders of project activities 
and progress; and training. BSSA put in place appropriate communication strategies 
and provided training for the staff directly and indirectly affected by the changes that 
were part of implementing digital technology. The clinical training was vendor based 
for both the radiographers and radiologists using a train the trainer approach.  

 This approach has been adopted by other jurisdictions as part of their digital 
 implementation projects.  
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BSSA has had a strong reputation in mammography training for radiographers and 
the documents viewed were evidence of the significant work undertaken to update 
their training program and manuals to adapt to digital technology. As requested the 
radiologists received training in the PACS application and system changes.  

 
6. Although the planning and processes undertaken and the methodology used for 

project management were appropriate, BSSA had to overcome significant challenges 
to establish and implement the MURP and DMAP projects for the transition to digital 
technology. As illustrated in the information about the implementation of digital 
technology in the other jurisdictions every State had challenges and difficulties to 
overcome to manage this significant and complex project.  

 
7. The pathway to fully funding the transition to digital technology for BSSA resulted in 

two distinct phases of implementation of digital technology through two discrete but 
interdependent MURP and DMAP projects. There was a significant gap of just over 
14 months between the completion of the first phase (MURP in November 2010) and 
commencement of the second phase of digital implementation (DMAP in January 
2012).  

 
8. The MURP was planned for a long period of time initially in 2005/2006 to replace the 

two country mobile units but subsequently had two changes in scope due to the move 
by international vendors to digital mammography and the need for an interim PACS 
and the associated ICT infrastructure. These changes added to the lead time for the 
project and as a consequence once funding was secured in 2008/2009, the time for 
implementation of the digital technology was somewhat compressed. The 
implementation period, of just over four months, was ambitious for the digital 
installation, configuration, testing and training for the two new mobiles and the 
establishment of the reading workstations in the central reading facilities and the 
associated ICT infrastructure. This was followed immediately by the work to establish 
the satellite screening service as part of the Elizabeth GP Plus Health Care Centre.  

 
9. Planning for DMAP to complete the implementation of digital technology for BSSA 

was ongoing across almost five years as State funding of the project was not secured 
until 2010/2011 and only made possible through the significant capital funds provided 
by the Commonwealth. The original plan for the remaining BSSA analogue services 
was to implement digital technology over four years. However, this was reduced to 
two years due to the delays in securing funds and the requirement to meet an 
expenditure deadline of 30 June 2013 for the Commonwealth capital funds.  

 
10. This review project found that there was a range of factors outside the direct control 

of BSSA that significantly impacted on their ability to undertake a timely and planned 
transition to digital technology. These factors relate in the main to; the initial delay for 
the national program BreastScreen Australia to have an endorsed policy for the 
Program to transition to digital mammography; funding approval processes that 
reflect the difficulties for Commonwealth/State funded national programs, particularly 
in public health; and state level approval processes for large scale projects to 
implement new technologies and ICT solutions.  

 
11. The delay in the development of a national policy for digital technology for the 

National Program and lack of a national proactive approach to the evaluation of the 
impact of this emerging technology and coordination of its implementation may have 
contributed to the delay in funding decisions by the State. Under the current broad 
banded Commonwealth/State funding arrangements, with no quarantined funding for 
the BreastScreen Australia Program, BSSA like other States produced multiple 
submissions for State funding approval that were opportunistically successful or not.  

 

BreastScreen SA Digital Mammography System Wide Review – Final Report 17 May 2013 Page 22 



For BSSA this meant 21 versions of the DMAP Business Case were prepared before 
funding was approved, and only after the Commonwealth offered significant capital 
funding for the implementation of digital technology. This effort is clearly not the best 
use of resources and required a uniquely dedicated and committed team to continue 
such a difficult process.  

 
12. The impact for BSSA of the time delay in the full implementation of digital technology 

meant that during the financial year 2010/2011 just over a quarter (27%) of the 
screening images were being captured and read with digital technology. For the 
period 2011/2012 just over half (54%) of the images were digital. The data from these 
two financial years covers; the time from the first phase of digital implementation 
through the MURP; the 14 month period from November 2010, where there was no 
additional digital implementation and the commencement of DMAP in January 2012; 
and the period to June 2012.  

 
13. The radiologists experienced the most significant impact due to the time delay. Due to 

the relatively low number of women screened using digital technology concurrently 
with women still being screened with analogue they had less opportunity to transition 
easily to the digital reading environment. BSSA had a stable panel of 22 radiologists 
that read at least two batches of screening images a week. All of the readers received 
their training during August/September 2010 prior to commencing their first read of 
digital screens.  

 
14. For the period between the first phase of digital implementation and the 

commencement of the full implementation phase, screen reading batches were 
randomly allocated to the radiologists using the same process that was used for 
analogue screen reading. This meant that an individual radiologist was likely to have 
only read a digital screen reading batch once a month. This arrangement was not 
optimal in providing the opportunity for the BSSA radiologists to gain experience and 
confidence with the digital reading process that they otherwise would have had if the 
implementation of digital technology had been a continuing project.  

 
Recommendations 
 

1. That SA Health review the processes used to approve and fund large complex 
projects, such as the implementation of digital technology for BSSA, and consider an 
independent review panel to objectively assess the merits of the project and establish 
a capital funding priority list for statewide programs.  

2. That BSSA establish a multi-disciplinary planning group, to include the radiology 
coordinator and chief radiographer, to plan for future capital replacement and to 
assess new technologies.  

3. That BSSA review the triple data audit process and establish a more timely process 
for the retrieval and recording of post treatment breast cancer data in conjunction with 
the implementation of the BSSA Replacement Information System (BRIS) project.  

4. That BSSA advocate for the implementation of the BreastScreen Australia Evaluation 
Final Report recommendations related to governance and management to improve 
national policy leadership and program development in particular for emerging issues 
and new technology.  

5. That BSSA support the reinvigoration of the Digital Mammography User Group 
across the BreastScreen Australia Program to; continue sharing the lessons learnt 
from the digital implementation process; to monitor the clinical outcomes as more 
States have sufficient data; and identify and refer to the appropriate professional 
groups any technical issues that arise from the use of digital technology.  
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6. That SA Health advocate for a review of the current Commonwealth/State funding 

arrangements to ensure that future investment is appropriately made for the 
replacement of the Program’s digital technology capital and to maximize the benefits 
of this technology.  

7. Propose that the Breast Imaging Group (BIG) of the Royal Australian and New 
Zealand College of Radiologists (RANZCR) review the training and support 
requirements to optimise digital reading of screening mammograms.  

 
2.5.6 Radiography Services Audit 
 
Findings 
Overall, BSSA offers a high quality mammography service with very good oversight to the 
women of South Australia.  
 
Consistent acceptability in imaging standards across all sites is achieved within the 
centralised model of BSSA and is due to:  

1. Rigorous Quality Assurance (QA) processes for radiography, including continual 
monitoring of image quality and professional development as required. 

2. State commitment to image quality improvement. 
3. Radiography staff are committed to the provision of a high quality service to their 

clients and a commitment to image quality. 
4. Radiography training programs are well documented, well managed and are 

delivered effectively through the Training Centre. 
 
These points assist in the provision of a generally high quality radiography service to 
clients. The service may be enhanced by the implementation of the recommendations to 
follow. 

 
Recommendations 
The following recommendations are proposed for the consideration of the service. 

1. That BSSA consider enhancing the monitoring of the radiography QA program and 
equipment testing, by reviewing on an annual basis with the oversight of a qualified 
medical physicist. 

2. That BSSA consider a trial and review of the AEC C120 dose mode as 
recommended by the medical physicist. 

3. That BSSA consider performing a review of the breast compression used for digital 
mammography. The PACS vendor may be able to assist in extracting the required 
information from PACS regarding breast compression. 

 
2.5.7 Medical Physics Investigation of Equipment Performance 
 
Verification of Statement: 
“Over the period of interest (6 September 2010 – 30 June 2012), the equipment assessors’ 
reports demonstrated that all aspects of x-ray equipment performance were satisfactory.” 
The only time I tested the x-ray equipment within BreastScreen SA was over the period 17 – 
20 December 2012. Previous testing was done by Dr John Heggie and Mr Steve Johnson; 
these are the ‘equipment assessors’. A review of their reports and test results indicated 
compliance with all RANZCR and NAS requirements. This indicates that equipment 
performance was therefore satisfactory over the time period in which the reduced cancer 
detection rate was observed.  Dr Jenny Diffey 14 May 2013 
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Findings:  
At the time of testing (17-20 December 2012), equipment was only just meeting the NAS and 
RANZCR requirements for image quality and Signal Difference to Noise Ratio (SDNR). This 
is attributed to a high level of noise (quantum mottle) which gives the images a grainy 
appearance. The results indicate that equipment performance has deteriorated since 
acceptance testing. 
 
Recommendations:  
Although the x-ray equipment may have contributed to the reduced cancer detection rate 
observed in BreastScreen SA, it is impossible to state this with certainty given the number of 
factors involved and it is believed that any potential contribution is minor. It is important to 
note that over the period of interest (6 September 2010 – 30 June 2012), the equipment 
assessors’ reports demonstrated that all aspects of x-ray equipment performance were 
satisfactory. 
 
However, concern is raised by the level of quantum mottle in the images exhibited during 
recent testing. It is recommended that future screening is carried out at an increased 
radiation dose in order to reduce the image noise. This can be achieved by using a different 
AEC mode known as C120. 
 
2.5.8 Picture Archiving and Communication System Audit  
 
Findings 
 

1. PACS Server Hardware and Installation 
 Examination of hardware for hosting production PACS server components found 
 that all hardware met or exceeded requirements of the PACS vendor for a site the 
 size of BSSA. Additionally, hardware had been provisioned to provide load balanced 
 or resilient services within the hosting site, following best practices for highly 
 available information technology solutions. BSSA does not currently employ a 
 dedicated environment for user testing, and does not have dedicated hardware in 
 place for continuation of services if the primary hosting service is unavailable. 
 
 The logical design and installation of core PACS software components had been 
 completed by the PACS vendor. Subsequent upgrades to core software components 
 were not found to modify data or configurations that would impact cancer detection 
 rates. 
 

2. PACS Workstation Hardware and Installation 
 The audit of hardware for clinical reading and assessment phases found that all 
 hardware met or exceeded requirements of the PACS vendor. Clinical monitor 
 configurations and placements were found to meet vendor recommendations. A 
 setting related to Black Luminance was not equalised as recommended by PACS 
 (not monitor) vendor, but individual monitors of the same type utilised the same 
 value (“Native Black”) for this setting 
 

3. Image Acquisition 
 The model of film digitising unit is suitable for use in digitising mammography film 
 exams and have been used in other breast cancer screening and research 
 programs worldwide. Configuration of the film digitising units is consistent with 
 vendor recommendations and comparable to other BreastScreen services in 
 Australia 
 

4. Image Storage 
 Image compression in the BSSA PACS is only applied at the archive component of 
 the PACS. The compression algorithm used is a lossless compression and does 
 not affect the display of clinical images. 
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5. Pre-Read Image Handling 
 The audit found that the PACS is currently configured with a large number 
 (>250) of hanging protocols created to deal with a wide variety of numbers of 
 both current and prior images. The PACS-driven workflow ensured that 
 exams either needed to match a hanging protocol or be manually hung prior 
 to being available for reading. 
 

6. Clinical Image Transfer and Display 
 The audit found that while a compression routine, "Sectra JPEG2000" had been 
 enabled to create a lossless compressed copy of images (stored with the 
 uncompressed DICOM images); other configuration options had been set to ensure 
 that full resolution images were delivered to clinical workstations. 
 

7. Data Security and Integrity 
 The audit found that PACS functionality and security was enabled to preserve "blind 
 reading" of exams. 
 
 The audit found that while it was possible to accidentally enter undesired results, 
 BSSA have a significant number of QA processes in place to detect and revert 
 accidental errors. 
 

8. Training 
 A definitive judgement on whether training was effective and relevant cannot be 
 made. A more detailed investigation focused on all methods of training would be 
 required. 
 
 Based on material covered in supplied training documentation alone, there is a 
 possibility there was not sufficient coverage in initial training of the nature of clinical 
 image display in PACS, and the tools used to assess these images. This may have 
 lead to issues in clinical diagnosis of images across the reference period. However, 
 this does not consider trainee's previous experience in reading digital images or use 
 of digital imaging systems, or whether these subjects were covered through oral, 
 demonstration or hands-on training. A conclusive finding on the appropriateness 
 and effectiveness of training cannot be made solely from written material 
 

9. Further Image Analysis 
 The audit found that there may be a variation effect with display of images, although 
 whether this is clinically significant is not known. The effect appears to be confined 
 to the lower half of clinical greyscale monitors, and was noticed at more than one 
 workstation. Testing confirmed that PACS functions such as archiving, retrieval from 
 archive or hanging layouts did not contribute to this effect. Other factors such as 
 viewing angle, monitor position or reflected ambient light could not be proved or 
 disproved as contributing. 
 
Recommendations 
While the audit did not find a conclusive factor that would lead to lower cancer detection 
rates, some findings merit further investigation, if not already commenced. 
Recommendations from these findings are: 

1. Investigate Observed Image Variation at Reading Stations 
It is recommended that BSSA investigate whether observed differences in image 

 display on clinical monitors at reading workstations can be replicated and if so, is it 
 clinically significant. In the event that it is determined to exist and found to be clinically 
 significant, it is recommended a multidisciplinary group should be formed to determine 
 root cause and any remedial actions required. The multidisciplinary group may 
 include, but is not limited to, radiologists, medical physicists, vendors and PACS 
 administrators. 
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2. Confirm Black Luminance Setting for 5MP Barco monitors 
 It is recommended that BSSA change the setting to the PACS vendor recommended 
 value, “Equalize with displays of same type”, on clinical 5MP paired monitors and 
 compare results with the current value (“Native Black”). Results should be compared 
 using both dedicated test patterns and a range of breast type images. These 
 comparisons should be made by clinically trained staff and a consensus on the more 
 appropriate setting reached. 

 
 Suggested Improvements 
 While BSSA systems have been installed and configured in line with vendor 
 recommendations (with the exception of Black Luminance setting outlined above) 
 and industry standards, further actions may be taken to augment existing quality. 
 These suggested actions are aimed at ensuring that BSSA can maintain necessary 
 standards in relation to the NAS and delivers high-quality services to BSSA clients. 
 

3. Quality Assurance Program 
Although no quality deficiencies have been noted in this review, it is recommended 
that BSSA ensure a regular QA program managed by a suitably qualified medical 
physicist is in place for all relevant devices. QA tasks and frequency should be in 
accordance with the Australasian College of Physical Scientists and Engineers in 
Medicine position paper on Digital Mammography QA (v3.0, 2012). The QA 
program should include as a minimum: 
 Digital mammography x-ray units. 
 Digital film scanner units. 
 High resolution clinical-grade monitors. 

 
4. Confirm Digitiser Configuration 

BSSA has installed and configured two Array film digitizing units in accordance with 
vendor recommendations. To maximise potential for high quality digital images, it is 
recommended that BSSA investigate modifications to settings, such as pitch and 
lookup table values. This should be conducted across a variety of breast types in 
hardcopy film to determine if any improvement in digital film scanning quality is 
possible. 

 
5. Review Training 

It is recommended that BSSA conduct a detailed review into training content and 
methods, if this has not already been initiated. The review should enable BSSA to 
determine the best combination of written, oral, demonstration and hands-on training 
to ensure new staff can provide a quality service. It is also recommended that upon 
delivery of training, training staff accompany new trainees through the first "live" 
session to confirm understanding and provide assistance if required. 

 
6. Match global and role mammography command keys 

While the ability to enter mammography results is limited to the role that has the 
correct key mappings, it is possible that as PACS use may change and additional 
roles may be granted this right. It is recommended that the desired key mappings are 
replicated as both global and role settings, to remove possibility that extension of 
mammography commands to other roles results in incorrect data entry. 
 

 The suggested actions below may not directly lead to clinical improvements in 
 service delivery, but are recommended as BSSA reliance on digital mammography 
 technology is now significantly increased.  It is acknowledged that these 
 recommendations may not be possible due to time, financial or personnel 
 constraints and are best subject to a cost-benefit analysis before proceeding. 
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7. Dedicated UAT / Pre-Production Environment 
BSSA is now a fully digital screening and assessment program with significant 
reliance on the quality and integrity of the PACS system. It is industry practice to 
provide a dedicated environment for user testing and acceptance before delivering 
changes that could affect live systems. It is recommended that BSSA invest in a 
separate PACS environment for this purpose to ensure that any changes to the live 
system have been quality assured by users as well as vendors. Combination of this 
environment with a Disaster Recovery system may offset some costs. 

 
8. Disaster Recovery Environment 

BSSA workflow is now heavily dependent on PACS technology and consequently 
there is a high impact if that technology is not available. It is recommended that BSSA 
perform a risk analysis of relevant IT systems and their impact to the business should 
they become unavailable for varying lengths of time (e.g. several hours to several 
days). Risk analysis should include maximum tolerable downtimes and should 
determine whether a disaster recovery system will provide sufficient benefit to BSSA. 

 
9. Matched Hardware Upgrades 

The use of matching hardware for shared functions in high availability configurations 
is encouraged for confidence in capacity management. It is recommended that future 
hardware replacement programs replace servers that share a function in high 
availability with matching hardware. Hardware should also be provisioned with 
capacity to run services in failover situations with acceptable performance. 

 
 
Concluding Remarks 
 
Regrettably adverse events do occur in clinical practice and on this occasion have been 
associated with the transition phase of a new technology. BSSA has been a strong screening 
service for many years. Their commitment to quality assurance is evident in their proactive 
discovery of the issue 12-18 months ahead of when routine, mandatory reporting 
requirements would have led to its identification. BSSA took immediate action to investigate 
the problem, including ultimately the commissioning of this wide ranging system wide review. 
In this, they were supported fully by the Minister for Health and Ageing, SA Health, 
their BSA colleagues and their staff and clients.  
 
While the impacts of this issue on the clients and staff of BSSA is acknowledged it is the 
sincere hope of everyone who has contributed to this process that the implementation of the 
recommendations resulting from this Review will enable the organisation to continue to 
provide high quality screening services to the women of South Australia. 
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3. ABOUT BSSA  
 
BSSA is the SA component of BreastScreen Australia, the national breast cancer screening 
program, and is a joint funded initiative of the SA Department for Health and Ageing and the 
Australian Government Department for Health and Ageing. 
 
In November 1988, the South Australian Health Commission (now known as the Department 
for Health and Ageing (DHA) established BSSA as one of 11 Australian pilot breast cancer 
screening programs. 
 
In February 1991, BSSA was the first state screening service to sign an agreement with the 
Commonwealth Government to participate in the National Program. BSSA is part of the 
Central Adelaide Local Health Network (CALHN), DHA, through which joint State and 
Commonwealth funding of the screening program is administered. 
 
BSSA has a single, centrally located State Coordination Unit (SCU) located at Wayville. The 
program comprises six fixed screening clinics in metropolitan Adelaide – an additional clinic 
will open in 2013 and two mobile units that visit 26 rural and remote locations as well as a 
mobile unit that visits seven inner and outer metropolitan Adelaide areas every two years. 
The assessment of screen detected abnormalities is conducted at a central Assessment 
Clinic attached to the SCU at Wayville. The Assessment Clinic is staffed by a multi-
disciplinary team including surgeons, pathologists, radiologists, radiographers, nurse 
counsellors, medial officers and administrative staff. 
 
BSSA employed film based analogue mammography technology from the inception of the 
program in 1989 until 18 October 2012.  Advances in digital imaging (a technique for 
capturing and storing images in digital format) marked the end of the analogue 
mammography technology development cycle and saw the market place phasing out 
analogue through the introduction of digital mammography. 
 
Digital mammography has been rolled out progressively throughout BSSA replacing 
analogue technology and processes, with the first digital image captured on 6 September 
2010 and the last analogue image captured on 18 October 2012. 
 
Screening Process 
The breast cancer screening process involves: 

 high quality screening by radiographers specially trained and certified in screening 
mammography 

 two view mammography comprising an x-ray from above (cranio-caudal view) and 
from side to side into the armpit diagonally across the breast (medio-lateral oblique) 

 independent film reading by two qualified radiologists specially trained in screening 
mammography 

 stringent quality assurance processes ensure that any difference or discordance in 
reading results are referred to a third radiologist 

 written notification of results usually occurs within two weeks to all women and their 
nominated general practitioners if no evidence of breast cancer is detected 

 routine recall of women every two years (women with a strong family history of breast 
cancer or a personal history of breast cancer diagnosed more than five years ago are 
eligible for annual screening) 

 recall for assessment of women with a screen detected breast abnormality 
 
Assessment Process 
Women who have a screen detected abnormality are recalled for assessment at the 
dedicated Assessment Clinic at Wayville. Assessment is performed by an experienced on 
site multi-disciplinary team.  Women can opt to be assessed outside of BSSA is they choose 
to do so.   
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BSSA uses an internationally accepted triple assessment process, which involves imaging, 
clinical assessment and pathology. The Assessment Clinic involves two levels of 
assessment. 
 
Level One assessment occurs as a morning session, includes further mammography and/or 
ultrasound, and a clinical breast examination by a medical officer. After level one 
assessment, women with no significant abnormality or a benign lesion do not need any 
further evaluation and are cleared to return for routine screening. 
 
Level Two assessment occurs as an afternoon session, is undertaken for women whose 
level one assessment imaging and/or clinical examination indicate a suspicious finding. After 
relevant consents are obtained, further investigation including surgical assessment, FNAB 
and/or core biopsy (including vacuum-assisted core biopsy) are performed. With the 
presence of an on-site pathologist, the results of FNAB are available on the same day, while 
core biopsy results are available within two working days. Diagnostic open biopsy is not 
included as part of the BSSA program and women who required this test are referred to the 
general practitioner for referral to a specialist. 
 
Outcomes of Assessment 
As a result of the assessment process, a woman may be: 

 re-invited for a routine screening mammogram when next due, usually in two years 
 referred for treatment for breast cancer 
 referred for diagnostic open biopsy (performed outside of the BSSA program) 
 recommended to return to the Assessment Clinic for early review within six or twelve 

months. 
 
State Coordination Unit (SCU) 
The SCU is responsible for implementing, managing, monitoring, and evaluating the 
statewide program, and ensuring that the NAS, a set of minimum standards for BreastScreen 
programs are implemented and met. Where the NAS are not met quality improvement plans 
are to be developed to achieve these standards. The SCU houses the central reading facility 
for the screening mammograms to be read by the BSSA radiologists as well as the 
administrative (clinical and non-clinical) and screening support functions.  

4. BACKGROUND AND CONTEXT OF THE REVIEW 
 
In September 2012, through the stringent quality assurance processes employed by BSSA it 
was identified that between the period 6 September 2010 and 30 June 2012 around 95 fewer 
cancers had been diagnosed than would have been expected. This was in comparison to 
past statistical trends and followed the introduction of digital screening technology. This lower 
than normal cancer detection rate was identified by BSSA when the annual data report was 
prepared for the reporting period 2010/2011. 
 
Subsequently, BSSA conducted extensive investigations in order to attempt to define the 
problem, identify possible causes and put corrective and remedial measures in place. 
However, BSSA was unable to conclusively identify what factor(s) contributed to this 
unexpected outcome.   
 
Following this, an external Advanced Epidemiologist, Mr Nathan Dunn from the Preventative 
Health Unit, Queensland Health, was engaged to analyse the BSSA data. He verified that the 
self-assessment conducted by BSSA was accurate and confirmed that the lower rates were 
of statistical significance and not by chance alone.  
 
On 12 December 2012, the former SA Minister for Health and Ageing, the Hon John Hill MP, 
made a public announcement in relation to the lower than expected cancer detection rates.  
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The Minister announced that an independent Review was being commissioned under which 
all aspects of the digital screening process would be investigated to identify possible causes 
for this anomaly in cancer detection rates. The Review would include audits of the data, 
systems and processes and an imaging review and was expected to be completed by 30 
April 2013. The period in question relating to the lower than expected cancer detection rates 
fell between 6 September 2010 (when digital was introduced) to 30 June 2012.  
 
This Review was undertaken to give BSSA clients and the wider community confidence that 
this matter would be thoroughly investigated and with all possible steps being followed. 
 
One of the principal aims of the Review was to ascertain if there are any cancers which have 
escaped detection to date and if so, identify them as soon as possible so that the women 
may receive appropriate care. As such, the following groups of women were not included in 
the review: 

 who were known to be deceased  
 with a breast cancer diagnosed outside the Program that BSSA was aware of  
 with a screen detected breast cancer    
 who were last screened via analogue technology since 6 September 2010  
 last screened via digital after 30 June 2012 
 who were recalled and assessed during this time  
 who had more than one normal digital mammogram    

 
On the day of the announcement, BSSA sent letters to each woman who had a mammogram 
between 6 September 2010 and 12 December 2012. This letter informed them if they had an 
analogue mammogram or a digital mammogram and if their mammogram was to be included 
in the Review.  
 
It was estimated that approximately 54,000 women had a normal digital mammogram 
between 6 September 2010 and 30 June 2012 and may be included in the re-read project as 
part of the Review. 
 
The re-read project focussed on re-reading of the digital screening mammograms of women 
who attended between 6 September 2010 and 30 June 2012 and who had a normal result. 
This process involved a panel of independent radiologists re-reading all normal digital 
mammograms taken during the specified timeframe to establish if there were any 
discrepancies. If any discrepancies were identified the client was then contacted directly by 
BSSA and asked to attend for assessment. It was estimated that 99 per cent of the women 
would be reassured of a normal result through this re-read process.   
 
It was estimated that approximately one per cent would be required to attend BSSA’s 
Assessment Clinic for further testing.   
 
4.1 Purpose of the Review 
 
The purpose of the Review was twofold: 

 To ascertain if there were any cancers that had escaped detection and if so, identify 
them as soon as possible so that the women may receive appropriate care.  

 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 
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4.2 Scope of the Review 
 
The scope of the Review included: 

 Six individual projects or lines of inquiry conducted by external subject matter experts 
 Data analysis and validation  
 Data management and integrity audit 
 Digital technology implementation review 
 Radiography services audit  
 Medical physics investigation of equipment performance 
 Picture Archiving and Communication System audit  

 A root cause analysis (RCA) with the purpose of investigating and identification of any 
issues within the system that contributed to or resulted in the occurrence of the lower 
than expected cancer detection rates via digital technology and to provide 
recommendations for measures to prevent a reoccurrence of a similar incident SA 
Health Care Act 2008 Part 8.  

 Review (re-reading) of the digital mammograms that had previously been given a 
clear result during the period in question.  Any woman recalled following the re-read 
process was invited to attend BSSA for follow-up assessment. 

 
The Review (six projects; RCA; and re-read of the digital mammograms) concluded on 30 
April 2013 with the final report (the Report) completed on 17 May 2013.  This allowed for 
necessary time for the information and data to be made available and for it to be analysed 
and included in this Report.    
 
4.3 Review Governance 
 
The Minister commissioned a multi-disciplinary Steering Committee that provided 
independent and strategic oversight of the Review process.  This was chaired by the Chief 
Executive, SA Health and the membership included a consumer representative and clinicians 
including an expert independent radiologist.  The Clinical Director and General Manager, 
BSSA were ex-officio members and reported to the Steering Committee on all matters 
relating to the Review and BSSA operations.    
 
BSSA Review Steering Committee Terms of Reference 
The BSSA Review Steering Committee was established to provide strategic oversight of the 
various lines of Review inquiry. The Terms of Reference are as follows:  
 
1. To consider and authorise the terms of reference for each review process i.e. 

a) Data analysis and validation  
b) Data management and integrity audit 
c) Digital technology implementation review 
d) Radiography services audit  
e) Medical physics investigation of equipment performance 
f) Picture Archiving and Communication System (PACS) audit and; 
g) The independent rereading of digital images 

2. To monitor each review and ensure that timeframes are met 
3. To receive draft reports from each review and provide feedback on matters of fact 
4. To receive final reports and provide advice as required. 
5. To prepare a final report summarising the outcomes and recommendations of each 

review. 
6. The Committee will determine the process for engagement with consumers. 
 
The Steering Committee will meet until all of the lines of inquiry as described under item 1, 
above are completed. 
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Membership: 
Mr David Swan, Chief Executive SA Health (Chair) 
Dr Stephen Christley, Executive Director, Public Health and Clinical Systems, SA Health  
Professor Paddy Phillips, Chief Medical Officer, SA Health 
Dr Gillian Rush, External Expert Radiologist 
Ms Alexandrea Cannon, Consumer Representative 
Ms Carolyn Francis, Director Media and Communications, SA Health 
Ms Anne Pak-Poy, (Acting) Executive Director, Statewide Services, CALHN 
Ms Nicki Dantalis, Director, Corporate Governance and Policy, SA Health 
Ex- officio: 
Ms Lou Williamson, General Manager, BSSA 
Associate Professor Gelareh Farshid, Clinical Director, BSSA 
 
Associate Professor Warwick Lee had overall clinical leadership of the various lines of inquiry 
being conducted, excluding the RCA.  
 
5 OUTLINE OF REVIEW PROJECTS 
 
5.1 Digital Mammogram Re-Reads 
 
Conducted by: Interstate Radiologists external to BSSA from NSW and Victoria 
Clinical Lead: Associate Professor Warwick Lee, State Radiologist BreastScreen NSW  
The re-read project focussed on re-reading of the digital screening mammograms of women 
who attended between 6 September 2010 and 30 June 2012 who had a normal result. The 
project involved re-reading of approximately 54,000 sets of digital screening mammograms. 
This commenced on 21 December 2012 and concluded 11 March 2013. Given the quantum 
of work, BSSA worked with the team of external radiologists to facilitate the on-site re-read 
process.  Off-site reading was not required although the infrastructure was procured.  
 
In accordance with BreastScreen Australia procedures for recall to assessment, the trigger 
for recall was based on confirmatory opinion of two radiologists.  As such, any lesions with 
imaging grade of 3 and above were read by a further external reader as a consensus read.  
 
For women who had attended for a subsequent screening mammogram since the 
announcement on 12 December 2012, the results of the latest round of screening were 
included in formulating the decision regarding recall.   
 
These re-reads commenced on 21 December 2012 and concluded 11 March 2013. The 13 
external independent radiologists from NSW and Victoria are acknowledged for their 
willingness to participate in this external re-read process especially that they were required to 
travel to Adelaide to do so.  
 
The assessment of the BSSA clients who were recalled following the re-read of their digital 
mammograms commenced on 24 January 2013.  All of the women who accepted an 
invitation for assessment were assessed by 30 April 2013.  A few women opted to be 
assessed in May 2013 at a date that was of their choosing. 
 
5.2 Root Cause Analysis (RCA) 
 
To comply with Part 8 of the Health Care Act 2008 (SA), the incident being considered for 
RCA must meet the definition of an adverse incident as described on page 2,476 in the 
South Australian Government Gazette 26 June 2008. The lower than expected cancer 
detection rates using digital mammography at BSSA met this definition and SA Health 
requested that a RCA be undertaken. All aspects of the digital mammography screening 
including the technology itself were considered and investigated as possible contributing 
factors or causes.  
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RCA Report 1 – public report incorporates recommendations for changes or improvements in 
relation to procedure or practice as determined by the RCA team.  The recommendations 
from the RCA Public Report are detailed in section 2.5.2 of this Report.  
 
5.3 Data Analysis and Validation 
 
Conducted by: Mr Nathan Dunn, Advanced Epidemiologist, Preventive Health Unit, 
Queensland Health  
The Data Validation Review examined the BSSA internal data to verify whether there was 
truly a difference in cancer detection rates being experienced under digital compared to 
under an analogue mammography environment. Data from the last six financial years for the 
two NAS which are the most reliable and best indicators of program quality, these being: 

2.1.2 – Subsequent round invasive cancer detection among women aged 50-69  
2.2.1 – Small (<= 15mm) invasive cancer detection among women aged 50-69 

was analysed. In order to assess whether these results fell below the required NAS and the 
likelihood of this occurring simply due to chance, each year’s rates were plotted on funnel 
plots with the most recent data stratified by analogue/digital modality.   
 
This review was completed on 5 December 2013 and was in conjunction with the external 
Data Integrity Audit. 
 
5.4 Data Management and Integrity Audit 
 
Conducted by: Ms Kellyanne Sleeth and Ms Jenny Brosi, Data Managers, 
BreastScreen Victoria 
The Data Integrity Audit, reviewed and assessed whether poor data accuracy and/or integrity 
was a factor in the lower digital cancer detection rates for BSSA.  The audit examined the 
digital data management systems and procedures currently in place for the identification of 
cancer cases and evaluated the accuracy of data as it relates to the detection of cancer 
cases including preliminary estimates of cancer cases. 
 
5.5 Digital Technology Implementation Review 
 
Conducted by: VERITAS, Health Service Solutions - Director: Jennifer Muller, PSM and 
Angela Beitz  
The Digital Technology Implementation Review assessed whether the processes employed 
for the implementation of digital technology at BSSA had an impact on the lower cancer 
detection rates identified by BSSA.  The planning for the digital implementation project 
undertaken by BSSA was reviewed and compared to the approach taken by other 
jurisdictional BreastScreen Programs and the BreastScreen Australia NAS. The governance 
structures, risk and change management plans and processes and the training strategies 
adopted and introduced to support the implementation, were assessed as was the level of 
compliance and satisfaction with the implementation project plan, particularly among the 
radiographers, medical officers and radiologists. 
   
5.6 Radiography Services Audit 
 
Conducted by: Ms Jill Miller, State Radiographer, BreastScreen NSW  
The Radiography Services Audit assessed whether any aspects of radiography services at 
BSSA had contributed to the lower than expected cancer detection rates using digital 
mammography. The audit evaluated the radiographic quality of screening mammography 
images produced at BSSA, assessed the training provided to the radiography workforce, 
both during and subsequent to the implementation of digital mammography and reviewed the 
workflow processes to evaluate the adequacy of the level of management and 
documentation of radiographer workflow processes and procedure provided.  
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5.7 Medical Physics Investigation of Equipment Performance 
 
Conducted by: Dr. Jenny Diffey, Medical Physics Specialist, Westmead Hospital and 
BreastScreen NSW  
This investigation consisted of an independent medical physicist testing all Sectra Microdose 
mammography systems and radiologist reading monitors used at BSSA between 6 
September 2010 to 30 June 2013 to ensure compliance with NAS 2.9 appendix I and with 
the manufacturer specifications and ensuring that the commissioning, acceptance testing 
and quality assurance procedures that were implemented for the digital mammography 
equipment were in line with the BreastScreen Australia NAS and manufacturer requirements. 
 
5.8 Picture Archiving and Communication System (PACS) Review 
 
Conducted by: Mr Ashley Cross, Biomedical Engineer, Biomedical Technology 
Services, Queensland Government 
The PACS review was to assess whether any aspects of PACS implementation or 
operational services at BSSA had contributed to the lower than expected cancer detection 
rates using digital mammography. To ensure that the PACS implementation was in line with 
the manufacturer requirements, BreastScreen Australia NAS and industry best practice, the 
review examined and assessed the installation and configuration of the PACS, including 
image compression, storage etc., selection and implementation of hardware for both soft 
copy reading workstations and hardcopy “prior” film digitisation, the quality assurance 
procedures developed to ensure a high quality image delivery, particularly in relation to 
image quality at the softcopy readers work stations and configuration and processes to 
acquire digital soft copy images from hard copy “prior” mammography examinations.  Where 
relevant, the review also considered the appropriateness of training provided to super users, 
radiologists, and image loader officers. 
 
6. CONCLUSION AND RECOMMENDATIONS 
 
Regrettably adverse events do occur in clinical practice and on this occasion have been 
associated with the transition phase of a new technology. The lower than expected cancer 
detection rates via digital technology are a most unexpected outcome since digital 
mammography has been shown to have comparable if not better cancer detection rates.  
BSSA has been a strong screening service for many years. Their commitment to quality 
assurance is evident in their proactive discovery of this issue 12-18 months ahead of when 
routine, mandatory reporting requirements would have led to its identification. BSSA took 
immediate action to investigate the problem, including ultimately the commissioning of this 
wide ranging system wide Review.  

In this, they were supported fully by the Minister for Health and Ageing and SA Health, as 
well as their BreastScreen Australia colleagues and their staff and clients. BSSA’s handling 
of this issue has been commended by RANZCR.   

While the impacts of this issue on the clients and staff of BSSA are acknowledged, it is the 
sincere hope of everyone who has contributed to this process that the implementation of the 
recommendations resulting from this Review will enable BSSA to continue to provide high 
quality screening services to the women of South Australia.   

The purpose of the BSSA System wide review was twofold: 
 To ascertain if there are any cancers which have escaped detection to date and if so, 

identify them as soon as possible so that the women may receive appropriate care.  
 To determine the cause(s) of the lower than expected cancer detection rates via 

digital technology. 
 
The re-read process achieved its first aim. A significant number of cancers were identified 
promptly, ensuring that women who were screened by BSSA received appropriate care.  
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The independent reviews, the RCA and the review of the re-read process have identified 
factors that have contributed to the reduced cancer detection rate, the major cause being 
reduced re-call to assessment. 
 
The key recommendations are: 

 That BSSA adopt the recommendations in the Review of the Digital Mammography 
Re-read as the basis of a Quality Improvement Plan. 

 That the quality assurance activities based on these recommendations be mandatory. 
 That the recommendations of the RCA dated 8 May 2013 and detailed elsewhere in 

this Report be fully accepted by BSSA and acted upon. 
 
In addition to these key recommendations, BSSA should review and implement where 
appropriate and feasible, recommendations contained in the Digital Technology 
Implementation Review report and PACS audit. 
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7.1  Glossary 
 
ACR  
American College of Radiology 
 
ACR Phantom 
The Mammographic Phantom was designed to test the performance of a mammographic 
system by a quantitative evaluation of the system’s ability to image small structures similar to 
those found clinically. Objects within the phantom simulate calcifications, fibrous 
calcifications in ducts, and tumour or masses. The Phantom is designed to determine if your 
mammographic system can detect small structures that are important in the early detection 
of breast cancer. Test objects within the phantom range in size from those that should be 
visible on any system to objects that will be difficult to see even on the best mammographic 
systems. 
 
AEC 
Automatic exposure control (AEC) systems are designed to adjust the kilovoltage, 
milliamperage, or exposure time in order to obtain an image of diagnostic quality, be it for 
radiography or fluoroscopy. These systems sense the amount of radiation immediately in 
front of the image receptor and adjust the dose or dose rate to the patient in order to assure 
sufficient photons are reaching the image receptor. 
 
Assessment 
Further investigation of a mammographic abnormality or symptom reported at screening. 
This includes women who choose assessment outside. 
 
Black Luminance 
Is the measure of “emitted luminous intensity on screen” when displaying black. Put simply, it 
is the measure of how black (dark) the black areas are. The configured “brightness” of the 
black can be set per the manufacturer’s standard in the factory (Native), or when operating 
as monitor pairs it can be configured to display the same intensity on each monitor (Equalise 
with displays of same type). 
 
Contrast Detail Mammography (CDMAM) 
The CDMAM (Contrast Detail Mammography) Phantom* was developed to evaluate 
conventional mammographic x-ray equipment, film, and cassettes. However, with the 
increase of digital imaging in mammography, especially when performing stereotactic breast 
needle biopsies and preoperative needle localizations, the phantom can aid in achieving 
improved image quality, processing, display quality, and speed in these new modalities. 
 
Core biopsy 
Removal of a cylindrical sample of breast tissue through a needle, usually performed under a 
local anaesthetic, for microscopic examination. 
 
Cranio-caudal view 
One of the two standard projections, together with the cranio-caudal view, performed in 
screening mammography.  It must show the medial part of the breast as well the external 
lateral portion of the breast as possible. 
 
Ductal Carcinoma in Situ 
Ductal Carcinoma in Situ (DCIS) is a form of early breast cancer involving the development 
of abnormal (cancer) cells inside some ducts in the breast. In this condition, the abnormal 
cells are only in the ducts and have not started to spread into the surrounding tissues. DCIS 
is also known as non-invasive breast cancer. 
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Digital Imaging and Communications in Medicine (DICOM) 
A global information technology standard that is used in virtually all hospitals worldwide. Its 
current structure, which was developed in 1993, is designed to ensure the interoperability of 
systems used to produce, store, display, process, send, retrieve, query or print medical 
images and derived structured documents as well as to manage related workflow. 
 
Fine Needle Aspiration Biopsy (FNAB)  
The sampling of cells from breast tissue using a fine needle. An ultrasound or X-ray machine 
may be used to guide the needle. The cells are then examined by a pathologist to determine 
the nature of the lesion.  
 
Hanging Protocols 
Sometimes called display protocol. When the images in a PACS are displayed on a 
workstation for reading, they will be positioned on the screen(s) in a standard format and size 
depending on the mix of images available. This ensures that the images are consistently 
presented for efficient comparison and analysis while also ensuring all images are viewed. 
 
Interval Cancer 
An interval cancer is invasive cancer or DCIS that is diagnosed in the interval after a 
negative screening episode and before the next scheduled screening examination. 
 
Mammogram 
Mammogram is an x-ray or radiographic picture of the breast. 
 
Mean Glandular Dose (MGD) 
The Mean Glandular Dose is the special dose quantity used in mammography. It is defined 
as the mean, or average, dose to the glandular tissue within the breast. Mean glandular dose 
depends on compressed breast thickness, glandularity and technical conditions of screening. 
 
Medio-lateral Oblique View 
One of the two standard projections, together with the cranio-caudal view, performed in 
screening mammography. It is the most important projection as it allows depiction of most 
breast tissue. 
 
Minister 
South Australian Minister for Health and Ageing 
 
Mobile Unit 
A mobile unit provides screening, as part of the BSSA Service in a variety of outer 
metropolitan, rural and remote locations. The BSSA mobile units are fully self-contained, 
purpose built vans, in that all screening occurs on the vehicle.  
 
National Accreditation Standards (NAS)  
A set of minimum standards for BreastScreen Australia programs, the NAS was developed 
by the National Quality Management Committee of BreastScreen Australia. 

 Specifically designed for BreastScreen Australia 
 Based on four outcomes which are derived from the aims of the 

BreastScreen Australia Program 
 Within each outcome there is a series of performance objectives with linked 

standards and measures.    
The NAS framework currently consists of: 

 4 outcomes   
 53 performance objectives across the four outcomes  
 173 standards across the 53 performance objectives  
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Noise (Quantum Mottle) 
Noise or quantum mottle is electronic noise and can be described as a “salt and pepper” 
appearance in the mammography image.  
 
Occult Breast Cancer 
A breast cancer that is not evident on the screening mammogram, but must have been 
present in the breast since it has metastasised to one or more lymph nodes in the axilla 
(under the arm), causing enlargement and abnormalities in these lymph nodes. In most 
cases, investigation by other modalities, such as ultrasound, MRI and finally pathology is 
successful in finding these usually small cancers in the breast. In some cases the primary is 
not identified.  
 
Picture Archiving and Communication System (PACS)  
A combination of hardware and software dedicated to the short and long term storage, 
retrieval, management, distribution and presentation of digital images.  
 
PRINCE2 
Structured method for effective Project Management mainly used in information and 
communication technology based projects. 
 
Report 
The final report for the BSSA Digital Mammography System Wide Review. 
 
Review 
The system wide review of digital mammography at BSSA conducted from 12 December 
2012 to 30 April 2013 with the final report being delivered 17 May 2013.  
 
Round 1 
A woman’s first visit to a BreastScreen Australia mammography screening service. 
 
Round 2 Plus 
A woman’s visit to a BreastScreen Australia mammography when she has attended such a 
service before. 
 
Screening  
The performance of tests on apparently well people in order to detect a medical condition at 
an earlier stage than would otherwise be the case. As a screening test is not intended to be 
diagnostic, so a person with a positive or suspicious result must be referred for diagnosis and 
treatment.  
 
Sensitivity 
The proportion of people with a disease who have a positive test result for the disease. 
 
Signal Difference to Noise Ratio (SDNR)  
A method to quantitatively determine the differential contrast of objects in an image. 
 
SmartAEC 
MicroDose Smart AEC (automatic exposure control) continuously adjusts radiation exposure 
depending on the density of the breast.  This provides a totally automated correct exposure 
without the need for pre-exposures, AEC adjustment or specific positioning. 
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Soft Copy Reading 
A “soft copy” is an unprinted digital document or file – in this case an X-ray image. It can be 
contrasted with a “hard copy” which is a physical (touchable) document – in this case an X-
ray film. Soft Copy Reading is the process to examine and report upon images captured in 
digital format by viewing them on a suitable digital display device such as a computer 
workstation and using suitable PACS software. This can be contrasted with Hard Copy (or 
Film) Reading where physical films are displayed on a light box to allow for examination and 
reporting. 
 
Specificity 
The proportion of people with a positive test for a disease who actually have the disease, 
confirmed by other measures.  
 
State Coordination Unit  
The BSSA State Coordination Unit (SCU) is located at Wayville and the state wide program 
is coordinated and managed from this site.  
 
Target Age Group (TAG) 
BreastScreen Australia selects women for screening on the basis of age alone. Women aged 
40 years and above are eligible. Recruitment strategies will be targeted at women aged 50 - 
69 years.  
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7.2  Abbreviations 
 

AEC  Automatic Exposure Control 

BIG  Breast Imaging Group (of RANCZR) 

BRIS  BreastScreen SA Replacement Information System 

BSc(Med) Bachelor of Medical Science 

BSSA  BreastScreen SA 

BXRS  Breast X Ray Service Computer System 

CALHN Central Adelaide Local Health Network 

CC   Cranio-caudal  
 
CDMAM Contrast Detail for Mammography  

DCIS  Ductal Carcinoma in Situ 

DDU  Diploma of Diagnostic Ultrasound   

DHA  Department for Health and Ageing (SA) 

DICOM Digital Imaging and Communications in Medicine 

DMAP  Digital Mammography and PACS 

FN  False Negative 

FNAB  Fine Needle Aspiration Biopsy 

FRANZCR Fellow of Royal Australian and New Zealand College of Radiologists 

GSDF  Grayscale Standard Display Function 

HIB  Health Information Broker 

ICT  Information and Communication Technology 

MBBS  Bachelor of Medicine/ Bachelor of Surgery 

MGD  Mean Glandular Dose 

MLO   Medio-lateral Oblique  

MP  Megapixel 

MP  Member of Parliament 

MURP  Mobile Unit Replacement Project 

NAS  National Accreditation Standards – BreastScreen Australia 
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NHSBSP National Health Service Breast Screening Program (UK) 

NQMC  National Quality Management Committee – BreastScreen Australia 

PACS  Picture Archiving and Communication System 

QA  Quality Assurance 

QC  Quality Control 

QI  Quality Improvement 

RANZCR Royal Australian and New Zealand College of Radiologists 

RCA  Root Cause Analysis 

RIS  Replacement Information System 

SA  South Australia 

SCU  State Coordination Unit 

SDNR  Signal Difference to Noise Ratio 

TAG  Target Age Group 

WHM  White Matter Hyperintensities 
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Associate Professor Warwick Lee 
Digital Mammography Re-Reads 
December 2012 to March 2013 

 
Associate Professor Warwick Lee, December 2012 to March 2013 
Executive Summary 

 53,104 screening mammograms were re-read 
 570 women were recalled to assessment 
 56 women with cancers were identified by the re-read process, 41 invasive cancers 

(including 40 invasive breast cancers and one lung cancer metastasis to the breast) 
and 15 cases of ductal carcinoma in situ (DCIS) 

 This equates to a rate of 10.5 cancers detected per 10,000 screening mammograms 
re-read.  

 
Screen reading practices were identified as a major cause of the lower than expected cancer 
detection rate under digital mammography. The main factor identified was a reduction in 
recall rates to assessment.  A Quality Improvement Plan has been recommended, in line with 
the recommendations of the RCA, detailed elsewhere in this Report.  
 
Background 
Following documentation of a lower than expected cancer detection rate for the period 6 
September 2010 to 30 June 2012, the former SA Minister for Health and Ageing 
commissioned a wide ranging review of digital mammography at BSSA from 12 December 
2012.  
 
The purpose of the review was twofold: 

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care  

 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 

 
Details of Decreased Cancer Detection Rates 
In September 2012 the Program’s internal audit processes discovered that the cancer 
detection rates were significantly lower under digital compared to running under an analogue 
mammography environment. The reduced cancer detection rates related to the BreastScreen 
Australia’s NAS 2.1.1 (Invasive cancer in round 1 women in the target age group (TAG 50-
69), NAS 2.1.2 (Invasive cancer in round 2 plus women in the target age group (TAG 50-69) 
and NAS 2.2.1 (small Invasive cancer in all round women in the TAG).  
 
Precedents of Re-read of Screening Mammograms 
The author of this Report is aware of four known precedents of the BSSA re-read of 
screening mammograms across BreastScreen Australia. Two were on a basis of quality 
control where there was no concern regarding reduction in cancer detection rates and two 
were on the basis of quality assurance with reduced cancer detection rates and failure to 
reach the NAS for cancer detection.  

 State/Territory 1: re-read 5,339 digital mammograms due to a quality control issue. 
Two cancers were identified which equates to a rate of 3.7 cancers detected per 
10,000 screening mammograms re-read. 

 State/Territory 2: re-read approximately 6,000 screens due to a quality control issue 
in the early 2000’s. No cancers were detected. 

 State/Territory 3:  re-read the screening examinations of two Services in the early 
2000’s due to reduced cancer detection rates with failure to reach the NAS. Details of 
the re-read process are not available, but sufficient cancers were identified by the re-
read to reach the NAS. 
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 State/Territory 4: re-read 11,800 examinations due to reduced cancer detection rates, 
finding approximately 18 cancers. This equates to a rate of 15 cancers detected per 
10,000 screening mammograms re-read.  

 
Group of Digital Re-reads 
The re-read project re-examined the digital screening mammograms of women who attended 
BSSA between the 6 September 2010 and 30 June 2012 who were screened with digital 
mammography and had a normal result. The review group was estimated to be 
approximately 54,000 sets of digital mammograms. 
 
One of the principal aims of the Review was to ascertain if there are any cancers which have 
escaped detection to date and if so, identify them as soon as possible so that the women 
may receive appropriate care. As such, the following groups of women were not included in 
the review: 

 who were known to be deceased  
 with a breast cancer diagnosed outside the Program that BSSA was aware of  
 with a screen detected breast cancer    
 who were last screened via analogue technology since 6 September 2010  
 last screened via digital after 30 June 2012 
 who were recalled and assessed during this time  
 who had more than one normal digital mammogram    

 
Re-read Process 
The re-reading of the digital mammograms was undertaken by 13 BreastScreen Australia 
radiologists, external to BSSA. All external radiologists were recruited from BreastScreen 
NSW and BreastScreen Victoria and were experienced in reading digital mammography. The 
performance of all external radiologists at clinical audit with regard to cancer detection rates 
and recall rates met the standards required by either BreastScreen NSW or BreastScreen 
Victoria. Readers were recruited by three senior BreastScreen radiologists, external to 
BSSA, on the basis of experience with digital mammography with satisfactory performance at 
clinical audit, not on the basis of exceptionally high sensitivity, so as to reflect usual clinical 
practice in a screening program. In this respect, they can be considered peers of the BSSA 
readers. 
 
The reading sessions were not normal reading sessions since cases that have been recalled 
to assessment after initial reads by BSSA had been removed. These cases include both true 
positive assessment cases (cancers) and false positive assessment cases (no cancer at 
assessment, client returned to screen). In addition, the review cohort did not include women 
who had had more than one round of cleared digital screening, women who were diagnosed 
with interval cancers at the time of the announcement and deceased clients.  
 
With these caveats, in all other aspects, the re-reads were treated as normal reading 
sessions, in line with the radiologists’ normal pace, procedures and performance (sensitivity 
and specificity). The aim was to determine if the statistical variation in cancer detection rates 
indicates the presence of cancers that might have escaped detection to date.  
 
All re-reads undertaken by the external radiologists were performed in the central BSSA 
reading facilities at Wayville on Sectra IDS7 PACS workstations. Readers viewed the same 
current and scanned immediate prior images as were available at initial screen reads at 
BSSA. The readers also had access to the complete clinical records and hard copy images 
of all clients, as did the original BSSA readers. 
 



Reads were single-read and classified as per standard Australian imaging classifications as 
follows:  

 Imaging grade 1 or 2 (Normal/benign = Return to routine screen) 
 Imaging grade 3 (Equivocal = recall) 
 Imaging grade 4 (Suspicious = recall) 
 Imaging grade 5 (Malignant = recall) 

 
Cases recalled by an external reader were re-read by a second external reader (referred to 
as “consensus read”) with the consensus reader to make the final decision regarding recall 
or clear result.   
 
Results of the External Re-read Process 
One of the purposes of the re-read process was to meet an aim of the BSSA independent 
system wide Review:  

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care.  

 
The re-read process achieved this purpose. Fifty-two cancers were identified promptly, 
ensuring that women who were screened by BSSA received appropriate care. An additional 
four cancers were also identified through the review; however, these women had already 
been diagnosed with cancer external to BSSA. 
 
The re-reading commenced on Friday 21 December 2012 and was concluded Monday 11 
March 2013 with a total of 53,104 primary external re-reads and 1,395 consensus reads.  
The primary recall rate of the external readers was 2.63% and the final number of women 
recalled after consensus re-reads was 570 for a final recall rate of 1.07%.   
 
At the time of this report (17 May, 2013), 559 women had been assessed (553 at BSSA and 
six outside the Program, as per their choice). There are a further four women who declined to 
attend for assessment or were unable to do so for health reasons. In addition to the above, 
four women included in the review and recalled at external read, had already presented with 
an interval cancer. Another woman with an occult breast cancer metastatic to an axillary 
node was identified correctly by BSSA and was assessed outside of BSSA. The review 
confirmed this recall.    
 
At the time of this report (17 May, 2013) 56 women recalled for assessment following the re-
read were diagnosed with cancer. Forty-one women were diagnosed with invasive cancer 
(one was metastatic lung cancer) and 15 women with ductal carcinoma in situ (DCIS).  
Of the DCIS cases, nine were high grade (1 with micro-invasion), three were intermediate 
grade and two were low grade papillary. The invasive cancers were pathology grade I in 13 
cases, pathology grade II in 17 cases and pathology grade III in five cases. In five cases the 
final pathology grade is to be determined, pending surgical excision and histopathology 
examination.  
 
To date, there are a further three women who have been referred for open biopsy, the results 
of which are not yet available.   
 
Effect on BSSA Cancer Detection Rates Following External Re-reads 
When the cancers detected by the external readers are combined with the cancers detected 
by the BSSA readers for the reporting periods financial years 2010/2011 and 2011/2012, 
digital images only, the cancer detection rates improved, as indicated in Table 1. Standards 
for invasive breast cancers for round 1 woman and small invasive cancers, all rounds, were 
still unmet; however, the improvements made in the cancer detection rates for round 2 plus 
woman and small invasive cancers for all round women were statistically significant.  
 



The number of cancers detected by the external re-read of digital mammograms does not 
take into account the number of interval cancers that were potentially detectable by the 
digital mammograms. To date, there are up to 16 such cancers. This is discussed in sections 
devoted to interval cancers.  
 
The year to date 2012/2013 preliminary figures to 31 January 2013, shows significant 
improvement in the cancer detection rates compared to the period under review, with only 
the small cancer detection rate being unmet but close to the threshold.  
 
However, the cancer detection rates are not at the historical high levels achieved by BSSA 
and screen reading practices need to be addressed, as detailed elsewhere in this Report. 
The 2012/2013 data does not include any external reads. 
 
TABLE 1 – NATIONAL ACCREDITATION STANDARDS (NAS) RELATING TO CANCER 
DETECTION RATES, DIGITAL SCREENING ONLY 
 

NAS Standard BSSA reads 
2010/2011 & 
2011/2012 
combined 

BSSA plus 
external re-read 

2010/2011 & 
2011/2012 
combined 

BSSA reads 
YTD 2012/2013 

To end Jan 
2013 

NAS 2.1.1 
Invasive breast 
cancers Round 1, 
Age 50-69yrs 

>50 per 10,000 
women  
screened 

 
33.5 

 
48.1 

 
66.8 

NAS 2.1.2 
Invasive breast 
cancers Round 
2+, Age 50-69yrs  

>35 per 10,000 
women  
screened 

 
32.1 

 
38.2 

 
38.8 

NAS 2.2.1 
Small invasive 
cancers  detected, 
all rounds 

>25 per 10,000 
women  
screened 

 
18.3 

 
23.5 

 
23.9 

NAS 2.3.1 
DCIS, Round 1, 
Age 50-69yrs 

>/= 12 per 
10,000 women  
screened 

 
14.6 

 
16.7 

 
21.3 

NAS 2.3.2 
DCIS Round 2+, 
Age 50-69yrs 

>/= 7 per 10,000 
women  
screened 

 
8.8 

 
10.8 

 
10.4 

 
 
 
Effect on BSSA Recall Rates Following External Re-reads 
As part of its monitoring processes for the roll out of digital mammography, BSSA had noted 
that recall rates after the introduction of digital mammograms and soft copy reading were 
lower compared to recall rates for women screened with analogue mammograms. In the 12 
months ending 30 June 2011, the recall rate for subsequent round women was 1.26% for 
women screened with digital mammography compared to 2.24% for women screened with 
analogue mammograms.  
 
As shown in Table 2, when the number of women recalled by the external readers is added 
to the number of women recalled after the primary reading by the BSSA readers, the recall 
rate returned to the BSSA historical levels of over 2% for subsequent rounds, while it 
remained higher than historical rates for round 1.  Even with these increases, the recall rates 
still meet the NAS to minimise unnecessary recall (less than 10% for round 1 and less than 
5% for subsequent rounds). The effect of the re-read process (adjusted total) on recall rates 
and the subsequent recall rates in BSSA are shown in the table below. 



 
TABLE 2 – RECALL RATES ALL ROUNDS BY YEAR 
 

Year Recall Rates Round 1 (%) Recall Rates Round 2+ (%) 
2009/2010 5.13 2.06 
2010/2011 Analogue 5.29 2.24 
2010/2011 Digital 4.59 1.26 
2010/2011 Digital + review 6.39 1.64 
2010/2011 Adjusted total 5.60 2.08 
2011/12 Analogue 4.84 2.25 
2011/2012 Digital 4.43 1.30 
2011/2012 Digital + review 7.93 2.07 
2011/2012 Adjusted total 6.51 2.15 
2012/2013 YTD Jan 2013 
Analogue 

5.97 2.91 

2012/2013 YTD Jan 2013 
digital 

8.54 2.27 

2012/2013 YTD  Jan 2013 
total 

8.25 2.33 

 
Interval Cancers 
 
An interval cancer is invasive cancer or DCIS that is diagnosed in the interval after a 
negative screening episode and before the next scheduled screening examination. 
 
Four women who were recalled by the external readers were found to have already been 
diagnosed with interval cancers outside the Program in the interim. Thirty women who had 
been identified to have an interval cancer prior to commencement of the re-reading process 
were not included in the initial re-read process, since the stated aim was to identify 
undiagnosed cancers and these women had already been diagnosed with breast cancer and 
they would have been subjected to mandatory quality assurance reviews by BSSA 
radiologists, as per the requirements for all BreastScreen Australia services.  
 
However, for completeness, an expert external radiologist (Professor Mary Rickard) has 
subsequently reviewed their digital screening images performed prior to the diagnosis of the 
interval cancer. This was done initially without any knowledge of the final location or 
pathology of the lesion, the sole aim being to identify any indications for recall. A subsequent 
review was then undertaken by Professor Rickard with the knowledge of the quadrant in 
which the cancers were diagnosed.  
 
Diagnostic imaging was not available for comparison. It was estimated from the review of 
these 30 cases that an additional 16 (53.3%) cancers may have been identified at screen 
(false negative prior screens) and three women (10.0%) would have been falsely recalled.  
Had the 16 false negative prior screen examinations been included in the external re-read, 
the impact of the re-read process on the cancer detection rate would have been greater.  
 
When combined with the 56 cancers detected by the initial re-read process, the additional 16 
false negative cases would account for 72 cancers that were potentially detectable at the 
time of initial screening.  
 
This review of interval cancers was performed by a single reader knowing that the cases 
were interval cancers and this may have inflated the number of false negative prior screening 
mammograms.  It is also limited to interval cancers up to the end of 2012, since complete 
data on interval cancers arising from January to June 2013 will only be reported by the SA 
Cancer Registry after this period.  



To place this review of interval cancers into perspective, it is compared to a study from 
BreastScreen Victoria1. This study reported the review of 129 interval cancers mixed with 99 
screen detected cancers and 99 normal examinations, read by five radiologists unaware of 
the status of the case. Recall by any 3 of 5 radiologists of a lesion confirmed to be an interval 
cancer classified the case as a false negative (FN) screen. The rate of FN screen in that 
review was 38%. This rate excluded the “minimal sign” interval cancers where the lesion is 
visible only with the aid of the diagnostic images. If this rate is applied to the current group of 
interval cancers at BSSA, 11 additional cancers may have been expected in the review of the 
interval cancers. The finding of 16 potential false negative cancers is therefore consistent 
with the expected number based on the Victorian study. 
 
It is expected that the interval cancer rates for the screening years 2010, 2011 and 2012 will 
increase due to the reduction in cancer detection rates that prompted this Review.  
 
All cancers identified by this review will be classified as interval cancers. The Program has 
sought expert advice from the BreastScreen Australia NQMC, which has determined this 
classification to be appropriate. 
 
Observations Regarding BSSA Digital Screen and Assessment Practices 
The digital re-read process provided the opportunity for a group of external radiologists to 
review a high volume of images from BSSA. This also entailed review of previous and some 
current assessment episodes. This allows for the following observations to be made 
regarding both the screening and the assessment practices at BSSA, regardless of the final 
outcome or the number of cancers detected by the external read. 
 
Recall Rates 

 As discussed above, the recall rates for subsequent rounds for digital mammograms 
during the re-read period was 1.26%. Modelling has shown that cancer detection 
rates are optimal at the 4% level for subsequent rounds, when a trade-off between 
cancer detection rates and false positive recalls to assessment are considered2. 
Beyond 4% recall, there is little further increase in cancer detection. BSSA has 
traditionally maintained good cancer detection rates, well above the NAS, with low 
recall rates for subsequent rounds, in the region of 2.5%. It is concluded by this 
review that the digital recall rates have decreased to a level that impacted 
significantly on cancer detection rates.  

 While most programs experience an increase in recall rates after the introduction of 
digital mammography, at least on a temporary basis, some programs internationally 
have also noted a reduction in their recall rates, but without compromising cancer 
detection rates. Low recall rates per se are not an indication of low cancer detection 
rates. However, in BSSA’s case, the reduction in recall rates contributed to reduced 
cancer detection.  

 This Review was not designed to determine reasons behind the reduced recall rates. 
However, it is thought that it relates primarily to failure of recognition of differences in 
the mammographic appearances of breast lesions between analogue mammography 
and digital mammography and changes in reading practices, the so-called learning 
curve.  

  It is noted that the Digital Technology Implementation Review contained elsewhere in 
this Report found that the time delay in the full implementation of digital 
mammography impacted on the screen readers with slow introduction of digital 
examinations. This may have lengthened the learning curve.  

                                                 
1 Amos AF, Kavanagh AM, Cawson JC and the Radiology Quality Assurance Group of BreastScreen Victoria. 
Radiological review of interval cancers in an Australian mammographic screening programme. J Med Screen 
2000;7:184-189.  
2Otten JDM, Karssemeijer N, Hendriks JHCL et al. Effect of recall rate on earlier screen detection of breast 
cancers based on the Dutch performance indicators. JNCI 2005; 97(10)784-754. 



 
Image Quality 

 General: Quality of the digital images is generally satisfactory and acceptable images 
for screening and diagnostic purposes have been obtained. However, as in all things, 
there is room for improvement. The images are generally noisy with some images 
affected adversely by increased quantum mottle. This is detailed in the Medical 
Physics Investigation of Equipment Performance within BSSA by Dr Jenny Diffey. 
The mottle could be reduced by using the Automatic Exposure Control C120 setting 
that reduces mottle by increasing radiation dose modestly while still maintaining the 
lowest radiation dose level of all mammography vendors. The “look and feel” of the 
Sectra images is different to that of analogue images, but this applies to all digital 
mammography vendors. For example, there are examples of cancers detected by the 
re-read of Sectra images that are more conspicuous on the Sectra screening images 
than on repeat routine views at assessment obtained with the Hologic modality. 

 Blur: External readers noted many blurred images that were included for screen 
reading that they would have recalled as “Technical Recalls” at their own Services. 
There is concern from three points: 

 Radiographic quality control at the time of acquiring the images may be 
suboptimal. The acquisition monitors are 2MP monitors and the 
radiographers may not have seen the blur. Alternatively, the 
radiographers may not have paid enough attention to blur. 

 The radiologists may not have considered it part of their role to assess 
image quality at the time of reading. 

 The radiologists may not have seen the blur due to suboptimal soft copy 
reading practices. Often the blur was only visible if the “zoom” function 
(i.e. electronic magnification) was used. This is discussed below. 
However, concern is raised that if the readers cannot perceive blurred 
images, they may also be failing to perceive subtle mammographic 
findings. 

 Positioning: As the case with blurred images, external readers noted many images 
that were included for screen reading that they would have recalled as “Technical 
Recalls” at their own Services due to missing breast tissue, particularly in the axillary 
region. Conversely, many women had more than the standard four images where it 
was thought by the external readers that four would have been adequate. There was 
concern that some additional views, such as “up-lift” views, had become standard 
radiography practice at BSSA. This acquiring of additional views increases the 
radiation dose without benefits for the clients while also adversely impacting hanging 
protocols. 

 Hanging protocols and soft copy reading practices: It has been shown that 
reader performance is better when images are displayed with at least “screen fit” 
resolution, where only one image is displayed on a viewing screen, compared to a 
protocol where two or more images are displayed on a single monitor3. 

 
  It has been further shown that there is a trend to better reader performance when 
  magnification factors greater than screen fit are used4. Hanging protocols should  
  encourage viewing of images in at least screen-fit mode and zooming of all cases 
  should be encouraged. This should also apply to comparisons with prior images. The 
  current BSSA hanging protocol does not encourage this practice. 

 
 
 

                                                 
3Haygood TM, Arribas E, Brennan PC, et al, Conspicuity of microcalcifications on digital screening 
mammograms using varying degrees of monitor zooming. AcadRadiolo 2009; 16:1509-1517. 
4Haygood TM, Arribas E, Liu QM, et al. Detection of microcalcification on digital screening mammograms 
using varying degrees of monitor zooming. AJR: 2011; W761-W768 



At BSSA currently the number of images hung is determined by the number of prior 
images. If there are more prior images than current images, the current round images 
will be repeated and therefore lengthen the hanging protocol. A reader may therefore 
take shortcuts and not complete the full hanging protocol or omit zooming. This 
situation is accentuated if an excess number of images per client are obtained. 
 
The 4th “standard” hanging in the current BSSA protocol consists of left and right 
medio-lateral oblique (MLO) views on one monitor and left and right cranio-caudal 
(CC) images on the other monitor (not screen-fit). This encourages viewing at lower 
resolution.  
 
It is not possible to compare prior and current views of one breast simultaneously in 
at least screen-fit mode. If a reader wishes to do so, the PACS hanging must be 
manually altered.  
 
Due to this suboptimal hanging protocol, there may be a tendency not to use the 
zoom function, leading to failure to detect some lesions, especially calcifications and 
some small spiculate masses or subtle stellate lesions. 
 

 Lesions not recalled:  An observation was made by external readers that particular 
types of lesions had not been recalled, regardless of whether they were true positive 
or false positive recalls, namely: 

 Lesions in review areas of the breast: against the chest wall, at the 
 extremes of the breast and in the so-called “milky way”. 

 Small masses with unclear margins. 
 Small clusters of equivocal calcifications and more extensive clusters of 

 suspicious calcification.  
 Asymmetric densities that have increased in density while remaining of 

 similar size. 
 Some stellate lesions that had remained stable between screens were 

 not recalled.  
  
  This may reflect both failure in perception and interpretation. 
 

It was the view of the external readers that a significant number of the lesions not 
recalled by the BSSA readers that were subsequently shown to be cancers were not 
subtle lesions. A review of the screening images of 43 of the 56 women who were re-
read and diagnosed with cancer at assessment by needle biopsy was undertaken by 
three external radiologists (Professor Mary Rickard, Dr Allison Rose, Associate 
Professor Warwick Lee).   
 
Each screening examination that resulted in recall was graded for the level of 
difficulty in making a decision to recall, based on both perception of a lesion and 
analysis of the lesion perceived at screen, using a 5 point grading scale (1 for easiest, 
5 for hardest). The scores of the three readers for each case were pooled to provide 
a single score for each case. The average degree of difficulty in perceiving a lesion 
and making a decision to recall for this group of 43 women was 2.2 out of 5, in 
agreement with the impression that cancers not recalled at initial read were, in 
general, not subtle lesions. Only one lesion was categorised as 4 out of 5 and none 
as 5 out of 5.  
 
 
 
 
 



 Recall rate at third read: When only one of the two primary readers recalls a woman 
at screen reading, a third read is performed to decide on the final outcome, where the 
third reader is aware of the results of the first and second readers.  The recall rate at 
third read in BSSA is usually in the order of 20%. In other BreastScreen jurisdictions, 
it is closer to 40%.  This low recall rate at third read will contribute to the overall low 
recall rate of BSSA. However, it may also result in lower cancer detection rates.  

 Needle biopsies at assessment: External readers, while reviewing client files during 
screen reading, made two observations regarding assessment practices: 

 Lesions previously recalled had not been biopsied, too great a reliance 
possibly being placed upon normal ultrasound result or possibly benign 
mammographic appearances at mammographic work-up, especially with 
calcifications. 

 There is a heavy reliance placed upon fine needle aspiration biopsy 
(FNAB) at BSSA with comparatively less frequent use of core needle 
biopsy and vacuum assisted core needle biopsy, including biopsy of 
micro-calcifications. Apart from lesions likely to be benign, FNAB of 
screen detected lesions is not standard practice nationally or 
internationally5. Small soft tissue masses that may be invasive cancer or 
DCIS frequently only underwent FNAB at BSSA. However, FNAB cannot 
distinguish invasive cancer from DCIS and reliance upon FNAB may lead 
to over treatment of the axilla in cases of DCIS, or increased re-excision 
rates. In addition, FNAB cannot confirm the presence of calcium in the 
biopsy, a critical factor in assessing micro-calcifications. Further, in the 
setting of screen detected breast lesions, FNAB has significantly higher 
false positive and false negatives rates than core biopsies. 

 
Conclusion 
The purpose of the BSSA System wide review was twofold: 

 To ascertain if there are any cancers which have escaped detection to date and if so, 
identify them as soon as possible so that the women may receive appropriate care.  

 To determine the cause(s) of the lower than expected cancer detection rates via 
digital technology. 

 
The re-read process achieved its first aim. A significant number of cancers were identified 
promptly, ensuring that women who were screened by BSSA received appropriate care.  
The re-read process also achieved the second purpose. Factors have been identified that 
may have either directly resulted in reduced cancer detection rates or resulted in suboptimal 
screen reading practices.  
 
With regards to screening reading practices the main factors are: 

 Low recall rates with failure to recall cancers. This may be the result of a combination 
of a culture within BSSA which has had historically low recall rates, errors in 
perception at screen reading and errors in analysis of lesions perceived in the digital 
environment.  

 Sub optimal hanging protocols. 
 Possible poor soft copy reading practices. 
 Image quality issues. 

 

                                                 
5 WHO Classification of Tumours of the Breast. World Health Organization 2012. 4th edition. Lakhani RS, Ellis 
IO, Schnitt SJ, Hoon PH and van de Vijver MJ. IARC Press, Lyon, France. 



Recommendations 
1. That BSSA adopt the recommendations in this Review as the basis of a Quality 

Improvement Plan. 
2. That the quality assurance activities based on these recommendations be mandatory. 
3. That the recommendations of the RCA dated 8 May 2013 and detailed elsewhere in 

this Report be fully accepted by BSSA and acted upon. 
 
In addition to these key recommendations, BSSA should review and implement where 
appropriate and feasible, recommendations contained in the Digital Technology 
Implementation Review Report and PACS audit. 
 
Specific Recommendations for the BSSA Screen Readers related to recall rates, lesion 
perception and analysis in the digital environment and digital reading practices 

1. Review by all screen readers individually of all cancers not recalled at initial BSSA 
read, detected by the re-read process. Attention to specific lesion subtypes not 
recalled for focused review: 

a. lesions in review areas of the breast: against the chest wall, at the extremes of 
the breast and in the so-called “milky way” 

b. small masses with unclear margins 
c. equivocal or suspicious calcifications, regardless of size 
d. asymmetric densities that have increased in density, regardless of stability of 

size over time 
e. stellate lesions, regardless of stability of size over time 

2. Review of all the cancers referred to in 1) in an open educational forum, possibly with 
the support of an external BreastScreen radiologist.  

3. Completion of at least one training test set of digital screening mammograms per 
year, such as the BREAST training set, with self-assessment and assessment of 
individual results by the BSSA Radiology Co-ordinator.  

4. Establishment of a digital mammography image library at BSSA to be incorporated 
into specific digital mammography training protocols for existing and new readers. 

5. Review of soft copy reading practices and hanging protocols: 
a. Review speed of reading, length of reading sessions and time of day of 

reading sessions. Reading digital mammography has been shown to take 
longer than reading film-screen mammography6. This is particularly relevant to 
the digital reading learning period. 

b. Hanging protocols should encourage viewing of images in at least fit-to-view 
mode, including when prior images are compared. 

c. Zooming of all cases should be encouraged. 
d. Review the continued use of the 4th “standard” hanging in the current BSSA 

protocol, as it is not “screen fit” and encourages viewing at lower resolution. 
e. Discourage radiographer practices that increase the number of additional 

images.  
f. The hanging protocol should be driven by the number of images in the current 

round, not the prior round. 
 

Specific Recommendations for BSSA third reader practices 
1. Discourage low recall rates at third read below 40%. 
2. Trial consensus third reads. 
3. Review on an on-going basis third reader performance outcomes. 
4. Document reasons for lesion dismissal at third read with feedback to primary reader 

and opportunity for appeal/discussion. 
 

                                                 
6 Haygood TM, Wang J, Atkinson EN et al, Timed efficiency of interpretation of digital and film-screen 
mammograms. AJR 2009; 192:216-220. 



Specific Recommendations for BSSA Assessment Teams 
1. Require greater readiness to biopsy lesions, regardless of previous recall, particularly 

if not biopsied previously. 
2. Reduce use of FNAB at assessment.  

a. Abandon the use of FNAB for assessment of all microcalcifications. 
b. Consider limiting FNAB use only for non-calcified lesions with grade 3 imaging 

features that are likely to be returned to re-screen and using core biopsy for 
lesions with grade 4 and 5 imaging features. 

 
Specific Recommendations to address image quality 

1. Image noise: 
a. Consider the use the AEC C120 setting to reduce mottle. 
b. Review the processing algorithms used for production of the clinical digital image. 

2. Image blur: 
a. Acquire higher resolution acquisition monitors (3MP) at image acquisition 

workstation. 
b. Highlight radiologists’ role in image QA and determination of technical recalls. 

3. Address radiographic QA: 
a. Radiographer education regarding positioning and unnecessary images  
 

Associate Professor Warwick Lee  
17 May 2013 
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Root Cause Analysis  
Report 1 Public Report 
Part 8 s72(1)(a) Health Care Act 2008 (SA)  

 
 
 
 
Date of event: 17/09/2012 

 

Fact-based description of the incident as known at the time of the incident 

Lower than expected breast cancer detection rates coinciding with the introduction of 
digital screening technology. 
 
 
 

Recommendations: 

1. Review image hanging protocols and other user interface issues to improve 

compliance with the full hanging protocol and zoom functions and to minimise 

the repetition of current round images incorporating:  

 Instruction of radiologists in the routine use of zooming and retraining of 

radiologists in the use of workstation tools and critical functions specific 

to interpretation with the use of Sectra PACS.  

 Utilisation of a Model of Improvement method (small scale testing, Plan‐

Do‐Study‐Act cycles) of trialling different hanging protocols and interface 

methods with the engagement of BreastScreen SA (BSSA) radiologists, 

other staff and experiences of other BreastScreen services. 

 Provision of regular training updates following planned RIS‐PACS 

modifications. 

 Development of a seamless interface between the new RIS and PACS to 

minimise distractions. 
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2. Enhance image quality processes by 

 Development and implementation of a plan to improve radiographic positioning and 

reduce image motion blur  

 Review of the modality (Sectra mammography) exposure factors and processing 

algorithms 

 

3. Review of the triple data audit process and other data development to facilitate 

  Establishment of a process that is as timely as possible for the retrieval and 

recording of post treatment breast cancer data 

 Development of systems to capture the time taken for mammogram case reading 

and other measures to evaluate compliance to the image hanging protocol and use 

of zooming function. 

 Quarterly provision to radiologists of the results of measures developed to evaluate 

compliance to the image hanging protocol and zooming usage and of preliminary 

cancer detection, in addition to performance indicators currently provided. This data 

should be reviewed at the Radiology Quality Review Committee using appropriately 

anonymised statistics, and benchmarked against each other, the periods aggregated 

figure, other states, the NAS, and prior analogue achieved rates where possible.  

 

4. Enhance quality improvement processes for the clinical team and in particular the radiology 

team, including: 

 Implementation of quality improvement steps into the current reading pathway by 

ensuring that one of the mammogram readers (either one of the two primary readers or 

an additional reader) and that the ‘third’ reader for discordant outcomes have a record 

of meeting or exceeding the NAS standards for cancer and small cancer detection. There 

should be real time feedback to and peer review by all radiologists of cancers detected 

by these processes.  The primary reading quality step should be continued until such 

time as cancer data indicates satisfactory cancer detection is achievable without this 

quality step. Selection criteria for third readers should include good detection rates for 

cancer and specifically, small cancer. 

 Alignment of the learning environment for image review to digital. The facilities should 
allow viewing of digital images on a sufficiently large screen with appropriate 
specifications for the radiology group to effectively discuss cases. 

 Training of a team of radiologists and other relevant staff in Clinical Practice 

Improvement methodology, human factors and pro‐active safety culture practices. 

These principles should be incorporated into routine clinical practice.  
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 Review the structure of the Radiology Quality Review Committee and the Teaching and 

Review Quality Improvement Committee meetings to include the use of a structured 

learning framework. Lessons learnt should be converted to actions and effectively 

communicated to all radiologists and clinical staff, and their implementation status 

reviewed as appropriate. The climate of these forums needs to provide for a 

psychologically safe environment to speak freely in regard to quality and safety issues.  

 Expansion of the Radiologist Co‐ordinator role to include responsibility for ensuring 

effective processes and structures to enable a high performing radiologist team with a 

patient safety culture and quality improvement focus.  The Radiologist Coordinator 

should assist radiologists not meeting the NAS for cancer and small cancer detection to 

develop an approved individual Quality Improvement (QI) plan. 

 

5. Improve clinical and in particular radiological practice by use of the appropriate processes 

(such as job and person specifications, employment contracts, scope of practice), including  

 Participation in a process of performance development and review. 

 Participation in a minimum set of quality improvement and on‐going learning activities 

that include involvement in individual and peer reflective review processes, 

participation in quality improvement meetings and activities, and continuing education. 

For radiologists this should include use of mammography screening learning sets (such 

as BREAST). 

 Compliance by radiologists with a minimum training for digital mammography in line 

with best practice or New Zealand Standard1 until Australian Standards are developed. 

Training should be based on adult learning principles (needs‐based, competency‐based, 

including assessment and follow‐up).  

 

6. Engage an organisational psychologist to assess and implement improvements to the 

organisational culture, including: 

 A review of the clinical and management team structure, staffing, roles and 
performance review and development practices to enhance their ability to maintain 
high performance with a specific emphasis in providing a strong culture of learning and 
patient safety.  

 Establishment of effective working relationships within the organisation 

 

 
1BreastScreen Aotearea. Interim Digital Mammography Standards for Full Field Digital 
Mammography and CR Systems DRAFT [Version 4] 
http://www.nsu.govt.nz/files/BSA/BSA_NPQS_Interim_Digital_Mammography_Standards_v4_Jan_2
013.pdf 



Review of BreastScreen South Australia Cancer Detection Rates 

Nathan Dunn 
Advanced Epidemiologist  

Preventive Health Unit, Queensland Health 

 

After analysing cancer detection rates from the 2010‐11 financial year, BreastScreen South Australia 

(BSSA) became aware of differences in cancer detection rates between the cohorts of women being 

screened via analogue and digital mammography.  The results indicated that cancer detection rates 

among the cohort of women being screened using digital mammography were below the rates 

required under the BreastScreen Australia National Accreditation Standards (NAS).  

In order to verify whether there was truly a difference in detection rates, I was provided with data 

from the last six financial years.  I looked at the data for the two NAS which are the most reliable and 

best indicators of program quality, these being: 

2.1.2 – Subsequent round invasive cancer detection among women aged 50‐69  

2.2.1 – Small (<= 15mm) invasive cancer detection among women aged 50‐69. 

 

In order to assess whether these results fell below the required NAS and the likelihood of this 

occurring simply due to chance, each year’s rates were plotted on funnel plots with the most recent 

data stratified by analogue/digital modality.  The resulting funnel plots are included as Attachment 1 

and 2.   

 

The funnel plot for NAS 2.1.2 (Attachment 1) showed that between 2006‐07 and 2009‐10, BSSA 

consistently demonstrated a cancer detection rate well in excess of the required standard.  The data 

from 2010‐11 and 2011‐12 show that for the cohort of women screened on analogue machines the 

rates remain unchanged and in excess of the required standard, but that for women screened on 

digital machines the cancer detection rate has dropped below the required standard.   These rates 

fell within the funnel, indicating that failure to meet the standard could be due to chance. 

 

The results for NAS 2.2.1 (Attachment 2) showed that between 2006‐07 and 2009‐10, BSSA again 

consistently met the standard for small cancer detection. Data from 2010‐11 and 2011‐12 show that 

for women screened on analogue machines the cancer detection rates remain unchanged and in 

excess of the required standard.  For women screened on digital machines the cancer detection rate 

has dropped below the standard, and for the 2011‐12 financial year the result falls outside the 

funnel plot, indicating that it is unlikely that this performance is simply due to chance. 

 

The data was further reviewed, and Poisson confidence intervals calculated for both NAS measures 

over each financial year.  Confidence intervals were also generated separately for analogue and 

digital cancer detection rates over the years when both modalities were in use.  These comparisons 

are represented graphically in Attachment 3 and Attachment 4.   

 

The graph of subsequent round cancer detection (Attachment 3) shows that although the 

confidence intervals for digital mammography detection rates overlap with the required standard, 

the upper bound of the confidence interval for 2011‐12 digital mammography detection rates does 

dbullo01
Typewritten Text
7.3.3



not overlap with any of the lower bounds of any of the preceding years’ results under analogue 

mammography.  This indicates that the digital mammography cancer detection rate is statistically 

significantly lower than it was previously under analogue mammography. 

 

The graph of small cancer detection (Attachment 4) shows that not only do the upper bounds of the 

confidence intervals for digital mammography cancer detection rates not overlap with the standard, 

but that they also do not overlap with the confidence intervals for any of the analogue 

mammography years which indicates again that detection rates are statistically significantly lower 

under digital mammography than they were under analogue. 

 

Cancer detection rates by clinic were also investigated to see whether a change in the geographic 

distribution of the women presenting for screening may have influenced the changes in cancer 

detection rates.  That is, was there a change in which there were more women from areas with a 

lower incidence of breast cancer presenting for screening?  Data on the number of screens per clinic 

were obtained from BSSA and this showed that there was no significant change in the proportion of 

women being screened at each clinic.  Further, if by chance the cohort of women being screened 

remained unchanged but that the group of women screened on digital machines had a lower 

incidence of breast cancer we would have expected to see higher cancer detection rates in the 

cohort of women screened on analogue machines, however the cancer detection rate among this 

cohort remained relatively constant when compared to previous years. 

 

In summary, subsequent round cancer detection and small cancer detection rates in the cohort of 

women screened using digital mammography are significantly lower than the corresponding 

historical and current rates under analogue mammography.  Further, small cancer detection rates 

for the most recent period 2011‐12 are significantly below the requirement of 25 per 10,000 women 

screened stipulated in the NAS.  This trend appears to be evident across BSSA and not confined to 

any particular sites and cannot be explained by changes in the cohort of women presenting for 

screening. 

 

 

Nathan Dunn 

Advanced Epidemiologist 

Preventive Health Unit 

Queensland Health 

15 Butterfield St 

Herston, Qld, 4006 

Ph: (07) 3328 9440 
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BreastScreen South Australia targeted data review 
 
Date of visit   December 11, 2012. 8am-3pm 
Head of Service   Lou Williamson 
Service Data Manager Penny Iosifidis and Steve Corns 
Data Auditor   Kellyanne Sleeth and Jenny Brosi 
 
 
Service Overview 
   
South Australia BreastScreen Service screens approximately 80,000 women across 
six fixed sites and three mobile units.  
 

Screening clinics 
 

Screening number for 
2011/2012 financial year 

Arndale  8359 

City 8254 

Frome Rd 3495 

Marion 14596 

Elizabeth 11548 

Wayville/Hyde Park 9295 

Mobile 1 (visits rural and remote locations) 9062 

Mobile 2 (visits rural and remote locations) 8551 

Mobile 3 (visits metro and out of metro 
locations) 4181 

Total 77341 
  
Both the Assessment Centre and the State Coordination Unit are situated in Wayville.  
 
Data Integrity Review Background information 
 
BSSA employed film and chemistry based or analogue mammography technology 
since the inception of the program in 1989 until October 2012.  Advances in digital 
imaging (a technique for capturing and storing images in digital format) marked the 
end of the analogue mammography technology development cycle and saw the 
market place phasing out analogue through the introduction of digital 
mammography. 

Digital mammography has been rolled out progressively throughout the BSSA 
program replacing analogue technology and processes, with the first digital image 
captured on 6 September 2010 and the last analogue image captured in October 
2012.   
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In September 2012 it was discovered that the cancer detection rates for NAS 2.1.2 
(Invasive cancer in round 2 plus women in the target age group (TAG 50-69) and 
NAS 2.2.1 (small Invasive cancer in all round women in the TAG) were significantly 
lower under digital compared to running under an analogue mammography 
environment.  
 
In light of these findings, an internal investigation was launched and a number of 
possible causes identified which need to be investigated. An audit from outside the 
jurisdiction was requested as part of the investigation to assess whether BSSA lower 
digital cancer detection rates is a factor of poor data accuracy/integrity. 
 
Purpose of the Audit 
 
• To assess whether BSSA lower digital cancer detection rates is a factor of poor 

data accuracy/integrity. 
 
Objective of the Audit 
 
• To examine the digital data management systems and procedures currently in 
place in the identification of cancer cases, including preliminary estimates of cancer 
cases. 

• To evaluate/assess the accuracy of data as it relates to the detection of cancer 
cases, including preliminary estimates of cancers. 

• To ensure consistency of analysis and reporting procedures around cancer 
detection including preliminary estimates of cancer detection. 

• To provide a report identifying areas around data integrity which may warrant 
further attention, including those requiring immediate action and less urgent 
improvements.  

• To recommend any changes in procedures required to ensure the integrity of data. 

 

Overview of the Audit Process 
 
The on-site visit was conducted at the Wayville site on 11 December 2012 and was 
mainly focused on the screening and assessment pathway and the procedures 
around cancer detection reporting.  
 
 
Basic documentation regarding the BSSA service, policies and procedures related to 
the areas for review were sent the day prior to the on-site visit.  The visit 
commenced with an initial meeting with Penny Iosifidis Manager, Screening Support 
and Evaulation and Julie Kapa the Coordinator, Screening Support to discuss the 
parameters of the visit.  
 
The formal section of the audit involved viewing processes related to the digital 
screening and assessment pathway, data entry and quality assurance and cancer 
detection related reporting processes. A selection of 30 client records were reviewed 
and compared to the data system information to assess the consistency and 
accuracy of electronic records and hard copy information. The audit concluded with a 
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short summation with the Manager, Screening Support and Evaulation and the 
Coordinator, Screening Support to discuss the findings of the audit. 
    
 
Details of the Audit Process 
 
 
It was noted that BSSA operates all of the screening sites and that no private 
providers are involved in screening. All data entry of client related screening 
information is data entered at the screening site directly into the BXRS (data system) 
and QA’d at the Wayville office.  Approximately 10% of all clinics are QA'd every day, 
plus 100% of one clinic every day. The QA rate is higher if there is a new staff 
member involved in the data entry process. All QA errors from the appointments, 
data entry and hanging are recorded in a QA Access database. Feedback is provided 
to staff for the purpose of quality improvement and training. 
 
Reading occurs in the 5 reading room at the Wayville site. The Radiologist workforce 
consists of 24 Radiologists. 4 new Radiologists have commenced at the Service this 
financial year. Radiologists data enter directly into the Sectra PACS and this 
information is uploaded into BXRS via the ‘HIB’ interface. Recall to assessment rates 
in BSSA are generally around 2.6% of women having an analogue screen being 
recalled to assessment. This rate has recently dropped as low as 1.7% for women 
having a digital screen. 
 
The current BXRS client information system is due for replacement by the end of the 
2012/2013 financial year. There have been no changes made to the BXRS since 
digital implementation. There have also been no changes to hard copy forms since 
digital implementation. 
 
All data from within the client information system is copied in an overnight process 
into an Access database (flat file). All reporting queries are run in Access. 
 
A number of processes related to screening, assessment and reporting were 
observed during the audit. Staff demonstrated processes and answered questions as 
required.  
 
 
Record Retrieval 
 
All records of clients undergoing screening are retrieved and made available in 
trolleys in the reading rooms. Where a client has indicated on her consent form that 
she has a lump or discharge, their record is turned to stand upright on the trolley to 
be easily accessible for the Radiologists. The records on the trolleys are placed in the 
order of the reader list with dividers separating client records from each page of the 
list. 
 
 
Digitising 
 
All clients having a digital mammogram for their current screening round have their 
penultimate screening round analogue films digitised. Penultimate round restarted on 
22 Oct this year for digital screening; previously it was the last round. If the client is 
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recalled to assessment then any private films which are available are also digitised. 
These images are stored in the PACS. 
 
 
Hanging 
 
Following a digital screening round the images are hung for reading. As a part of the 
hanging protocol, all digitised images (current round and digitised round) are 
checked to ensure that they are for the correct client. This involves checking the 
name and date of birth. Images are hung by the clerical staff. If the hanging is of a 
more complex nature, the Radiography staff come to the office twice a day to assist 
with any hanging issues. All hanging has 100% QA performed. 
 
 
Readers List 
 
Readers lists are generated within the BXRS system. Private films which have been 
digitised are marked on the reader list, as are any assessment films which may have 
been digitised. Information about symptoms is also recorded on the readers lists. 
 
Readers log onto the PACS and find their work lists in the electronic folders and 
match them to the room they are in.  
 
Primary reading results are entered directly into the PACS. Reading outcomes are 
coded as: 
 
1 – Normal 
2 – Benign 
3 – Equivocal 
4 - Suspicious 
5 - Malignant 
 
Reading outcome of 3, 4 and 5 require a ‘Readers Worksheet’ to be completed and 
these women have a reading outcome of recall to assessment recorded. 
 
The reading results are automatically sent to BXRS via the interface.  
 
 
QA of Readers Lists 
 
Following completion of the primary reads the readers worksheets and readers lists 
are returned to the data office for QA. All handwritten information on the readers 
worksheet are QA’d on the BXRS system. Data on side, location and classification 
code are data entered into the BXRS system. 
 
Master Reader lists are generated and sent for QA with the Medical Officers.  Clients 
without a screening outcome recorded on the master readers list have their record 
and readers worksheets reviewed. Clients who are all clear have a letter generated 
by the clerical staff after the master readers list has been QA’d. 
 
A check list of clients who are to either have a third read or who are to be recalled to 
assessment is created using client labels.  
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Clients who are to be recalled to assessment are placed in a basket to be tracked to 
the Nursing staff who make the assessment appointments. Clients who require a 
third read are tracked back to the data department where the data staff enter that 
the client requires a third read. This information is updated from the BXRS to PACS 
via the interface. Screening outcome is recorded as ‘third read required’.  
 
A third read process occurs. Third read results are entered directly into the PACS. 
Reading outcomes are coded as: 
 
1 – Normal 
2 – Benign 
3 – Equivocal 
4 - Suspicious 
5 - Malignant 
 
Reading outcome of 3, 4 and 5 require a ‘Readers Worksheet’ to be completed. The 
third read result is uploaded into the BXRS via the ‘HIB’. Following completion of the 
third reads the reader’s worksheets and third read lists are returned to the data 
office for QA. All handwritten information on the readers worksheets are QA’d on the 
BXRS system. Only classification is Date entered, the rest of the information is 
transferred to BXRS from PACS via the HIB 
 
When all clients have a reading outcome the master reader lists are again QA’d by 
the data staff. 
 
Letters are generated for clients who are all clear for routine rescreen. All letters are 
QA’d against the clients file prior to sending. 
 
 
Assessment Data entry 
 
Assessment data entry is performed by the data staff at the Wayville office following 
assessment. The bundles of records from the assessment clinic are kept together and 
data entry is performed for the batch at one time. Each assessment form is data 
entered and then stamped with initials and date by the person performing the data 
entry. 
 
All assessment data entry has 100% QA performed by a different data staff member 
from the one performing the data entry. The person performing QA stamps that QA 
has been performed on each of the assessment forms. 
 
Following completion of the data entry and QA process all client records are sent to 
the clinical services team to review the data entry and assessment outcome data. 
 
Review of Records 
 
A total of 30 client records were reviewed.  
• Treatment and histopathology data was reviewed for 24 records. No 

discrepancies in data were identified.  
• Reading results were reviewed for 4 client records. No discrepancies in data were 

identified.  
• Assessment data was reviewed for 2 client records. No discrepancies in data were 

identified.  
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• Pathology reports from the laboratories were compared to pathology information 
recorded on the histopathology forms for 7 client records. No discrepancies in 
data were identified.  

 
 
Reporting 
 
All BSSA reporting is performed by the Monitoring and Evaluation Unit using an 
Access database. The full database from the previous day is copied overnight into a 
flat file format in Access and is available the next morning for reporting. A standard 
suite of operational and NAS reports have been written in Access. No changes have 
occurred to either the format of the Access database or the reports since the 
implementation of Digital. 
 
BSSA NAS data reports, reported to NQMC, are run and continue to be run on 
complete and QAed data for the reporting period to which the annual data report 
relates. The collection and processing of all treatment data for a reporting period can 
take up to 8-10 months after the woman was screened at BreastScreen  SA (in a few 
cases even longer) by the time the woman's treatment and the triple audit review 
process is completed.  
 
Monthly reporting has been instigated to monitor the issue closely. If the 
histopathology information is not available, an estimation process has been created 
which uses the size and cancer type information from assessment as a proxy for the 
final histopathology until it is available. This process and the production of the 
estimated data was observed.  
 
Members of the BSSA Monitoring and Evaluation Unit QA each others report 
generation by checking the logic of the queries and duplicating results and 
comparing output to previous years of data to ensure consistency. 
 
The cancer detection reports were run in Access and compared to the BSSA last 
Annual Data Report and the figures matched the information recorded in the report.  
 
Summary and Recommendations by Data Auditors 
 
All processes observed seemed very comprehensive and matched the workflow 
information provided prior to the audit. All aspects of the reading, assessment and 
recording of histopathology and treatment workflow underwent QA by appropriately 
experienced and skilled staff members.  
 
The reading information being reviewed by Medical Officers and the triple audit 
process of the histopathology and treatment data by the Pathologists, Radiologist 
and Surgical staff ensures high quality data. All staff performing a QA function for 
the histopathology and treatment information use a stamp to indicate clearly who 
performed the QA. The high quality of data entry was clearly evident in the record 
review. No data discrepancies of differences were noted. All client records reviewed 
were in exceptional condition. 
 
We do note, that in order to calculate up to the minute cancer detection rates for 
internal monitoring, the processes of estimating cancers using assessment data is 
not ideal.  However, given the current concerns given the current concerns about 
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cancer detection rates there was really no appropriate alternative for how timely 
data can be generated. 
 
We could not identify any areas of non compliance with NAS requirements in the 
areas we saw during the course of our visit. Within the limitations of the audit we did 
not find any data entry, QA process or reporting factors which would contribute to 
BSSA’s lower digital cancer detection rates.  
 
We would like to thank all staff involved in this audit process for their time and 
welcoming attitude during our visit. 
 
 
Kellyanne Sleeth and Jenny Brosi 
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Areas/Personnel interviewed 
The following personnel were interviewed or included in aspects of the data audit. 
 
 
Staff Name Positions  
Penny Iosifidis (Job sharing with Steve 
Corns) 

Screening Support & Evaluation Unit 
Manager  

Steve Corns Screening Support & Evaluation Unit 
Manager (Reading demonstration)   

Ada Childs (by phone) Project Officer, Monitoring and Evaluation 
Unit 

Georgia Lefty Project Officer, Monitoring and Evaluation 
Unit 

Andy Holmes Project Officer, Monitoring and Evaluation 
Unit 

Julie Kapa Coordinator, Screening Support  
 

Fiona O’Connor Assistant Coordinator, Screening Support  
 

Mary Quinless 
 

Senior, Data Entry  

Alison Winston 
 

Digitising staff    

Amanda Lloyd 
 

Hanging staff  

Dr Priscilla Whittle 
 

Medical Officer  

Allison Zito 
 

Senior, QA Officer   

Yvonne Bartsch 
 

Data entry/Assessment   
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1. Executive Summary: 
 

The BreastScreen South Australia (BSSA Program) has provided high quality breast 

cancer screening services for the women of South Australia since 1991.  BSSA was the 

first State to join the National Program and the first service in Australia to achieve full 

accreditation, which it has maintained from 1994 to the present. 

 

This review project was initiated following the identification of a difference in the 

BSSA breast cancer detection rates following the introduction of digital technology.  

Cancer detection rates were statistically lower for women screened using digital 

technology, compared with women screened using analogue mammography. The 

focus of this review project is to assess whether the planning and processes employed 

by BSSA for the implementation of digital technology had an impact on this outcome. 

Key Findings: 

1. The overall finding of this review project is that the planning and processes 

used by BSSA for the implementation of digital technology were of a high 

standard as evidenced by the detailed description in this report.  The PRINCE2 

project management approach used for both the Mobile Unit Replacement 

Project (MURP) and the Digital Mammography and PACS (DMAP) Project are 

consistent with industry standards. This was also consistent with the PRINCE2 

methodology used by several other jurisdictions, being BreastScreen 

Queensland, BreastScreen WA and BreastScreen Victoria who used a state 

modified version of the methodology.  

 

2. The governance structure for both the MURP and DMAP was established in 

accordance with the PRINCE2 methodology but with a broader representation 

on the DMAP due to the nature and scale of the project. The project teams were 

relatively small but involved many additional BSSA staff in the project 

especially in the quality assurance processes for the project. The BSSA clinical 

staff were involved in providing technical advice and training.   The cross over 

of key staff from the MURP to DMAP also provided many advantages in terms 

of project management and would have assisted greatly in meeting the 

timeframe. 
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3. BSSA engaged the radiologists as a group in the key policy and protocol 

decisions that were critical to the project specifically, soft copy reading, 

digitising priors and the hanging protocols. The BSSA clinical staff were closely 

involved in the MURP and the DMAP projects including the radiology 

coordinator and the senior radiographers and had lead responsibility for the 

tender evaluation decisions. 

 
4. BSSA Digital Monitoring Summary Reports were undertaken monthly and 

provided valuable process data in monitoring the impact of digital technology 

on screening, specifically the technical recall rate, the number of images taken 

and timeliness of reporting. However, it was noted that there was a significant 

delay in being able to monitor the clinical outcome data, specifically the breast 

cancer and small breast cancer detection rates, because of the BSSA 

commendable but time consuming triple data audit process.   

 
5. A significant component of project management is change management 

particularly the use of communication strategies to inform key stakeholders of 

project activities and progress; and training. As documented in this report, 

BSSA put in place appropriate communication strategies and provided training 

for the staff directly and indirectly affected by the changes that were part of 

implementing digital technology. The clinical training was vendor based for 

both the radiographers and radiologists using a train the trainer approach. This 

approach has been adopted by other jurisdictions as part of their digital 

implementation projects. BSSA has had a strong reputation in mammography 

training for radiographers and the documents viewed were evidence of the 

significant work undertaken to update their training program and manuals to 

adapt to digital technology. As requested the radiologists received training in 

the PACS application and system changes. 

 

6. Although the planning and processes undertaken and the methodology used 

for project management were appropriate, BSSA had to overcome significant 

challenges to establish and implement the MURP and DMAP projects for the 

transition to digital technology for the Program.  As illustrated in the 

information about the implementation of digital technology in the other 
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jurisdictions every State had challenges and difficulties to overcome to manage 

this significant and complex project. 

 

7. The pathway to fully funding the transition to digital technology for BSSA 

resulted in two distinct phases of implementation of digital technology through 

two discrete but interdependent MURP and DMAP projects. There was a 

significant gap of just over 14 months between the completion of the first 

phase (MURP in November 2010) and commencement of the second phase of 

digital implementation (DMAP in January 2012).  

 
8. The MURP was planned for a long period of time initially in 2005/2006 to 

replace the country mobile units but subsequently had two changes in scope 

due to the move by international vendors to digital mammography and the 

need for an interim PACS and the associated ICT infrastructure. These changes 

added to the lead time for the project and as a consequence once funding was 

secured in 2008/2009, the time for implementation of the digital technology 

was somewhat compressed. The implementation period, of just over four 

months, was ambitious for the digital installation, configuration, testing and 

training for the two new mobiles and the establishment of the reading 

workstations in SCU and the associated ICT infrastructure. This was followed 

immediately by the work to establish the satellite screening service as part of 

the Elizabeth GP Plus Health Care Centre. 

 

9. Planning for DMAP to complete the implementation of digital technology for 

BSSA was ongoing across almost five years as State funding of the project was 

not secured until 2010/2011 and only made possible through the significant 

capital funds provided by the Commonwealth. The original plan for the 

remaining BSSA analogue services was to implement digital technology over 

four years. However, this was reduced to two years due to the delays in 

securing funds and the requirement to meet an expenditure deadline of June 

2013 for the Commonwealth capital funds. 
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10. This review project found that there was a range of factors outside the direct 

control of BSSA that significantly impacted on their ability to undertake a 

timely and planned transition to digital technology for the Program. These 

factors relate in the main to; the initial delay for the national program 

BreastScreen Australia to have an endorsed policy for the Program to 

transition to digital mammography; funding approval processes that reflect the 

difficulties for Commonwealth/State funded national programs, particularly in 

public health; and state level approval processes for large scale projects to 

implement new technologies and ICT solutions. 

 

11. The delay in the development of a national policy for digital technology for the 

Program and lack of a national proactive approach to the evaluation of the 

impact of this emerging technology and coordination of its implementation  

may have contributed to the delay in funding decisions by the State. Under the 

current broad banded Commonwealth/State funding arrangements, with no 

quarantined funding for the BreastScreen Australia Program, BSSA like other 

States produced multiple submissions for State funding approval that were 

opportunistically successful or not. For BSSA this meant 21 versions of the 

DMAP Business Case were prepared before funding was approved, and only 

after the Commonwealth offered significant capital funding for the 

implementation of digital technology. This effort is clearly not the best use of 

resources and required a uniquely dedicated and committed team to continue 

such a difficult process.   

 

12. The impact for BSSA of the time delay in the full implementation of digital 

technology meant that during the financial year 2010/2011 just over a quarter 

of the screening images were being captured and read with digital technology. 

For the period 2011/2012 just over half of the images were digital.  The data 

from these two financial years covers; the time from the first phase of digital 

implementation through the MURP; the 14 month period from November 2010, 

where there was no additional digital implementation and the commencement 

of DMAP in January 2012; and the period to June 2012. 
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13. The radiologists experienced the most significant impact due to the time delay. 

Due to the relatively low number of women screened using digital technology 

concurrently with women still being screened with analogue they had less 

opportunity to transition easily to the digital reading environment. BSSA has a 

stable panel of 22 radiologists that read at least two batches of screening 

images a week. All of the readers received their training during August 

/September 2010 prior to commencing their first read of digital screens. 

 

14. For the period between the first phase of digital implementation and the 

commencement of the full implementation phase, screen reading batches were 

randomly allocated to the radiologists using the same process that was used for 

analogue screen reading.  This meant that an individual radiologist was likely 

to have only read a digital screen reading batch once a month.  This 

arrangement was not optimal in providing the opportunity for the BSSA 

radiologists to gain experience and confidence with the digital reading process 

that they otherwise would have had if the implementation of digital technology 

had been a continuing project.    

 

15. In summary, the implementation of digital technology by BSSA was well 

planned.  Although the planning process was subjected to multiple changes 

related to the funding approval processes, the MURP and DMAP delivered the 

desired project outcomes despite being delayed and time constrained. This is a 

significant achievement and supports the view that the projects were managed 

appropriately with the dedicated support from the all the staff involved. 

Therefore it is not likely that the planning and processes contributed to the 

unexpected outcome of lower breast cancer and small breast cancer detection 

rates but the discontinuity in the implementation of digital technology did not 

provide an optimal operational environment for BSSA.  
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Recommendations: 

1. That SA Health review the processes used to approve and fund large complex 

projects, such as the implementation of digital technology for BSSA, and 

consider an independent review panel to objectively assess the merits of the 

project and establish a capital funding priority list for statewide programs. 

 

2. That BSSA establish a multidisciplinary planning group, to include the 

radiology coordinator and chief radiographer, to plan for future capital 

replacement and to assess new technologies. 

 
3. That BSSA review the triple data audit process and establish a more timely 

process for the retrieval and recording of post treatment breast cancer data in 

conjunction with the implementation of the BreastScreen SA Replacement 

Information System (BRIS) project. 

 
4. That BSSA advocate for the implementation of the BreastScreen Australia 

Evaluation Final Report recommendations related to governance and 

management to improve national policy leadership and Program development 

in particular for emerging issues and new technology. 

 
5. That BSSA support the reinvigoration of the Digital Mammography User Group 

across the BreastScreen Australia Program to; continue sharing the lessons 

learnt from the digital implementation process; to monitor the clinical 

outcomes as more States have sufficient data; and identify and refer to the 

appropriate professional groups any technical issues that arise from the use of 

digital technology.   

 

6. That SA Health advocate for a review of the current Commonwealth/State 

funding arrangements to ensure that future investment is appropriately made 

for the replacement of the Program’s digital technology capital and to maximize 

the benefits of this technology. 

 
7. Propose that the Breast Imaging Group (BIG) of the Royal Australian and New 

Zealand College of Radiologists (RANZCR) review the training and support 

requirements to optimize digital reading of screening mammograms.  



1
0 

Implementation of Digital Technology in BreastScreen South Australia:  
Review of Planning and Processes 

 

2. Introduction: 
 

BreastScreen South Australia (BSSA) is the South Australian component of 

BreastScreen Australia, the national breast cancer screening program.  The aim of the 

program is to reduce mortality and morbidity from breast cancer in the target 

population of women aged 50 to 69 years, by providing free screening mammograms 

at two yearly intervals. Breast cancer screening using mammography is currently the 

most effective method for the early detection of breast cancer and is offered to all 

women aged 50 to 69 years with women aged 40 to 49 and over 70 also eligible for 

screening if they wish to attend. BSSA currently screens just over 77,000 women each 

year. 

 

In February 1991, BSSA was the first state to sign an agreement with the 

Commonwealth Government to participate in the National Program.  Within South 

Australia (SA), BSSA is part of the Central Adelaide Local Health Network (CALHN), 

Department of Health and Ageing (DHA), through which joint State and 

Commonwealth funding of the breast cancer screening program is administered.  

 

BSSA has grown substantially since its inception, with breast cancer screening 

services now provided at six satellite services located in metropolitan Adelaide at 

Twin Plaza and Frome Road (both in the city), Hyde Park (eastern suburbs), Centro 

Arndale (west), Marion Medical Centre (south) and the Elizabeth GP Plus (north). 

 

In addition three mobile units provide an extensive network of screening services in 

27 rural and remote areas of the state, as well as nine metropolitan areas.  The mobile 

units schedule of visits operate at the recommended two yearly screening intervals.  

The Frome Road service is also a dedicated and accredited centre for radiographer 

training.  

 

All screening services (fixed and mobile) are linked to the central Assessment Clinic at 

Wayville that provides assessment services for the investigation of screen detected 

abnormalities for about 3% of women who attend for screening at the fixed or mobile 

services. An illustration of the Program service model for BSSA is at Appendix 1. 
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BSSA’s State Coordination Unit (SCU) is responsible for implementing, managing, 

monitoring, and evaluating the statewide program. In particular the SCU has 

responsibility for quality assurance and improvement, so that all aspects of breast 

cancer screening and assessment are of a high quality. This is critically important for 

this population screening program in order to achieve reductions in mortality and 

morbidity from breast cancer and ensure that the BreastScreen Australia National 

Accreditation Standards (NAS) are implemented and met.  

  

In March 1994, BSSA was the first service in Australia to achieve full accreditation by 

the National Program.  In April 1997, March 2000, March 2003 and March 2007 the 

service was successful in achieving full re-accreditation. In 2011, BSSA achieved full 

re-accreditation with commendation, one of only two services in Australia to achieve a 

commendation.   

 

Background: 

Digital mammography was recognised as an emerging issue for the BreastScreen 

Australia Program in 2000.  International research, such as the Digital Mammography 

Imaging Study (DMIST) undertaken by the United States of America National Cancer 

Institute1 (2005), found that digital mammography was as effective as film screen 

mammography in overall breast cancer detection and may have particular benefits for 

younger women and women with denser breasts.    

 

The trend internationally from 2004 was for breast cancer screening programs to 

transition to digital technology, such as in the United Kingdom and New Zealand. The 

emerging research evidence and a number of other factors influenced this trend and 

provided the rationale for a transition to digital technology for the BreastScreen 

Australia Program. Analogue technology was becoming obsolete, with mammography 

the last imaging modality to transition to digital technology and film processing 

technology was being rapidly phased out by international vendors. This was leading to 

quality and safety issues and increasing costs for the ongoing maintenance of these 

systems.  
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In addition, as was identified in the BreastScreen Australia Evaluation Final Report2 

(2009), the Program was facing significant capacity issues due to population growth in 

the target age group, 50 to 69 years, and ageing of the workforce of radiographers and 

radiologists. Digital technology had the potential to assist in addressing these capacity 

issues.   

 

Between 2005 and 2008 a range of national committees, including the Medical and 

Scientific Advisory Committee (MSAC), assessed the evidence for digital 

mammography in terms of its relative effectiveness compared to analogue technology 

and specifically its quality and safety for the BreastScreen Australia Program. A 

national policy to transition to digital mammography was endorsed by the Federal 

Minister for Health and Ageing in April 2008. A flow chart of the timeline for the 

commencement of the implementation of digital technology in BreastScreen Australia 

is provided in Appendix 2.    

 

Concurrently during the period 2006 – 2008 the Digital Mammography Accreditation 

Standards (DMAS) Working Group reviewed the BreastScreen Australia National 

Accreditation Standards and technical standards for digital mammography were 

developed, by the Australasian College of Physical Scientists and Engineers in 

Medicine (ACPSEM). 

 

The BreastScreen Australia Evaluation Final Report2 found that as at June 2008, 24% 

of BreastScreen Australia’s mammography equipment was digital. All states with the 

exception of Western Australia had commenced either pilot projects or planned 

statewide implementation of digital technology.   

 

In May 2009 the Federal Government announced that $120 million would be provided 

over four financial years for the BreastScreen Australia Program to implement digital 

technology. These funds, allocated from the Health and Hospitals Fund (HHF), were 

provided through a National Partnership Agreement on Health Infrastructure with 

States and Territories.  
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Issue: 

In September 2012, analysis of routine quality assurance monitoring data for the 

2010/2011 financial year identified a difference in the BSSA breast cancer detection 

rates for women screened using digital technology compared with women screened 

using analogue mammography. The data report indicated that breast cancer detection 

rates among women screened using digital technology were below the rates required 

for the BreastScreen Australia National Accreditation Standards (NAS).   

 

An independent epidemiologist was contracted by BSSA to undertake an analysis of 

quality assurance monitoring data to investigate and verify whether this difference 

was a true difference or due to chance.  The data from the last six financial years was 

analysed and plotted on funnel plots.  Further analysis of the data stratified by 

analogue and digital modality was undertaken for the period after digital technology 

was introduced.  

 

This analysis found that the subsequent round breast cancer detection rate for the 

cohort of women screened in 2010/2011 and 2011/2012 using analogue 

mammography was above the NAS and consistent with rates in the previous years, of 

2006/2007 to 2009/2010. During this period BSSA achieved invasive breast cancer 

detection rates consistently well above the NAS of 35 per 10,000 women screened. 

However for women screened using digital technology this rate was below the NAS 

but fell within the 95% and 99% confidence intervals indicating that this could be due 

to chance.  

 

Similarly for the women screened by analogue in 2010/2011 and 2011/2012 the 

small cancer detection rate of 25 per 10,000 women screened, was well above the NAS 

and consistent with previous years. However the small cancer detection rate for 

women screened using digital technology for this period was below the NAS and for 

2011/2012 the rate fell outside both the 95% and 99% confidence intervals indicating 

that this was unlikely to be due to chance. These analyses are illustrated in the funnel 

plots provided at Appendix 3. 
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Cancer detection rates by service site were also investigated to assess whether a 

change in the geographical distribution of the women screened may have influenced 

the change in breast cancer detection rates, specifically were more women from areas 

with a lower incidence of breast cancer screened using digital technology.  The service 

sites that transitioned to digital technology in the first phase of implementation were 

two country mobiles and the satellite at Elizabeth.  

 

Data was analysed by service site for the current and previous financial year periods. 

This analysis found that there was no difference in the proportion of women screened 

at each site and no prior differences in cancer detection rates by service site.  If by 

chance the women screened using digital technology had a lower than expected 

incidence rate of breast cancer this could explain a lower breast cancer detection rate. 

However, this would mean that women screened using analogue mammography 

would be expected to have higher cancer detection rates, but the cancer detection rate 

among this group remained relatively constant when compared to previous years.     

 

In summary, the investigation of the data found that the breast cancer detection rates 

were statistically significantly lower for the women screened using digital technology. 

In particular the small breast cancer detection rate for women screened using digital 

technology for the most recent period 2011/2012 was significantly below the NAS 

requirement. The differences were evident across BSSA and not confined to specific 

service sites and therefore were not explained by the characteristics of the women 

being screened by digital technology.    

 

From 6th September 2010 to 30th June 2012 BSSA had screened about 54,000 women 

using digital technology and diagnosed 825 breast cancers. This was calculated to be 

about 95 fewer small detectable cancers than statistically would have been expected. 

 

Following the identification of the statistical anomaly in September 2012, BSSA 

undertook extensive investigations to define the problem and find the possible cause.  

These investigations included a review of the digital equipment, case reviews, a 

review of the reading environment and analysis of individual reader performance.  
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However BSSA was not able to conclusively isolate either the cause or specific factors 

that may have contributed to the lower than expected breast cancer detection rates 

related to the digital technology. As a result the Minister for Health and Ageing at the 

time, the Honourable John Hill MP, requested that South Australia Health conduct an 

independent review to fully investigate the issue.   

 

This project to review the planning and processes for the implementation of digital 

technology in BSSA will complement a range of projects as part of this independent 

review.  

 

Review Approach: 

The purpose of this review is to assess whether the planning and processes employed 

for the implementation of digital technology by the Program had an impact on the 

lower than expected breast cancer detection rate. 

 

The review was undertaken using the following approach:  

 

 Individual and groups interviews were undertaken in Adelaide with key clinical 

and non-clinical staff and relevant stakeholders, managers and   

digital implementation project staff over four days from the 14th January to the 

17th January. A list of the individuals interviewed is provided in Appendix 4.  

 

 The review of key documents related to the implementation of digital 

technology provided by the BSSA State Coordination Unit.  The list of 

documents is provided in Appendix 5. 

 

 Structured telephone interviews were undertaken with relevant stakeholders 

in all States that are engaged in the implementation processes for digital 

technology across BreastScreen Australia. The Northern Territory and 

Australian Capital Territory were not included, as the scale and scope of digital 

implementation in these territories is not comparable to the states. The 

template used for these interviews and a list of stakeholders interviewed is 

provided in Appendix 6.  
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 A review of relevant documents provided by the States was undertaken to 

enable information to be gathered for comparison of the planning and 

processes employed by the Program to implement digital technology in other 

jurisdictions. A list of these documents is provided in Appendix 7.  

 

The report structure contains sections that document; the planning and processes 

undertaken by BSSA; comparative information and analysis based on the data 

provided by each of the States; an assessment of clinical safety and quality; change 

management and training; information about the perceived satisfaction of the 

implementation process from key stakeholders and summary discussion. 

 

The report aims to systematically address the agreed terms of reference as outlined in 

the consultancy proposal accepted by the South Australian Government. The terms of 

reference are: 

 

 To review the project planning undertaken by the Program for the 

implementation of digital technology. 

 To compare the methodology and approach for the implementation of digital 

technology used by the Program with other jurisdictional BreastScreen 

Programs and the BreastScreen Australia National Accreditation Standards. 

 To assess the processes and procedures in place to ensure clinical safety and 

quality during the implementation of digital technology including governance 

structures and risk management plans. 

 To assess the change management processes, relevant training and strategies 

in place to support the implementation of the digital technology. 

 To assess the level of compliance and satisfaction with the implementation 

project plan particularly among the radiographers, medical officers and 

radiologists.  

  



1
7 

Implementation of Digital Technology in BreastScreen South Australia: Review of 
Planning and Processes 

 

3. Planning and Processes: 
 

BSSA planning for the statewide implementation of digital technology commenced in 

the mid 2000’s in line with most other States.  Given the emerging evidence about the 

efficacy of digital mammography and the external factors, outlined previously, it was 

becoming evident that analogue mammography would be obsolete within 5-10 years. 

Therefore it was critically important and appropriate for BSSA to begin planning at 

this time for the inevitable transition to digital technology for the Program.  

 

At this time BSSA was also beginning to experience a range of challenges that could 

potentially be addressed by digital technology, in particular workforce shortages of 

radiographers. This was exacerbated by the need to increase screening capacity to 

reach and maintain the goal participation rate in the target age group, 50-69 years, 

due to the significant growth in the population of this age group. 

 

In addition, the planned replacement of two existing and aged mobile units, that 

serviced rural and remote areas of South Australia, was becoming urgent.  The 

sourcing of supplies and maintenance of the analogue film processing system was 

becoming increasingly difficult, leading to major issues related to image quality. The 

original planned replacement project for the mobiles was funded in 2005/2006.   

 

However, in mid 2006 during the tendering process, a strategic decision, supported by 

the Central North Adelaide Health Service Regional Management Team, was made to 

revise the original scope of the project to build the two country mobiles to 

accommodate digital mammography.  This decision was necessary because of the 

potential image quality issues related to film processing and the knowledge that the 

international equipment vendors had commenced phasing out analogue 

mammography from 2005 onwards to be replaced by digital systems.  

 

A further scope change was then incorporated into the project to include an interim 

PACS solution to allow soft copy reading and the digitising of prior hardcopy images. 

The revised Mobile Unit Replacement Project (MURP) was funded by the State in 

2008/2009 and was completed in November 2010. 
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An opportunity was presented in 2009 for BSSA to relocate the existing Salisbury 

Service to the Commonwealth funded GP Plus Health Care Centre being established at 

Elizabeth. The MURP procurement processes allowed BSSA to leverage the existing 

contracts for digital equipment and the interim PACS to establish this relocated 

service with digital technology. This project was then managed and incorporated into 

the MURP.   

 

However, BSSA, in line with other State Programs at this time, was also developing 

and planning a staged statewide implementation for the inevitable transition from 

analogue to digital technology for the Program. This statewide plan was developed 

into the Digital Mammography and Picture Archiving Communication System (PACS) 

Project (DMAP) Business Case and originally included all the projects required to fully 

transition BSSA to digital technology. The Business Case for this project was submitted 

for State funding in 2008/2009 but was not funded.   

 

An updated and revised DMAP Business Case was resubmitted in 2009/20010 and 

2010/2011 but the project remained unfunded until the Implementation Plan for 

Digital Technology was signed with the Commonwealth in March 2011. 

South Australia was the last State to sign the Implementation Plan for Digital 

Technology. This delay was due to several issues raised with the Commonwealth by 

South Australia primarily related to the role and responsibilities of the State for 

ongoing operational costs of the digital technology and funding for a replacement 

Client Information System. Prior announcements proposing that the Commonwealth 

take full responsibility for the national Program as part of the National Health Reform 

Agenda also confounded the issue at the time.  

 

Comment: 

The pathway to fully funding the transition to digital technology for BSSA resulted in 

two distinct phases of implementation of digital technology through two discrete but 

interdependent projects, the MURP and DMAP. There was a significant gap of just over 

14 months between the completion of the first phase in November 2010 and 

commencement of the second phase in January 2012 to transition BSSA fully to digital 

technology.  
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Therefore, consistent with the experience of other State Programs facing the same 

dilemma for the planned replacement of mammography equipment, the transition to 

digital technology for the BSSA Program although planned, commenced somewhat 

opportunistically and out of necessity. An overview of the details of the planning and 

processes for these two overlapping projects follows.    

 

Mobile Unit Replacement Project (MURP): 

Although, as outlined above, the planning stages of the MURP commenced in 2006, the 

scope of the project changed substantially in the period leading up to MURP being 

funded in 2008/2009. The project therefore commenced in that year with the 

establishment of the project governance structure and the tendering processes.  

 

The final funded scope for the MURP included: 

  

 The design, construction and commissioning of two semi-trailer mobiles.  

 The procurement and commissioning of two direct radiography (DR) digital 

mammography units. 

 The procurement and commissioning of a dedicated interim breast imaging 

PACS. 

 The procurement of workstations and monitors for soft copy reading and 

image quality assurance. 

 The deployment of an archival digital image service by SA Health via the ICT 

Master Plan. 

 An additional high speed intranet link connection to the Department of Health 

(DH), Health Service – Net (HS-Net) and infrastructure for transmission and 

storage of high volume digital breast images between the SCU and Glenside DH 

ICT digital archival service. 

 Ability to digitise existing hard copy images and link to the appropriate 

electronic client file. 

 The development of software interfaces between the client application 

software, modality, archival digital image service and the PACS to provide 

seamless access to the client information system that is user friendly. 
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 System re - engineering through remapping workflow processes to allow for 

confidentiality, timeliness, security and efficiency to be maintained as well as 

ensuring completeness, quality and integrity of data. 

 Development of manual and safe operating procedures and practices. 

 Development of a testing and training environment. 

 The development and delivery of staff training in digital technology.  

 Maintenance of the new assets including the ICT components.  

 

Project Governance and Team 

 
The project was managed as a biomedical project and used the PRINCE2 methodology 

as a framework for overall project management.  This methodology is an industry 

standard that includes all aspects of project management including detailed task lists 

and timelines, project performance monitoring based on quality, budget and time, 

project risk registers and risk management plans. This approach also has a clear 

project governance structure with defined roles and responsibilities for the Project 

Board.  

 

The MURP Board was established to report through to the Central Northern Adelaide 

Health Service (CNAHS).  The Board membership included representation from the 

business as the project sponsor, senior users and senior suppliers with their key role 

being to ensure the project was progressing well in terms of the overall SA Health 

vision and in line with the BreastScreen Australia aims and objectives. It was their role 

and responsibility to assist the Project Manager to resolve issues of contention and 

make the necessary resources available to the project.  A network of quality assurance 

roles and responsibilities supported the Board as part of this governance structure. 

These project quality assurance roles were well defined, each with a focus on specific 

aspects of the project. 

 

A dedicated project team was established to undertake project planning, development 

and management. This consisted of two full time staff being the Project Manager and 

the ICT and PACS Administrator and two part time staff, a Facilities and Support 

Project Officer (.8) and Digital Technology Project Officer (.4).  The project team was 
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supported as needed by specialist BSSA staff, specifically the QA Radiographer and the 

BSSA radiology co-ordinator and contractors such as the physicist. In addition there 

were a number of the project tasks undertaken by BSSA and SA Health ICT technical 

staff. 

 

The overall project was separated into packages that focused on the different work 

streams for the project. They were; Procurement, Facilities Management, Digital 

Technology (equipment), Change Management and ICT that included interfaces, 

networks, portable hard drives and the digital archiving service. An extract from the 

MURP Project Organisational Structure document (October 2009) illustrates these 

arrangements for the governance and management of the project and is provided at 

Appendix 8.  

 

Procurement and Facilities 

The MURP procurement process was overseen by the SA Health Strategic 

Procurement Unit (SPU) and used the standard and prescribed government 

procurement processes.  BSSA was able to take advantage of the transition to digital 

technology that was already underway in many other States. Therefore for the MURP 

procurement process the development of the specifications for the digital equipment 

and the PACS was based on publicly available requirements and specifications 

developed by other States. A Request for Proposal was advertised in April 2009 for the 

digital mammography equipment, the film digitiser and the interim solution for the 

management of the digital images.  Respondents were encouraged to propose 

solutions for all or part of the requirements document. 

 

As part of the standard procurement process an evaluation team was formed that 

included as chair the MURP Project Manager, clinical users specifically the BSSA 

radiology co-ordinator and senior radiographers and relevant ICT staff external to 

BSSA.  The required Evaluation and Risk Management Plan was developed to guide the 

procurement assessment process.  Standard criteria were used to assess the offers and 

the evaluation process included site visits and referee checks. The tender 

recommendations were finalised for the mammography equipment in August 2009.  
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The final contract for the PACS software licence, installation, development, 

maintenance and support and the supply of hardware was signed with Sectra on the 

20th May 2010. This contract included the PACS and associated hardware, monitors 

and a reader workstation to be installed in the SCU, the high volume digitiser and 

digital mammography units.  

 

During this same period the building of the two purpose built semi - trailer mobiles 

was underway.  The MURP team worked closely with the vehicle builder on the layout, 

build, interior décor and fit out, and with the equipment vendor for the installation of 

the mammography equipment and an interior designer to ensure an aesthetically 

pleasing environment for clients and staff. The Media and Communications Unit from 

the regional health service and SA Health provided assistance with the external 

graphics for the mobiles.  

 

The completed vehicles were delivered for testing and the commencement of 

applications training in August 2010.  The vendor’s engineer was responsible for the 

installation, configuration and testing of the digital equipment. Acceptance testing was 

undertaken by the BSSA contract physicist to ensure the equipment met the 

BreastScreen Australia NAS technical specifications and the SA Health radiation 

protection requirements. Screening of clients commenced for training of the 

radiography staff on the 6th September. The formal launch of the two country mobile 

units was on the 27th September 2010. 

 

A key component of the project was the establishment of the digital reading room in 

the SCU. This required minor building works to be undertaken and the installation, 

configuration and testing of the reading workstation. The workstation included a 

specialist adjustable ergonomic table for reading, high quality reading monitors, a 

quality assurance monitor and the associated PACS ICT hardware and software. The 

converted reading room was designed and developed in accordance with the draft 

BreastScreen Australia NAS technical guidelines for a digital mammography reading 

environment that include lighting and sound levels, ergonomic requirements and 

technical specifications for the reading monitors. This work had to be completed prior 

to the commencement of screening on the mobiles to allow soft copy reading of the 

digital images to commence at the same time.  
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The Elizabeth GP Health Care Centre was a Commonwealth funded GP Plus facility that 

was being established at this time. This project opportunistically enabled the existing 

BSSA satellite screening service in Salisbury to be relocated to new premises and be 

upgraded to a two room service to accommodate population growth in the northern 

metropolitan area. This facility provided a unique opportunity to increase screening 

services to the women in the area and to strengthen the working relationship with the 

GPs.  

 

As the MURP project was underway it was possible to leverage the vendor contract to 

purchase additional digital mammography equipment and upgrade the core PACS 

license. The Elizabeth satellite screening service was able to access the Client 

Information System and the PACS at the SCU at Wayville via a one GB fibre link that 

was installed as part of the main facility project. Therefore a real time WAN interface 

was possible for this transition to digital technology and consequently new workflow 

practices were incorporated to accommodate the Elizabeth service. This additional 

component to the MURP project was completed in November 2010. 

 

Digital Technology Support and Systems 

The ICT component of the MURP project was required to enable BSSA’s Client 

Information System (BXRS), which is a legacy system due for replacement in 

September 2013, to interface with the PACS. These interim interfaces were critical to 

enable a two-way information exchange to support the digital workflow. The 

messaging software developed enabled the work lists, including appointment 

information and changes, screening attendance and client detail updates, to be 

transmitted to the modality. This was developed to operate as real time transactions. 

Information captured of the reader results and grades were then returned from the 

PACS and downloaded to the BXRS on a once a day basis. An interface between the 

PACS and the digitiser was also required and installed.  

 

This component of the project needed to be completed in a relatively short time and 

required a number of ICT exemptions to enable the BSSA PACS and the related 

hardware to operate as a dedicated network for the Program. SA Health ICT provided 



2
4 

Implementation of Digital Technology in BreastScreen South Australia:  
Review of Planning and Processes 

 
significant support to the project particularly in the necessary upgrades of the IT 

networks and deployment of the SA Health ICT’s long-term storage facility for digital 

images. This strong support was evident in the level of involvement illustrated 

through the governance of the project and the documentation reviewed. The 

combined efforts of the project and SA Health ICT staff were a major factor that 

ensured that the critical ICT components were completed in the relatively short time 

available prior to installation of the digital modalities and PACS.  This component of 

the project was undertaken between May 2010 and the commissioning date for the 

two new mobiles in September 2010.  

 

To inform the ICT solution for the transition to a digital environment digital 

workflows were developed in five main areas being pre-screening, screening, post 

screening, reading and results. This detailed work was undertaken through weekly 

meetings of key radiography and administrative staff with the MURP project team. The 

digital workflows were designed on the basis of minimal change to the flow of 

information and processes, for the readers in particular but incorporated the policy 

and protocol changes necessary for the transition to digital technology. 

 

Comment: 

As outlined above the MURP was planned for a long period of time initially in 

2005/2006 to replace the country mobile units but subsequently had two changes in 

scope due to the move by international vendors to digital mammography and the need 

for an interim PACS and the associated ICT infrastructure. These changes added to the 

lead time for the project and as a consequence once funding was secured in 

2008/2009, the time for implementation of the digital technology was somewhat 

compressed.  

 

The implementation period, of just over four months from the signing of the vendor 

contract to commencing implementation (May 201 to September 2010) was relatively 

short. This timeframe was ambitious for the digital installation, configuration, testing 

and training for the two new mobiles and the establishment of the reading 

workstations in SCU and the associated ICT infrastructure. This was followed 
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immediately by the work to establish the satellite screening service as part of the 

Elizabeth GP plus Health Care Centre. 

 

Based on the information provided for this review the key factors that appear to have 

contributed to achieving this ambitious timeframe for a project with multiple 

components and of this complexity were; strong project leadership; the commitment 

of a relatively small project team; support from the relevant SA Health executives; the 

intensive involvement of the SCU executive leadership team; and the clinical leaders in 

BSSA, especially the Clinical Director, radiology coordinator and senior radiography 

staff.     

 

The information provided through interviews with key stakeholders and the review of 

the relevant documents also supports the view that the project planning and the 

processes undertaken by the MURP team and the project governance group were 

appropriate and comprehensive. There was regular communication through the 

MURP newsletter and updates at the appropriate executive meetings, both clinical and 

managerial, and other regular staff meetings within the SCU.  

 

In addition the support of the SA Health ICT staff for the ICT components of the project 

and the strong working relationships with the vehicle builders and the vendors were 

likely to have contributed significantly to the completion of this phase of the BSSA 

transition to digital technology in a relatively short time frame. 

 

Digital Mammography and PACS (DMAP) Project: 

The final Business Case, being Version 21, for the BSSA statewide implementation of 

digital technology was completed and submitted to the State government in March 

2011. This comprehensive document included the funding offered by the Australian 

Government to SA as part of the $120 million for BreastScreen Australia to transition 

to digital technology. This funding offered over four years was available from the 

financial year 2009/2010.  Due to the delay in the signing of the Implementation Plan 

with the Commonwealth the funding offered to SA was for three financial years.  
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The Business Case also included a submission to the State in 2011/2012 for four years 

recurrent funding to meet the operational costs of digital technology and for the 

expected increase in screening capacity with the implementation of digital technology, 

to screen an estimated additional 23,000 women, thus maintaining and improving the 

participation rate for BSSA. The Implementation Plan with the Commonwealth was 

signed in March 2011, State funding was approved and the DMAP commenced in July 

2011.  

 

The final funded scope for DMAP included the following: 

 

 The procurement and implementation of digital mammography equipment 

(DR) to replace seven analogue mammography units plus two additional DRs, 

one of which would be installed in a new service to compensate for the loss of 

screening capacity due to the expected increase in assessment services 

required at the BSSA’s Assessment Centre at Wayville and the other for a new 

screening satellite screening service in the southern metropolitan area. 

 Identification of appropriate sites and building works for the two new satellite 

screening services.  

 Minor building works to accommodate the new digital technology environment 

at all other sites.  

 The replacement of the Mobile 3 vehicle and mammography equipment. The 

existing unit was not physically large enough to install the digital 

mammography equipment. 

 Expansion of the BSSA interim PACS to scale up the system for program wide 

application. 

 The associated ICT requirements that included software and hardware 

upgrades, the upgrade and introduction of high speed network connections, the 

modification and enhancement of the existing software interface between the 

BXRS, modalities, the PACS and the archival digital image service. These 

interfaces are an interim solution pending the implementation of the 

replacement client information system. 

 The development of a testing and training environment for the complete 

system. 
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It is noted that the current BSSA client information system comprising hardware, 

software and databases is being replaced through the BreastScreen SA Replacement 

Information System (BRIS) as a separate project using some capital funding from the 

Commonwealth funded Implementation Plan.  

 

The software application for the project has been procured from the BreastScreen 

Queensland Program and the planned implementation date is September 2013. 

 

Project Governance and Team 

The DMAP is being undertaken as an ICT project using the PRINCE2 methodology of 

project management and has an established governance structure similar to the MURP 

project but with a different mix of representatives to reflect the scale and focus of the 

project and Commonwealth funding and reporting requirements. The project sponsor 

and chair of the Board is the Executive Director, Health System Performance with the 

Business Director, SA Pharmacy as the Project Executive.  The BSSA General Manager 

and the Executive Director, Statewide Services (CNAHS) and the BSSA radiology 

coordinator are the business representatives.  The remaining representatives include 

SA Policy and Intergovernment Relations, Marketing Communication, Policy, 

Governance and Executive Services and e-Health. The Board also has a consumer 

representative. 

 

The DMAP project team consists of a Program Manager, two technical leads in ICT and 

PACS, a clinical consultant seconded from BSSA, a project officer and an administrative 

support officer.  The project is being managed through five work packages to better 

define and group the activities to be completed to achieve the deliverables in the time 

allocated. The work packages are; Digital Equipment, Building Works, Acquisition of 

New Satellite Services, Mobile 3 Replacement and the Imaging Solution (PACS). 

 

Procurement and Building Works 

The procurement process was commenced as a priority in July 2011 for the supply, 

installation and commissioning, maintenance, support and servicing of nine digital 

mammography units, one upright digital stereotactic biopsy attachment and one 
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hydraulic positioning table. The tender functional and technical requirements were 

based on a review and update for current suitability, where necessary, of the previous 

tender documents for the MURP.  An independent advisor from SA Health 

Procurement and Supply Chain Management oversaw this process and approval was 

gained from the SA Health Procurement Advisory Committee (PAC).   

 

In accordance with standard SA government procurement procedures an Evaluation 

and Risk Management plan was developed and an evaluation team established. The 

team was made up of key users including the radiology coordinator, three BSSA senior 

radiographers, the DMAP Digital Equipment lead and an ICT technical lead. There was 

an appropriate overlap from the previous MURP tender evaluation that assisted to 

expedite the process. To complete the evaluation process in accordance with standard 

procedures site visits, demonstrations and reference checks were undertaken.  

 

There were six respondents for the digital equipment and five for the diagnostic 

equipment. The tender process was completed in October 2011. Sectra was awarded 

the contract for seven digital screening mammography units and one mobile digital 

screening mammography unit.  The procurement of these units was done through an 

extension of the existing contract with Sectra including a new schedule of products, 

costing and service and maintenance agreements. The contract was awarded to 

Hologic for two digital assessment mammography units and the ancillary clinical 

equipment. 

 

Approval was granted for a waiver of the tender process for the replacement of Mobile 

3 and the mobile digital mammography unit in order to meet the tight project 

timeline. BSSA was able to leverage off the existing contracts with the vehicle builder 

to deliver a third purpose built semi-trailer to the same design and specifications. The 

original contract had been executed in April 2009 following a standard tender process. 

Likewise the public tender for the digital equipment for the mobiles completed as part 

of MURP had been executed in May 2010 and the requirements and specifications 

were current for this new build.    

 

Due to the tight timeframe for the DMAP completion, to meet the Commonwealth 

expenditure deadline of June 2013, approval was sought from the SA Health 
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Procurement Advisory Committee to expand the existing Sectra interim PACS solution. 

This was possible under the provisions of the contract with Sectra that had been 

negotiated during the MURP for the implementation of a dedicated breast imaging 

PACS to support the two new mobiles and the Elizabeth satellite screening service. 

Approval was granted by the SA Health Procurement Advisory Committee to leverage 

off the existing contract. An upgrade for the PACS solution was undertaken in 

December 2011 to allow for each BSSA service to be added as the digital technology 

was implemented at a site. 

 

The tender for the construction and interiors building works was undertaken by the 

Department of Planning, Transport and Infrastructure and the architect was engaged 

from an approved panel by SA Health Asset Management Services. 

 

In the period from January 2012 to April 2012 the required building works and 

installation of digital technology was completed for four satellite screening services 

being Frome Road Training Centre and Screening Clinic, Arndale, the City and Marion 

Clinics.  

 

In July 2012 a new satellite screening service site was selected to replace the Wayville 

screening clinic at Hyde Park and building works and equipment installation were 

completed in October 2012. Mobile 3 was also delivered in October 2012 on schedule.  

 

The installation, configuration and testing of all of the digital equipment for each 

service site was undertaken by the vendor’s engineer. The acceptance testing was 

undertaken by the BSSA contract physicist to ensure the equipment met the NAS 

technical specifications and the SA Health radiation protection requirements. 

Therefore by the end of 2012, BSSA had completed the transition to digital technology 

for all screening services.   

 

In early 2013 the digital assessment mammography units were installed in the 

Wayville Assessment Clinic to complete the transition to digital technology across the 

statewide program. The building works for the new satellite screening service for the 

southern metropolitan area commenced in February 2013 and is planned for 

completion in April 2013. 
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Comment: 

Although the planning for DMAP for the implementation of digital technology for BSSA 

was ongoing across almost five years State funding of the project was not secured 

until 2010/2011 and made possible through the significant capital funds provided by 

the Commonwealth. The original plan for the remaining BSSA analogue services was 

to implement digital technology over four years. However this was reduced to two 

years due to the delays in securing funds and the requirement to meet an expenditure 

deadline of June 2013 for the Commonwealth capital funds.  

 

This truncated timeline meant that a number of processes needed to be streamlined, 

in particular the tender process for the replacement of Mobile 3 and the digital 

mammography equipment and the PACS. Fortunately due to the foundation work 

undertaken through the MURP project existing contracts with the vehicle builder and 

for the mobile mammography equipment could be used. This reduced the timeline to 

completion considerably compared to time that would have been needed for a fresh 

tender process. In addition the existing contract with Sectra for the interim PACS 

solution was appropriately leveraged due to the foresight built into the contract 

provisions during the negotiations for the MURP. 

 

In terms of the planning and processes for this second phase of the transition of BSSA 

to digital technology it was clear, from the information gathered in the consultation 

interviews and the documentation, that sound PRINCE2 project management 

principles have been followed.  The achievement of the tight project timelines to date 

can again be attributed to; project leadership, the dedication of the project team and 

the key BSSA clinical staff that supported the team. A significant contributing factor to 

the success of the project is likely to be the continuity of staff from the MURP project 

and the stability of BSSA staff. In addition the support that was evident, through their 

active involvement on the Project Board, from the SA Health senior management 

through the sponsor, project executive and Executive Director of Statewide Services 

was critical.   

 

Also critically important in achieving the full transition to digital technology for BSSA 

was the leadership, support and involvement of the SCU management and clinical 
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leaders and the various areas of SA Health that contributed technical assistance to the 

project.  The continuing strong relationship with the vehicle builder and equipment 

vendor would have contributed to meeting the tight timeframe for the project. 

 

Polices and Protocols: 

The BSSA transition to digital technology required a major revision of workflows that 

were underpinned by several key policy decisions and changes to existing protocols, 

specifically soft copy reading, digitising of prior images and hanging protocols.  

 

Soft Copy Reading 

The implementation of digital technology incorporates the capacity to capture the 

mammogram and store the image in a digital format that can be transmitted across a 

network or transported electronically using a portable hard drive to be presented for 

reading. BSSA considered the options available for reading the digital screening 

images that would be generated once the two new country mobiles commenced 

operation in September 2010.  

 

The option that had originally been funded in 2008/2009 only included the building of 

the two country mobiles and the procurement of the digital mammography 

equipment. Under this option it would have been necessary to transport the digital 

mammography images using a portable hard drive to the SCU to be printed in hard 

copy, trimmed for size to be hung for reading using a standard analogue multi - 

viewer. The digital images would then need to be stored electronically until such time 

as a breast imaging PACS solution was available for the Program.  

 

However a number of functional limitations, clinical and program risks were identified 

that could arise from reading the digital images in hard copy format. The functional 

limitations with this option were the inability to fully utilise the benefits of digital 

technology through soft copy reading that would enable the manipulation of the 

digital image, including zoom functions and reverse contrast. This capacity is designed 

to enhance the reader’s ability to detect breast cancers. 
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It was suggested that reading the digital images in hard copy format could be a clinical 

risk as readers could have some difficulty when comparing digital hard copy images 

with the previous analogue images, due to the expected differences in the image 

appearance.  Depending on the type of image capture technology and mammography 

equipment the digital images tend to have a more definite contrast in their appearance 

compared to analogue images. The cropping of the images to fit the multi - viewer and 

the configuration of the digital images for printing were also identified as clinical risks. 

 

From a program systems point of view a number of risks were identified as; the 

workflow issues of double handling of the digital images; the intensive hard copy 

preparation; trimming and hanging; and the overall workload increase for the 

technical assistants. The program would also not realise the efficiency benefits of 

reducing film costs and storage requirements.  

 

An alternate option was presented for funding and approval at this time. This option 

was supported by the MURP Board as a change in scope to the MURP. This option 

proposed an interim breast imaging PACS solution dedicated to a screening 

environment that would allow soft copy reading of the digital images captured on the 

mobiles and the incorporation of digitised prior hard copy films. At this stage it was 

envisaged that a lease for an interim PACS solution could be negotiated with Sectra 

that offered a solution that had already developed an interface with the client 

information system that was under consideration for the BSSA Program. This was 

viewed as providing significant cost savings to BSSA and was expected to assist in 

meeting the timeframe constraints of the MURP. This proposal was approved and 

funded and the interim PACS was incorporated as a change in scope to the MURP in 

2008/2009. The client information system under consideration was subsequently 

withdrawn.  

 

This was a key policy decision for the transition to digital technology for BSSA and had 

implications in terms of the complexity and scope of the MURP. This policy decision 

was made for the reasons outlined above and was based on the advice of the radiology 

coordinator and supported by the radiologist readers. The support for soft copy 

reading was in part probably due to an increasing frustration expressed among the 
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radiologists about the time it was taking for BSSA to transition to digital technology as 

most of their other radiology practice used soft copy digital format for reading.  

 

Digitising Prior Images 

Once a policy decision was made for the interim PACS solution it was necessary to 

consider the policy for the viewing of prior analogue screening images. It is accepted 

clinical best practice within the BreastScreen Australia Program that prior images are 

viewed concurrently with the current round of screening images. The rationale for 

viewing prior images is to minimise the number of women screened who are recalled 

for assessment by being able to compare previous screening round images to clarify 

the significance of any mammographic change between screening episodes. In 2010 

the recall to assessment rate for BSSA was 5.3% for the first screening round and 2% 

for the subsequent screening rounds. These low recall rates, by comparison with other 

State programs, were matched by very high cancer detection rates and interval cancer 

detection rates within the NAS range. Maintaining these standards was an important 

consideration for BSSA.     

 

Minimising recall rates has the benefit of reducing the number of women who 

experience anxiety by needing to return for assessment and reduces the risks of over 

investigation of benign breast lesions. 

 

Consultation with the BSSA radiologists identified the need to have the prior images 

available to be read in a digital format. There were a number of reasons for this 

recommendation including; the impact on the reading environment, in particular the 

differing lighting, required for reading hard copy images alongside soft copy; and the 

different appearance of the hard copy and soft copy images making it difficult to detect 

changes between the digital and analogue images. It was suggested that these 

constraints could be clinical risks and impact on the maximisation of cancer detection 

rates.  
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In addition the radiologists identified potential occupational health and safety risks 

due to the likely configuration of viewing equipment if prior images were read as 

analogue and inefficiencies in operating two systems of reading concurrently. There 

were cost and practical reasons to consider as well, due to the need to purchase 

additional mammography viewers and a workload increase for the technical assistants 

to hang the films. 

 

BSSA also considered the experience of other State Programs that had already 

transitioned to digital technology in regard to the policy of managing prior images in a 

digital environment. 

  

Based on the consultation with the BSSA radiologists and the experience across 

BreastScreen Australia a policy recommendation was made to digitise the last 

screening round of prior analogue images using two x-ray scanners.  This would 

require employing additional staff until such time as all the images were converted to 

digital, which was expected to occur over a three to four year period.  This was a 

change in policy from viewing the penultimate prior, of four years, but was considered 

appropriate to enable the transition to digital images in a shorter time, as more and 

more women were screened using digital mammography.   

 

Hanging Protocols 

The breast imaging PACS has the capacity to allocate a protocol in the application that 

will present the digital images for reading in a standard sequence, referred to as a 

hanging protocol. The development of a standard hanging protocol for readers is 

critically important, especially in a breast cancer screening setting where up to 100 

clients have their images read in a session.   The standard hanging protocol allows 

each set of images for each client to be presented in the same sequence and matched 

with the prior images from the previous screening episode. This is accepted best 

clinical practice in reading for breast cancer screening as it encourages patterned 

reading that examines thoroughly all the breast tissue imaged to detect very small 

breast cancers.  
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The standard hanging protocol used by BSSA was developed and recommended by the 

radiology coordinator in consultation with the radiologists. The agreed protocol was 

to hang the current images with the digitised priors as four images per monitor, 

followed by a high resolution review of the current images as one image per monitor 

and an overview of the current images as two or four to a monitor depending on the 

total number of current images. In those cases where the current and prior 

examinations have a different number of images, it was agreed that images should be 

repeated rather than leaving a blank monitor screen. This protocol was reviewed and 

confirmed by the radiologists in December 2010.  

 

Comment: 

As outlined above these key policies and protocols for BSSA related to the reading 

component of the screening pathway, were developed by the radiology coordinator in 

consultation with the BSSA radiologists. However as BSSA was a relatively late starter 

in the implementation of digital technology, it was possible to draw on the experience 

of other State programs in developing these policies and protocols. It was reasonable 

to assume that the BSSA full transition to digital technology, that was inevitable, 

would follow on seamlessly from the MURP and thus a pragmatic view to avoid any 

interim arrangements such as hard copy reading or not digitising priors was 

appropriate at the time.    
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4. Comparison with Other Jurisdictions: 
 

Background  

The BreastScreen Australia (BSA) Program is a joint Australian Government/State and 

Territory funded population screening program.  The Australian Government provides 

overall coordination of policy formulation, national data collection, quality control, 

monitoring and evaluation. The state and territory governments have primary 

responsibility for the implementation of the program at their local level. 

Within each jurisdiction there are Coordination Units and Screening and Assessment 

Services.  The Coordination Units do the planning and overall co-ordination of the 

program in each state and territory.  The Screening and Assessment Services provide 

all services from the initial mammogram up to any follow up diagnostic procedures 

needed. 3 

 

There are variations in the way jurisdictions manage their component of the BSA 

Program.   WA, SA, Tasmania and ACT operate a single Screening and Assessment 

Service (SAS) with direct line management from the Health Department through to 

service. The Manager of the Screening and Assessment Service is also the Manager of 

the Coordination Unit functions and the two aspects of the role are viewed as 

synonymous. 2 

 

The BreastScreen NSW Coordination Unit is managed by the Cancer Institute NSW.  

The Program is delivered by 8 Screening and Assessment Services which are located 

and managed through Local Health Districts (LHDs).   

 
BreastScreen Queensland has a State Coordination Unit within Queensland Health 

which provides overarching coordination and management, quality assurance and 

monitoring function for the Program, with operational service management devolved 

to 11 Screening and Assessment Services managed through local Health and Hospital 

Services (HHSs). 

 

BreastScreen Victoria (BSV) is funded by the Victorian Government to plan and 

coordinate the BreastScreen Program in Victoria.  BSV is an incorporated association 
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with an independent Board of Directors.  BSV is accountable for statewide delivery 

and Coordination Unit functions and outsources service provision to a number of 

centres, including both public sector and private sector providers, on a contractual 

basis. In Victoria, approximately half of the breast cancer screening services are 

provided in the private sector. This distinguishes the BSV Program from other states 

where breast cancer screening is mostly provided by the public sector. 

 

The variability in the number of women screened per year and the different Service 

profile by jurisdiction is reflected in Table 1. 

 

Table 1:  BreastScreen Australia Service Profile 

 

 
South 

Australia 
New South 

Wales 
Queensland Tasmania Victoria 

Western 
Australia 

No of women 
screened 2011/12 

77,107 
 

240,0001  
 

228,733 
 

27,069 
 

204,278 
 

113,000 
 

Number of Screening 
and Assessment 

Services 
1 82 11 1 8 3 

Number of satellite 
services 

6 42 22 1 31 9 

Number of mobiles 3 (DR) 
12 (CR)3 
2 (DR) 

7 (DR) 
1 (CR) 

1 (DR) 2 (DR) 4 (DR) 

 

The 2009/2010 Federal Budget funding of $120 million under the Health and 

Hospitals Fund (HHF) is providing one-off capital funding to enable jurisdictions to 

transition to digital mammography technology across BreastScreen Australia Services 

by June 2013. State and territory governments are responsible for providing recurrent 

costs associated with the implementation, and training of staff to use the new 

technology. 

 

                                                        
1
 BSNSW screened 480,816 women from 01/07/2010 to 30/06/12 

2
 NSW also has 18 assessment services 

3
 CR mobiles to be replaced with DR mobiles by December 2014 
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Although a number of States had commenced the implementation of digital technology 

prior to the announcement of funding by the Australian Government, the transition to 

full digital implementation within the BSA Program was facilitated by the provision of 

Commonwealth funding.   

 

There were different circumstances in every jurisdiction so each Program worked 

within local constraints and the resources they had available at the time to commence 

the implementation of digital technology.  Table 2 and the following section provide a 

brief summary regarding how and when digital mammography was implemented in 

each jurisdiction.   
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Table 2:  Timeframe and Process for Digital Implementation in BreastScreen 

Australia Program 

 

 
South 

Australia 
New South 

Wales 
Queensland Tasmania Victoria 

Western 
Australia 

Pilot/ 
Commencement 

2010 2005 2008 2005 2005 N/A 

Date digital 
Mammography 

equipment 
(including CR)  
fully replaced 

analogue 

 
2012  

 
2008 2009 2010 

2013  
(planned) 

2012 

PACS 
implementation – 
Soft Copy reading 

2010 2005 2012 2005 2005 
Planned 

2013 

% digitally 
acquired images 

2011/12 

Analogue 

35,498 

 (46%) 

 Digital 
41,843 

 (54%) 

100% digital 
acquisition 

100% digital 
acquisition 

100% digital 
acquisition 

Analogue 

62,828  

(30.76%) 

Digital  
141,450  

(69.24%) 

100% digital 
acquisition 

Statewide 
PACS/Information 

System 
integration 

Not 
complete 

Complete 
some upgrades/ 
enhancements 
still happening 

Complete 
Not 

complete 

Complete – 
some 

upgrades/ 
enhancements 
still happening 

Not 
complete 

Hard copy of 
digital images at 
reading during 

implementation 

NO 
YES 

 (only for first 6 
months) 

YES NO 

NO 
(except at 2 

sites with 
issues for a 

limited time) 

YES 

Hard copy of 
digital images at 

assessment 
during 

implementation 

YES YES YES YES YES YES 

Info System 
drives PACS 

NO YES YES NO YES 
Not 

complete 
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BreastScreen NSW (BSNSW) 

BreastScreen NSW screened approximately 240,000 women in 2011/12.  BSNSW has 

eight screening and assessment services across NSW. Within those services, there are 

42 fixed screening sites, 18 assessment services and 14 mobile vans that visit over 160 

locations. 

BSNSW commenced the introduction of digital technology in 2005 with the purchase 

of a pilot clinical edition Sectra PACS and five different brands of mammography 

equipment (Sectra DR, Hologic DR, GE DR, Fuji (CR) and Philips Cosima (CR).  An 

additional 10 GE DR mammography units were purchased in 2006. 

  

NSW transitioned from analogue mammography equipment to digital equipment, 

either CR or DR, by 2008 and were undertaking soft copy reading at the BreastScreen 

Sydney South West Screen Reading Centre within six months of implementation of the 

PACS.  The digital equipment was purchased through the State Coordination Unit and 

the decisions and requirements were provided by the individual Screening and 

Assessment Services. 

 

BreastScreen NSW SASs utilise the Sectra PACS and the Orion Health Breast 

Information System (BIS).  NSW has spent the last two years upgrading their BIS to 

develop one statewide information system in order to enable the PACS to be driven 

purely by the BIS.  Initially, Screening and Assessment Services had a range of 

information systems and full integration with the PACS was not possible.  A manual 

process was required to input read results into the individual information systems.  

Upgrades and enhancements of the centralised BIS are still being undertaken to 

increase functionality.   

 

BSNSW have recently upgraded their Sectra PACS to the latest version.  The final fixed 

sites were converted from CR to DR in September 2012.  The last phase of digital 

implementation in NSW will be the replacement of 12 CR mobile vans with new vans 

including DR equipment.  This stage is due for completion by the end of 2014. 
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BreastScreen Queensland (BSQ) 

The BSQ Program screened 228,733 women in 2011/12.  The BSQ Program has 11 

Screening and Assessment Services, 8 Mobile Services and 22 Satellite Screening 

Services.  BSQ provides services at 200 sites across the State. 

 

The transition to digital technology in Queensland was managed through the 

BreastScreen Queensland Digital Project (BSQD).  The purpose of the BSQD Project 

was to deliver to Queensland Health (QH) the ability to capture, store, distribute, view 

and interpret digital images and associated information electronically within BSQ 

Services and potentially across the continuum of care. 

BSQ completed a two-stage transition to full implementation of digital technology in 

December 2012.  Stage 1 included the transition of analogue mammography 

equipment to digital mammography equipment (CR and DR). Digital images were 

stored on a temporary PACSMAN Express located at each BSQ Service.  All images 

were printed out on film for hard copy reading.  Stage 1, funded by the Queensland 

Government, was completed by June 2009 thus enabling the business benefits related 

to image acquisition to be realised. 

In Stage 2, the BSQD Project provided the capability to store digital images 

electronically through the successful implementation of Picture Archive and 

Communication System (PACS) infrastructure, both centrally at the Enterprise and 

Disaster Recover Data Centres and at each of the 11 BSQ Screening and Assessment 

Services and 22 BSQ Satellite Sites. This part of the project was known as the 

"Decoupled Solution".  

As part of the Stage 2 final rollout, the Project also provided the capability to 

distribute, view and interpret digital images electronically, through the upgrade of the 

BSQ Registry software application known as "BSQR3".  

Until PACS was finally implemented in 2012, hard copy reading continued at all 

services.  An image quality optimisation initiative was undertaken to ensure that the 

printed images from both CR and DR systems were of the highest quality and 

consistency.  This process used a multidisciplinary approach including radiologists, 

medical officers, radiographers, medical physicists and service technicians.  Once 
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agreement was reached, all equipment including digital modalities and printers were 

set to standard settings to ensure consistent image quality. 

 

The staged approach was implemented due to delays in the tender process for the 

PACS and the process required to upgrade the BSQR to integrate with the Sectra PACS 

(BSQR3).  This allowed the implementation of new and revised business structures 

and processes through the formation of the State Coordinated Reading Model (SCRM).  

Under this model, batches of images are allocated to readers across the State on the 

basis of timeliness and quality considerations, rather than the location at which the 

images were acquired.  The full implementation of the integrated BSQR3 and PACS 

means that across BSQ SASs the screening component is paperless, realising a major 

efficiency saving to the Program. 

 

A mix of Siemens and GE mammography machines were purchased with all CR 

equipment due to be upgraded to DR technology with the exception of the CR machine 

on the 4WD mobile unit for Far North Queensland. The BSQ Digital Implementation 

Plan is due for completion by 30 June 2013. 

 

BreastScreen Tasmania (BST) 

BST screened 27,069 women in 2011/12.  BST operates a Screening and Assessment 

Service in Hobart, a Screening Service in Launceston and the Mobile Unit and provides 

services to 20 locations statewide. 

The BST Program was an early adopter of digital technology.  A four month training 

process took place in Hobart from August to December 2005 prior to the 

commencement of screening on the mobile in January 2006.  Full digital installation 

was completed in Tasmania in October 2010.  Five GE machines were purchased. 

Tasmania uses the same Clipper based information system as BSSA and a Sectra PACS.  

There is no integration between the information system and the PACS.  Readers use 

the PACS to read and the results are manually transcribed into the information 

system.  BS Tasmania is in the process of implementing a new information system 

using the Orion Health BIS.  Implementation is due for completion in 2013.     
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BreastScreen Victoria (BSV) 

BSV performed a total of 204,278 screens in 2011/12.  BSV has a network of services 

around the state including eight regional screening and assessment services (SAS), 31 

screening clinics and a Mobile Screening Service (two vans) that visit 27 communities 

every two years.   

 

The Commonwealth and State funded pilot digital project began in Victoria in 2005 

and ran for 3 years.  It involved one mobile service and two SASs.  A Sectra PACS was 

purchased in September 2005 and the PACS was integrated with the Victorian Client 

Information System, Gecko.  Gecko is an in-house built system.  The “go live’ date for 

the first modality under the pilot was 6 March 2006. 

 

The Victorian Digital Mammography Project (DMP) commenced in August 2009 

following the announcement of Commonwealth funding.  A detailed Re-scoped Digital 

Technology Roll-out 2010-2012 document was prepared in October 2009.  BSV is on 

track for full implementation of digital technology by 30 June 2013.  BSV has 

completed connectivity with all private providers.  Gecko drives the PACS in Victoria.  

BSV are continuing to deploy additional enhancements to optimise business 

functionality. 

 

BreastScreen Western Australia (BSWA) 

BSWA screened approximately 103,000 women in 2011/2012.  BSWA has nine 

metropolitan screening services and four mobile units which visit most country towns 

and the outer metropolitan area every two years. It is a centrally coordinated service 

with two assessment locations in Perth.  An additional screening and assessment 

service is due to open in Bunbury by mid 2013. 

The initial high level project planning for the transition to digital technology was 

undertaken in WA in June 2010 with the Project Plan finalised in November 2010.  

BSWA’s Digital Upgrade project successfully implemented digital mammography 

technology at all metropolitan Fixed Clinics and new Mobile Breast Screening Units by 

August 2012. 
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Although the implementation of digital mammography in all services is complete, at 

present screening clinics are still printing images on to film and couriering them to the 

State Coordination Unit (SCU) in Perth. Images are then manually hung for radiologists 

to review hard copies of mammograms on manual viewers at the SCU and record 

results in the Mammography Screening Registry (MSR).  

 

BSWA is now planning the introduction of PACS and softcopy reading to enable the 

electronic management and reading of digital images.  A temporary PACS to store 

digital images from modalities was installed in December 2010.  BreastScreen WA has 

recently awarded their PACS contract to Carestream Health.  BreastScreen WA 

currently uses all Siemens DR mammography equipment. 

 

Project Management for implementation of Digital Technology 

All jurisdictions were required to complete an Implementation Plan for Digital 

Technology following the availability of Commonwealth funding for digital 

mammography. The Implementation Plans include a series of milestones and are 

publicly available on the www.federalfinancialrelations.gov.au website.  Prior to the 

availability of Commonwealth funding, jurisdictions that commenced the introduction 

of digital technology followed the project management approach recommended by 

their jurisdiction at the time. 

 

BSV used the PMBOK (Project Management Body of Knowledge) for their guiding 

project management principles.  Templates/Plans were either sourced from various 

Project Management methodologies (Prince2, Testra’s TDP, Unisys’ Team Program) or 

were developed by the Project Manager specifically for this project.  

 

BSV provided extensive documentation regarding their digital implementation 

process including the Evaluation of the BreastScreen Victoria Rural Broadband Digital 

Mammography Project  (2008), a Digital Workflow Project ( 2009), a Re-scoped 

Digital Technology Rollout 2010-12 (2009) and a Digital Technology Rollout 2010-

2013 Detailed Project Plan (2010).  BSV established a Project Control Group (PCG) and 

a BSV Digital Implementation Team to manage the project.   Two formal project roles 

were established to manage the digital mammography project implementation: a 

http://www.federalfinancialrelations.gov.au/
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Strategic DM Project Manager (SMP) and a BSV Operational DM Project Manager 

(OPM). 

 

The BSQD Project adopted the PRINCE2 (Projects in Controlled Environments v2) 

project management methodology.  A Project Board was established and a Project 

Director appointed with a number of teams including:  Strategic Projects, Change 

Management, Health Technology, People and Processes and BSQR3 Development.  The 

BSQ Program also provided documentation that demonstrated the complexity of 

digital implementation, across multiple SAS in a geographically large State, including 

the original Business Case and Project Plan prepared in 2007. 

 

BreastScreen WA also adopted the PRINCE2 project management methodology 

combined with elements of the Department of Health’s project management 

framework.  A Project Board and Project Team with designated roles and 

responsibilities were established to manage the project.  The employment of a 

dedicated full time Project Manager and PACS Manager were critical to minimize 

impact on business. 

 

As early adopters of digital technology, NSW adopted an informal methodology for 

digital implementation with limited documentation.  The initial implementation of 

digital technology in NSW, was managed by individual Area Health Services (AHSs) 

and SASs rather than the State Coordination Unit.  NSW adopted a hands-on approach 

to implementation that included clinical assessment of the equipment after it was 

installed.  A roll out plan/schedule was developed.  NSW Cancer Institute Project 

Management Office processes have been implemented since 2012. 

 

BST implemented digital technology using standard project management 

methodology as used for major capital expenditure projects in Tasmania.  This 

included a formal business case, approval through departmental strategic IT 

committees, development of detailed requirements specifications, open tender and 

formal evaluation of tender responses by a panel with appropriate clinical, physicist 

and IT representation.  It should be noted that the requirement specifications used by 

Tasmania were used as the basis for many subsequent procurements in other 

jurisdictions across Australia. 
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Type of equipment 

A summary of the type of mammography and PACS equipment purchased for the BSA 

Program is included in Table 3. 

 

Table 3:  Estimated Digital Mammography Equipment and PACS within BSA 

Program as at 30 June 2013 

 
South 

Australia 

New 
South 
Wales 

Queensland Tasmania Victoria 
Western 
Australia 

Digital 
Mammography 
Equipment** 

13 
Sectra DR 

(11) 
Hologic 
DR(2) 

71  
Fuji CR 

(18) 
DR GE 
(23) 

Hologic 
DR (18) 
Sectra 

DR (11) 

 
61 

CR (1) (Far Nth 
Qld Mobile) 
Siemens DR 

(49) 
GE DR (11) 

 

  5 
DR GE  

51  
Fuji CR (13) 
Konica CR 

(3) 
Fuji DR 

Amulet (1) 
Hologic DR 

(9) 
Sectra DR 

(6) 
Siemens DR 

(17) 
To be 

decided DR 
(2) 

22  
Siemens DR 

PACS Sectra Sectra Sectra Sectra Sectra 
Carestream 

Health 

(**number planned at completion of Digital Implementation Plan funding) 

 

SA purchased all Sectra DR mammography equipment for screening with Hologic DR 

equipment for assessment. Tasmania purchased all GE DR mammography equipment.  

WA has all Siemen’s DR equipment.   

 

NSW has 71 mammography units with a mix of Fuji CR (18), Fuji DR (1), GE DR (23), 

Hologic DR (18) and Sectra DR (11).  BSV has a mix of 51 mammography units 

including Fuji CR (13), Konica CR (3), Fuji DR Amulet (1), Hologic DR (9), Sectra DR 

(6), Siemens DR (17) with two DR to be decided.  Queensland has 61 mammography 

units with Fuji CR (1), Siemens DR (49) and GE DR (11). 
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Based on the information provided by jurisdictions, there will be 223 mammography 

units in the BSA Program by 30 June 2013.  There are currently 28 Sectra 

mammography units in the BSA Program, representing 12.5% of available 

mammography units. 

 

All jurisdictions, with the exception of WA who have signed a contract for a 

Carestream Health PACS, have purchased Sectra PACS. 

 

Jurisdictions commented on the complexity of working with the PACS provider, the 

mammography equipment providers, physicists, radiographers and readers to 

maximise the consistency and quality of images. 

 

Digitising Priors 

It is widely agreed that access to prior images, where available, improves the quality 

of reading.  The purpose of looking at prior images during screen reading is to reduce 

the recall to assessment rate so that the number of women recalled to assessment is 

minimised balanced with the need to maximise the breast cancer detection rate. 

 

Prior to the introduction of digital technology, WA and Victoria have always hung the 

most recent prior that in most cases would be two years prior, whereas SA, NSW, Qld 

and Tasmania looked at four years prior rather than the most recent previous 

screening episode.   

 

BSSA decided to digitise images from two years prior during the initial MURP and this 

practice continued during the DMAP.  BSSA have returned to looking at images that 

are four years prior following the identification of the breast cancer detection issue. 

 

BSV undertook a separate project regarding digitising priors.  An extensive 

assessment was carried out to determine the number of images to digitise and a 

decision was made to digitise the most recent prior round only.  Funding was 

provided to services to undertake the digitising.  All digital images had digitised priors 

as a comparison (where prior images were available).  Services could choose to 

digitise previous round images, but this was not funded as part of the project. 
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During implementation, BreastScreen NSW initially commenced hard copy reading of 

analogue film with digital soft copy reading within a SAS. They introduced centralised 

scanning of priors within six months of the implementation of digital technology.  

Initially four years prior were digitised.  They moved to reading digital images from 

two years prior during the transition period and have returned to looking at images 

from four years prior now that all images are digital. 

 

BSQ changed from reading images four years prior to two years prior during the 

implementation of digital technology as it meant readers were comparing digital 

images more quickly.  It is possible that BSQ will return to looking at images four years 

prior once enough digital images are available. 

 

BST operated for the first two years of digital implementation with readers comparing 

digital images to analogue images from four years prior.  Scanned two years priors 

were introduced when funding became available for a digitiser.  The BST Program has 

now returned to reviewing images from four years prior. 

 

BSWA has decided not to digitise priors other than those required for assessment and 

private practice comparison due to the intensive resource effort required to do so.  In 

reality, due to the time delay between implementation of digital technology and the 

anticipated installation of the PACS, it is likely that a large percentage of prior images 

will already be saved digitally on the temporary PACS.  BSWA plans to continue to 

hang hard copy priors if required until a cut off date of 1 August 2015. 

 

Hanging protocols 

Dr Mary Rickard, previous State Radiologist for BSNSW, worked with Sectra and NSW 

radiologists to develop standard hanging protocols in 2005.   This work was 

subsequently shared with other jurisdictions where modifications were made by each 

Program to meet their individual information system and clinician requirements.   

 

BST based their hanging protocol on the BSNSW hanging protocol. 
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Screening hanging protocols have been standardised in BSV but they are not 

automated.  The PACS recognises the most common screening reading scenarios and 

images are automatically hung in this scenario.  Manual intervention is required 

where image criteria are not met. 

 

BSQ developed statewide hanging protocols in consultation with the State Radiologist, 

the State Radiographer, senior readers, the BTS Digital Applications specialists and the 

Sectra Applications Specialist.  The hanging protocols are applied automatically and 

checked systematically by an Imaging Operator or Radiographer prior to being 

available in the reading pool.  

 

The protocols consist of multiple displays that the readers are trained to step through. 

The first display has the immediate priors displayed (if applicable) and the final 

displays have each current image shown on the full-screen.  Other reading tools are 

available such as the quad zoom survey and horizontal masking. Readers are able to 

manually move images into any position in the display and reset to the original 

hanging. 

 

BSWA are in the process of developing their hanging protocols.  An emphasis will be 

placed on the timeliness of screen reading and individual readers will have the 

capacity to change their own hanging protocol. 

 

Given that all current jurisdictions are using a Sectra PACS but they have modified the 

hanging protocol to meet local requirements, there are potentially a range of different 

hanging protocols across the BSA Program.  A summary of the digitising and hanging 

protocols is included in Table 4. 
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Table 4:  Protocols for Digital Implementation  

Priors4 
South 

Australia 
NSW Queensland Tasmania Victoria 

Western 
Australia 

Analogue 4 yrs 4yrs 4 yrs 4 yrs 2 yrs 2 yrs 

Digital 2 yrs 2 yrs 2 yrs 

4 yrs  
(hard copy) 

2 yrs 
(digitised) 

2 yrs 2 yrs 

Post Digital 4 yrs 4 yrs 2 yrs 4 yrs 2 yrs 2 yrs 

Statewide 
Standard 
Hanging 
Protocol 

YES YES YES YES YES 

YES 
(planned) 
(variability 
allowed) 

 

Training for Radiographers 

The development and implementation of appropriate training for all relevant staff was 

a key element of the successful implementation of digital mammography.  Typically, 

training for radiographers on the acquisition modality included up to three days of 

application training by the trainer from the relevant modality vendor.  Each 

jurisdiction has used a Super User model where a train the trainer approach is 

adopted after initial digital implementation at each site. Mammography Training 

Manuals have been updated for the new digital environment. 

 

Training for Readers 

Most jurisdictions provided, or plan to provide, readers with Sectra PACS Applications 

training prior to the commencement of soft-copy reading.  This training is focused on 

training the readers how to use the PACS and to learn how it works with their 

information system.   There was a widespread belief that readers did not require 

training in the interpretation of digital images compared to analogue films as the 

majority of readers had been using digital technology in other modalities for example, 

general radiology, CT, and MRI in private practice for many years. 

                                                        
4
 This protocol is in relation to women who are having a screening mammogram every 2 years.  Modified 

protocols are in place for the small percentage of women who require an annual mammogram. 
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BSQ developed customised training modules using relevant material from the Sectra 

PACS on-line user guide.  This information was put into the BSQR3 workflow to train 

staff in the new BSQR Business processes and changes to BSQR3 and PACS 

functionality associated with their role.  Training for all readers was provided by a 

PACS trainer and a BSQR3 and Business Processes trainer. Readers were trained in the 

workplace at their reading workstations using the BSQR3 and PACS training 

environment.  Readers were taken through a small batch, including case studies, as 

part of the training. 

 

BreastScreen Australia National Accreditation Standards (NAS) 

Due to the early adoption of digital mammography in some states, issues arose in 

relation to the process for accrediting the services when the BSA NAS had not been 

updated to incorporate digital technology.  The Digital Mammography Accreditation 

Standards (DMAS) Working Group was established and first met in December 2006. 

Their role was to develop accreditation standards for digital mammography.  The NAS 

review was completed by May 2008.  The changes to incorporate digital technology 

appear in the NAS appendices I through to M. 

 

The parallel process of assessment of evidence for effectiveness of digital 

mammography, which was referred to Medical and Scientific Advisory Committee 

(MSAC) in May 2006, took 23 months to complete and a policy to implement digital 

technology in the Program was endorsed by the Minister for Health and Ageing in 

April 2008. 2   

 

Jurisdictions that commenced the implementation of digital mammography prior to 

the endorsement of the NAS in 2008 were reliant on the Position Paper developed by 

the Australasian College of Physical Scientists and Engineers in Medicine (ACPSEM) 

entitled Interim Recommendations for a Digital Mammography Quality Assurance 

Program (2007).  Before the ACPSEM position paper was released in 2007, 

jurisdictions relied on preliminary output from the Australasian Digital 

Mammography Quality Assurance Group and the European Reference Organisation for 
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Quality Assured Breast Screening and Diagnostic Services (EUREF) guidelines on 

digital mammography which were first released in 2003. 

 

Monitoring and Evaluation 

All jurisdictions provide annual data reports for each Screening and Assessment 

Service to the NQMC.  Due to the different organisational structures across Australia, 

SA, WA, Tasmania, NT and ACT present their data on a jurisdictional basis whereas 

NSW, Queensland and Victoria present their data on a Service by Service basis.   

 

In addition, all States provide monitoring data to the Australian Institute of Health and 

Welfare (AIHW) on an annual basis.  The BSA Monitoring Report 2009-2010 was 

published in October 2012.  This report refers to women screened in 2010.  BSNSW 

were unable to provide data for this report because of issues relating to 

implementation of a new business information system.   BSNSW reported that they 

would be able to provide data for future AIHW reports. 

 

BSNSW (2008) and BST (2010) have been operating in a digital environment for 

several years and are not planning a formal evaluation of the implementation of digital 

technology.  They are operating on a ‘business as usual’ model and are monitoring 

their data in accordance with the BSA National Accreditation Standards.   

 

BSNSW advised that a recent analysis of data from a large screening and assessment 

service has confirmed that breast cancer detection rates have not varied significantly 

since the introduction of digital mammography. 

 

BST did not publish a report evaluating their implementation process.  However, their 

designated radiologist presented a paper at the DMUG in 2009 which included a 

subset of their evaluation of two full years of screening data and a summary of 

learnings from the transition to digital technology from a radiology perspective.   

 

BSV Victoria has not completed the implementation of digital technology but there has 

been a significant increase in women screened using digital technology from 28.74% 

in 2009 to 77.35% in 2012.  The BSV Digital Mammography Project (DMP) has 
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implemented a comprehensive evaluation framework that encompasses both a 

process and outcome evaluation of the DMP as well as detailed analysis of the 

operational and clinical impact of digital implementation. 

 

 BSV have engaged independent consultants to perform a final DMP project evaluation, 

including clinical evaluation.  BSV completed an evaluation of the BSV Rural 

Broadband Digital Mammography Project in 2008 that provided information for their 

business case for DMP.  BSV have to date also prepared epidemiological reports for 

four of eight SASs where they compare analogue and digital outcomes.   BSV have 

advised that there is no evidence of any negative impact on breast cancer detection 

rates as a function of digital technology implementation in BSV. 

 

As Queensland only commenced soft copy reading at all BSQ Services in December 

2012, it is not possible to analyse the impact of the introduction of soft copy reading in 

Queensland at this stage.  BSQ has prepared a BSQ Digital Benefits Realisation Baseline 

Report (2012) with data for four key measures for 2010/11.  It is planned that post 

implementation measures will be recorded at three and six months post completion of 

all BSQ site implementations.   Preliminary data will be available in mid 2013. 

 

As WA has not commenced soft copy reading, no comparison of WA soft copy reading 

experience can be included.  BSWA will continue to closely monitor and report on its 

performance indicators (the NAS) on a regular basis.  BSWA is also initiating a project 

to investigate recall rates and interval cancer rates pre and post digital.  A project 

evaluation report will be completed after PACS implementation is complete.  BSWA 

advised that there has been no observable difference in recall to assessment rates or 

breast cancer detection rates since the commencement of digital technology in WA. 

Table 5 includes a summary of the monitoring and evaluation process for each 

jurisdiction. 
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Table 5:  Monitoring and Evaluation 

 
South 

Australia 

New 
South 
Wales 

Queensland Tasmania Victoria 
Western 
Australia 

NQMC 
Annual Data 

Reports 
            

AIHW Data 
(women 

screened in 
2010) 

            

Post Digital 
Evaluation 

Planned   Planned   Planned Planned 

 

Comment 

All States found the implementation of digital technology both challenging and time 

consuming.  The lack of a nationally consistent information system was a major 

barrier to implementation which increased the complexity and cost of the transition to 

digital technology.  All jurisdictions shared information and lessons learnt through 

formal processes such as Digital Mammography User Group (DMUG) and BSA Program 

Managers meetings and also informal processes such as sharing of tender documents, 

policies and protocols. 

 

All jurisdictions had the goal state of an integrated PACS/Information system with the 

information system driving the PACS.  Each jurisdiction has achieved this aim to 

varying degrees.  For NSW, the transition from individual SAS data systems where 

data was generated at a SAS level to a centralised information system was a massive 

project.   

 

Queensland and WA adopted the policy of hard copy reading of digital images due to 

delays in PACS procurement and PACS/RIS integration issues.  In Queensland, the 

tender process for the PACS and the subsequent upgrade of the information system to 

ensure new business processes could be introduced was a time consuming and 

complex project that was undertaken over several years. 
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In Victoria, the challenge of implementation has meant that they are still operating in 

an analogue/digital environment.  Tasmania commenced soft copy reading with no 

integration between the PACS and RIS and they are still working on implementing a 

new integrated information system. 
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5. Clinical Safety and Quality: 
 

For population based breast cancer screening, through the BreastScreen Australia 

Program, clinical safety and quality is critical to achieving the aim of the Program to 

maximise the early detection of breast cancer.  The Program aims to provide benefits 

to the individual woman through the early detection and treatment of her breast 

cancer and to achieve a measurable population benefit by reducing the number of 

women who die from breast cancer.  

 

The BreastScreen Australia National Accreditation Standards (NAS) and the 

accreditation process cover all aspects of the woman’s screening pathway. Standard 

performance measures are used to monitor the quality and outcomes of the screening 

and assessment services across the national Program.  These standard performance 

measures are used to monitor non clinical and clinical quality at regular intervals, 

some aspects are measured daily and weekly for others it is quarterly, six monthly and 

annually. All BreastScreen Australia Services are required to provide an annual data 

report to the National Quality Management Committee (NQMC) for review and are 

subject to assessment for accreditation either every two years or four years depending 

on the level of compliance with the NAS achieved by the Service.  

 

 As noted previously BSSA has achieved high levels of performance as measured by the 

NAS and maintained this standard over many years. BSSA is currently accredited for 

four years with commendation. Routine monitoring of these performance measures 

occurred during the period of transition to digital technology.  

 

In addition to the standard performance monitoring there were a number of 

additional quality assurance measures that were required and undertaken by BSSA 

during and after the introduction of digital technology.  While there was minimal 

change to the screening process for the woman, the digital mammography equipment 

was technically very different in terms of image capture, image appearance and soft 

copy reading of the digital images was very different to reading analogue films. 

Therefore the additional quality assurance measures to ensure clinical safety were for 

the mammography equipment and to assess the quality of the image captured and 

presented for reading.   
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Algorithms for Quality Image Capture 

Digital mammography equipment is significantly different from analogue technology 

in that the modality is operated through a vendor specific software application that 

determines the parameters to achieve a digital mammography image.  An algorithm is 

built into the software application that automatically sets the dose required and 

adjusts for other elements of the exposure to capture the desired image.  

 

Different algorithms produce images of differing appearance in terms of the degree of 

black and white contrast or greyness within the image and the dose of radiation for 

each exposure. The optimal mammogram for screening is to achieve the best image for 

the detection of breast cancer with the minimal dose of radiation, this is important as 

women are screened every two years. There is a high level of variability in the 

appearance of mammograms produced by the different digital mammography 

equipment offered by vendors due to their vendor specific technology and the in built 

algorithms used by the equipment.       

 

The algorithm chosen by the BSSA radiologists was the Australian standard algorithm 

that was developed by Sectra with the assistance of radiologists in NSW that had used 

this equipment previously. This algorithm is critical in ensuring the desired optimal 

image is produced for the readers. During the initial period of soft copy reading the 

BSSA readers assessed the algorithm that had been set. Subsequently a “hot fix” to 

modify the algorithm, that had been requested by radiologist users in NSW, was 

developed by Sectra.  

 

This was then subjected to a quality assurance review by the BSSA radiologists and 

radiographers. The radiologists conducted a blind test of ten cases of raw data through 

four different algorithms, including the “hot fix”, and concluded that they preferred the 

existing standard algorithm.  The Manager, Equipment and Quality conducted a review 

using phantom images that were scored and evaluated by the radiology coordinator 

and presented to the BSSA radiology group. This confirmed their decision to continue 

with the existing Sectra Australian standard algorithm.  
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Quality Mammographic Imaging 

The next step in ensuring clinical safety and quality is to monitor the consistency and 

quality of the image produced in terms of appearance and positioning. BSSA has 

always had an exceptionally high standard of mammographic imaging. This has been 

achieved through internationally recognised high quality mammography training 

program for radiographers and rigorous quality assurance monitoring. Although there 

were major changes in the quality assurance methods for the radiographers to 

monitor image quality with the transition to digital technology the same rigor has 

been applied to monitoring the quality of the image captured. The availability of 

digital images makes it somewhat easier to centrally monitor this quality for every site 

every day.  

 

BSSA uses the nationally accepted PGMI criteria of perfect, good, moderate or 

inadequate images to evaluate clinical image quality.  These criteria are used to self - 

audit quality and are evaluated independently on a regular basis for individual 

radiographers and formally every six months. This quality assurance process was 

adjusted for digital mammography and maintained throughout the implementation of 

digital technology. 

 

New Quality Assurance Procedures for Reading Workstations 

The introduction of digital technology and soft copy reading meant that quality 

assurance procedures needed to be developed and implemented for the reading 

workstations. These quality assurance processes are comprehensive and include daily 

checks, cleaning, and inspection and weekly testing of the high quality monitors used 

for reading. The ambient lighting in the reading room that is critically important in 

terms of optimising the reading environment is checked weekly.  

 

A typical quality assurance test would include using the monitor test patterns to test 

that all the viewing parameters are optimised against a list of standard criteria. The 

test outcomes are recorded, signed and dated and located on a wall in the reading 

room.  Any non - compliance is immediately acted upon. In addition each reading 

workstation is connected to the Sectra QA Web that maintains a record of all the 

testing performed on the individual workstation and sends alerts for any problems or 
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malfunctions. The records are stored online and can be validated against the manual 

checks. These new quality assurance procedures are designed to ensure that the 

reading conditions and environment is optimal for the readers. 

 

Comment: 

It is evident from the documentation reviewed and the information gained through 

interviews, that BSSA has adjusted their quality assurance monitoring in response to 

the major transition from analogue to digital technology to maintain their high 

standards of image quality and to optimise the digital reading conditions.  This quality 

assurance is critical to ensuring clinical safety was maintained during and after the 

transition to digital technology for the women screened by BSSA.  

 

Data Monitoring: 

Monitoring the NAS performance measures is an essential component of the 

BreastScreen Australia Program to ensure clinical safety and maintain high standards 

of quality.  These measures are used to monitor quality at a Service level; for 

individual clinicians, specifically radiologists and radiographers; and at a Program 

level. As a population based screening program that is designed to detect early breast 

cancer in a well population of women, there is a higher order of quality required so 

that the benefits of screening are maximised and any potential harms minimised.  

 

Potential harms could arise if a woman is unnecessarily recalled for assessment and 

undergoes additional investigations that are likely to cause unnecessary anxiety or if a 

screening examination does not detect a breast cancer that is present at the time of 

screening, a false negative outcome. Therefore BSSA as part of the implementation of 

digital technology adopted a practice of closely monitoring key performance measures 

for the Program to ensure they maintained their high standard of quality.   

 

In addition BSSA developed a Digital Monitoring Summary Report that provides a 

snapshot of key information that is monitored every month, stratified by women 

screened using analogue and digital technology. The Key Performance Indicators 

(KPIs) included in this report evolved over time from the first report generated in 
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November 2010 to the current time. The reports were developed to monitor KPIs that 

measured the expected changes related to the implementation of digital technology 

for screening and assessment.  

 

Digital Monitoring Indicators for Screening 

For screening, the technical repeat rate and the number of images taken for each 

woman were monitored as it was expected that the use of digital mammography 

equipment would significantly reduce the technical repeat rate and there was some 

expectation that the change to digital may increase the number of images taken.  

 

Timeliness impacts were also monitored, specifically the percentage of women who 

received their screening results within the NAS. This was a measure to monitor the 

new digital transportation and image management system developed initially for the 

country mobiles and adapted for other sites as digital technology was implemented. 

 

Digital Monitoring Indicators for Assessment 

In regard to the KPIs used to monitor the implementation of digital reading a key 

indicator is the percentage of women recalled to assessment. There was some national 

information and international experience that suggested that this rate could increase 

during the transition phase to reading digital screening images.  

 

The monitoring of the recall to assessment rate data commenced in December 2010 

when there was sufficient data available to calculate the rates with some accuracy. It 

was observed at this time that there had been an immediate reduction in the recall to 

assessment rate.  

 

The outcomes of assessment were also monitored through the percentage of women 

assessed referred for diagnostic open biopsy and the percentage of women assessed 

referred for treatment. Both these measures were observed at this time to have 

increased slightly.  However both the recall measures and the outcomes from 

assessment were based on the relatively small number of women that had been 

screened using digital technology at the time. 



6
1 

Implementation of Digital Technology in BreastScreen South Australia: Review of 
Planning and Processes 

 
 

The monthly BSSA Digital Monitoring Summary Reports were tabled and discussed at 

the Strategic Executive Committee. The BSSA Clinical Director would then table and 

discuss these reports at the monthly Medical Executive Committee meeting that she 

chaired and was attended by the General Manager, and the coordinators for radiology, 

pathology and surgery. The radiology coordinator then had the opportunity to discuss 

these reports at the monthly Radiology Quality Improvement Committee meeting. 

This was generally attended by about 20-25% of the radiologists but the minutes of 

the meeting were circulated to all radiologists.  

 

The number of women screened from the introduction of digital technology in 

September 2010 to the second phase that commenced in January 2012 was still 

relatively small so it was difficult to draw any conclusions from the assessment KPIs. 

However, as more women were screened using digital technology, the trend 

continued.  By mid 2012, it was reported that the BSSA Executive including the Clinical 

Director and the radiology coordinator expressed concern that the recall to 

assessment rate was too low.   

 

Key NAS Performance Reports 

In September 2012 further analysis of the routine quality assurance data indicated 

that there was a difference in the cancer breast detection rates for the cohort of 

women screened using digital technology compared to the women screened with 

analogue mammography. The data indicated that the cancer detection rates among the 

cohort of women screened using digital technology were below the NAS requirements. 

This observation was then confirmed with the data for the financial year 2011/2012 

using assessment data that was available on the BSSA database but that had not been 

processed through the BSSA triple data audit process.  

 

The triple data audit process is unique to BSSA and involves a multi-step process of 

quality assurance of the post treatment breast cancer data that includes; the retrieval 

of the histopathology results and surgical treatment report for all women with a 

referral for an open biopsy or treatment; the coding of the data by the Medical Officer 

from the narrative pathology reports and collation of this information with the 
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assessment outcome data; the separate review and verification of the coding of this 

information by the surgical, pathology and radiology coordinators; and the final coded 

data is then data entered.  

 

However, this thorough quality assurance process can add up to an additional six to 

eight months to the expected six to eight months that it would usually take for most 

other BreastScreen Services to retrieve this critical post treatment breast cancer data 

from the surgeons and other sources. Until this information is available in the 

database it is not possible to produce the key performance measures of breast cancer 

and small breast cancer detection rates. Therefore the BSSA routine six monthly data 

reports are currently available twelve to fourteen months after the woman’s screening 

episode.   

 

The radiology reader quality assurance reports require the same breast cancer data to 

be available to monitor their individual performance through quarterly standard 

reader quality assurance reports. A standard reader report includes; individual recall 

rates; breast cancer and small cancer detection rates; one reader misses; and interval 

cancer rates, if available. The radiology coordinator provides individual feedback on 

these reports on a quarterly basis. Therefore the radiologists would have received 

information on their individual recall rates in a meaningful timeframe during the 

period of transition to digital technology. However, as outlined above, the breast 

cancer and small breast cancer detection data was not available until sometime after 

the implementation of digital technology commenced.   

 

The Radiology Quality Improvement Committee is a recognised quality assurance 

committee under SA Health legislation so discussions of reader performance, clinical 

outcomes and interval cancer data are discussed in these monthly meetings in 

confidence and without prejudice.  

 

Comment: 

It is clear from the information gathered from the interviews with key BSSA clinical 

and the Screening Support and Evaluation Unit staff that relevant KPIs for the 

implementation of digital technology were closely monitored on a monthly basis 
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during the MURP and for the DMAP. In particular the KPIs that monitored the use of 

the digital mammography equipment allowed the expected changes in technical 

repeat rates and number of images taken for each episode of screening to be tracked 

against the NAS. The monitoring of timeliness in reading was important as well to 

ensure that the new transportation and administrative systems introduced for digital 

technology were working.   

 

The triple data audit is a thorough quality assurance process used by BSSA to ensure 

the accuracy and quality of the breast cancer and small cancer data. Although this 

process is commendable it is clear that it is a barrier to timely monitoring of the key 

performance measures related to breast cancer and small breast cancer detection 

rates both at a Program level and for individual radiologist readers.  The current lead 

time to capturing this data is a nation wide issue for the BreastScreen Australia 

Program but for most State Programs there would be a six to eight month period from 

the time the woman was referred from assessment compared to the twelve to 

fourteen months for BSSA.  The availability of this data sooner may have assisted in 

identifying the issue under review earlier. 
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6. Change Management and Training: 
 

Change management is an essential component of overall project planning and 

management that aims to ensure that the project objectives are met and the expected 

benefits of the change, in this case the implementation of new technology, are 

achieved. Under the PRINCE2 framework of project management, Change 

Management was a specific work package and stream of activities during the MURP 

and likewise in the DMAP.  

 

In addition, a Digital Operational Group (DOG) was established in November 2011. 

The members of the DOG are the BSSA General Manager, SCU executive staff and the 

project team leaders. The purpose of the DOG is to coordinate and manage the 

operational components of digital mammography and to have responsibility for 

operational change management. A key role of the DOG was to engage with and 

consult widely with their respective stakeholders. 

 

Analysis of Change 

For the MURP, the analysis of the expected changes was undertaken through a 

workflow mapping process that documented in detail the flow of information and 

activities that would be required in a digital environment as compared to the analogue 

business processes. Detailed workflow and process mapping of analogue, current 

state, to the digital future state was included in the DMAP Business Case. This analysis 

allowed for the expected changes to be clearly identified and for strategies to be 

developed to manage these changes. The major components of change management 

are communication strategies and training. 

 

Communication Strategies 

During the MURP the major form of communication for staff was through the regular 

committee meetings and the MURP monthly newsletter and the internal newsletter 

for BSSA. It should be noted that the MURP in its various stages of development was in 

planning over almost five years so there was a high level of awareness of the project 

among BSSA staff.  The DMAP Business Case was likewise in planning for this 
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extended time and was subjected to many revisions and versions so most BSSA staff 

would be likely to have a high level of awareness of the proposal to transition to digital 

technology.  

 

In anticipation of funding in June 2011 the DMAP developed a Communication Plan 

that included a comprehensive range of strategies for internal and external 

stakeholders that included state and national government, community organisations, 

BSSA clients, general practitioners, BSSA staff and the media. Key messages were 

developed tailored for the different primary and secondary audiences and supporting 

materials such as flyers, letter inserts and information for inclusion in regular 

newsletters. The objectives were broadly to ensure that stakeholders, agencies and 

the community were informed about the purpose of the DMAP, the timelines and 

process and to dispel myths that could be harmful to the project.  

 

Training: 

A significant component of change management is the provision of training for all staff 

directly and indirectly affected by the change and in particular the potential users in 

the case of new technology.  

 

Radiographers 

In the first phase of digital implementation in the MURP, the training packages 

developed for the radiographers had several components.  Initially, training was 

provided in the operation of the vehicles by the mobile builders, for the radiographers, 

who were rostered to work on the new country mobiles.  The supporting manuals for 

the operation and preventive maintenance aspects of the mobile units were then 

developed for ongoing training of new and existing radiography staff that worked on 

the mobiles. 

 

Under the BSSA contract with Sectra, radiographer applications training for use of the 

digital mammography units was provided by a team of four experienced and qualified 

Microdose and PACS application specialist trainers.  A train the trainer approach was 

taken, with the training covering both theoretical content in small group class settings 
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and practical training individually or in pairs.  For MURP the theoretical Microdose 

training was offered to all the radiographers that would use the digital equipment on 

the mobile or Elizabeth satellite service and practical training was provided to the 

clinical super users and the clinical users.  

 

The radiographers received practical training, provided by the Sectra applications 

specialist and the BSSA Clinical Educators, on the newly installed equipment.  The 

training was delivered initially as an orientation to the modality and then with a 

smaller number of screening clients booked during the training period.  

 

A revision of the radiography quality control procedures was also undertaken to adapt 

for the digital mammography equipment. The BSSA Advanced Clinical Educator 

provided training in these procedures that has been followed up with a focus on 

various aspects of digital technology at regular professional development days, 

including specialist guest speakers such as a highly regarded physicist in the field of 

digital mammography and applications specialists.  

 

For DMAP the radiographer training adopted the same approach of vendor 

applications training including theory and practical clinical training in the various 

service facilities as they were implemented. This was done in close consultation with 

the BSSA Clinical Educators who had been trained as clinical super users. During 

DMAP when it was clear that BSSA would transition fully to digital technology, the 

BSSA radiographer training packages were further refined to adapt the previous 

analogue mammography training modules and materials for digital mammography. 

This training program includes a self - directed list for radiographers operating Sectra 

equipment. If a radiographer does not meet a satisfactory level of 

competence/confidence they will receive additional training on the modality. 

 

Training provided for the Sectra PACS was offered using the same train the trainer 

approach. The vendor provided applications training, in accordance with the contract, 

including theory and practical clinical training using Sectra applications specialists. 

This training was provided as part of MURP in August/September 2010 and provided 

to the BSSA PACS Administrators and all super users including radiographers, the 

radiology coordinator and senior radiologist users, and the image operators.  The 
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practical training used small groups or for the senior radiologist users there were two 

or three per group. 

Radiologists    

The BSSA radiologists provided advice that they would only require workstation and 

PACS orientation training. It was stated that training in soft copy reading of 

mammography would not be necessary as all of the current radiologists, at that time 

had experience in digital mammography.  

 

As outlined above train the trainer PACS training was provided for the radiology 

coordinator and senior radiologist users. All of the other radiologists were provided 

with the PACS application training and orientation to the system changes by one of the 

BSSA PACS administrators and the radiology coordinator. This training was timed to 

occur just prior to the individual reader commencing a read on the digital workstation. 

Once they had completed their training they were issued with their log in for the 

system.  

 

Sectra provided the accompanying training materials including the assessment of 

competence exercises for the PACS training.  BSSA developed a radiologist PACS 

reading procedure that was approved in October 2010. This has been further refined 

during the DMAP as the PACS Radiologist Reading Procedure Manual and is available 

to guide current training of readers in the use of the Sectra PACS workstation. PACS 

orientation training has subsequently been provided for four new radiologists who 

have joined the BSSA reading panel prior to their commencing reading. 

 

Image Operators and Administrative Staff 

BSSA also provided training to the relevant administrative and technical support staff, 

particularly those working directly with the digitising of prior images, managing the 

workflow from the mobiles and Elizabeth services and the management of the files 

and reading allocation.  

 

For the MURP, when the PACS reading commenced, the approach taken in the 

management of the reading workflows was to minimise the difference between the 
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analogue and digital reading lists and workflow. This was in the main due to the 

situation at that time where most reading was still being done in the analogue 

environment.  Therefore there was a limited impact of the change to digital on the 

administrative staff at this stage so training was done on an ongoing basis by the 

senior staff and super users. 

Comment: 

Change management and training was undertaken by BSSA as a key component of 

project management for the MURP and subsequently DMAP. Relevant structures and 

processes were established to analyse the expected changes in workflow and business 

processes to inform the change management approach. These identified changes then 

required a range of communication strategies and training for staff affected directly 

and indirectly by the changes. 

 

The documentation reviewed provided evidence of communication strategies that 

were developed to ensure that key stakeholders and staff were kept informed of the 

projects and their progress. It is noted that given the time taken to bring the projects 

to implementation it was likely that BSSA staff were generally well informed about the 

projects.  

 

In terms of training, the primary training was appropriately provided using a train the 

trainer approach by the mammography equipment and PACS vendor Sectra. This was 

built on by the BSSA radiographer Clinical Educators to ensure that all radiographers 

were trained in the significant changes to quality control required for digital 

mammography. During the DMAP further work was done by the BSSA radiography 

Clinical Educators to fully adapt the training program for digital mammography. The 

train the trainer approach used for the radiologists with the PACS training provided 

by Sectra for the PACS administrators, the radiology coordinator and some senior 

radiologists was then used to train the other readers. The workstation and PACS 

orientation training provided just prior to commencing digital reading was deemed 

sufficient by the radiologists. This was a reasonable recommendation as most of the 

readers had been reading digital mammography outside BSSA for some time and it 

was consistent with the approach that had been taken elsewhere in the national 

Program that had already transitioned to digital technology.   
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7. Stakeholder Satisfaction: 
 

The stakeholders that were most affected by the BSSA implementation of digital 

technology through the MURP and DMAP, were the radiographers and the radiologists 

and to a lesser degree the technical and administrative support staff. 

 

There wasn’t capacity as part of this review to survey a sample of the stakeholders 

affected to gauge their level of satisfaction or otherwise with the project management 

and implementation. However, interviews were held with several of the senior 

radiographers, the current and previous radiology coordinator and senior 

administrative staff. 

Radiographers 

From these discussions it seemed that the radiographers appreciated the transition to 

digital technology and the new capability that the equipment provided. They had been 

very concerned about the limitations and problems that were becoming increasingly 

common with the analogue equipment, in particular the film processing. The BSSA 

senior radiographers had an important role in the MURP and the DMAP through their 

engagement with the project, especially through the quality assurance steering 

committee and the equipment tender process.  

 

They indicated that they were satisfied with the Sectra applications training and their 

involvement as trainers and the assistance received to develop the quality control 

processes. In general, although they indicated that there were some challenges and 

some frustration in the timing of the projects, they expressed satisfaction with the 

project team and the implementation process. 

 

Radiologists 

BSSA has a highly dedicated and stable radiology panel of readers that work as 

Visiting Medical Officer’s for the Program. The nature of this arrangement is that 

individual radiologists were not directly engaged in the MURP or DMAP. The previous 

radiology coordinator was closely involved in both the MURP and DMAP through his 

membership as a senior clinical user on the MURP and DMAP project quality 
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assurance steering committee and the tender evaluation team. The involvement of the 

other radiologists was through the monthly Radiology Quality Improvement 

Committee and regular communication materials.   

 

There was concern expressed that some of the radiologists may have wanted greater 

involvement in the project, particularly in the choice of the mammography equipment. 

This view does not account for the government mandated procurement rules that 

were followed by the project that binds members of the evaluation panel to 

confidentiality and prohibits discussion of the tender offers. However, as noted 

previously in the report, the radiologists as a group were involved in key decisions 

about policy and protocols and training that were part of the project. 

 

It was stated that the radiologists were somewhat frustrated by the time it was taking 

for BSSA to transition to digital technology.  They also identified the time gap of 14 

months between commencing the implementation of digital technology in September 

2010 to the recommencement in January 2012 as a significant issue for the 

radiologists. 

 

The comment was made that it was not optimal to have a relatively small number of 

digital reading sessions, compared to analogue reading, over such a long period of 

time. It was suggested that, in retrospect, given the uncertainty of further funding of 

the project, a decision could have been made for the digital reading to be undertaken 

by fewer readers more often. With a reading panel of 22 readers at the time it meant 

that under the usual method of allocating reading sessions an individual reader may 

only undertake a digital reading session once a month during the time between the 

MURP phase of digital implementation and DMAP commencing.    

 

Administrative Staff 

It was reported by the senior administrative staff interviewed that there was a general 

sense of satisfaction with the project management. The view was expressed that from 

the point of view of the various administrative teams the implementation of digital 

technology was a “smooth transition from an operational perspective”.  
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Comment: 

From the limited information gathered it would be reasonable to suggest that the 

BSSA staff in general were satisfied with the project implementation for MURP and 

DMAP. The level of involvement of key clinicians was also evident in various aspects of 

the projects and a level of professional pride and satisfaction was observed among 

staff interviewed in the achievement of the projects.   
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8. Summary Discussion: 
 

The BSSA Program has provided high quality breast cancer screening services for the 

women of South Australia since 1991.  BSSA was the first State to join the National 

Program and the first service in Australia to achieve full accreditation, which it has 

maintained from 1994 to the present. 

 

This review project was initiated following the identification of a difference in the 

BSSA cancer detection rates for women screened using digital technology compared to 

women screened using analogue mammography. For women screened using digital 

technology the breast cancer and small breast cancer detection rate, as measured 

against the NAS, was statistically significantly lower than expected.   

 

A plausible explanation for this difference was not found and therefore it was assumed 

that this unexpected outcome could be related to the BSSA implementation of digital 

technology. The focus of this review project is to assess whether the planning and 

processes employed by BSSA for the implementation of digital technology had an 

impact on this outcome. 

 

Project Planning and Processes 

The overall finding of this review project is that the planning and processes used by 

BSSA for the implementation of digital technology were of a high standard as 

evidenced by the detailed description in this report. The project planning was 

undertaken in a timely manner once it was clear that the BSSA Program would need to 

transition to digital technology. As occurred in other States this initial planning 

commenced in mid 2000 and for BSSA was ongoing over more than five years.  

 

The PRINCE2 project management approach used for both MURP and DMAP are 

regarded as industry standards and consistent with the PRINCE2 methodology used 

by several other jurisdictions, being BSQ, BSWA and BSV who used a state modified 

version of the methodology.  
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The governance structure for both the MURP and DMAP was established in 

accordance with the PRINCE2 methodology but with a broader representation on the 

DMAP due to the nature and scale of the project. The project teams were relatively 

small but involved many additional BSSA staff in the project especially in the quality 

assurance processes for the project. The BSSA clinical staff were involved in providing 

technical advice and with the training.  The cross over of key staff from the MURP to 

DMAP also provided many advantages in terms of project management and would 

have assisted greatly in meeting the timeframe. 

 

In addition, BSSA engaged the radiologists as a group in the key policy and protocol 

decisions that were critical to the project specifically, soft copy reading, digitising 

priors and the hanging protocols. The BSSA clinical staff, in particular the radiology 

coordinator and the senior radiographers, were closely involved in the MURP and 

DMAP projects and had lead responsibility for the tender evaluation decisions.  

 

It was essential to monitor the process and outcomes of the MURP and DMAP projects. 

The BSSA Digital Summary Reports were undertaken monthly and provided valuable 

process data in monitoring the impact of digital technology on screening, specifically 

the technical recall rate, number of images taken and timeliness of reporting. 

However, it was noted that there was a significant delay in being able to monitor the 

clinical outcome data because of the BSSA, commendable but time consuming, triple 

data audit process.  This process added up to six to eight months to the expected six to 

eight months for retrieval of critical post treatment breast cancer data. 

 

A significant component of project management is change management particularly 

communication strategies to inform the key stakeholders of project activities and 

progress; and training.  As documented in this report, BSSA put in place appropriate 

communication strategies and provided training for the staff directly and indirectly 

affected by the changes that were part of implementing digital technology. The clinical 

training was vendor based for both the radiographers and radiologists using a train 

the trainer approach. This approach has also been adopted by other jurisdictions as 

part of their digital implementation projects. 
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BSSA has had a strong reputation in mammography training for radiographers and the 

degree of work invested in updating their training program and manuals for digital 

mammography was evident in the documents viewed. As requested by the radiologists 

the training they received was for the PACS application and orientation to the system 

changes. 

 

Training was provided for the administrative and technical staff by trained senior 

administrative staff that had participated in the vendor training for the PACS and the 

use of the digitiser.   

 

Overall the planning and project management for BSSA to implement digital 

technology was undertaken in accordance with sound Program planning with the key 

components of the PRINCE2 project management framework and processes 

undertaken as appropriate. 

 

However, the pathway to fully funding the transition to digital technology for BSSA 

resulted in two distinct phases of implementation of digital technology through two 

discrete but interdependent MURP and DMAP projects.  There was a significant gap of 

just over 14 months between the completion of the first phase (MURP in November 

2010) and commencement of the second phase (DMAP in January 2012).  

 

The MURP was planned for a long period of time initially in 2005/2006 to replace the 

country mobile units but subsequently had two changes in scope due to the move by 

international vendors to digital mammography and the need for an interim PACS and 

the associated ICT infrastructure. These changes added to the lead time for the project 

and as a consequence once funding was secured in 2008/2009, the time for 

implementation of the digital technology was somewhat compressed.  

 

The implementation period, of just over four months from the signing of the vendor 

contract to the commencement of digital implementation (May 2010 to September 

2010) was relatively short.  This timeframe was ambitious for the digital installation, 

configuration, testing and training for the two new mobiles and the establishment of 

the reading workstations in SCU and the associated ICT infrastructure. This was 



7
5 

Implementation of Digital Technology in BreastScreen South Australia: Review of 
Planning and Processes 

 
followed immediately by the work to establish the satellite screening service as part of 

the Elizabeth GP plus Health Care Centre. 

 

Planning for DMAP to complete the implementation of digital technology for BSSA was 

ongoing across almost five years as State funding of the project was not secured until 

2010/2011 and made possible through the significant capital funds provided by the 

Commonwealth. The original plan for the remaining BSSA analogue services was to 

implement digital technology over four years. However this was reduced to two years 

due to the delays in securing funds and the requirement to meet an expenditure 

deadline of June 2013 for the Commonwealth capital funds. 

 

Given the complexity and multiple components of both the MURP and DMAP it is 

notable that the projects were successfully completed within the timeframes available. 

This can be attributed to the project leadership, the support from the regional and 

senior management level of SA Health and the relevant areas of SA Health ICT. Project 

leadership and sponsor support is a critical success factor for these large complex 

projects. Importantly the ongoing leadership and involvement of the BSSA SCU 

executive team, clinical leaders and the BSSA staff in general was critical especially 

given the length of time involved.  

 

The level of commitment to providing high quality breast screening services for the 

women of SA through the Program was evident in the interviews conducted and the 

standard of documentation provided. The stability of the BSSA staff and the 

consequent capacity to have a high level of continuity across the two projects even 

though there was a significant time gap in their implementation was no doubt a key 

factor in being able to deliver the project outcomes.    

 

Although the planning and processes undertaken and the methodology used for 

project management were appropriate BSSA had to overcome significant challenges to 

establish and implement the MURP and DMAP projects for the transition to digital 

technology for the Program. As illustrated in the information about the 

implementation of digital technology in the other jurisdictions every State had 

challenges and difficulties to overcome to manage this significant and complex project.  
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For some it meant delays in components of the project due to delays in tender 

processes and State level decision making, for others it was related to funding 

availability.  In the larger States, the provision of the Program through multiple 

services across a large geographical expanse and in BSV the public and private sector 

provision of services all provided challenges. This lead to variable approaches across 

the BreastScreen Australia Program, as can be seen in the Tables, and variable 

implementation timelines.  However, BSSA was notably the last State to commence the 

implementation of digital technology, but was not the last to complete the process.   

 

This review project found that there were a range of factors outside the direct control 

of BSSA that significantly impacted on their ability to undertake a timely and planned 

transition to digital technology for the Program. These factors relate in the main to; 

the initial delay for the BreastScreen Australia Program to have an endorsed policy for 

the Program to transition to digital mammography; funding approval processes that 

reflect the difficulties for Commonwealth/State funded national programs, 

particularly in public health; and state level approval processes for large scale projects 

to implement new technologies and ICT solutions. These factors are expanded on 

below.      

 

National Policy for Digital Technology 

The implementation of digital technology for the BreastScreen Australia Program is of 

transformational importance and is the most significant change to the Program since 

its establishment in 1991. While there was an awareness of the emerging technology 

within the Program, there was limited recognition at a National Program level of the 

importance of developing and endorsing a policy for the Program to transition to 

digital technology.  By 2004 digital technology was being introduced by a number of 

organised breast cancer screening programs internationally and the equipment 

vendors for mammography were rapidly moving to replace analogue mammography 

with digital technology. However a national policy decision was not endorsed until 

April 2008.  

 

The BreastScreen Australia Evaluation Final Report2 used digital mammography as a 

case study to examine the national Program Governance and Management. This report 
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found that the delayed decision - making processes in the Program in response to 

emerging issues and consideration of new research and technology was a result of 

poor Program governance and management arrangements. This was viewed as a 

weakness of the joint Commonwealth/State arrangements for this national program 

and the lack of clear national leadership for the Program. It was suggested that this 

lead to an inability to have a united and proactive national effort to evaluate the 

impact of digital technology and coordinate its implementation.  

 

For BSSA this lack of a national proactive effort and leadership for the implementation 

of digital technology for the Program may have been a contributing factor in the 

delayed funding decisions by the State. Budget funding submissions from BSSA for the 

statewide implementation of digital technology were not approved for three financial 

years, 2008/2009, 2009/2010 and 2010/2011. Although a component of the project, 

specifically the urgent replacement of the country mobiles, was funded in 2008/2009. 

The transient proposal for the Commonwealth to take full responsibility for the 

national program in 2009 had a direct impact on the delay in SA Health accepting the 

Commonwealth funding offered in 2009/2010, for the implementation of digital 

technology, until 2010/2011.   

 

As documented in this report the pathway and time taken to gain approval to fully 

fund the transition to digital technology for BSSA had major impacts on their ability to 

plan and implement this complex project across the state Program in a way that was 

timely and cohesive. Rather than a continuing project that was implemented in 

planned stages the funding availability lead to two distinct phases of implementation 

with a significant gap of 14 months. The delay in gaining funding approval also meant 

that the project implementation was constrained over a shorter timeframe for MURP 

due to the urgent need to replace the country mobiles. Further funding approval 

delays for DMAP lead to the remaining digital implementation being undertaken over 

two years instead of the planned four years.   

Impact of the Funding Model on the Implementation of Digital Technology 

BSSA’s experience of a protracted funding approval process was consistent across 

other jurisdictions that experienced similar difficulty in gaining the full funding 

required for this major transition to digital technology.  This is evidenced by the 
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inconsistent and variable approaches and timelines for the implementation of digital 

technology across the States. Like the BSSA Program, planning and project 

development had commenced in several States for the full implementation of digital 

technology. However most initial funding for this major change was piece meal and 

provided somewhat opportunistically and out of necessity due to the increasing risk of 

using unsupported and obsolete analogue equipment.  

 

In addition to not having a national approach and the difficulties of the shared 

responsibilities of Commonwealth /State funded Programs, public health programs 

like BreastScreen Australia are currently required to compete for capital funding with 

the acute clinical sector. This occurs at a national and state level, which makes it 

difficult to secure the required funding in the very constrained funding environment 

being experienced by the health sector more broadly.  

 

Although the one off capital funding from the Commonwealth was welcome, BSSA like 

the other State and territory programs, was required to secure additional State funds 

for the recurrent costs associated with the implementation of digital technology. One 

of the major benefits of digital technology is the increased screening capacity it can 

deliver by screening more women with the same number of mammography units, 

therefore in order to realise this benefit funding was required to increase screening 

throughput. Under the current broad banded funding arrangement for the 

BreastScreen Australia Program these additional funds need to be provided by the 

State. This requirement for additional funding was likely to be a factor that impacted 

on the funding approval process for BSSA.  

 

There is currently no provision under the National Health Care Agreement for 

quarantined funding or population based funding of the cancer screening programs 

such as BreastScreen Australia. In future, capital replacement funding will be required 

to maintain the Program’s digital infrastructure that will be in place across Australia 

by June 2013. Provision needs to be made either through a Commonwealth/State 

partnership approach or at the State level to establish a capital replacement plan and 

funding pool. This would ensure that the difficulties experienced by BSSA and other 

jurisdictions in gaining funding for such an important project as the transition to 

digital technology are not replicated in the future. 
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State Level Decision Processes 

For BSSA the factors discussed above had real impacts on their ability to plan and 

implement a comprehensive statewide transition to digital technology across the 

Program. BSSA like other States produced multiple submissions for State funding 

approval that were opportunistically successful or not. For BSSA this meant 21 

versions of the DMAP Business Case were prepared before funding was approved, and 

only after the Commonwealth offered significant capital funding for the 

implementation of digital technology. This effort is clearly not the best use of 

resources and required a uniquely dedicated and committed team to continue such a 

difficult process. 

 

It would appear that like other State Health departments SA Health is challenged by 

the increasing costs of health care, the level of funding available and the difficulties of 

operating in an environment where the funding arrangements are shared with the 

Commonwealth. In this environment it is understandable that there is tension 

between the priorities of funding existing services; meeting the growing needs of the 

population particularly in the acute health care sector; and public health programs.  

 

However public health programs, such as BreastScreen Australia, offer major benefits 

for women and the community in general and importantly reduce the burden of 

disease and cost that impact on the acute sector. Therefore prioritising funding for 

such a successful public health program as BSSA is an investment in the well being of 

the community and can deliver future savings. The protracted funding approval 

process that BSSA undertook would seem to suggest that it was not regarded as a 

funding priority at the time and it is likely that the competing interests of the acute 

health care sector made it difficult to secure the level of funding required for the 

project.   

 

It is also not clear whether there was an independent advisory process for the 

evaluation of such an important project, to transition the Program to digital 

technology or to assess the cost benefits and critical clinical need for this to proceed in 

a timely manner. An independent review process may have assisted in providing an 
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objective assessment of the merits of the project without necessarily competing for 

funding priority based on the demands of other health service interests.   

 

The protracted funding approval process and delayed decision making is not likely to 

have had a direct impact on the outcomes that are the subject of this review. However 

the consequent delay for BSSA to commence the transition to digital technology, the 

time gap between implementing the MURP and DMAP projects and the constrained 

project implementation timeframes may well have created an unnecessary risk for the 

project and BSSA.        

Impact of the Timeframe for BSSA Implementation of Digital Technology 

The protracted and difficult funding approval process experienced by BSSA was the 

reason for the relatively long delay in the full implementation of digital technology. 

This discontinuity resulted in both digital and analogue screening images being 

captured and read concurrently for a period of 25 months from September 2010 until 

October 2012. This period spans the time from the commencement of digital screen 

reading until BSSA had transitioned fully to the digital acquisition of images for 

screening.        

 

Table 6:  Screening Numbers BSSA during transition to digital technology 
 
Screening 
Numbers 

2009/2010 
Actuals 

2010/2011 
Actuals 

2011/2012 
Actuals 

2012/2013 
Projected 

 Analogue Analogue to Digital Technology Transition Period 

Analogue 73,015 100% 54,319 73% 35,498 46% 4,142 5% 

Digital   19,800 27% 41,843 54% 79,200 95% 

Total 73,015 100% 74,119 100% 77,341 100% 83,342 100% 

 
 

As illustrated in Table 6 the impact of the time delay in the full implementation of 

digital technology meant that during the financial year 2010/2011 just over a quarter 

of the screening images were being captured and read with digital technology. For the 

period 2011/2012 just over half of the images were digital.  The data from these two 

financial years covers; the time from the first phase of digital implementation through 

the MURP; the 14 month time gap from November 2010 where there was no 
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additional digital implementation, the commencement of DMAP from January 2012; 

and the period to June 2012. 

 

During this time it was necessary to manage two different systems, one to maintain 

analogue and the other to transition to digital technology. In terms of the various 

administrative processes the impact of the transition was not reported to be 

significant, although many new manual processes required new quality assurance 

checks. The management for the digitising of prior images and hanging the digital 

images were very different to the existing analogue process and also required new 

quality assurance checks. These dual processes appear to have been accommodated 

well by the BSSA staff, possibly due to the stable, dedicated and experienced staff 

involved. 

 

For the radiographers the transition delay may not have had a significant impact as 

the digital technology was initially only being used on the two mobiles and at the 

Elizabeth satellite service. Therefore the radiographers were not expected to function 

in a mixed analogue and digital environment but were rostered to one or the other for 

a scheduled period of time. Thus they had the opportunity to familiarise themselves 

with the digital technology and receive specific modality training and gain experience 

in using the new equipment. 

 

For the radiologists due to the relatively low number of women screened using digital 

technology concurrently with women still being screened with analogue they had less 

opportunity to transition easily to the digital reading environment. BSSA has a stable 

panel of 22 radiologists that read at least two batches of screening images a week. All 

of the readers received PACS applications training during August/September 2010 

prior to commencing their first read of digital screens.  

 

During the transition period, screen reading batches were randomly allocated using 

the same process that was used for analogue screen reading.  This meant that during 

the 14 month time gap an individual radiologist was likely to have only read a digital 

screen reading batch once a month.  This arrangement was not optimal in providing 

the opportunity for the radiologists to gain experience and confidence with the digital 
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reading process that otherwise they would have had if the implementation of digital 

technology had been a continuing project.    

 

This situation was not unique to BSSA.   All BSV Services operated in a mixed 

digital/analogue environment during implementation, with screening sites within a 

SAS transitioning to digital mammography incrementally. Therefore screen reading 

included digital and analogue images depending on the site at which they were 

screened.  The length of time operating under a dual environment varied for each BSV 

Service.   

 

For BSNSW, centralised scanning of prior images commenced within a six month 

period of transitioning to digital technology so all BSNSW Services started soft copy 

reading following the introduction of digital technology at their Service.  The 

implementation of soft copy reading in BSQ was managed on a Service by Service basis 

so there was a clear changeover from analogue to digital technology.  Tasmania moved 

quickly to softcopy reading while Western Australia is yet to adopt soft copy reading 

and continues to read in an analogue environment.    

 

As BSSA is made up of one SAS with central reading the impact of the time gap 

between the two phases and the relatively long implementation timeframe meant that 

having the two systems operating concurrently was unavoidable.  

 

In summary, the implementation of digital technology by BSSA was well planned. 

Although the planning process was subject to multiple changes related to the funding 

approval processes, the MURP and DMAP delivered the desired project outcomes 

despite being delayed and time constrained. This is a significant achievement and 

supports the view that the projects were managed appropriately with the dedicated 

support of all the staff involved. Therefore it is not likely that the planning and 

processes contributed to the unexpected outcome of lower breast cancer detection 

rates but the discontinuity in the implementation of digital technology did not provide 

an optimal operational environment for BSSA.  
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10. Appendices: 

Appendix 1: BreastScreen SA service provision 
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Appendix 2:  Timeline for Digital Implementation for BreastScreen Australia 

 

 
 
 
Source: BreastScreen Australia Evaluation, Governance and Management Final 
Report, November 2008 
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Appendix 3:  Funnel Plots:  BreastScreen South Australia Cancer Detection 
Analysis 
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Appendix 4:  List of individuals interviewed at BreastScreen South Australia, 
January 2013 

 

Acting Screening Support and Evaluation Manager (ICT) 

Advanced Clinical Educator 

Clinical Consultant 

Coordinator, Clinical Services 

Coordinator, Screening Support 

Evaluation Team Member, Clinical User, Quality 

Evaluation Team Member, IT User 

Executive Director, Statewide Services 

General Manager 

ICT and PACS Administrator 

Project Manager, DMAP 

Project Manager, MURP 

Project Officer, Monitoring and Evaluation Unit 

Project Officer, Monitoring and Evaluation Unit 

Radiologist Coordinator (past) 

Radiologist Coordinator (present) 

Senior Data Entry and Image Loader Officer 

State Radiologist, BreastScreen New South Wales 
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Appendix 5:  Key Documents reviewed in Adelaide 

 

 Action lists – Digital Workflow meetings 

 BreastScreen Australia Program Managers list 

 BSSA Digital Monitoring Summary Report for 2012/13 financial year, 19 November 

2012 

 BSSA Equipment List, 8 November 2012 

 BSSA Organisation and Committee Structure 

 Cancer Detection Data Analysis Review, 11 December 2012 

 Cancer Detection Data Integrity Report, 11 December 2012 

 Cancer Detection Trends Report, Q Group – Recall Rate Cancers, 20 December 2012 

 Digital Implementation for Digital Mammography and PACS Project (DMAP) folder – 
the DMAP folder of materials included documentation of;  the DMAP business case V21 
inclusive of the project governance structure and project management components, 
the request for proposal specifications, tender evaluation plan and recommendation, 
the communication plan, examples of the training outlines for the radiographers and 
radiologists and an example of a digital monitoring report.      
 

 Radiography Services Report - Georgina Upton, 7 December 2012 

 Digital Implementation for the Mobile Unit Replacement Project (MURP) – the folder 
of materials included documentation of; the digital business options paper, project 
governance structure, the request for proposal specifications, tender evaluation plan 
and recommendations, an example of project communications, workflow analysis 
meeting minutes and diagrams, examples of training outlines for the radiographers 
and radiologists, radiographer quality control procedures and PACS procedures. 

 
 Fish Diagram – Lesley Dummin, December 2012  

 Keavey E,  Phelan N, O’Connell A, Flanagan F, O’Doherty A/ Larke A, and Connors A,  

Comparison of the clinical performance of three digital mammography systems in a 

breast cancer screening programme, British Journal of Radiology, August 2012 

 Mammography folder 

 Medical Executive committee meeting minutes - 2010, 2011, 2012 

 MURP – Pre-Screening, Mobile Screening and Digitising Workflow 

 Phantom Trial of Algorithms - September 2012  

 Presentation Slides - MURP and DMAP Projects, 14 January 2013 

 Project Plan, Digital Mammography and PACS (DMAP)  

 Sectra Software Licence, Installation, Development, Maintenance and Supply of 

Hardware Agreement, May 2010 

 Training Information Review 2012 - 2013 folder 
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Appendix 6:  BreastScreen Australia – Implementation of Digital Technology 
Template and list of individuals interviewed  

BreastScreen Australia _Implementation of Digital Technology Template  
 

 Response Issues/Comments 

Timeframe 
 Date Project Planning commenced  
 Commencement date 

Implementation of digital 
modalities  

 Completion date for  
implementation of digital 
modalities  

 Commencement date 
implementation of PACS 

 Date full transition to digital 
technology completed 

  

Approach 
 

 What project planning 
methodology was used? 

 Describe how digital technology 
was implemented in your State 

 Was a mix of analogue and digital 
modalities used in a Service at the 
same time?  

 Was hard copy reading of 
analogue films and/or hard copy 
reading of digital images and/or 
soft copy reading used at the same 
time during the transition period? 

 
Please attach a copy of your Business 
Case/Project Plan  
 

  

Protocols 
 What protocol was adopted for 

digitising priors? 
 What hanging protocols were 

adopted and were they 
standardised by Service /state? 
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 Response Issues/Comments 

Monitoring Indicators 
 What measures were used to 

monitor the implementation of 
digital technology? 

 Can you provide recall rates and 
cancer detection rates for the 
period during and after the 
implementation of digital 
technology disaggregated by 
women screened by digital and 
analogue? (specifically for women 
in the target age group by round 2 
plus) 
 

  

Process Evaluation 
 Can you provide any post digital 

implementation evaluation 
documents? 

  

 
 

List of Individuals Interviewed 
 

 Acting Program Manager, BreastScreen NSW 

 Biomedical Engineer (Medical IT), Biomedical Technology Services, Queensland Health 

 Business Manager, BreastScreen WA, Department of Health, WA 

 Chief Executive Officer, BreastScreen Victoria 

 Chief Medical Imaging Technologist, BreastScreen WA, Department of Health, WA 

 Data Manager, BreastScreen WA, Department of Health, WA 

 Digital Project Coordinator, BreastScreen WA, Department of Health, WA 

 Director - Screening / Cancer and Palliative Care Branch, Department of Health and 

Ageing  

 Manager, Screening and Cancer Prevention, Department of Health, Victoria 

 Medical Director, BreastScreen WA, Department of Health, WA 

 Project Manager, Digital Imaging, BreastScreen Tasmania 

 Radiographer, PACS Applications, Biomedical Technology Services, Queensland Health 

 Senior Medical Physicist, Biomedical Technology Services, Queensland Health 

 State Manager, Cancer Screening, BreastScreen Tasmania 

 State Radiographer, BreastScreen NSW 
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Appendix 7:  List of documents reviewed 

 

BreastScreen Victoria 
 

 BSV response to SA interview questions  

 Digital Mammography Project Network map  

 DM Project kick off and go live dates  

 Detailed DM Plan FINAL (19Apr10)  

 Governance structure 2010  

 Digital Mammography Project Org Chart  

 Modality selection process (17 Mar 11)  

 DMP Rescope Final _15Dec09  

 Digitising Project Scope Full Report  

 Screening protocols - Hanging protocols  

 Assessment protocols - Assessment  

 Echuca DMP Training Plan 1.2  

 Grampians SAS Digital Upgrade Training Program v1.2  

 Sample Climate check start (initial version 2010) CCS Footscray  

 Sample Climate check end (initial version 2010) CCE Footscray  

 Sample Climate check start (from 2011) CCS Wonthaggi  

 Sample Climate check end (from 2011) CCE Wonthaggi  

 Extract of digitising training Section 2 Digitising 

 Position Description for Digital Clerk  

 Benefits Realisation Plan (18 Feb 11) 

  Service Replacement Plan Ballarat SAS 606  

 Epidemiologist studies of Digital Pilot sites  

 BSV RBDMP Evaluation report (Alison Amos)  

 Sample PIR Questionnaire (from 2010) PIR NorthWest Questionnaire  

 Sample PIR Report (from 2010) NorthWest PIR Report  

 BSV PCG Summary of PIR feedback Sept 2010  

 Sample PIR Questionnaire (current) PIR Bendigo SAS Questionnaire  

 Sample PIR Report (current) Bendigo DR Upgrade PIR Report  

 DMP Evaluation Report Feb 2013  
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BreastScreen Tasmania 

 

 Microcalcification – A Radiologists view of FS vs DR, Digital Mammography User Group 

presentation (2009) 

 Total Recall, Digital Mammography User Group presentation (2009) 

 

BreastScreen NSW 
 

 BSNSW response to SA interview questions 

 BSNSW Digital Mammography User Group presentations (2007) and (2008) 

 

BreastScreen WA 
 

 BSWA response to SA interview questions 

 Clinical Hazard log 

 Patient Hazard Identification Diagram for Project PACS and Soft Copy Reading 

 BreastScreen WA PACS and Soft Copy Reading Project Initiation document, March 

2012 

 BreastScreen WA PACS and Soft Copy Reading Business Case, September 2011 

 BreastScreen WA Digital Upgrade Project, Project Plan, November 2010 

 BreastScreen WA PACS and Soft Copy Reading Statement of Work (draft), January 

2013 

 

BreastScreen Queensland 
 

 BSQ response to SA interview questions 

 Benefits Realisation Baseline Report, BreastScreen Queensland Digital Project, Stage 2, 

January 2012 

 Preliminary Busines Case for BreastScreen Queensland Digital Image Management 

System Project, May 2006 

 Business Case for Next Investment Phase, BreastScreen Queensland Digital Image 

Management System Project, August 2007 

 Project Plan, BreastScreen Queensland Digital Image Management System Project, 

October 2007 

 BreastScreen Queensland  Quality Standards, Protocols and Procedures Manual, 2012. 

 Training Plan, BSQ Digital Project, Stage 2, December 2011 
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 End Project Report, BSQ Digital Project, December 2012 

 Session Plans for Imaging Operator, Radiographer/Sonographer, Radiologist/Medical 

Officer  

 Training Lifecycle Flowchart 
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Appendix 8:  MURP Project Organisational Structure  
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Audit of Radiography Services 
BreastScreen South Australia (BSSA) 

 
 

17 – 19 December 2012 
 
 
 
 

Purpose 
 

To assess whether any aspects of radiography services at BSSA have contributed  
to the lower than expected cancer detection rates using digital mammography. 

 
Audit Participants 

 
Jill Miller, State Radiographer, BSNSW 

Dr. Jenny Diffey, Medical Physicist 
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Audit Terms of Reference 
 
The Radiography Audit was undertaken in accordance with the Terms of Reference, as shown in 
Attachment 4 
 

Audit Meeting Agenda 
 
The Radiography audit meeting program is as shown in Attachment 2. 

BSSA Documents Reviewed 
 
During the audit period, BSSA participants had provided the Audit team members with the 
documents as listed: 

1 – Medical Physics Investigation of Equipment Performance within BreastScreen SA 
2 – Radiography Audit Program, time and activities 
3 – BSSA documents as provided by audit participants 

 3.1 – Tutor Assessment (Digital) 
 3.2 – Digital Screening and Reading (Fixed and Mobile) 

3.3 - Digital Assessment Workflow 
 3.4 – Site Visit Report (BSSA Report Response) 
 3.5 – Briefing Paper: Clients with more than four images 
 3.6 – BSSA Site Visit Report 
 3.7 – BSSA Audit Background 
 3.8 – Digital Mammography Training for Radiographers 
 3.9 – Mammography Equipment Log 
 3.10 – Quality Control Procedures 
 3.11 – Guideline: RPM 2a.2 - Dedicated Digital Equipment 
 3.12 – RPM 2.7 - Basic Mammography Technique 

3.13 – Microdose L30 Patient Examination 
3.14 – RPM 2.4b Performing a mammogram examination on the Microdose Unit 
3.15 – Screening without previous images trial 
3.16 – Sectra Training Plan 
3.17 – Self-directed list for radiographers 
3.18 – Staff Professional Development days 
4 – Terms of Reference 
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Observations and Findings 
 
Evaluate the radiographic quality of screening mammography images produced at BSSA 
In the accreditation report BSA011.0407 

Image Quality 
 
A random review of image quality was undertaken in several areas which demonstrated an 
overall acceptable standard.  Areas reviewed with the Equipment and Quality Manager from the 
audit period included: 

 an independent review of the current images ready for reading 

 an independent review of random images in PACS 

 an independent review of the image quality program. 
 
At the image review, it was noted that there was a variation in the amount of compression force 
used between individual radiographers. It was also noted that there was a variation of the 
amount of compression force which radiographers used on the same client between the two 
breasts. An example of this is that in one instance a compression force of 48Newtons was used 
on the right breast of the client and 78Newtons on the left breast of the same client. 
 
In practice, BSSA have trained their staff to apply compression in an individual client to the 
tolerance of the client and/or when the breast is taut.  
 
However, the advantages of uniform bilateral breast compression in digital mammography are: 
 

 The  breast is closer to the detector 

 There is reduced geometric “unsharpness” (better spatial resolution). 

 There is more uniform thickness and reduced thickness. 

 There is less attenuation which produces less absorbed dose. 

 The breast spreads and the overlying structures are less of a confounding issue.  

 A compressed breast is better immobilized as there is less blurring due to movement 
unsharpness. 

 
It would be of benefit that a review be undertaken of the practices regarding breast 
compression and the manner in which it is performed. It would also be useful to undertake a 
review of the monitor resolution currently being used in BSSA as this may also impact image 
quality.  
  
A report was supplied showing that the average number of images taken per client is 4.43 for a 
one year period (Reports attached for all sites). It was noted in BSSA data 2010/11 that for the 
most recent accreditation data report; the percentage of women requiring 4 films or more are 
similar between the analogue and the digital clinics. The statistical data provided by BSSA shows 
that in a digital clinic the average film per woman by clinic from Jan to Oct 2012 was more than 
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4 images. This would suggest BSSA approach is to ensure extra views are taken if needed to 
achieve their image quality. 
 
It was also noted in BSSA data 2010/11 that 30% of round 2+ clients are having less images 
performed than they had with the analogue technology last round. 
 
NAS 2.10.3 Technical Repeat film rate is <3%   Service repeat rate is 1.1 which is unchanged from 
analogue although the service has documented radiographers were submitting additional 
images rather than rejecting them. Training has been put in place to address this issue. 
Feedback from external interstate radiologists performing the re-reading of screening 
examinations was that there were a significant number of blurred images that were submitted 
for reading rather than being repeated, and a significant number of instances where the entire 
breast was not included in the images, particularly the pectoral regions on the MLO projections. 
While most of the images were of diagnostic quality, it was felt by the external; radiologists that 
a significant proportion of these cases should have been recommended for technical repeat, 
either at the radiographer quality assurance stage or the radiologist screen reading stage.  

Training 
 
All Radiography staff have appropriate expertise, experience & training in mammography. 
 
The Training Centre was not visited during this audit although an overview of the training 
program was discussed and reviewed demonstrating an exceptional program. A well organized 
monitoring of image quality program exists with the appropriate documentation. Quality 
improvement plans were implemented when necessary and available for review.  
 

Digital Implementation 
 
Documentation of the entire implementation chain was provided by the Manager Radiographic 
Services. This documentation outlined the flow mapping and equipment procurement 
processes. It was evident from this documentation that BSSA had a very effective and successful 
implementation program, and have well-documented processes in place. 
 
This documentation demonstrated that affective acceptance testing and quality assurance 
procedures were implemented for digital mammography equipment and were in line with BSA 
NAS and manufacturer requirements. 
 
The independent medical physicist undertook the testing of all the Sectra Microdose 
mammography systems and the radiologist reading monitors used at BSSA. The report is shown 
in Attachment 2.  
 
The report states the specialist medical physicist did not believe the x-ray equipment was 
responsible for the decreased cancer detection rate observed in BreastScreen SA. However, 
equipment is only just meeting RANZCR requirement and performance has deteriorated since 
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acceptance testing.  If this trend were to continue the equipment would fail to meet required 
standards.  

Conclusion 
 
Overall BreastScreen South Australia (BSSA) offers a high quality mammography service with 
very good oversight to the women of South Australia. 
 
Consistent acceptability in imaging standards across all sites is achieved within the centralised 
model of BSSA is due to: 
 

 Rigorous quality assurance (QA) processes for radiography, including continual 
monitoring of image quality and professional development as required. 

 State commitment to image quality improvement. 

 Radiography staff are committed to the provision of a high quality service to their clients 
and a commitment to image quality. 

 Radiography training programs are well documented, well managed and are delivered 
effectively through the Training Centre. 

 
These points assist in the provision of a generally high quality radiography service to clients. The 
service may be enhanced by the implementation of the recommendations to follow. 

Recommendations 
 
The following recommendations are proposed for the consideration of the service. 
  

 That BSSA consider enhancing the monitoring of the radiography QA program and 
equipment testing, by reviewing on an annual basis with the oversight of a qualified 
medical physicist.  

 That BSSA consider a trial and review of the C120 dose mode as recommended by the 
medical physicist.  

 That BSSA consider performing a review of the breast compression used for digital 
mammography. The PACS vendor may be able to assist in extracting the required 
information from PACS regarding breast compression. 
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Attachments 
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Attachment 1 

 

Refer to the separate Medical Physics Report at Appendix тΦоΦт of the RevƛŜw Final Report 17 May 2013
 

 

 

 

 

 

 



Audit of Radiography Services BSSA 17-19 December 2012    Page 8 of 27

 

 
Attachment 2 

BREASTSCREEN SA 
ROOT CAUSE ANALYSIS 

 
Radiography Audit Program 

 
Radiography Auditor:  Ms Jill Miller 

 
Tuesday 18 December 2012 

 

Time Activity 

9.00am Introductions and tour of SCU/Assessment Clinic 
Georgina Upton 

9.30am Presentation:  Overview of BSSA issue - Assoc Prof Gelareh Farshid, Clinical Director 
Attending; Ms Jenny Diffey, BS NSW Medical Physicist, Ms Lou Williamson, General Manager, 
Ms Georgina Upton and Ms Lesley Dummin, Manager Radiographic Services, Ms Bronwyn 
Knight, Advanced Clinical Educator, Ms Maria Gent, Equipment/Quality Manager and Ms Morag 
Cox, Ultrasound/Assessment Manager 

10.15am MORNING TEA 

10.45am Digital mammography project, workflow mapping and equipment procurement processes 
Ms Lesley Dummin, Manager, Radiographic Services 

11.45am BSSA Digitising and hanging processes 
Ms Mary Quinless, Senior Data Entry & Loading Officer 

12.30pm LUNCH 

1.15pm Digital Mammography Training Program 
Georgina Upton, Bronwyn Knight 

2.00pm –
4.45pm 

Equipment Acceptance Testing and Technical Quality Assurance 
Maria Gent & Georgina Upton 

 
Wednesday 19 December 2012 

 

Time Activity 

9.00am PGMI and Image Quality 
Georgina Upton & Maria Gent 

10.15am MORNING TEA 

11.30am Technical Quality Assurance (NAS) 
Maria Gent  

12.30pm LUNCH 
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1.15pm Technical Quality Assurance 
Maria Gent 

3.00 - 
3.30pm 

Review and Closing Meeting 

3.30pm TAXI to Airport 

 
Program is subject to change pending on auditors requests 
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BreastScreen SA 

Digital Mammography Review 

Radiography Audit 

Terms of Reference 

17 -18 December 2012 

Background 

BreastScreen SA (BSSA) employed analogue (film/screen) mammography from the inception of the program 
in 1989 until October 2012. The first two digital mammography units were installed on the new country 
mobile units in September 2010. Two further digital equipment installations were undertaken at the new 
Elizabeth screening clinic in November 2010.  

In 2012, digital mammography has been progressively rolled out to the remaining fixed BSSA clinics and a 
new screening clinic was commissioned at Hyde Park to replace the Wayville screening clinic. The last 
analogue film was taken in October 2012. The Wayville assessment clinic commenced using digital 
mammography equipment and workflow process in November 2012. BSSA employs soft copy reading for 
digital images and previous analogue images are digitised and available for radiology reading. Images are 
stored on a Sectra PACS which is interfaced to the BreastScreen SA client information system. A breakdown 
of screens by analogue and digital technology for the period 2009/2010 to 2012/2013 is tabled below: 

 

2009/2010 

Actuals 

2010/2011 

Actuals 

2011/2012 

Actuals 

2012/2013 

Projected Screening 
Numbers & % 

Analogue Analogue to Digital Mammography Transition Period 

Analogue 73,015 100% 54,319 73% 35,498 46% 4,142 5% 

Digital   19,800 27% 41,843 54% 79,200 95% 

Total 73,015 100% 74,119 100% 77,341 100% 83,342 100% 

 

Cancer Detection Rates 

In September 2012, it was noted that the cancer detection rates for round 1 and round 2+ women in the 
target age group (TAG) of 50-69 years (National Accreditation Standards (NAS) 2.1.1 and 2.1.2) and small 
cancer detection rates (NAS 2.2.1) were unmet under digital mammography. In light of these findings, an 
internal investigation was launched to determine possible causes for this. 

A comparison of workflow processes between analogue and digital mammography was undertaken to 
identify differences between the analogue and digital imaging pathways, to assist with isolating the cause(s) 
of the problem. Some of the factors that might possibly contribute to the lower than expected cancer 
detection rates from a radiographic services perspective include: 

• Poor quality mammography images produced by radiography staff at BSSA 

• Insufficient training of radiography staff in use of digital equipment 

• Poorly set up and maintained mammography equipment  

• Inadequate quality assurance of mammography equipment and image quality  

• Poorly set up and maintained radiologist monitors 

• Previous analogue images not available for radiographers when performing digital imaging 
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On 12 December 2012, the Minister for Health and Ageing (SA) announced that a system wide external 
review of digital mammography at BSSA would be commissioned covering all aspects of the digital screening 
pathway.  The purpose of this review is to determine the cause(s) of the lower than expected cancer 
detection rates via digital technology. The external audit of radiography services at BSSA is one of the 
projects commissioned as part of the system wide review.   
 

Purpose of the Audit 

• To assess whether any aspects of radiography services at BSSA’s have contributed to the lower 
than expected cancer detection rates using digital mammography.   

Objective of the Audit 

• To evaluate the radiographic quality of screening mammography images produced at BSSA 

• To ensure that the commissioning, acceptance testing and quality assurance procedures 
implemented for digital mammography equipment were in line with the BreastScreen Australia NAS 
and manufacturer requirements  

• To undertake independent medical physicist testing of all Sectra Microdose mammography systems 
and radiologist reading monitors used at BSSA between September 2010 to 30 June 2013 to ensure 
compliance with NAS 2.9 appendix I and manufacturer specifications 

• To ensure the radiography workforce had adequate training, during and subsequent to, the 
implementation of the digital mammography at BSSA 

• To review BSSA workflow processes relating to the implementation of digital mammography at 
BSSA to ensure the process was well managed with adequate documentation of radiographer 
workflow processes and procedures  

• To provide a report identifying areas within radiography services which may warrant further attention, 
including those requiring immediate action and less urgent improvements  

• To recommend any changes in procedures required to ensure the quality of mammographic imaging 
at BSSA 

 
Audit Scope 

This audit will involve review of the following NAS: 

• 2.9 The service provides high quality breast imaging systems (including Appendix I, Standards 
for Mammography Imaging System performance) 

• 2.10 The service provides high quality imaging 

• 4.3.1 All staff employed by the service have appropriate expertise, experience and training (review 
limited to radiography services only) 

• 4.10.1 The service introduces new technologies in a planned and appropriate manner (review 
limited to radiography services) 

 
Out of Scope of the Audit  

• Those NAS relating to radiography services within the multidisciplinary assessment clinic as 
analogue mammography was used until 18 October 2012 



Verification of Statement:  
“Over the period of interest (6 September 2010 – 30 June 2012), the equipment assessors’ reports 
demonstrated that all aspects of x-ray equipment performance were satisfactory.”  
 

The only time I tested the x-ray equipment within BreastScreen SA was over the period 17 – 20 
December 2012. Previous testing was done by Dr John Heggie and Mr Steve Johnson; these are the 
‘equipment assessors’. A review of their reports and test results indicated compliance with all 
RANZCR and NAS requirements. This indicates that equipment performance was therefore 
satisfactory over the time period in which the reduced cancer detection rate was observed. 

 

Dr Jenny Diffey 
14 May 2013 
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Medical Physics Investigation of Equipment Performance within BreastScreen SA 
 
This report replaces my previous report, dated 22 January 2013. 
 
1. Executive Summary 
 
An investigation into the performance of 9 Sectra L30 X-ray units and 5 pairs of Barco 5MP 
reporting monitors was carried out over the period 17 – 20 December 2012 by Dr Jenny Diffey 
(Medical Physics Specialist, BreastScreen NSW / Westmead Hospital).  
 
The findings and recommendations are summarised as follows: 
 
Findings: At the time of my testing, equipment was only just meeting the NAS and RANZCR 
requirements for image quality and Signal Difference to Noise Ratio (SDNR). This is attributed 
to a high level of noise (quantum mottle) which gives the images a grainy appearance. My 
results indicate that equipment performance has deteriorated since acceptance testing.  
 
Recommendations: Although the x-ray equipment may have contributed to the reduced 
cancer detection rate observed in BreastScreen SA, it is impossible to state this with certainty 
given the number of factors involved and I believe that any potential contribution is minor. It is 
important to note that over the period of interest (6 September 2010 – 30 June 2012), the 
equipment assessors’ reports demonstrated that all aspects of x-ray equipment performance 
were satisfactory.  
 
However, I am concerned by the level of quantum mottle in the images exhibited during my 
recent testing and I recommend that future screening is carried out at an increased radiation 
dose in order to reduce the image noise. This can be achieved by using a different AEC mode 
known as C120. 
 
Detailed findings are presented below. Words in italics are defined in the Appendix. 
 
2. Method 
 
All X-ray units were tested in accordance with the procedure followed for annual QA testing 
by an accredited equipment assessor. In addition, an objective measurement of image quality 
was made using a phantom known as the CDMAM which is used in Europe. Individual 
equipment reports were issued to BreastScreen SA and the Sectra service engineer shortly 
after my visit. 
 
A review of site QC records was carried out during the visit. These indicated that QC was 
being done at the required frequency, result recording was satisfactory and appropriate action 
was taken if results were out of tolerance. This excellent standard of record keeping is 
commended. 
 
3. Results of X-ray equipment performance 
 
All units were found to comply with current RANZCR and NAS guidance although image 
quality and Signal Difference to Noise Ratio were only just considered acceptable on some 
units. There were slight variations in equipment performance within BreastScreen SA, which 
may be attributed to age. 
 
3.1 Image quality using ACR phantom 
 
At each site, both the phantom owned by Westmead hospital (WMH) and the site phantom 
were exposed under SmartAEC (the clinically used mode) and evaluated on the 3MP 
acquisition workstation monitor. The DICOM images were exported to a USB stick and 
evaluated by a second observer at Westmead hospital using a standard PC monitor. Scores 
were consistent between observers and between phantoms (maximum difference of 0.5 
groups). My scores of the site phantom also agreed with those given by the radiographers 



during their weekly testing (maximum difference of 0.5 groups). The scores in Table 1 below 
are quoted for the Westmead-owned phantom scored by me on the AWS monitors. 
 

Tolerance level: Must be able to see at least… 5   
Fibres 

3.5 
Specks 

4 
Masses 

Site Date kV mAs MGD Fibres Specks Masses 

Mobile 1 17/12/12 29 12 0.43 4.5 4 4 

Mobile 2 19/12/12 29 10.9 0.43 4.5 4 4 

Elizabeth 1 18/12/12 29 11.1 0.43 5 4 4 

Elizabeth 2 18/12/12 32 11.2 0.50 4.5 4 4 

Arndale 19/12/12 29 11.3 0.42 5 4 4 

Frome Road 19/12/12 29 10.0 0.43 4.5 3.5 4 

City 20/12/12 29 11.4 0.42 5 4 4 

Marion 1 20/12/12 29 11.5 0.42 4.5 4 4 

Marion 2 20/12/12 29 10.3 0.40 4.5 4 4 
 

Table 1: Current image quality performance assessed using ACR phantom 
 
Strictly speaking, some of the sites are not quite meeting the required tolerance levels. In 
sites scoring only 4.5 fibres, the 5th fibre was visible in the WMH phantom but often appeared 
to be slightly ‘broken’ (discontinuous). Inter-phantom variation is acknowledged and at all 
sites except Mobile 1, either the site phantom or the WMH phantom scored at least 5 fibres 
and these sites are therefore considered to pass the image quality test.  
 
For Mobile 1, site QC records also demonstrated a recent deterioration in fibre score. 
Phantom image quality concerns were raised in my equipment report for this site.  
 
For comparison, the image quality scores from previous QA surveys are shown in the table 
below, as well as results from units within BreastScreen NSW and BreastScreen Victoria.  
 

Tolerance level: Must be able to see at least… 5   
Fibres 

3.5 
Specks 

4 
Masses 

Site Date kV mAs MGD Fibres Specks Masses 

Mobile 1 23/08/10 
(Acceptance) 

29 10.5 0.36 5 4 4.5 

Mobile 2 23/08/10 
(Acceptance) 

29 11.9 0.37 5 4 4.5 

Elizabeth 1 26/10/12 32 11.1 0.43 5 3.5 4 

Arndale 17/03/12 
(Acceptance) 

29 11.0 0.41 5 3.5 4 

Frome Road 04/02/12 
(Acceptance) 

29 9.6 0.41 5 4 4 

City 03/02/12 
(Acceptance) 

29 10.0 0.41 5 3.5 4 

Marion 1 12/05/12 
(Acceptance) 

29 10.6 0.41 5 3.5 4 

Marion 2 12/05/12 
(Acceptance) 

29 10.3 0.41 5.5 3.5 4 



BSVIC 25/05/12 
(Acceptance) 

29 10.6 0.43 5 4 4.5 

BSNSW 1 14/09/11 29 11.5 0.44 5 4 4 

BSNSW 2 12/08/11 29 10.9 0.44 5 4 4 

BSNSW 3 29/09/11 29 10.9 0.41 5.5 4 4 
 
Table 2: Previous image quality performance assessed using ACR phantom and comparison 

with Sectra units in other States using C100 and software v.8.3 
 
Please be aware that although there are 11 Sectra units in NSW, there is little data available 
for direct comparison.  SA units currently use software v.8.3 and the AEC dose mode known 
as C100. In NSW, the software upgrade to v.8.3 was implemented at the same time as the 
move to a higher-dose AEC mode known as C120, with the exception of the 3 sites included 
in the table.  
 
The results in Table 2 show that image quality has deteriorated since acceptance on some 
units, but it must be noted that testing was done by a different physicist. It is unclear whether 
they used their own phantom or the site phantom and as such, inter-phantom differences and 
observer variation must be acknowledged. Image quality scores are comparable to those on 
units in other States, although the fibre scores are generally lower in SA, due to the broken 
appearance. 
 
There is little variation in exposure factors selected under AEC for the phantom. 
 
 
3.2 Signal Difference to Noise Ratio (SDNR) and Mean Glandular Dose (MGD) 
 
SDNR is the new internationally-accepted term for what was previously called Contrast to 
Noise Ratio (CNR).  
 
The NAS and RANZCR define absolute tolerance levels, based on the UK NHSBSP 
Technical Evaluation reports [1]. In these reports, a value of SDNR for 4cm Perspex is quoted 
which represents that required to achieve the ‘acceptable’ level of image quality using the 
CDMAM test object (see Section 3.3). For the Sectra L30 using software v.8.3, this is 5.1. 
Interestingly, the UK does not set absolute tolerance levels for SDNR; instead, an upper limit 
is placed on changes relative to baseline values. 
 
System performance is thought to be optimised by achieving a constant SDNR across all 
breast thicknesses, although most vendors aim for a constant detector dose. For this reason, 
the RANZCR tolerance levels are expressed as a ratio of the SDNR value at 4cm Perspex. 
2cm Perspex should be 1.1 times the value at 4cm; 6cm Perspex should be 0.9 times the 
value. 
 
Table 3 shows the current results for MGD and SDNR. For comparison, the results from 
previous QA surveys are shown in Table 4, as well as results from units within BreastScreen 
NSW and BreastScreen Victoria which were using C100 dose mode and software v.8.3. 
 
There is little variation in MGD between sites. MGD is very low for the Sectra L30 in C100 
mode. Doses are approximately one third of those on other digital mammography units. 
 
 
 
 
 
 
 
 
 



Tolerance levels:    

Perspex thickness  2cm 4cm 6cm 

MGD must be less than: 1mGy 2mGy 4.5mGy 

The ratio of the SDNR for each thickness relative to the 
4cm value is: 

1.1 1.0 0.9 

 

  MGD (mGy) SDNR ratio 

Site Date 2cm ACR 6cm 2cm 4cm 6cm 

Mobile 1 17/12/12 0.29 0.44 0.84 1.62 1.02 0.89 

Mobile 2 19/12/12 0.28 0.42 0.75 1.61 1.01 0.88 

Elizabeth 1 18/12/12 0.28 0.43 0.75 1.67 1.05 0.92 

Elizabeth 2 18/12/12 0.31 0.49 0.81 1.62 1.03 0.91 

Arndale 19/12/12 0.29 0.45 0.77 1.63 1.01 0.89 

Frome Road 19/12/12 0.26 0.41 0.72 1.62 1.00 0.88 

City 20/12/12 0.30 0.42 0.77 1.73 1.05 0.92 

Marion 1 20/12/12 0.29 0.41 0.81 1.73 1.10 0.93 

Marion 2 20/12/12 0.27 0.40 0.78 1.67 1.07 0.94 
 

Table 3: Current MGD and SDNR values for BreastScreen SA 
 

For SDNR, similar comments can be made as for image quality. Strictly speaking, some of 
the sites are not quite meeting the required tolerance levels for 6cm Perspex and those sites 
with low SDNR are generally those with a lower image quality score (but not exclusively).  

 
 

Tolerance levels:    

Perspex thickness  2cm 4cm 6cm 

MGD must be less than: 1mGy 2mGy 4.5mGy 

The ratio of the SDNR for each thickness relative to the 
4cm value is: 

 

1.1 1.0 0.9 

 

  MGD SDNR ratio 

Site Date 2cm ACR 6cm 2cm 4cm 6cm 

Elizabeth 1 26/10/12 0.28 0.59 0.71 1.85 1.12 0.96 

Arndale 17/03/12 
(Acceptance) 

0.25 0.38 0.67 1.80 1.27 1.03 

Frome Road 04/02/12 
(Acceptance) 

0.28 0.39 0.92 1.95 1.19 1.06 

City 03/02/12 
(Acceptance) 

0.28 0.41 0.67 1.87 1.16 1.01 

Marion 1 12/05/12 
(Acceptance) 

0.27 0.39 0.71 1.91 1.17 1.00 

Marion 2 12/05/12 
(Acceptance) 

 

0.28 0.40 0.71 1.91 1.17 1.05 



 

BSVIC 25/05/12 
(Acceptance) 

0.27 0.43 0.70 1.80 1.11 0.98 

BSNSW 1 14/09/11 0.27 0.42 0.68 1.63 1.03 0.90 

BSNSW 2 12/08/11 0.27 0.43 0.71 1.68 1.04 0.94 

BSNSW 3 29/09/11 0.28 0.43 0.78 1.73 1.07 0.94 
 

Table 4: Previous SDNR and MGD measurements and comparison with Sectra units in other 
States using C100 and software v.8.3 

 
A comparison with the results in Table 4 shows that SDNR values have decreased since 
acceptance, but differences in test equipment may be partially responsible. SDNR measured 
within SA is similar to results obtained for the units in NSW, which were tested by the same 
physicist using the same equipment.  
 
3.3 Image quality using CDMAM phantom 
 
The CDMAM test object is shown in Figure 1. It is a test object with gold discs of varying 
thickness and diameter and measures a parameter known as threshold contrast detail 
detectability. CDMAM performance has recently been shown to be closely correlated with 
microcalcification cluster detection [2]. There are no published studies to date on its 
relationship with mass detection.  
 
The unprocessed images are used and as such, the CDMAM cannot be used to assess 
differences in image quality attributed to image processing algorithms.  
 

 

Figure 1: CDMAM test object (left) and x-ray image (right) 
 
 
Two performance levels are defined: acceptable and achievable.  All units within 
BreastScreen SA met the acceptable level although a number of units only just met this level 
at the smallest detail diameter. The best performance was observed for the City Clinic; the 
worst performance was observed for the mobile units. Results are shown in Figures 2 and 3. 



Note that exposures were made under AEC and factors remained approximately constant at 
all sites (32kV, 11.5mAs, 0.55mGy). 
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Figure 2: The best image quality using the CDMAM was observed at City Clinic 
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Figure 3: The worst image quality using the CDMAM was observed on Mobile 2.  

However, image quality is still considered acceptable 



4. Results for monitor performance 
 
Reporting monitors and acquisition workstation monitors were excellent. All had satisfactory 
luminance range and the reporting monitors demonstrated conformance to the DICOM 3.14 
GSDF standard. The TG18-QC pattern was acceptable and site QC records for weekly 
monitor testing were exemplary. 
 
5. Discussion of AEC dose modes 
 
There are two pre-programmed AEC dose modes on the Sectra L30 known as C100 and 
C120. BreastScreen SA uses the C100 mode, which is the lower dose mode. 
 
BreastScreen NSW initially used C100 but there were concerns about the level of noise 
(quantum mottle) in the images. Every site within BreastScreen NSW implemented C120 in 
November 2011 after a clinical evaluation at Royal North Shore Hospital concluded that 
image quality was improved. This was also demonstrated by physics measurements, where 
both the ACR phantom and the CDMAM exhibited improved performance (although the ACR 
phantom scores remained unchanged). Signal to Noise Ratio (SNR) increased by 
approximately 40% and SDNR by 20% (these are thickness-specific). Inevitably, dose 
increased, but this did not present concern given that even in C120 mode, doses are typically 
half of those on other FFDM units. A copy of the physics evaluation report can be provided 
upon request. 
 
C120 has always been used in the UK, based on recommendations made in the NHSBSP 
Technical Evaluation Report 0805 [3]. 
 
The issues associated with C120 are that in order to avoid excessive tube loading, the kV 
increases as well as the mAs. The AEC changes kV as a step-function of breast thickness 
and on the Sectra unit, the kV increment is 3kV e.g. 26, 29, 32kV etc…It is likely that 35kV 
and potentially even 38kV will be routinely selected for breasts of 6cm thickness and above. 
Physics theory dictates that this very hard beam quality (high kV and W/Al spectrum) would 
result in reduced subject contrast. However, image processing may compensate to a certain 
extent. The NSW State Radiologist confirms that although images have a different 
appearance to those acquired using C100, he does not believe that image contrast is 
impaired and the reduced quantum mottle has greatly improved image quality. Furthermore, 
the increased mAs could theoretically decrease the lifespan of the x-ray tube. There could 
potentially be more “tube cooling – please wait” messages and more frequent tube 
replacements, although this has not been reported in NSW and I believe that Sectra have a 
planned programme of tube replacement as part of their preventative maintenance service. 
 
Based on experience within NSW, the C120 mode was simulated on the units at Marion and 
City Clinic by setting manual factors. These demonstrate improved fibre and speck 
visualisation and less quantum mottle. The appearance of the masses remains unchanged. 
This finding was supported by 2 additional observers at Westmead Hospital, one of whom 
acts as a RANZCR MQAP Assessor and therefore has extensive experience of reviewing 
phantom images from all types of x-ray equipment. This observer also expressed concern at 
the level of noise in the phantom images acquired using C100 mode. 
 
These images are not included because a compressed version imported into a pdf will not 
show the difference in quantum mottle. However, the original DICOM images can be provided 
upon request. 
 
6. Concluding remarks 
 
Findings: At the time of my testing, equipment was only just meeting the NAS and RANZCR 
requirements for image quality and Signal Difference to Noise Ratio (SDNR). This is attributed 
to a high level of noise (quantum mottle) which gives the images a grainy appearance. My 
results indicate that equipment performance has deteriorated since acceptance testing. 
However, variations in test equipment and observer performance must be acknowledged. If 
this trend were to continue, the equipment would fail to meet required standards. However, 



regular tube replacements, which I believe are scheduled with preventative maintenance 
visits, should prevent this.  
 
Recommendations: Although the x-ray equipment may have contributed to the reduced 
cancer detection rate observed in BreastScreen SA, it is impossible to state this with certainty 
given the number of factors involved and I believe that any potential contribution is minor. It is 
important to note that over the period of interest (6 September 2010 – 30 June 2012), the 
equipment assessors’ reports demonstrated that all aspects of x-ray equipment performance 
were satisfactory.  
 
However, I am concerned by the level of quantum mottle in the images exhibited during my 
recent testing.  This observation is supported by my colleague at Westmead who acts as a 
RANZCR MQAP Assessor.  I therefore recommend that future screening is carried out at an 
increased radiation dose in order to reduce the image noise. This can be achieved by using a 
different AEC mode known as C120. This is the standard in the UK and was implemented in 
BreastScreen NSW in November 2011. 
 
As discussed in Section 5, please be aware that kV is increased as well as mAs. In theory, 
there may be reduced subject contrast as well as more “tube cooling – please wait” messages 
which could impede examination time and decrease tube lifespan. However, these have not 
been reported in NSW and the State Radiologist believes that there is no detriment to image 
quality using C120. 
 
Based on the results presented above, I strongly recommend that the C120 dose option is 
trialled, but the radiologists would ultimately have to make the decision regarding optimum 
image quality.  
 
 

Jenny Diffey 
26 March 2013  
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Appendix 
 
The words in italics used in the report are defined as follows. 
 
Signal Difference to Noise Ratio (SDNR) 
 
For film-screen, a plot of optical density (OD) versus the log of exposure resulted in an S-
shaped curve known as the ‘characteristic curve’. Over the central sloping linear portion of the 
curve, a change in exposure would result in a change in OD and this generated contrast in 
the image.  A diagnostic image was only achieved over a narrow range of exposures (known 
as the “latitude”). 
 
For digital imaging, the mean pixel value (MPV) represents a greyscale value so is 
approximately analogous to optical density. A plot of MPV versus detector dose is linear. 
Contrast is achieved when the MPV changes with a change in detector dose i.e. at any level 



of detector dose. A diagnostic image is achieved over a wide range of exposures (known as a 
wide “dynamic range”). 
 
The wide dynamic range of digital detectors means that a very high or low exposure could be 
given and the image would still have acceptable contrast. However, if the dose was too low 
there would be insufficient x-ray photons reaching the detector resulting in a noisy image 
(high quantum mottle). If the dose was too high, there would be unnecessary radiation to the 
patient but this would not necessarily be picked up because the image would not look like a 
blackened film due to image processing.  
 
The phenomenon of increasing dose in digital imaging is known as ‘dose creep’ and must be 
avoided. This is done by balancing the contrast and noise requirements and is achieved by 
optimising the Signal Difference to Noise Ratio (SDNR). The equipment assessor or medical 
physicist confirms that this is the case at acceptance testing. The radiographer ensures that it 
does not drift from this optimum value during routine QC testing. 
 
Quantum mottle 
 
Noise is the term used to describe the general degradation of images (‘grainy’ appearance) 
which obscures the relevant detail. The major source is quantum mottle which is due to the 
random nature of x-ray photon absorption in the detector. The effect of quantum mottle is that 
it makes it harder to see low contrast objects. Quantum mottle is reduced by increasing the 
number of photons, but inevitably, this increases radiation dose. The following relationship is 
observed: Relative noise = 1/ √ no. photons 
 
Signal to Noise Ratio (SNR) is proportional to the [no. photons / √ no. photons] 
 
Contrast 
 
Contrast is the difference in signals between structures (signal is optical density or greyscale 
value). There are three main types of contrast to consider: 
 
Tissue (inherent) contrast is determined by the effective atomic number, density and 
thickness of the tissue being imaged. In mammography, overlying structures also have an 
effect. 
 
Patient (subject) contrast is determined by the tissue contrast plus the beam quality (kV / 
target filter, which affect beam energy and penetration). Scatter and noise also contribute. 
 
The overall Image (display) contrast is determined by patient contrast plus factors such as the 
detector and the image processing. 
 
AEC 
 
This is the Automatic Exposure Control. Based on breast thickness and density, the AEC 
selects the most appropriate beam energy (kV and target / filter) and terminates the exposure 
once a pre-determined optimum level has been reached. For film-screen, this would 
correspond to a fixed optical density. For digital technology, different criteria are applied such 
as fixed detector dose, SNR or SDNR.  
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EXECUTIVE SUMMARY 

The investigation into installation and configuration of the BreastScreen South Australia (BSSA) 
Picture Archiving and Communication System (PACS) found no distinct issue that would cause a 
drop in cancer detection rates.  

• Hardware provisioned for the core BSSA PACS meets or exceeded vendor requirements for the 
BSSA services and was installed to provide a highly available solution.  

• Units provisioned for digitising mammography films matched those used in both active 
mammography screening services and mammography film digitising research studies and were 
installed in a suitable manner.  

• Hardware provisioned for clinical reading and assessment also met or exceeded vendor 
requirements and was found to be suitably installed for mammography services.  

• Configuration of reading stations was in line with vendor recommendations. One setting, Black 
Luminance, was set as per monitor vendor default rather than PACS vendor recommendation. 

• PACS configurations that could affect the clinical display of images, such as lossy compression 
algorithms or progressive image transfer, were not enabled.  

• Lossless compression is applied only to archived images in PACS, and uncompressed DICOM 
images are viewed during clinical reading and assessment phases. 

Tools and controls put in place for operational PACS use in all roles were examined, and roles with 
structured workflow were confirmed with in-situ observation and testing. Interpretive roles in reading 
and assessment workflows were tested against baseline accounts, on the understanding that 
individual use in these roles were examined in separate reviews. The investigation of role 
permissions and control, and other PACS configurations related to the BSSA workflow, found no 
issues that could lead to a reduction in cancer detection rates.  

• Potential areas for data inaccuracy, such as accidental incorrect reading results or other mis-
keyed data, are limited and undergo quality checks against paper-based recording of data.  

• A large number of pre-configured hanging protocols, combined with PACS driven workflow and 
paper-based checks, ensure all images for clinical reads are made available.  

• The BSSA PACS is configured with controls to ensure the "blind read" integrity for clinical 
reading, and includes hiding previous reading results that may influence image analysis.  

• Image display and mammography commands to record results functioned correctly, and image 
analysis tools for clinical examination of digital images were available to appropriate roles. 

• The entry of reading results is limited to reading staff, and also compared to paper-based 
records to confirm data integrity prior to finalisation.  

• Full PACS administration access is very limited and assigned to appropriate support staff and 
vendor representatives.  

While the scope of the audit included the appropriateness of training, it was determined that this 
was difficult to objectively measure and is best examined as a separate, dedicated investigation. 
Written training content for a key role, clinical readers, was investigated as a sample of training 
provided. Differences in the written content of the two training course was observed, but without 
consideration of any oral, demonstrative or hands-on training that occurred during either training 
round, conclusions on the appropriateness and effectiveness of training cannot be made. 
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A variation in the display of images on clinical reading workstations was observed during the audit 
process, but it is unknown whether this is clinically significant. Testing confirmed that image 
variation was not related to PACS functions such as archive compression, but a root cause was not 
determined at the time.  
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RECOMMENDATIONS 

While the audit did not find a conclusive factor that would lead to lower cancer detection rates, some 
findings merit further investigation, if not already commenced. Recommendations from these 
findings are: 

 Recommendation 

1 Investigate Observed Image Variation at Reading Stations 

It is recommended that BSSA investigate whether observed differences in image display on clinical 
monitors at reading workstations can be replicated and if so, is it clinically significant. In the event that it is 
determined to exist and found to be clinically significant, it is recommended a multidisciplinary group 
should be formed to determine root cause and any remedial actions required. The multidisciplinary group 
may include, but is not limited to, radiologists, medical physicists, vendors and PACS administrators. 

2 Confirm Black Luminance Setting for 5MP Barco monitors 

It is recommended that BSSA change the setting to the PACS vendor recommended value, “Equalize with 
displays of same type”, on clinical 5MP paired monitors and compare results with the current value 
(“Native Black”). Results should be compared using both dedicated test patterns and a range of breast 
type images. These comparisons should be made by clinically trained staff and a consensus on the more 
appropriate setting reached. 

 

SUGGESTED IMPROVEMENTS 

While BSSA systems have been installed and configured in line with vendor recommendations (with 
the exception of Black Luminance setting outlined above) and industry standards, further actions 
may be taken to augment existing quality. These suggested actions are aimed at ensuring that 
BSSA can maintain necessary standards in relation to the National Accreditation Standards (NAS) 
and delivers high-quality services to BSSA clients.  

 Recommendation 

3 Quality Assurance Program 

Although no quality deficiencies have been noted in this review, it is recommended that BSSA ensure a 
regular quality assurance (QA) program managed by a suitably qualified medical physicist is in place for 
all relevant devices. QA tasks and frequency should be in accordance with the Australasian College of 
Physical Scientists and Engineers in Medicine (ACSPEM) position paper on Digital Mammography QA 
(v3.0, 2012). The QA program should include as a minimum: 

• Digital mammography x-ray units 

• Digital film scanner units 

• High resolution clinical-grade monitors 

4 Confirm Digitiser Configuration 

BSSA has installed and configured two Array film digitizing units in accordance with vendor 
recommendations. To maximise potential for high quality digital images, it is recommended that BSSA 
investigate modifications to settings, such as pitch and lookup table values. This should be conducted 
across a variety of breast types in hardcopy film to determine if any improvement in digital film scanning 
quality is possible. 
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 Recommendation 

5 Review Training 

It is recommended that BSSA conduct a detailed review into training content and methods, if this has not 
already been initiated. The review should enable BSSA to determine the best combination of written, oral, 
demonstration and hands-on training to ensure new staff can provide a quality service. It is also 
recommended that upon delivery of training, training staff accompany new trainees through the first "live" 
session to confirm understanding and provide assistance if required.  

6 Match global and role mammography command keys 

While the ability to enter mammography results is limited to the role that has the correct key mappings, it 
is possible that as PACS use may change and additional roles may be granted this right. It is 
recommended that the desired key mappings are replicated as both global and role settings, to remove 
possibility that extension of mammography commands to other roles results in incorrect data entry. 

 

The suggested actions below may not directly lead to clinical improvements in service delivery, but 
are recommended as BSSA reliance on digital mammography technology is now significantly 
increased. It is acknowledged that these recommendations may not be possible due to time, 
financial or personnel constraints and are best subject to a cost-benefit analysis before proceeding. 
 

 Recommendation 

7 Dedicated UAT / Pre-Production Environment 

BSSA is now a fully digital screening and assessment program with significant reliance on the quality and 
integrity of the PACS system. It is industry practice to provide a dedicated environment for user testing 
and acceptance before delivering changes that could affect live systems. It is recommended that BSSA 
invest in a separate PACS environment for this purpose to ensure that any changes to the live system 
have been quality assured by users as well as vendors. Combination of this environment with a Disaster 
Recovery system may offset some costs. 

8 Disaster Recovery Environment 

BSSA workflow is now heavily dependent on PACS technology and consequently there is a high impact if 
that technology is not available. It is recommended that BSSA perform a risk analysis of relevant IT 
systems and their impact to the business should they become unavailable for varying lengths of time (e.g. 
several hours to several days). Risk analysis should include maximum tolerable downtimes and should 
determine whether a disaster recovery system will provide sufficient benefit to BSSA. 

9 Matched Hardware Upgrades 

The use of matching hardware for shared functions in high availability configurations is encouraged for 
confidence in capacity management. It is recommended that future hardware replacement programs 
replace servers that share a function in high availability with matching hardware. Hardware should also be 
provisioned with capacity to run services in failover situations with acceptable performance. 
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BACKGROUND 

BreastScreen South Australia (BSSA) is a part of the BreastScreen Australia program. 

In September 2010, the implementation of a digital imaging program commenced with the 
replacement of film-screen mammography x-ray machines on two mobile screening units. A new 
fixed screening site also commenced digital imaging in late 2010. The remaining BSSA screening 
sites, and clinical assessment site, were transitioned from film-screen mammography to digital 
mammography from February to November 2012. Digital images are stored on a Picture Archiving 
and Communications System (PACS) and "soft copy" reading is performed on digital reading 
workstations. Prior images for clients are digitised from the original film-screen hardcopy images as 
required. 

In September 2012, data indicated the cancer detection rates for round 1 and round 2+ women in 
the target age group (TAG) of 50-69 years (NAS 2.1.1 and 2.1.2) and small cancer detection rates 
(NAS 2.2.1) were lower than typically expected. The data indicated this coincided with the use of 
digital mammography undertaken between 6 September 2010 and 30 June 2012. 

On 12 December 2012, the Minister for Health and Ageing (SA) announced that a system wide 
external review of digital mammography at BSSA would be commissioned covering all aspects of 
the digital screening pathway. The purpose of this review is to determine the cause(s) of the lower 
than expected cancer detection rates via digital technology. A number of initiatives have been 
commenced to identify any potential issues. In March 2013 Biomedical Technology Services as part 
of Queensland Health were engaged to provide an external audit of the PACS services at BSSA, 
one of the projects commissioned as part of the system wide review. 

 

PURPOSE 

The purpose of this audit is to determine the impact, if any, of the installation, configuration or 
operational use of the BSSA PACS on cancer detection rates. 

The audit includes a report detailing areas investigated, findings, analysis of any adverse findings 
that may have contributed to a lower than expected cancer detection rate, and recommendations of 
any changes that could lead to improvements in delivering quality services.  

 

SCOPE 

The audit should confirm that the installation, configuration and operational use of the BSSA PACS 
meets vendor requirements and BreastScreen Australia National Accreditation Standards, and is 
consistent with evidence-based best practice. 

The audit does not contain an exhaustive record of every configuration within the PACS. 
Configurations, settings and workflow that are not relevant to the audit, such as network port 
numbers or DICOM Application Entity Titles, were not recorded.  

A number of audit findings are "point in time" only and are unable to be verified over a time period 
without prior evidence. Onsite investigation of the PACS, including interviews with BSSA staff, was 
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conducted between 8th April 2013 and 10th April 2013. Further clarifications by phone and e-mail 
were received between 10th April 2013 and 12th April 2013. 

The audit considered some aspects of data integrity, how integrated systems were linked together 
and how any incorrect results may be corrected. This investigation and findings may overlap with 
another data collection and data integrity audit commissioned by BSSA. This approach has been 
taken to ensure that all potential factors related to the PACS that may contribute to cancer detection 
rates are evaluated. 

This audit was not conducted by a qualified medical physicist or radiologist, and therefore will not 
cover factors that require these specific qualifications, such as radiation dose or interpretations of 
clinical images. 

The following items can be considered within scope of the audit: 
• The selection and implementation of hardware for hosting the PACS. 
• The installation and configuration of the PACS. 
• The selection and implementation of hardware for clinical viewing (reading and assessment). 
• The selection and implementation of hardware for digitising of "hard copy" prior films. 
• Quality assurance procedures developed to ensure a high quality image delivery, in 

particular at softcopy reading workstations 
• Where relevant, appropriate training provided to Super Users, Radiologists and Image 

Loader Officers. 
• Other factors within the configuration or use of PACS that may contribute to cancer detection 

rates. 
 
The following items are not within scope of the audit and should be examined, if required, in a 
separate investigation: 

• Procurement of PACS, for example examination of tendering process or results. 
• Procurement, installation and configuration of digital mammography x-ray units. 
• Training of staff not using PACS directly, for example screening radiographers. 
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The following people were present during stages of the audit process and represented their roles 
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Auditor 

• Mr Ashley Cross, Biomedical Engineer-Advanced, Biomedical Technology Services, 
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• Mr Jason Chatterton, PACS Administrator 
• Ms Mary Quinless, Senior Data Entry and Image Loader Officer 
• Ms Maria Gent, Equipment and Quality Manager 
• Dr Michelle Reintals, Radiology Coordinator 
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INVESTIGATION AND ANALYSIS 

PACS Server Hardware and Installation 

Examination of hardware for hosting production PACS server components found that all hardware 
met or exceeded requirements of the PACS vendor for a site the size of BSSA. Additionally, 
hardware had been provisioned to provide load balanced or resilient services within the hosting site, 
following best practices for highly available IT solutions. BSSA does not currently employ a 
dedicated environment for user testing, and does not have dedicated hardware in place for 
continuation of services if the primary hosting service is unavailable. 

The provisioning of multiple hosting servers with multiple power supplies, network and fibre-channel 
cards allows for a highly available, fault tolerant service. The Storage Attached Network (SAN) 
devices chosen for the online and archive storage also met minimum requirements, and the 
selection of disk speeds and capacities were reflective of other PACS systems. It is noted that 
server models and CPU types do not match across clustered servers, although this does not 
currently impact performance. The PACS Administrator indicated this was due to hardware 
acquisition occurring at different dates, where existing models of hardware were no longer available 
at time of purchase. The variation in hardware would not be expected to impact normal running of 
PACS but can make capacity monitoring and planning more difficult. This is particularly relevant in 
considering load in failover scenarios, and matching hardware capable of hosting PACS 
components in a failover situation is recommended. 

BSSA utilises separate hardware for a "test" PACS installation. This installation currently allows 
PACS administrators to test new functionality introduced by software upgrades, as well as potential 
impacts of regular software / OS updates, and configuration changes to the PACS. While not 
matching the production hardware systems, the server and direct-attached storage hardware meets 
or exceeds the minimum requirements for the PACS vendor. It was noted that BSSA does not have 
other PACS installations available for simultaneous development, testing and acceptance phases of 
the software lifecycle. Currently, the "test" environment is rebuilt / reconfigured as required during 
each of these phases. Such rebuilds can be labour intensive and can result in significant delays in 
deploying fixes for issue resolution, security updates, vendor updates or new functionality to 
improve services. As BSSA use and reliance on PACS has increased significantly, effective 
evaluation of the impact of changes to PACS on users has increased in importance, and a 
dedicated user testing environment for this purpose is recommended.  

BSSA does not currently have a Disaster Recovery (DR) solution in place. The PACS Administrator 
indicated in situations where there is a significant outage of the primary services (hardware, 
environmental factors, etc), reinstatement of services is achieved through restoration of the fault. If 
necessary, this may include restoration from backup tape. A rebuild and restoration scenario can 
potentially stretch across multiple days, particularly if the hardware vendor cannot easily source 
replacements. Consideration for a DR environment should be given on the basis of a risk analysis, 
taking into account potential interruptions to service and maximum tolerable outage duration. This 
analysis should also consider any current or future integration with other IT services. There may be 
little benefit in deploying a DR solution for PACS if other dependant IT systems do not have this in 
place. 
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The logical design and installation of core PACS software components had been completed by the 
PACS vendor. Subsequent upgrades to core software components were not found to modify data or 
configurations that would impact cancer detection rates.  

The initial and upgrade versions of the PACS, with approximate go-live dates, are outlined below: 

Version Date 

12.2 September 2010 

12.5 December 2011 

14.3 September 2012 
 
As part of the investigation, it was considered whether major (or minor) changes as a result of 
software upgrades could have an adverse effect on clinical display of images or database fields 
used for reading results.  Examination of release notes for versions between the initial and current 
installed software versions did not indicate any changes that would lead to such impact. This 
matches past experience in upgrades of the PACS software in other installations. Optional software 
components that have been installed either were not utilised during the period of consideration, or 
are not utilised during the normal screening and assessment workflow. Vendor release notes 
regarding these optional components were also consulted to ensure their installation did not 
adversely affect core components with respect to clinical image display. 

Changes related to the expanding use of PACS were also considered. These changes incorporated 
addition of sites using digital mammography, and the expansion of configured PACS items such as 
worklists and hanging protocols to handle increased screening numbers. Checks of these 
configurations showed that they remained uniform from their initial configurations, and thus were not 
considered to be a potential issue. 

More detailed findings regarding the PACS server hardware and installation can be found in 
Appendix A, Table 1. 
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PACS Workstation Hardware and Installation 

The audit of hardware for clinical reading and assessment phases found that all hardware met or 
exceeded requirements of the PACS vendor. Clinical monitor configurations and placements were 
found to meet vendor recommendations. A setting related to Black Luminance was not equalised as 
recommended by PACS (not monitor) vendor, but individual monitors of the same type utilised the 
same value (“Native Black”) for this setting. 

The clinical-grade monitor model is one of a number specifically referenced by Sectra in their 
Quality Control Procedures document (BreastImagingOnIDS7.pdf). PACS reading workstations 
were provisioned with a standard business grade monitor for information screens as well as a pair of 
5 megapixel clinical grade grayscale monitors for display of clinical images. This monitor 
configuration (information + two clinical) is consistent with other digital mammography reading 
services and digital mammography vendor recommendations. Display adapters used were vendor 
recommended and capable of rendering clinical images to the monitor at required resolutions. 

Monitors were mounted and arranged on desks such that each could be viewed from a single 
position. The desks could be raised, lowered and tilted to allow a comfortable reading position while 
viewing images directly on the screen. A "direct-on" view is important in reducing any impact that 
viewing angle may have on diagnosis of digital images. Controls on the desk enable (and disable) a 
background light for completing paperwork, and an automatic sensor can be used to change the 
ambient light level dependent on the luminance from the monitors. The monitor and ambient light 
placement is consistent with other digital mammography reading services and matches vendor 
recommendations outlined in whitepapers. The presence of the lightbox can be an issue, due to the 
impact of reflected light on the clinical monitors. The light projected by an illuminated lightbox can 
affect the quality of displayed mammography images through artefacts and loss of perceived 
contrast, and thus the lightbox should not be used for a side-by-side comparison with digital images. 

Clinical monitors for reading and assessment were factory calibrated prior to installation. Centralised 
monitoring and reporting software, combined with a calibration sensor on the monitor, is used to 
automatically test and calibrate monitors according to configured schedules. Failures or tolerance 
exceptions from automated tasks are e-mailed to the PACS Administrator and Equipment and 
Quality Manager. The monitors were configured as per PACS vendor recommendations, with the 
exception of the Black Luminance setting. The PACS Administrator indicated this particular setting 
was the default configuration of the monitor vendor and the PACS vendor recommended setting, 
"Equalize with displays of same type" had not been selected. Individual monitor configurations had 
matching values (“Native Black”) for this configuration. Clinical analysis of Black Luminance options 
using images of various breast types should be undertaken to confirm the most appropriate value. 

Calibration of the clinical monitors was found to be primarily automated through the embedded 
calibration sensor within the monitor. A separate calibration using an independent sensor was 
conducted in December 2012. It was indicated that scheduled independent sensor tests and 
calibrations had not been conducted, with all regular testing and calibration completed through the 
automated system. Although the automatic calibration function is a convenient tool for checking 
monitor status, it alone cannot replace the need to physically inspect and test the monitors as 
defined by a thorough monitor quality program. BSSA quality checks include regular visual checks 
and cleaning, but a scheduled verification of calibration settings by a medical physicist using an 
independent calibration tool does not take place. 

More detailed findings regarding the PACS workstation hardware and installation can be found in 
Appendix A, Table 2. 
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Image Acquisition 

The acquisition of images, including the configuration of digital mammography x-ray units, is outside 
the scope of this audit. It is understood that separate investigations regarding the configuration of 
these units and the production of high-quality DICOM standard images has been undertaken. The 
PACS Administrator indicated that each digital mammography x-ray had been acceptance tested by 
qualified medical physicists prior to use. The PACS Administrator indicated a number of 
configuration settings were tested and resultant digital images compared to determine a preferred 
configuration prior to the first digital screening site going live.  

BSSA also convert previous "hard-copy" films from past exams into "soft-copy" digital images, used 
for reference during the Reading process. Two film digitising units have been purchased and 
installed at the State Coordination Unit.  

The model of film digitising unit is suitable for use in digitising mammography film exams and have 
been used in other breast cancer screening and research programs worldwide. Configuration of the 
film digitising units is consistent with vendor recommendations and comparable to other 
BreastScreen services in Australia. 

The software used in conjunction with the digitising units has been configured using vendor-
recommended settings. These configuration settings have been compared and confirmed with other 
BreastScreen services utilising this software. The PACS Administrator indicated that configuration 
settings had only been set on initial install and tests with alternate settings, such as different lookup 
table or pitch settings had not been conducted. In order to maximise potential digitised image 
quality, testing small changes to existing settings, across a range of hardcopy films, may have merit.  
It was also indicated that Optical Density tests had recently been conducted on the scanning 
hardware but this was not part of a regular maintenance program during the period of interest. 

Scanning workflow was examined for the possibility that images were incorrectly assigned to clients, 
which may influence the determination of a result of current screening images. The Senior Data 
Entry and Image Loader Officer conducted examples of the film digitising process and workflow 
from the point of film removal from packet to assigning exam to a Reader. A significant number of 
checks are made throughout the process to ensure that the correct images are associated with a 
client. Similar checks are also performed when images are imported from USB device from mobile 
screening vans. In both cases, factors such as the date/time of the exam and the expected number 
of images are compared with previously submitted paperwork. Digitally scanned images are also 
visually checked as client ID is present on the actual image. 

Obvious errors where the current and prior images bear no correlation to each other are 
investigated by Screening Support staff at SCU and traced to either current image acquisition or 
mismatch of client selection at the digitising workstation. However, Screening Support staff are not 
trained in clinical examination of images, and both digitising and other workstation monitors in this 
area are not clinical grade. Screening support staff can therefore refer concerns regarding the 
quality of images to a radiologist on site, but cannot make judgments regarding the quality of images 
from any acquisition source. 

More detailed findings regarding image acquisition through film digitisation can be found in 
Appendix A, Table 3. 
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Image Storage 

The storage of full quality digital images within a PACS is an ongoing concern for many programs as 
the number and size of images result in large storage requirements. Most PACS vendors will 
therefore utilise one or more lossless compression routines within their system, and may also have 
lossy compression routines available. A key concern regarding image quality for clinical diagnosis is 
whether any loss of quality has occurred due to image compression that has been enabled to 
reduced image storage requirements. 

Image compression in the BSSA PACS is only applied at the archive component of the PACS. The 
compression algorithm used is a lossless compression and does not affect the display of clinical 
images. 

The PACS used by BSSA does not enable compression at the global level for online storage, nor 
enables compression on DICOM Storage SCPs by default. A lossless compression routine, labelled 
"Sectra-RC-1", is enabled by default for the image archive. Global compression settings, DICOM 
Storage SCP configurations and archive configurations were checked to determine if any 
compression routines had been enabled that may lead to a loss of image quality. At each point that 
compression could be enabled, the PACS system was found to match the vendor defaults for a 12.2 
installation. Subsequent software upgrades have added extra alternatives to compression routines 
from initial installation but these do not reset or overwrite existing settings. 

More detailed findings regarding image storage in PACS can be found in Appendix A, Table 4. 
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Pre-Read Image Handling 

During the audit, it was considered whether it was possible Readers were not presented with all 
images that may assist in clinical diagnosis. While a standard screening mammogram normally 
consists of four views at a minimum (left and right MLO, left and right CC), individual circumstances 
mean that the actual number of images captured may be greater, or possibly less. BSSA do not 
utilise a stacked arrangement of images whereby multiple images from the same view are "stacked" 
on top of each other when displayed on screen. Therefore it is possible that Readers are either not 
presented with all images, or the layout of images was such that it could not be easily determined if 
the active image was a current or prior image. 

The audit found that the PACS is currently configured with a large number (>250) of hanging 
protocols created to deal with a wide variety of numbers of both current and prior images. The 
PACS-driven workflow ensured that exams either needed to match a hanging protocol or be 
manually hung prior to being available for reading. 

Most hanging protocols started with a standard 2x2 arrangement on each screen, allowing the 
current and prior left and right views for both laterality types. This arrangement allows for reference 
points to be drawn before detailed examination of individual images. Further 2x2 hanging 
arrangements were configured in instances where either the number of current or prior images had 
more than one image within a particular laterality view. Once combinations of reference hangings 
were complete, detailed hangings where the current screening images were hung 1:1 image to 
screen, with left and right breast images on separate screens. Instances where only one breast was 
screened resulted in some hanging windows left blank to ensure a consistent display of images for 
reading. 

Due to a PACS-driven workflow, Screening Support staff at the State Coordination Unit check each 
exam conforms to a hanging protocol prior to the exam being assigned to a reader. In instances 
where a combination of images does not match a pre-configured hanging protocol, images are 
manually hung by staff. As reading cannot take place without exam placement into specific worklists 
and status changes made by Screening Support staff, it is considered very unlikely that an exam 
ready for Reading will be missing images in hanging. 

More detailed findings regarding pre-read image handling can be found in Appendix A, Table 5. 
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Clinical Image Transfer and Display 

Apart from storage of image data, another issue with digital imaging can be the transfer of images 
across an IT network. This can be a particular issue for multi-site practices where fast network links 
are not available. The PACS vendor recommends that display of images, particularly clinical display, 
is best done on a network with fast access to the image store. However, they recognise that this 
may not be possible in all cases and allow for other options in the display of images, whereby lower 
quality images are displayed initially to be replaced by higher quality when the remainder of the 
image data is transferred. This arrangement allows for display of images more quickly across a slow 
network but, as highlighted by the vendor, causes a loss of quality and therefore is not 
recommended for clinical analysis. It is not enabled by default and needs to be configured manually 
for workstations. 

BSSA currently have Reading workstations accessible to the online PACS storage by means of a 
fast (gigabit speed) network. As a result, and due to Progressive Transfer not being enabled by 
default, it was considered extremely unlikely that this would be enabled on BSSA's PACS. However, 
for completeness, the compression settings for the client side were also checked to confirm that 
image quality was not lost in delivery to the clinical workstations. 

The audit found that while a compression routine, "Sectra JPEG2000" had been enabled to create a 
lossless compressed copy of images (stored with the uncompressed DICOM images), other 
configuration options had been set to ensure that full resolution images were delivered to clinical 
workstations.  

While the clinical workstation configuration was audited, it was also confirmed that the workstations 
had been configured to dim the Information Window and menu/tool bars on Image Windows when 
not in use. These settings reduce ambient light that can cause reflections on high-resolution 
monitors or affect clinical diagnosis of digital images. Use of these dimming settings is consistent 
with other BreastScreen services in providing a suitable Reading environment 

The virtual monitor placement configuration was also checked during this stage of the audit. The 
PACS can be configured to define which monitors are capable of displaying images, which 
monitor(s) are used by default and the order in which they are used. This is important as many 
mammography services utilise a combination of business and clinical-grade monitors for clinical 
assessment purposes. The display of images should be configured such that high-resolution images 
for clinical analysis should not be displayed on non-clinical monitors.  

BSSA has several Workstation Group configurations to cater for different arrangements of physical 
monitors: Reading Workstations with the non-clinical monitor to the left and right of the clinical pair, 
Assessment Workstations and a split-screen arrangement for a very large (8 megapixel) 
Assessment monitor. It was checked and confirmed that each configuration set the clinical pair as 
the default monitors for display of images. 

More detailed findings regarding pre-read image handling can be found in Appendix A, Table 6. 
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Data Security and Integrity 

A key element in maintaining mammography screening standards is the reading of images in a 
"double-blind" read. This occurs when the examination is graded by two separate readers, who 
have no knowledge of other results, comments or annotations assigned to that exam. A third read 
may also be required if there is contention in the results from the first two reads, whereby results 
and notes from the first two reads may need to be known. Therefore, security and visibility of the 
data during different phases of the reading process is important - if the results of a 1st read is known 
to the Readers in a 2nd read, this may influence (consciously or unconsciously) their analysis of the 
exams and assigned result. 

BSSA uses a PACS-driven workflow, which includes entering of Reading results through use of the 
Mammography Commands and keystroke macros in PACS. A number of commands had been 
configured to allow the Readers to enter results. The commands were set at a global and role-based 
level but used different keys to enable the command macro. Operational use shows that the role-
based keys take precedence over global keys. 

Tests to verify the blind-read settings for reading results were done through the use of test users 
with roles assigned matching other Readers. Examination of exams currently in the middle of the 
reading workflow showed that the free fields within PACS did not display their values, showing as 
"(Hidden)". The test Reader was also unable to access the exam property page as an alternative 
bypass to view the settings. Roles that are granted the "Modify Properties" permission can display 
the exam properties, but the free fields were confirmed as remaining hidden in this instance as well. 

Tests using other roles showed that System Administrators were able to view the results of exams 
that were in the middle of the reading workflow. An audit of the System Administrator role showed a 
total of four BSSA staff, none of which participate in Reading, were granted this role. Other 
members of this role include the PACS vendor staff. This ability to view the result is necessary due 
to a process required to fix incorrect results (see below). 

The PACS Administrator indicated that during the period of interest, the use of annotations within 
the PACS onto digital images was not used. Annotations were still made on paper charts, with these 
charts submitted at the conclusion of a reading session. The possibility of an image notation from 
the current screening round influencing a 2nd read was considered extremely unlikely without 
access to the paper chart. For certainty, the possibility of running the BXRS application, which also 
stores results, on the Reading workstation was considered. The PACS Administrator indicated that 
the 16-bit application was incapable of running on the Reading workstations running Windows 7. 

The audit found that PACS functionality and security was enabled to preserve "blind reading" of 
exams. 

The audit considered whether PACS use could lead to incorrect data regarding reading results and 
therefore a lower detection rate. From a description of BSSA workflow, several avenues were 
determined that could lead to incorrect results being recorded: incorrectly assigned reading 
"batches", accidental selection of the wrong result, and the (lack of) capability to detect and restore 
mistakes. 

The audit found that while it was possible to accidentally enter undesired results, BSSA have a 
significant number of QA processes in place to detect and revert accidental errors. 
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Significant manual efforts are made to ensure that Readers are assigned the correct worklists, 
following required reading rules. It is still possible for Readers to accidentally start reading an 
incorrect worklist in PACS. This can be detected during the reading process and corrected by 
Screening Support staff.  

The process of recording reading results in PACS results in the score being set and the exam being 
set to the next status, graying it from the existing worklist. This also triggers an outbound HL7 
message to an interface that stores the results for import into the BRXS information system. 
Mistakes can be corrected within PACS provided the worklist has not been refreshed. Reading 
results are imported into BXRS by a manual import command, run twice daily at the start and end of 
the day. Readers also complete a paper form indicating the result and any notations regarding the 
exam. This paper-recorded result is compared with the value in BXRS and corrected by Screening 
Support or PACS Administrators as required. Results in BXRS must match results on paper forms 
before the results are considered "finalised". Similar to QA processes examined in digitised films 
and determination of the reading batches, there is significant effort and high standards set to ensure 
data integrity in the PACS. 

More detailed findings regarding controls for data security in the PACS can be found in Appendix A, 
Table 7. 
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Training 

The appropriateness of training of PACS users, in particular for roles involved in image quality, was 
considered to be in scope for this audit. Assessment of the relevance and value of training can be 
difficult to measure as these are very often subjective assessments - while some individuals may 
feel that only limited training is required, others may feel they could always use more training. A full 
and detailed analysis of training methods would require interviews with a number of staff in each 
role to determine an overall level of relevance and value. Training sessions can also vary between 
users or groups, as some may be inclined to ask further questions to gain deeper insight, while 
others will be satisfied with the presented content. 

A second issue with assessing training in this particular instance is the period over which the 
program has run. Initial training was conducted approximately two and a half years ago, and staff 
will have gained a certain level of familiarity with the system in this time. Attempting to objectively 
determine the impact of training by statistical analysis of reading accuracy can be difficult. Due to 
time constraints, mass interviews and/or statistical analysis to assess training impact was not 
considered. 

A definitive judgement on whether training was effective and relevant cannot be made. A more 
detailed investigation focused on all methods of training would be required.  

At a bare minimum, staff expected to use a new information system, in this case Sectra PACS, 
should not have access to the system without training. The PACS Administrator confirmed that all 
staff are required to complete the relevant training sections for their role(s) prior to being given a 
valid login.  

In considering the relevance of training provided, the only analysis available in the timeframe was 
examination of the provided training documentation. Based on examination of workflow, roles and 
the impact of PACS training, materials for the training of Readers were chosen. This role was 
determined to have the greatest impact in clinical image use, due to the type and number of tools 
available in viewing and assessing the images.  

Training documentation was provided for two rounds of training. The first round of training, 
conducted prior to initial go-live of digital image reading, focused on the procedures to gain access 
to the PACS, navigate to the required application windows (worklists in Information Windows, 
hangings in Image Windows), and record results of the Read. References to tools and functions for 
analysis clinical images on the display, such as the various zoom options and magnification, were 
not covered in the written training materials.  

A second round of training was conducted after the reference period. Documentation for the second 
round contained information regarding layout of the PACS windows and the functionality available in 
each section of the window. The documentation included explanations of available hanging views, 
recommended a sequence of viewing, and highlighted the expected quality of the image at various 
view and zoom levels. The documentation also contained similar information to the first round on the 
recording of results through dedicated macro keys and use of the attached keypad. 

Neither training document appeared to cover other aspects that could be deemed relevant to 
Reading, such as the impact of ambient light on digital displays, the limitations of optical 
magnification for digital images on monitors, or the motorised desk functions that allow for an 
optimum reading position. These topics may have been covered in separate training initiatives.  
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The PACS Administrator indicated that trainers were not present during the first sessions for users, 
including Readers. This may represent a missed opportunity to ensure that delivered training was 
understood and confirm whether the training had been relevant and of value. 

Based on material covered in supplied training documentation alone, there is a possibility there was 
not sufficient coverage in initial training of the nature of clinical image display in PACS, and the tools 
used to assess these images. This may have lead to issues in clinical diagnosis of images across 
the reference period. However, this does not consider trainee's previous experience in reading 
digital images or use of digital imaging systems, or whether these subjects were covered through 
oral, demonstration or hands-on training. A conclusive finding on the appropriateness and 
effectiveness of training cannot be made solely from written material. 

Notes on the contents of the training materials for reader training can be found in Appendix A, table 
8. 



April 2013 Page 19 

Further Image Analysis 

During an audit of image hanging of random examinations within the PACS, it was noted by the 
auditor, in isolation, that digital images in the bottom row of 2x2 hangings on each screen appeared 
slightly different in shading and contrast to the top row. Further random cases that met the criteria of 
having current and prior digital images from the same screening site were checked. A slight but 
noticeable difference in the images was viewed, with the bottom images appearing to have a slight 
variation in contrast and a "yellow-green tinge". 

As the auditor is not a qualified, trained radiologist, the PACS Administrator was queried whether 
this had been noticed and raised previously. It was indicated that since the BSSA review had 
commenced, other incidences of this type had been noticed, but not on a wide scale. A concern was 
raised that the PACS was possibly affecting images retrieved from archive, as the priors in the 
hanging appeared to be different and were previously retrieved from archive. 

A series of tests were conducted by the auditor to confirm whether storing images in archive, 
removing from the online storage and then retrieving from archive could cause the slight variation 
effect. Images from cases where this was noticed were copied to a "test" client to ensure there was 
no impact to existing BSSA clients. The tests found that the archiving-retrieval processes in PACS 
did not contribute to this effect. This was further verified by creating a manual hanging that placed 
copies of current exams next to images from the same exam that had been archived and restored. 

Further tests were conducted to determine if the effect could be tied to a particular object, be it 
client, exam, image or monitor. It was found that even with the image hanging manually reversed, 
placing prior digital images on the top row and current digital images on the bottom row, the bottom 
row still appeared to have the same effect - slightly variation in contrast and "yellow-green" shade. 

As neither PACS Administrator nor Auditor were qualified, trained radiologists, the opinion of the 
Radiology Coordinator was sought. Manual hangings used from the test cases were displayed to 
confirm whether there was a noticeable variation in image display. The radiologist confirmed that 
there appeared to be a slight variation in image display for the test images. 

The image variation appeared to be related to position on the screen. In a single image per screen 
hanging, it was difficult to determine if there was variation in the image between the top and bottom 
half of the screen. The possibility of bias, where the subject was actively looking for something to be 
present or not present was a consideration as well. Time constraints after testing to determine that 
PACS archiving was not impacting meant that other possibilities, such as vertical eye position and 
monitor angles, were not able to be tested rigorously in a controlled manner. 

The audit found that there may be a variation effect with display of images, although whether this is 
clinically significant is not known. The effect appears to be confined to the lower half of clinical 
grayscale monitors, and was noticed at more than one workstation. Testing confirmed that PACS 
functions such as archiving, retrieval from archive or hanging layouts did not contribute to this effect. 
Other factors such as viewing angle, monitor position or reflected ambient light could not be proved 
or disproved as contributing. 

Further testing by appropriately trained experts is required to determine if the variation observed 
does exist and if so, is clinically significant. In the event that an anomaly is found, a multidisciplinary 
group that may include radiologists, medical physicists, vendors and PACS administrators should 
form to determine a root cause and any resolution required. 
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An outline of tests conducted and results around noted variation in image display can be found in 
Appendix A, table 9. 



April 2013 Page 21 

APPENDIX A - TABLES OF FINDINGS 

The following tables outline the areas of interest in the audit, either as strict requirements to be 
checked or considerations that could impact cancer detection rates. Notes on each area researched 
have been recorded and were derived from a variety of sources, including direct examination of 
PACS, vendor and BSSA documentation, and interviewing of BSSA staff. If findings of an area of 
interest have lead to a recommendation, the recommendation number has been referenced in the 
final column of the tables. 

Table 1 - PACS Server Hardware and Installation 

 Requirement / Consideration Compliance / Finding Rec # 

 Production hardware provisioned for 
PACS meets vendor requirements 
for approx 75000 exam per annum 

Database server - HP DL380 G7, 2x Intel Xeon E5620 2400MHz 
CPU, 12 GB RAM 

Image server - HP DL380 G6, 2x Intel Xeon E5540 2530MHz CPU, 
12 GB RAM. Note that model and CPU type does not match 
recommended, however presence of additional CPU covers load. 

Database and Image servers in HA cluster 

Database / Image servers with dual fibre HBA 

Application server - HP DL380 G6, 2x Intel Xeon E5530 2400MHz 
CPU, 12 GB RAM 

Application server - HP DL380 G6, 2x Intel Xeon E5540 2530MHz 
CPU, 12 GB RAM 

Application servers in network load-balanced cluster 

All servers with dual GB network interfaces 

"Online" image store of 6.4 TB hosted on HP P2000. Online image 
store disks are 600GB 15K rpm SAS in RAID configuration 

Archive image store disks are a mix of 1TB and 3TB 7.2K rpm in 
RAID configuration. 
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 Separation of "Production" PACS 
with other environments to ensure 
data integrity, as per best practice in 
IT. 

BS SA has a fully dedicated Production environment that is not used 
for development and testing purposes.  

A separate testing environment is available for development and 
testing. 

 A dedicated User Acceptance Testing (UAT) environment is not 
present. 

7 

 Use of technology and techniques to 
provide maximum uptime for the 
PACS during required hours, as per 
best practice in IT 

HA clustered services used for Database and Image stores 

Load balanced application cluster used for Application services 

All Production servers deployed with dual/redundant power supplies, 
NIC and HBA (where SAN attached) 

No DR solution in place. Expected restore time from backup for 
Online images approx 24 hours. Archive restoration would be 
significantly longer 

8 

 Core PACS components installed 
according to vendor specifications 

All core PACS components installed by PACS vendor (Sectra). 
Subsequent major version upgrades also completed by PACS 
vendor. Vendor recommended installation configurations, such as 
logical volume separation of database data, index and logs, utilised 
as per vendor documentation. 
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 Requirement / Consideration Compliance / Finding Rec # 

 Would version updates and 
configuration changes impact image 
or data quality in PACS 

A major change timeline was consulted and change types examined 
to determine if any impact. Vendor release note documents 
consulted for changes between version 12.2 and version 14.3 

Major changes by BSSA included: 

• Hardware migration (High Availability additions - Dec 2011) 

• PACS software version upgrades 

 12.2 installed at project start, Sep 2010 

 12.5 installed in Dec 2011 

 14.3 installed in Sep 2012 

• PACS optional component additions 

 Reject Analysis in Jan 2012 

 DVD creation in Aug 2012 

 MDT Meeting package in Sep 2012 

 Teaching Library package in Sep 2012 

 Tomosynthesis package in Dec 2012 

 Sectra Active Sync (for mobile) in Jan 2013 

• Addition / cutover of sites to digital screening 

• Expansion of hanging protocol numbers (Feb 2011, May 2012, 
Oct 2012) 

• Expansion of QA, reading and assessment worklists to 
incorporate larger numbers of digital exams 

 

 
 

Table 2 - PACS Workstation Hardware and Installation 

 Requirement / Consideration Compliance / Finding Rec # 

 Hardware and environment 
provisioned for reading and 
assessment of clinical images meets 
vendor requirements and 
recommendations 

HP z400 / z420 workstations with Windows 7 

Business-grade monitor with Barco MXRT 1150 display adaptor for 
PACS information window 

2x Barco MDMG-5121 Grayscale 5MP monitors in portrait 
orientation for PACS clinical image display 

5MP monitor resolution of 2560 x 2048 supported on Barco MXRT 
7300 display adapter with max resolution of 3280 x 2048 

Clinical monitors arranged in arc as per vendor (Barco) 
recommendations regarding "direct-on" view 

Lightbox for display of printed "hardcopy" film for comparison 

Reading rooms fitted with desks that allowed for raising, lowering 
and tilting of monitor position. Monitors fixed in position on desk 

Reading rooms fitted with appropriate lighting as per vendor (Barco) 
recommendations regarding light sources. 

 

 Clinical-grade monitors configured 
as per vendor recommendations 

Configuration settings 

Display Function - DICOM GSDF 

Luminance - Maximum Lifetime 

Black Luminance - Native Black 

2 
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 Requirement / Consideration Compliance / Finding Rec # 

Reading Room - X-ray Diagnostic Reading 

Uniformity Luminance - Enabled 

Calibration - Fast Calibration 

 Clinical-grade monitors calibrated as 
per vendor recommendation and 
industry practice 

Automatic tests 

Daily - Display test  

• Backlight white-luminance levels - 5% tolerance 

Weekly - Mammography Compliance test 

• GSDF Compliance - 10% tolerance 

• Luminance - 6% tolerance 

Monthly - DICOM Curve Compliance - 15% tolerance 

 

Automated calibrations 

Quarterly - DICOM GSDF Calibration 

 

Manual calibrations 

No scheduled calibrations with independent sensor across time 
period of interest. Manual calibration performed December 2012 

Monitors cleaned on a weekly basis, more frequently if required. 
Records of monitor cleaning kept. 

Monitors visually inspected daily with test pattern and scored weekly, 
with records of scores kept. 

3 

 
 

Table 3 - Image Acquisition 

 Requirement / Consideration Compliance / Finding Rec # 

 Digital scanner for creating softcopy 
images from hardcopy films is 
installed and configured 
appropriately for digital 
mammography 

Two Array 2905HD units used for digitised scanning (USB attached) 

Scanning software DICOM ProNet. Uses DICOM storage to store 
images, allowing client information to be entered and verified before 
sending to PACS 

Patient search is enabled via worklist from PACS 

Some pre and post processing changes to DICOM tags made for 
organisation purposes within PACS (e.g. replacing Station Name tag 
with value "Digitized Priors") 

Optical density checks have recently been performed on Array 
scanners but not part of a previous maintenance program 

 

Global settings 

Photometric Interpretation - MONOCROME2 

Include VOI LUT - not selected 

Rescale Int/Slope  

• LUT - Add VOI LUT 

• LUT Depth - 16 bits 

4 
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 Requirement / Consideration Compliance / Finding Rec # 

• Lightbox Luminance - 5000 

• Reflected ambient light - 10 

UID creation - New Study & Series for each image 

Film settings 

Width and Height vary 

• W 203mm, H 300mm (8" x 10") 

• W 240mm, H 300mm (24cm x 30cm) 

• W 180mm, H 240mm (18cm x 24cm) 

• W 200mm, H 250mm (20cm x 25cm) 

Depth - 12 bit 

Density - 0 to 4.7 Optical Density 

Pitch - 100 microns 

Mode - Standard 

 Softcopy acquisition processes 
are appropriate to digital 
mammography workflow 

Films are oriented and stacked within specific order on a 
client by client basis. A "blank" film is inserted between each 
client’s films, triggering the scanning software to store images 
in batches. 

Films are scanned and sent to internal DICOM storage on 
scanning workstation. Staff select the appropriate client, 
assign the views depending on the number of scanned 
images, set the date and check images match data before 
sending to PACS. 

Films are checked prior to scanning for presence of any 
foreign substance (e.g. adhesive residue from stickers or 
tape) 

A visual QA check takes place at Digitiser workstation and 
Screening Support workstations. QA checks not done on 
clinical-grade monitors and by non-clinical staff, look for 
obvious / glaring issues only. Any concerns by Screening 
Support staff referred to Radiographer / Radiologist for further 
examination if required 

 

 Softcopy acquisition processes 
do not allow for mis-
administration (e.g. resulting 
digital images are not stored 
against the wrong client) 

Technically possible to assign digitised images to the wrong 
client. Following procedures are in place to maintain data 
quality and prevent this issue: 

• All films have client ID sticker, oriented to show on scan 

• Digitised images are checked for client ID prior to client ID 
selection from worklist 

• Digitised images again checked that client ID matches 
selected client prior to sending to PACS from digitiser 
workstation 

• Client ID on digitised images checked during pre-read 
hanging check performed by Screening Support staff 

• Hard-copy films provided in Reading room matching 
reading worklist 
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Table 4 - Image Storage 

 Requirement / Consideration Compliance / Finding Rec # 

 Do global PACS configurations 
include lossy compression or other 
settings that would lead to a loss of 
image quality? 

Checked global compression settings via w_config_raid: 

• Compression method: None 

• Minimum size: 128 

• Skip pyramids when fetched from arc: No 

• Over RAID compression with arc: No 

 

 Do any settings on DICOM Storage 
SCPs apply lossy compression or 
other changes that would lead to a 
loss of image quality? 

Check DICOM Storage SCP configuration in WISE Tools. One 
DICOM Storage SCP per modality, with three configurations for each 
Digital Scanner 

Each Storage SCP configuration was recorded and sorted into three 
groups. The target basefolder for each SCP for a particular modality 
is unique. 

Screening SCPs 

Storage process arguments set request and exam numbers, 
stacking order, examination status, logging, storage location and 
match against client ID. Pre-processing scripts are also called but 
these copy values from DICOM tags to others. No compression is 
set via these configurations. 

Digitising SCPs 

Each digital scanner has three storage configurations, depending on 
regular films, ultrasounds or assessment workup. Configuration 
similar to Screening SCPs but sets Station Name and Episode 
Number according to workflow requirements. No pre-process called. 
No compression is set via these configurations 

Assessment SCPs 

Assessment SCPs use same configuration parameters as Screening 
SCPs, with the exception of Exam Status. No compression is set via 
these configurations. 

 

 Do any settings on archive storage 
apply lossy compression or other 
changes that would lead to a loss of 
image quality 

Check IMS_COMPRESSION setting for is_config configuration: 

IMS_COMPRESSION = SECTRA-RC-1 

 

 
 

Table 5 - Pre-Read Image Handling 

 Requirement / Consideration Compliance / Finding Rec # 

 Do the configured hanging protocols 
result in images not being displayed 
for readers, or cause confusion 
between current and prior images? 

Approx 250 hanging protocols defined in PACS. 

Hanging protocols cover a wide range of arrangement of current and 
prior exams, including multiple instances of each view. 

Images are not stacked by view. 

Any exams that do not fit a defined hanging protocol are manually 
hung by Screening Support team prior to moving to next stage in 
workflow. 

PACS-driven workflow requires Screening Support group to place 
exams into specific worklist for reading. 
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 Requirement / Consideration Compliance / Finding Rec # 

 Do pre-hanging checks confirm that 
current and prior images under the 
client exam belong to that client? 

Prior films are not digitised until current screening images have been 
sent 

If Radiographer makes an error and informs Screening Support 
group early, error is corrected and resent 

Digitised prior films or prior digital images are checked against 
current images when hanging check takes place. Obvious errors 
(e.g. completely different breast size / shape) followed up with 
Radiographer at screening site. Less obvious differences forwarded 
to Radiographer / Radiologist for further analysis 

Digitised prior images checked for client information within image 
and compared against exam to confirm placed under correct client 

PACS-driven workflow requires Screening Support group to place 
exams into specific worklist for reading. 

 

 Can a reading result be recorded 
accidentally prior to Reading phases 
of workflow 

Role permissions checked - only members of Readers group has 
permissions to "Set Mammography Decisions" 

 

 
 

Table 6 - Clinical Image Transfer and Display 

 Requirement / Consideration Compliance / Finding Rec # 

 Are PACS workstations configured 
to display images on clinical 
screens? 

Workstation groups and individual workstation configurations 
checked in Enterprise Manager 

Two workstation groups created to allow for placement of information 
window monitor to the left or right of the clinical monitor pair 

Workstation group configuration set to load images starting with 
clinical-grade monitors, based on values stored under "First allowed 
image window monitor" and "Preferred first image window monitor" 
configuration items 

 

 Are PACS workstations configured 
to deliver and display high quality 
images 

Workstation groups and individual workstation configurations 
checked in Enterprise Manager. Global settings for SHS server also 
checked. 

"Sectra JPEG 2000 compression" set to True in SHS Advanced 
Server configuration. 

"Force Full Resolution Images" set to True in workstation groups. 

"Compression Enabled" set to False in all workstation groups and 
workstation configurations 

" Progressive transfer of images" set to False in all workstation 
groups and workstation configurations 

Information window set to dim when mouse cursor is not present on 
that window 

Information bar on image windows set to dim when cursor does not 
hover over bar location 

Workstation network interfaces set to 1 GB transfer speed 
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 Requirement / Consideration Compliance / Finding Rec # 

 Are appropriate tools for detailed 
examination of clinical images 
available 

Pre-programmed keypad with a number of functions installed on 
each workstation, allowing zooming, magnification, setting window 
levels, etc. 

Keypad and keyboard/mouse driven tool options found to be working 
as expected (e.g. magnification tool increases with scrolling of 
mousewheel, etc) 

Digital images from mammography x-rays sent with three window 
levels 

 

 

Table 7 - Data Security and Integrity 

 Requirement / Consideration Compliance / Finding Rec # 

 Can other results on the current 
screening exam be seen during the 
reading process when read should 
be "blind"? (e.g. Reader at 2nd read 
can see results of 1st read) 

Mammography commands set to record result + login of reader 
against free fields in PACS: 

• Five scoring options for exam from 1 (Normal) to 5 (Malignant) 

• Option to enter a "Technically Unsatisfactory" result if images 
were not deemed good enough for clinical analysis 

• Above commands configured to use different macro key for 3rd 
read vs. 1st/2nd read 

• Options to clear own results 

Global Mammography command macros differ from Role-based 
macros - Role-based overrides Global. 

PACS configuration set to hide values in free fields used for storing 
mammography results during 1st and 2nd reads. 

PACS hiding of results in free fields confirmed with test users with 
Reader roles assigned. Exams currently in 1st / 2nd Read status did 
not display results 

PACS hiding of results in free fields also confirmed with test users 
with "Modify Properties" permission assigned. Free fields displayed 
in the Properties window did not display values in the free fields for 
exams current in 1st / 2nd Read status. 

System Administrator role allows viewing of results for exams in the 
reading workflow. Four users total within BS SA assigned this role. 

During the period concerned, annotations done on paper form - 
annotations on digital images not applied. 

Limitations on running 16 bit RIS application on Windows 7 Reading 
workstation prevents checking of previous results from clinical 
information system 

6 

 Is the Reader reading the correct 
exams - that is, not reading exams 
intended for another Reader or not 
re-reading exams they have already 
read? 

Reading worklists and Readers mapped by Screening Support group 
ahead of reading times.  

Reading worklists grouped by screening location. 

Allocation of Reading worklists to Readers done manually to ensure 
appropriate controls in place - that is, not reading same exam twice, 
etc. 

Exam worklists are matched with trolley containing charts and prior 
hardcopy film images. Trolley matching worklist left in Reading room 
for designated reader to reference if required. 

If Reader is found to be reading wrong list (often detected through 
non-matching exams in trolley), Screening Support staff manually 
clear all exam results. 
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 Requirement / Consideration Compliance / Finding Rec # 

 Are the Reading results recorded 
within PACS able to be modified 
intentionally or unintentionally? 

Mammography keys used in recording results trigger storing of 
result, setting the exam to the next workflow status (removing it from 
current read worklist) and moving to the next exam in worklist. 

Reading result and Reader ID transferred via HL7 message interface 
to RIS import file 

RIS import file imported manually into information system (twice 
daily). 

All reading results imported into information system checked against 
paper records completed by reader. 

 

 If Reading results are mistakenly 
entered, can mistakes be reversed? 

Updates where the Reader has stored correctly but incorrect result is 
recorded is updated by Screening Support in RIS - triggers update 
via HL7 interface to PACS 

Updates where neither Reader nor result is stored correctly is 
updated manually in PACS by PACS Administrator through 
command line tool 

 

 
 

Table 8 - PACS Training 

 Requirement / Consideration Compliance / Finding Rec # 

 Was training provided to staff prior to 
use of PACS, particularly staff 
performing clinical analysis of 
images? 

All staff were required to attend training courses before being issued 
with PACS login credentials. Staff were unable to access PACS 
without attending training 

Hardcopy of training materials was made available and copies left in 
Reading rooms. At time of audit, training materials were missing 
from some rooms. 

 

 Was the training provided to clinical 
image roles relevant? 

Readers underwent two rounds of training with PACS software, the 
first before go-live in 2010, the second in October 2012 

Materials for first training round cover instructions on how to use 
PACS to access and complete reading workflow, including: 

• Starting up and logging into PACS 

• Selecting of the appropriate worklist for reading 

• Navigation of the worklist to access exams for reading 

• Recording Reading results into PACS 

• Reference to Sectra PACS User Manual for further information 
regarding PACS use. 

Materials for second training round cover PACS functionality and 
digital image concepts and tools within the PACS, including: 

• Explanation of PACS Information Window components 

• Explanation of worklist types, their use and how they may be 
sorted and filtered 

• Explanation of PACS Image Window components 

• Descriptions of various image tool functions and their use and 
impact on the digital images viewed 

• Explanation of PACS Matrix Window components 

• Instructions on changes to hanging arrangements 

• Scoring and correcting Reading results entered in PACS 

5 
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 Requirement / Consideration Compliance / Finding Rec # 

Trainers did not sit in on first live Reading sessions with Readers 

Assessment of any demonstrated or hands-on training was not 
considered due subjectivity of analysis and limits on time available. 

 

Table 9 - Further Image Analysis 

 Requirement / Consideration Compliance / Finding Rec # 

 Was archiving or retrieving from 
archive affecting image quality 
("flattening", reducing contrast or 
introducing "green/yellow" cast) 

Copied exam used live current images + retrieved archive images. 
Images compared had slight but noticeable difference in display 

Current images in copied exam were manually archived (uses same 
process as automatic). Online images were deleted and PACS DB 
tools checked to confirm archive was only source of images 

Archived current images in copied exam were retrieved to online 
store. PACS DB tools checked to confirm images were retrieved 
correctly 

Visual check confirmed that slight but noticeable difference existed 
between current and prior images for copied exam. Archiving and 
retrieval did not appear to have impact on exam (images were 
expected to look the same if it did). 

Second copies of online current images from source exam were 
copied to test exam. Current online images matched up with archive-
retrieved images and compared. Image quality matched. 

 

 Was position of image on the screen 
affecting image quality ("flattening", 
reducing contrast or introducing 
"green/yellow" cast 

Fresh set of images copied from source exam to test exam. 

Slight but noticeable difference in image display noticed in bottom 
row of 2x2 hanging protocol, on both screens 

Changes in image quality on single-image hanging (one image per 
screen) 

2x2 hanging order manually reversed in matrix window - priors 
above currents. Slight but noticeable difference in image display 
noticed in bottom row of 2x2 hanging protocol on both screens 

2x2 hanging order manually adjusted to put left views of both 
currents and priors on same row of hanging protocol. No noticeable 
difference in image quality. 

2x2 hanging order manually adjusted to put currents on both top and 
bottom row. Slight but noticeable difference in image display noticed 
in bottom row of 2x2 hanging protocol 

Tests repeated in presence of PACS Administrator and Radiologist 
to confirm findings. Subjects were not informed of purpose of test 
prior to conduction to reduce possible bias in result. 

1 
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