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GLOSSARY

ACPSEM Australasian College of Physical Scientists and Engineers in Medicine

BSA Breast Screen Aotearoa

BSAN Breast Screen Auckland and Northland (the predecessor Lead Provider to BSWN)
BSWN Breast Screen Waitemata and Northland

CAD Computer-aided detection and diagnosis

CCS Cancer Control Strategy (Ministry of Health, 2003)

CMDHB Counties Manukau District Health Board

CR Computed Radiography

DICOM Digital Imaging Communication of Medicine standard

DM Digital Mammography

DMIST Digital Mammographic Screening Trial (ongoing clinical trial of DM coordinated
by the American College of Radiology)

DWG Digital Working Group (established to oversee the scoping and selection of DM
and PACS equipment as part of the BSWN implementation project)

DR Digital Radiography

FDA Food and Drug Administration (United States)

FFDM Full-Field Digital Mammography

FSM Film-Screen Mammography

HIS-NZ Health Information Strategy for New Zealand

ICT Information and Communications Technology

ISP Independent Service Provider (Mdori and Pacific organisations contracted to the

NSU to provide health promotion and recruitment activities to support BSA)

MDT Multi-disciplinary team

MRT Medical Radiation Technologist (or Radiographer)
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NDHB Northland District Health Board

NP&QS National Policy and Quality Standards for BSA (NSU, 2004)

NSAC National Screening Advisory Committee

NSU National Screening Unit

PACS Picture Archiving and Communications System (See Appendix C)

PROBE Provincial Broadband Extension Project (a multi-agency initiative to make
broadband services more widespread throughout New Zealand)

QUDI Quality Use of Diagnostic Imaging programme (o RANZCR programme focusing
on implementing evidence into practice in radiology)

RANZCR Royal Australian and New Zealand College of Radiologists

RIS Radiology Information System (See Appendix C)

SBS Soprano Breast Screening System

WDHB Waitemata District Health Board
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EXECUTIVE SUMMARY

The National Screening Unit (NSU) engaged Health Outcomes International Pty Ltd (HOI) to
conduct an independent evaluation of the implementation of digital mammography (DM) at
Breast Screen Waitemata and Northland (BSWN). The overarching purpose of the evaluation was
to assist the NSU to consider options for the managed infroduction of DM into the BreastScreen
Aotearoa (BSA) screening programme, and any implications for national policy and quality
standards that this infroduction may have.

DM is the next step in the evolution of mammography technique and will gradually replace film-
screen mammography (FSM). The BSA Age Extension Project showed the need for a significant
increase in the BSA screening capacity and exposed the problem of a shortage of the radiologist
and medical radiation technologist (MRT) workforce needed to support the increase. Both of
these health professional groups are experiencing a global workforce shortage. The NSU is looking
to DM as one potential avenue to increase screening capacity and mitigate workforce shortages.

BSWN was the first BSA Lead Provider to use Full Field DM (FFDM). The NSU needs to consider
options for the managed introduction of DM into the BSA programme. Accordingly, an evaluation
was undertaken covering the process that led to BSWN's decision to implement DM, and the initial
impact and cost implications of DM on any changes to service delivery.

The evaluation methods included the collection and analysis of documentation and data from
BSWN and the NSU, interviews with key people who were involved in the establishment of DM at
BSWN, observation of facilities and processes at BSWN, and a consumer satisfaction survey.

E.1 FINDINGS

E.1.1 DEecISION MAKING AND IMPLEMENTATION PROCESSES

BSWN took a structured and staged approach to decision making and implementation of DM,
which occurred as part of the overall implementation of BSWN as a new Lead Provider. Decision
making and project management processes for DM at BSWN were reported to be robust and
have resulted in the implementation of an effective and efficient breast screening service.

The decision to go digital was made in a number of stages, including in-principle agreement
within the two DHBs (WDHB & NDHB) that the new breast screening sites should be established with
DM, DHB approval of a revised business case based on digital technology, National Capital
Committee approval of proposed financing for digital equipment, and the final BSWN decision fo
order DM equipment.

Because there was a deadline for making the decision, risk management was a key
consideration, and stringent risk management processes were put in place. Right up until the point
that the contract was signed for the Picture Archiving and Communications System (PACS), BSWN
kept open the option of not proceeding with DM but rather reverting to a FSM decision.

To inform decision making processes and DM implementation, a Digital Working Group (DWG), a
team of clinical and other experts, was established to evaluate overseas literature, presentations

Independent Evaluation of the Implementation of DM at BSWN 1
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from vendors, and overseas site visits. This group made recommendations to management during
all steps and stages of the decision making process. This group made a significant investment of
time to research, plan and implement the digital workflow. This time investment, together with the
mix of individuals on the DWG, were seen as critical success factors for implementation.

Key considerations in deciding whether to go digital at BSWN included the planned service
configuration (two assessment centres working together as one team), the challenge of recruiting
and retaining key staff, the capital and operating costs of the various options, the capacity of
each option to maximise resources (equipment and human), and the geography of the region
(large rural areas with some women having to travel long distances to be screened).

In summary, BSWN believed that the implementation of DM at BSWN was justified because:

. Digital radiology was being systematically introduced info mammography worldwide
(including breast screening programmes), and was considered to be the way screening
mammography was heading. Both international and local contributors to the planning
process recommended that any service sefting up in a green fields manner at that time
would be sensible to start off with DM equipment;

) DM was in line with the existing Waitemata District Health Board (WDHB) radiology
environment, which was by this stage fully digital both in terms of staff expertise and IT
infrastructure, and the strategic direction of the radiology service at Northland DHB
(NDHB);

. BSWN had an experienced and skiled implementation team and support team of
clinicians, MRTs, IT fechnicians and Project Managers to manage risks at all stages of
implementation;

o DM offered a number of benefits over FSM for the BSWN service in terms of its
configuration, geography and requirement to attract new staff to a new service; and

. It was considered potentially financially unsound to invest in new FSM equipment
(including mammography machines and all related processing equipment) and facilities
to support FSM when this technology was likely to become redundant well before the end
of its expected life.

It was also recognised that by going digital, there would be a range of subsequent benefits to the
BSA programme overall and fo individual Lead Providers when they eventually make the decision
to convert to DM.

DM machines and PACS were procured through an open tender process which invited vendors to
bid for the supply of either the full suite of technology required or individual components. Short-
listed vendors were invited to make formal presentations to the DWG, provide additional follow-up
information as required, and to nominate international screening sites where DWG members
could observe the equipment in operation and interview local screening staff. Selection of
equipment was assisted through the use of specific evaluation criteria which are detailed within
this report (section 4.5 and Appendix D). A key issue in the tendering process was the requirement
for the various components of the DM screening environment to be fully compatible and work
seamlessly.

UNIQUE CIRCUMSTANCES OF BSWN

BSWN experienced a range of challenges during the planning and implementation of DM. Many
of these issues were directly related to being the first Lead Provider to adopt new technology and
having a very short fimeframe in which to make decisions, plan, purchase, implement and train
staff in the new DM environment. Other Lead Providers will benefit from the progress that has been
made in these issues in the two years since. For example:

. At the time of implementing DM at BSWN, quality standards had not yet been developed
for DM in Australia or New Zealand. The NSU required BSWN to implement the digital

Independent Evaluation of the Implementation of DM at BSWN 2
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standards mandated by the Food and Drug Administration (FDA) in the United States.
BSWN initially had to develop its own protocols from these standards. The NSU has now
issued Interim Digital Mammography Standards for FFDM and CR Systems (2007) as an
addendum fo the National Policy and Quality Standards. Now that these standards are in
place, they will serve to provide more direction to other Lead Providers and simplify the
transition to DM.

. As the implementation of DM at BSWN pre-dated the development of national DM policy,
it was necessary for BSWN to negotiate what the training requirements would be and lead
the development of fraining packages.

. As the NSU had not yet made a decision to implement DM nationally, DM was
implemented at BSWN without formal support or funding from the NSU (the NSU did fund
the development of an interface between the PACS and Soprano Breast Screening (SBS)
database). WDHB management were cognisant of the risks of proceeding without the
support of the NSU and factored this into decision making.

o As BSWN was the first Lead Provider to go digital, none of the potential vendors had
established, robust support in New Zealand prior to implementation. BSWN initially
encountered issues related to planning and installation processes, and issues of limited
access to technical support. Other Lead Providers stand to benefit from the improvements
that have taken place.

As a green field development, the implementation of DM at BSWN differed in important ways from
the processes that other Lead Providers may follow as they transition to DM. In particular:

. Decision making at BSWN focused on considering the relative costs and benefits of DM
and FSM rather than a transition from FSM to DM. A decision needed to be made whether
to develop all facilities and processes to accommodate FSM or to design everything from
the outset for DM. Mammography equipment has a life of approximately eight years, and
hence had the decision been made to install FSM equipment, it was unlikely that a
business case could have been made for changing to DM for another eight years.

o The implementation of DM was just one of a number of inter-related sub-projects within
the overall BSWN implementation project. In addition to decision making and
implementation of DM, parallel processes were under way with regard to facilities, staff
recruitment and fraining, development of operational systems and processes, and other
aspects of service development. In one sense this was advantageous as it provided the
opportunity to develop a comprehensive DM-based service model from the outset.
However, it also increased the complexity of the decision making and implementation
processes.

E.1.2 IMPACTS OF DIGITAL MAMMOGRAPHY

DM screening processes differ from FSM processes in a number of ways. Key differences at BSWN
include:

o There is greater automation of the screening work flow through the PACS worklist system,
including tracking of each woman through the screening process from arrival af reception
through to the final screening/assessment outcome, the linking of images and data for
electronic storage and retrieval, and the assigning of studies to workstations/users. The
processes implemented at BSWN take work flow automation further than the systems
observed overseas by BSWN representatives, through the linking of the SBS Radiology
Information System (RIS) and PACS. Without this link, the full potential benefits of DM are

not realised.

o Prior film images collected from previous screening rounds and/or filim-based screening
sites are digitised for women attending DM screening and for women recalled to
assessment.

Independent Evaluation of the Implementation of DM at BSWN 3
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The registration form recording demographic, interview and screening details is scanned
info the PACS and stored electronically with the woman'’s images and electronic data.

The use of a sub-waiting room, where the woman changes before entering the x-ray
room, provides the opportunity to increase work flow per machine by making more
efficient use of the x-ray room. Data entry can be completed at a quality assurance (QA)
workstation in a separate room, allowing the next examination to commence (with a
different MRT) immediately. This work flow enables the Takapuna site to operate three
screening schedules across two x-ray rooms.

The MRT remains in the room with the woman throughout the examination. MRTs are able
to QA each image as it is taken, and take any repeat views if needed due to movement
or image artefacts. The woman is able to leave immediately upon completion, with less
likelihood of a technical recall for repeat views. !

There is no film processing involved, no darkroom/processing room required, and no
chemical handling or storage.

After leaving the x-ray room, the MRT completes QA at the QA workstation. ‘Hanging' of
digital images is performed automatically by the PACS using programmed hanging
protocols and is checked/corrected by the MRT during QA. The images are then
immediately available for refrieval at any reading workstation with no manual hanging of
films required.

Images are accessed electronically by reading and assessment radiologists and can be
prioritised and read in any order. Reading can be shared between radiologists working at
different sites. Radiologists are able to ‘double read’ remotely.

Electronic images can be sent to freatment providers. Hard copy images are laser printed
if needed for other radiology or treatment providers.

Multi-disciplinary team (MDT) meetings are more sophisticated, using digital technology
including videoconferencing with remote sites.

DM screening technologies and processes are continually evolving, and BSWN is
investigating and implementing refinements to its screening processes on an ongoing
basis.

As BSWN is not fully digital (FSM is still used by sub-contracted providers and for the mobile unit
which collectively perform 30% of BSWN’s mammograms), the full benefits of DM are yet to be
realised.

WORKFORCE IMPACTS

With regard to workforce utilisation, BSWN has advised the workforce costs associated with
providing a DM service have not, to date, differed significantly from those associated with a FSM
service. In summary:

MRTs: BSWN has found that the MRT staffing complement for DM is equivalent to that of a
FSM environment. The DM workflow enables MRTs to work three screening schedules
across two x-ray rooms, which increases screening volumes per machine but not per MRT.
2 Future IT enhancements improving the integration of the RIS with the acquisition
workstation are expected to improve throughput per MRT.

1 BSWN data for women screened between 1 February 2006 and 1 February 2008 shows a technical recall (TR) rate
of 0.07% for digital, 0.10% for fixed film and 2.15% for mobile film.

2 Comparison of MRT throughput in digital and analogue screening sites at BSWN during one week in February 2008
found that an average 3.35 screens per MRT-hour were completed at the Takapuna digital site (across two
machines), compared to 3.0 screens per MRT-hour at the Waitakere digital site (one machine) and 2.95 screens per
MRT-hour for analogue sites (one machine each site).

Independent Evaluation of the Implementation of DM at BSWN
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) Radiologists: Overall, BSWN has found that radiologist FTE requirements for DM are
equivalent to those in a FSM environment. BSWN does not foresee any significant
reduction in radiologist FTE. Reading times for DM are slower, especially af the start.3
However, this has not affected costs as radiologists are either paid per read or in some
cases salaried.

) Imaging assistants: There is a transitional period of two years following conversion to digital,
during which prior analogue films need to be retrieved from storage and digitised. BSWN
has found that the FTE complement of imaging assistants during this period is roughly
equivalent to that of FSM. A slight reduction in imaging assistant FTE is anticipated beyond
the two-year mark.

. IT support: Additional IT support is needed in a DM environment, reflecting the increased
use of IT in the screening work flow. This includes the new role of a PACS Administrator.
Excellent IT support has contributed significantly to the success of DM at BSWN by
developing and implementing solutions to problems such as network speed issues.

. Physicist: More intensive medical physicist support is needed both during implementation
and in the first few years of DM operation. This is due to maintenance issues, physicist
involvement in MRT training for QA programmes, and to the dynamic environment of DM,
in which systems and processes are continually being adjusted and refined.

As anticipated, the implementation of DM has made BSWN an attractive employer for both MRTs
and radiologists. In particular, it has been cited as a key reason for New Zealand and overseas
applicants to MRT positions. Moreover, it is easier to recruit graduate MRTs to a digital screening
service as few new graduates have film experience.

For MRTs there are OSH benefits of DM including improved ergonomics and elimination of film,
cassette and chemical handling. However, physical stressors associated with positioning women
remain the main cause of musculoskeletal problems for MRTs and require adherence to safe
technique and regular breaks. DM may infroduce new risks if it drives expectations of increased
throughput per MRT.

SITE INTEGRATION

DM has proved successful in enabling the integration of screening processes between the
Whangarei and Takapuna screening and assessment sites. Under the previous breast screening
provider, this integration required frequent visits of the Clinical Director to Whangarei, each of
which consumed an entire day. The ability to tfransmit images and associated data electronically
has effectively widened the pool of clinical expertise available to each site, both for reading and
to obtain a second opinion during assessment clinics. Use of videoconferencing facilities has also
enabled BSWN to conduct high quality and accessible MDT meetings with images viewed by staff
atf both sites simultaneously.

MAINTENANCE

BSWN has experienced significant maintenance issues associated with equipment failures — in
particular, multiple failures of x-ray tubes and detectors as well as a range of other problem:s.
Equipment failure and the associated down-time reduces the overall capacity of the service and
causes inconvenience for women whose appointments have to be re-scheduled. BSWN
experienced unscheduled machine down-time almost every week for the first 18 months of the
service, and this had a significant impact on capacity during this time.4

3 BSWN data for the 2007 calendar year shows an average reading time of 64 seconds for digital reads and 47
seconds for film reads.

4 For the year ending 30 June 2007, total machine down-time associated with equipment failures was 199 hours. At
an assumed rate of 5 postponements per hour, this equates to 995 women affected (3.5% of targeted volumes).
Although of great inconvenience to these women, it is likely that most re-scheduled.

Independent Evaluation of the Implementation of DM at BSWN 5
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These problems have stemmed from two fundamental issues: DM is a new and evolving
technology and can therefore be expected to break down more often than FSM equipment; and
as BSWN was the first Lead Provider to adopt the technology, the local pool of expertise in
servicing the equipment was developing from a small base. Access to good technical support is
critical fo making DM work and, as discussed above, BSWN has invested time in managing
relationships with the vendors to improve their service and support capabilities in New Zealand.

IMPACTS FOR WOMEN

Survey responses from 39 women who attended screening at Takapuna during one week in
October 2007 and had previously attended FSM screening, found that the change to DM was
positive for some women and neutral for others. Benefits include elimination of waiting fimes while
films are processed. As a result, some women may perceive the process as faster and/or
experience reduced anxiety. Women are also able to view their images. None of the women
surveyed identified any disadvantages of DM screening compared to FSM.

ADVANTAGES AND DISADVANTAGES OF DM OVER FSM

For BSWN, key advantages of DM are:

. Increased volumes per machine including the ability to work three screening schedules
across two machines;

o Greater automation of the screening work flow, through integration of the SBS and PACS;

o Easier fransmission of the images for all purposes including reading, assessment, MDT

meetings, cover for remote sites, teaching, and treatment providers, with associated
reduction in clinical staff time, particularly travel between Takapuna and Whangarei;

o Faster image acquisition, eliminating waiting times for women while fims are processed,
and enabling the MRT to view images almost immediately. As a result, some women may
perceive the process as faster and/or experience reduced anxiety;

. There are no fim processing tasks and the MRT can remain in the x-ray room with the
woman;

o Image QA and ‘hanging’ is automated and can be completed quickly;

o DM is beneficial in aftracting radiologists and MRTs to the service and thus eases

recruitment challenges somewhat; and

o Improved ergonomics including motor-assisted machine movements and no heavy
cassettes to move or lift.

For BSA, key advantages of DM include benefits for individual sites as summarised above, plus the
increased potential for addressing maldistribution of the radiologist workforce through a national
PACS network. DM technology combined with carefully designed work flows can increase the
capacity of equipment. BSWN's experience of the workforce impacts of DM to date suggests that
DM is beneficial for staff recruitment and may assist in retention, but may not mitigate MRT
workforce shortages by increasing the capacity of a given workforce, at least inifially.

Facilitating quality improvement is another potential advantage for BSA of DM equipment. There
is considerable variation in performance between assessment sites within Lead Provider regions.
Combined regional MDTs, utilising DM and videoconferencing, allows region-wide establishment
of best practise assessment protocols.

Key disadvantages of DM include:

. A steeper learning curve with the adoption of a new technology and the need to keep
abreast of rapid advances in technology:;
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. DM is new technology, and therefore less reliable. There is also less expertise in fixing it. The
output of BSWN has been affected by frequent maintenance issues in the first 18 months.
Machines have been unreliable but vendors are working with BSWN to address this;

. Network speed issues can cause delays in image refrieval, impacting on work flow
efficiency;

o Re-training is required for staff to convert to DM;

o Reading times are slower (especially initially) due to learning curve and more viewing
options;

. For the early adopters of DM, there is a lack of available relief/locum MRTs and readers;

o Additional IT support (including PACS Administrator) is needed due to increased use of IT in

the screening work flow;

. Greater input is needed from the Medical Physicist, at least initially and in response to
equipment failures; and

o Physical stressors for MRTs associated with positioning women remain, and could be
exacerbated if throughput per MRT were increased.

E.1.3 FINANCIAL IMPLICATIONS OF DIGITAL MAMMOGRAPHY

Analysis was undertaken to enable the NSU to understand the financial implications (costs and
savings) of infroducing DM into the BSA programme, and to inform the development of a
framework to aid Lead Providers when considering the use of DM. The analysis draws on
stakeholder feedback and BSWN financial data, with a focus on identifying findings that are
generdlisable to other Lead Providers and to BSA as a whole. Specific costs of DM will vary
between Lead Providers.> BSWN experience can assist in identifying the main types of costs
involved, explaining how the costs of DM differ from those of FSM, and exploring how costs may
vary between Lead Providers.

5 For example, implementation costs for each Lead Provider will vary depending upon projected service volumes,
current and planned service configuration, number of sites, suitability of existing facilities for DM workflow, specific
DM equipment selected, and other factors. As a new technology, DM equipment costs are likely to come down in
the future. Therefore, BSWN's specific implementation costs are not necessarily a useful predictor of costs for other
Lead Providers. Moreover, BSWN's implementation costs were for a green field development. Although some costs
can be directly attributed to DM (e.g. the purchase of DM machines), other costs are jointly attributable to both the
implementation of DM and the implementation of a new Lead Provider, and cannot be separated in a robust way.
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IMPLEMENTATION COSTS

Capital costs include facilities (e.g. fitout and modifications to air conditioning and power supply)
and DM equipment (e.g. modalities, RIS and PACS, workstations, and supporting software and
peripherals).é Key differences between DM and FSM include:

o FFDM modalities cost more than FSM.7 The higher cost per machine may be offset by
greater throughput capacity per machine which brings down the cost per mammogram.

) DM requires additional IT infrastructure including PACS and data storage. BSWN was able
to make use of existing data storage solutions. Other Lead Providers would need to
investigate their data storage requirements and options.

. Hard copy storage requirements should reduce over time with DM (there is an initial two-
year lag while prior films are digitised). At BSWN, all archiving is on site. Other Lead
Providers may be able to reduce costs of offsite archiving.

. Darkroom, processor space and film processing equipment are not required once the
service is fully digital, but may need to be retained on site during the transition to DM.
Analogue fims from the mobile unit are either processed at a private practice in
Whangarei, or at BSCM.

Any Lead Provider preparing a business case to move to DM would need to ascertain current
costs for the specific capital items required. Facilities costs will vary with the individual
characteristics of each site and whether the transition to DM is made all at once or in stages.
Equipment costs depend on factors such as the equipment required, the number of units
purchased, and the terms of the confract (e.g. maintenance provisions).

WDHB's Capex report for BSWN shows capital expenditure of $1.7 million associated with DM
equipment at Takapuna, covering: $1.49 million for two FFDM modalities, stereotactic device, QA
equipment, QA and reading workstations;8 and $209,000 for PACS and PACS workstations, laser
printer, digitiser and videoconferencing equipment. Note that the $1.49 million is for the capital
investment at only one of BSWN's three digital sites, but nevertheless serves to indicate the level of
capital investment required for the items listed. Additionally, $187,000 of NSU funding was spent on
enhancements to the SBS system.

Operational costs of implementing DM include:

. Time spent by the DWG and others in planning and purchasing of DM equipment (to an
estimated total of 1,597 hours at BSWN);

. Travel and related expenses for site visits to evaluate digital systems; and

. Training delivered to Radiologists, MRTs and other staff, including approximately two days

per MRT and two days plus 200 dummy reads per radiologist (detailed in section 6.6.2).

ONGOING COSTS OF SERVICE PROVISION

The net costs of DM include savings from changes to the screening work flow (e.g. potentially
higher screening volumes per machine than FSM) and the elimination of some costs associated
with FSM (e.g. films, chemicals). Net costs/savings will vary between Lead Providers and over time.

6 Section 4.2 details the digital equipment purchased by BSWN. Appendix C details the information and
communications infrastructure required to support a DM environment.

7 NSU analysis found that total annualised equipment costs for a DM system would be 1.9 to 2.3 times higher than
FSM equipment (NSU, 2007b).

8 Costs of individual items cannot be disaggregated due to confidentiality agreements with vendors.
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The following overarching principles apply to the net cost of DM relative to FSM:

. The higher capital costs of DM compared to FSM mean that the fixed costs of service
provision (costs that are incurred regardless of the number of mammograms performed)
are higher for DM.

. The variable costs of DM (costs that vary with the number of mammograms performed)
may be lower than FSM due to lower consumable costs. However, some other costs (e.g.
maintenance) may increase in a DM environment.

o For both DM and FSM, the average cost per screen (the sum of all fixed and variable costs
divided by the number of mammograms) reduces as screening volumes increase,
because the fixed costs are spread across a greater number of mammograms.

. The higher capital costs of DM compared to FSM mean that the average costs per
mammogram of DM are higher at low screening volumes. As screening volumes increase,
a breakeven point may be reached where the average costs of DM are equal to those of
FSM. High screening volumes per machine are required to reach this point.

The ongoing cost of capital is a fixed cost. The average capital cost per mammogram reduces as
the total service volumes increase. BSWN has stressed that it is important to ensure business cases
include realistic assumptions about the screening volumes that will be provided (i.e. Lead
Providers should not expect to screen maximum screening volumes).

The ongoing cost of capital for DM depends upon the total capital investment af implementation,
the method of financing, and the method of depreciation used. As the capital costs of DM are
higher than FSM, the ongoing cost of capital is generally higher in a DM environment.

WDHB purchased DM equipment using borrowed funds. The Board approved this borrowing on
the basis of a business case showing that the capital costs could be recovered through net
operating cashflow.? BSWN's DM machines are depreciated over seven years. IT equipment
(including the PACS and workstations) are depreciated over a three year period. Thus, the
ongoing cost of capital is highest in the first three years. If the serviceable lives of DM machines
and/or ICT equipment exceed their depreciation periods, the cost of capital may reduce over
time. Moreover, the costs of upgrading existing equipment should reduce as the technology
becomes more widely adopted and prices come down.

Ongoing operating costs include workforce and other costs. Although DM units are more
expensive than FSM fo purchase initially, there are operational cost savings that may fip the
balance in favour of DM, especially where service volumes are high. Key areas of difference in
operating costs between DM and FSM include:

. Consumable costs are lower for DM than FSM as no chemicals or films are needed for DM.
A few (less than 1%) mammograms are printed, which incurs ink and film costs.

. Archiving/storage costs should reduce as a service transitions to DM and an increasing
proportion of images and records are stored electronically.

) Courier costs are significantly reduced due to electronic sharing of digital images
between sites. Telecommunications costs increase with DM.

o DM requires additional specialised staff including a PACS Administrator and an increased
level of medical physicist input.

. Maintenance costs can be high for DM, especially initially. The first three years of servicing
and unscheduled maintenance costs are covered within the price of the modalities, and
the cost of replacement parts are initially covered under warranty. However, unscheduled
downtime can affect productivity.

? The original business case sought capital funding to establish BSWN as a Lead Provider, based on FSM assumptions.
The decision to go digital, supported by further analysis, was made subsequently.
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As discussed above, BSWN has advised that the workforce costs associated with providing a DM
service have not, to date, differed significantly from those associated with a FSM service.
Therefore, the core workforce costs for DM at BSWN have been comparable to those of FSM. This is
significant because the combined costs of salaries and outsourced clinical services at BSWN
comprise 73% of total costs (based on 2006/07 records).

Other general screening programme costs, such as health promotion, appointment scheduling,
and service management, are equivalent for DM and FSM.

Ongoing costs of service provision are not constant over time. For example:

. BSWN did not go fully digital from the first day of operation. The proportion of
mammograms that were digital was 52% initially and increased to approximately 70%.10

. The transition to DM involves a learning curve for all staff.

. DM systems and processes are continually being adjusted and refined in response to

technological improvements and ongoing learning about the DM work flow.

o There are lags associated with some efficiencies (e.g. imaging assistant input may take
two years or longer to reduce due to the digitising of priors).

. Equipment reliability issues affected screening volumes and costs at BSWN in the first 18
months of the service.

AVERAGE COST PER WOMAN SCREENED

In its first year of operation, BSWN provided 25,916 screens at an average cost of $210 per screen.
At the completion of its first full financial year (five months later), the number of screens had
increased to 28,062 and the average cost had reduced to $169 per screen.

In comparison, available BSA data shows that in the previous (2005/06) financial year, the cost per
woman screened for the eight BSA Lead Providers ranged from $147 to $199 and averaged $176
for BSA as a whole. Estimated volumes and funding for 2007/08 suggest the average cost per
screen for BSA this year will be $188.

This analysis suggests that BSWN costs, although high initially due to various factors that impacted
on screening volumes, are now at a level commensurate with BSA as a whole. This accords with
the WDHB revised business case and supporting financial analysis for the establishment of a DM
service, which established that the capital costs of DM could be recovered through net operating
cashflow at existing BSA funding levels (WDHB, 2005b).

The following caveats must be noted:

. It would not be valid to directly extrapolate BSWN average costs per woman screened
against current national volumes to assess the implications of DM for the BSA programme
overall, due to differences between Lead Providers, as these would affect local costs of
DM.

o In particular, the BSWN Lead Provider region has high numbers of eligible women, and can
keep its DM machines busy full time. Other Lead Providers serving lower populations may
not be able to operate a DM machine at close to its maximum capacity, or may have
screening volumes that exceed the capacity of one DM machine but cannot justify the
purchase of two machines.

10 BSWN does not account separately for its DM and FSM costs and these cannot be disaggregated in a robust way.
Nevertheless, the aggregate costs are relevant in that they represent a service in fransition fo DM.
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. Apparent cost per screen varies between Lead Providers due to accounting differences
as well as actual differences in service profile and cost.

) As dlready noted, costs of service provision are not constant over time and there are
sound reasons for anticipating a reduction in the average cost per screen at BSWN over
the next few years.

E.2 RECOMMENDATIONS

BSWN's experience in the implementation of DM, its impacts post-implementation and the
financial implications of transitioning to DM, highlights a number of pertinent lessons for other Lead
Providers and BSA as a whole during the managed introduction of DM into the BSA screening
practice. It is recommended that the NSU draw on the following lessons identified in this report to
assist other Lead Providers in identifying factors to consider in their Business Cases and
Implementation Plans for DM.

IMPLEMENTATION

Key issues and lessons from BSWN suggest that other Lead Providers considering the transition to
DM should:

o Adopt a staged ftransition approach rather than changing all fixed, mobile and
subcontracted sites to DM in one ‘big bang’ approach. A staged approach has a number
of benefits including opportunities for learning and refining processes and minimising any
temporary adverse workforce impacts such as slower reading times. Implement site-by-
site. Mixed digital and analogue at a single site would make it difficult to maintain QA
adequately.

o Plan for significant project management, clinical, technical and other mulfi-disciplinary
input and a time investment from those involved including time dedicated away from day
to day work. A critical success factor is establishing the right multi-disciplinary feam from
the outset.

. Pay close aftention to ensuring the compatibility of DM components including PACS, RIS,
storage servers and modalities. Ensure contractual agreements for DM implementation
place responsibility on vendors for seamless integration.

. Note that BSWN's RFP evaluation criteria and submission forms provide a potential model
or starting point for the development of tender evaluation tools for future tendering
processes.

. Plan for contingencies, recognising that throughput on DM (both in taking and reading

mammograms) will be slower initially. To minimise disruption to work flow, clinics and
clients, a conservative approach should be taken to booking appointment slots until all
aspects of installation have been improved and completed.

) Learn directly from other programmes, both in New Zealand and overseas, that have
already done planning and implementation for DM. This should include site visits to
comparable sites with well-established screening processes, observing work flow patterns,
and conducting consultations with screening staff in order to learn of possible pitfalls.

o Seek IT guidance from an established DM screening site with a similar PACS configuration.

. Note that BSWN has gone further in terms of connectivity between RIS, PACS and DM
machines than the overseas sites observed by the DWG, and is therefore a key reference
site for other Lead Providers preparing to convert to DM, both to maximise effectiveness
for Lead Providers individually and to minimise risks associated with incompatibility
between Lead Providers.

. Involve a medical physicist from the outset in equipment selection in order to assess key
performance and QA parameters of each machine.

Independent Evaluation of the Implementation of DM at BSWN 11



Health Outcomes International

. As part of the due diligence process, ensure that vendors provide full details against all
requirements and criteria including sufficient evidence/plans for the provision of prompt
and readily available service support.

o Pay particular attention to negotiating an effective service contract, including availability
of technical expertise and storage of spare parts to ensure timely access; escalation and
penalty clauses; minimum response times for service; and whether evening/weekend
cover is necessary and available.

o Manage vendor service risks by ensuring good relationships with vendors, undertaking
sufficient input and planning with engineers and frainer prior to installation, and allowing
sufficient time to thoroughly test equipment before the go-live date and before final
payment is made to the vendor.

. Maintain a risk register at all times during the project so mitigation strategies can be found
for all new risks as they become known.

. Investigate collective bulk buying opportunities with other Lead Providers, as DM vendors
may be prepared fo make substantial discounts if multiple machines are purchased.

. Allow time for staff training and plan additional staff for service continuity.

o Allow time for MRTs fo be trained in QA for each new modality. Establishing new QA

programmes for DM equipment is an extensive process which is made more complicated
by inconsistent terminologies used by different vendors. Each machine has specific QA
processes and requirements.

IMPACTS

In considering the impacts of DM on screening work flow, Lead Providers should note that:

. DM offers a number of advantages over FSM, but converting to DM involves risks and may
not be all ‘plain sailing’. In particular, Lead Providers should allow for down time and
should not expect to screen maximum screening volumes.

o DM screening technologies and processes are contfinually evolving. Implementing DM
requires acceptance of this, and commitment to keeping abreast of technological
developments and refining screening processes on an ongoing basis.

. Experience of BSWN to date has been that individual MRT volumes are similar to FSM,
reflecting clinical practice considerations, cultural issues, OSH considerations, and QA
processes. However, it is anficipated that throughput would increase if the MRT form were
available inits entirety as data entry fields on the RIS.

. DM requires greater interpersonal skills for MRTs because they stay in the x-ray room with
the women and because women want to see theirimages.

. Overall, radiologist FTE requirements for DM at BSWN are similar to those in a FSM
environment.

. Reading capacity is constrained by the number of workstations. Sites need to provide
sufficient workstations for flexibility, especially where radiologists alternate between
screening work and other clinical roles.

. There is a transitional period following conversion to DM where analogue priors are
retrieved from storage and digitised. As a result, workforce efficiencies in relation to
imaging assistants are subject to a two-year lag phase.

. Excellent IT support is critical to the success of DM. This support is specialised because of
the complexity of the DM environment, the need for seamless infegration of components,
and the substantial data transmission and network speed requirements.

. Excellent medical physics support is critical to the success of DM. Physicist services may be
required urgently and unexpectedly if there are equipment failures.
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. Ensure vendors keep spare parts on hand (including x-ray tubes and detectors) to
minimise down time in case of equipment failure.

FINANCIAL IMPLICATIONS

BSWN experience is potentially useful in identifying the main types of costs involved in
implementing DM and providing screening services in a DM environment, and how these differ
from FSM. However, individual Lead Providers need to conduct a thorough analysis of the financial
implications of DM taking into account local service configuration (current and planned), volumes
(current and projected) and other relevant factors.

Average cost per woman screened at BSWN is commensurate with costs for BSA as a whole. It is
important to note that the BSWN Lead Provider region has high numbers of eligible women and
can keep its DM machines busy full time.
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1

INTRODUCTION

The National Screening Unit (NSU) of the Ministry of Health engaged Health Outcomes
International Pty Ltd (HOI) to conduct an independent evaluation of the implementation of digital
mammography (DM) at Breast Screen Waitemata and Northland (BSWN). The overarching
purpose of the evaluation was to assist the NSU to consider options for the managed introduction
of DM into the BreastScreen Aotearoa (BSA) screening programme, and any implications for
national policy and quality standards that this intfroduction may have.

DM is the next step in the evolution of mammography technique and will gradually replace fim-
screen mammography (FSM). DM is similar to FSM in that x-rays are used to produce detailed
images of the breast. From the woman's perspective, DM uses a similar procedure to acquire the
image. However, with DM, the image is captured electronically using a digital receptor instead of
a film cassette, and is stored directly in a computer. DM offers a number of advantages over FSM
in regard to radiation dose, image acquisition, display, transmission and storage, and has the
potential to lead to more efficient use of a constrained workforce.

The BSA Age Extension Project showed the need for a significant increase in the BSA screening
capacity and exposed the problem of a shortage of the radiologist and medical radiation
technologist (MRT) workforce needed to support the increase. Both of these health professional
groups are experiencing a global workforce shortage. The NSU is looking to DM as one potential
avenue to increase screening capacity and mitigate workforce shortages.

BSWN was the first BSA Lead Provider to use Full Field Digital Mammography (FFDM). The NSU

needs to consider options for the managed infroduction of DM into the BSA programme. The

overarching purpose of the evaluation was to assist the NSU in this regard and to advise on how

the infroduction of DM may impact on national policy and quality standards. Accordingly, the

NSU contracted HOI to evaluate:

. The process undertaken by BSWN that led to their decision to implement DM; and

o The initial impact of DM on any changes to service delivery.

The evaluation focused on:

o The process undertaken to infroduce the FFDM technology at BSWN (including decision
making processes and criteria, development of the business case, workforce issues, and
lessons learned);

o Impacts of FFDM on the process of service delivery across the screening pathway;

o The advantages and disadvantages of using FFDM in a Lead Provider system, and for the
BSA programme overall;

. The financial implications including capital, workforce and operational costs of the
introduction of FFDM for an individual Lead Provider and BSA as a whole; and

. The cost-effectiveness of the introduction of FFDM for a Lead Provider and the BSA
programme overall.
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The findings from this evaluation will inform the NSU regarding the strengths, weaknesses and
financial implications of infroducing DM to the BSA programme. In turn, these findings will help to
ensure that implementation of DM in other Lead Provider regions is focused on the optimum
outcome for the programme. The evaluation will also inform the development of a framework to
aid Lead Providers when they are considering the use of DM (including the DM Implementation
Plan and guidelines to inform best practice for implementation), and will assist the NSU to give
informed and consistent advice on the use and implementation of DM.
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2

METHODOLOGY

The evaluation involved the collection and analysis of documentation and data from BSWN and
the NSU, feedback from key people who were involved in the establishment of DM at BSWN,
observation of facilities and processes at BSWN, and a consumer satisfaction survey.

Interviews were conducted with:

. BSWN Manager;

. BSWN Clinical Director, Lead MRT, and other Radiologists and MRTs at Takapuna and
Whangarei;

. The physicist serving BSWN's Takapuna and Whangarei sites;

. The ICT Project Manager involved in the implementation of DM at BSWN;

. The BSWN Implementation Project Sponsor;

. The Waitemata DHB (WDHB) Business Manager responsible for BSWN financial accounting;
and

. NSU representatives.

In addition, the BSWN Manager and key radiologist and MRT representatives provided written
responses to the interview questions, and all BSWN radiologists and MRTs were invited to provide
feedback on draft process maps (discussed below). The interview questions are aftached at
Appendix A.

The Project Manager for the implementation of DM at BSWN provided input into the evaluation by
reviewing and providing feedback on a preliminary draft of the evaluation report with regard to its
accuracy and completeness and by guiding the evaluators to additional documentation to
inform the evaluation.

Evaluation questions covered DM processes, impacts and financial implications. Specific

evaluation questions, methods and data sources used in the evaluation are summarised in the
following paragraphs.

2.1 PROCESSES
The first group of evaluation questions focused on the process undertaken to infroduce DM
technology at BSWN, and the rationale for the decisions that were taken. The evaluation questions
were:
o What process did BSWN use to help make the decision to go digitale

o How were decisions made?

o Who made the decisions?e

o What criteria/bases were used to aid in the decision making process?
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(0]

What evidence did BSWN gather to help make the decision to go digitale How
useful was the evidence from overseas in terms of its application to the New
Zealand contexte

What were the strengths/weaknesses of the decision making process? (e.g. what
worked welle What would you do differently?)

What are the most important features of a successful decision making process that
other Lead Providers should considere

How was the business case developed?

Why did BSWN decide to go digital?

What processes were involved in establishing the DM service, once the decision to go
digital was made?

(0]

(0]

What processes were used in planning and budgeting for the implementation?

What processes and criteria were involved in selecting the type (make and
model) of DM equipment?

What processes were used in implementing the service (e.g. key phases, tasks and
fimeframes, approach to project management, key personnel involved)?2

What were the strengths/weaknesses of these processes? (e.g. what worked well?
What would you do differently?2)

What are the most important features of a successful implementation process that
other Lead Providers should consider?

These evaluation questions were addressed through semi-structured interviews, as detailed above
and through a review of source data and documentation provided by BSWN including:

May 2005 Capital Expenditure Proposal to the WDHB Board (this pre-dated the decision to
go digital and was based on FSM);

May 2005 High Level Project Plan for Establishment of BSWN;
August 2005 Proposal to the NSU for BSWN to pilot the implementation of FFDM;

Reports from visits to established DM sites overseas;

Notes from DM planning group meetings;

Records of the procurement process for the DM equipment;

Records of the procurement process for ICT infrastructure;

Estimates of time spent on digital planning and purchasing at BSWN;

Details of training provided to BSWN radiologists, MRTs and other staff; and

January 2007 Post Audit Evaluation Report to the Audit and Finance Committee.
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2.2 |IMPACTS
The evaluation focused on two groups of “impacts”, based on BSWN's experience to date:
o Impacts of FFDM on the process of service delivery across the screening pathway; and

o The advantages and disadvantages of using FFDM (to a Lead Provider, and to the BSA
programme overall).

Questions aimed at addressing these impacts included:

. How does the screening pathway for DM at BSWN differ from the screening pathway for
FSM?2 Including consideration of:

o Sequence of stages in the process (analysed through process mapping of the
screening pathway);

o Personnelinvolved at each stage;

o Throughput ratios such as average elapsed and cumulative time taken per patient
(if available) and/or average number of screens per unit of time; and/or

0o Any changes to work flow.

. How do the workforce requirements for an equivalent service volume for DM compare to
the workforce requirements for FSM2

o What are the advantages and disadvantages of DM over FSM for BSWN?2 For BSA2

. What different systems of appoinfment scheduling were considered? How were they
assessede What system is used, and why?

o What lessons learned may assist the NSU to develop guidelines to aid other lead providers
in deciding whether the advantages of DM outweigh the disadvantages?

To address these questions, workshops were initially conducted involving two MRTs, ICT Project
Manager, a radiologist and a physicist to identify the key stages and tasks in the screening process
and differences between the processes for DM and FSM. These workshops were followed up with
guided observation of the facilities and process flow for DM at Takapuna and FSM at Orewa (a
site subcontracted to BSWN providing fixed FSM screening services). Based on these workshops
and observation, draft process maps were produced and were distributed to BSWN radiologists
and MRTs inviting feedback with regard to accuracy, completeness and estimates of average or
typical times taken at each stage. Where feasible, BSWN provided data to support the analysis.

A range of work flow and other data was provided by BSWN, summarising:

) Reading times for DM and FSM at BSWN during the 2007 calendar year;
o Current and recent MRT screening schedules;
. Actual MRT screening appointments and hours of work for selected DM and FSM sites

during a one week period in February 2008;

. Technical recall data for all BSWN DM and FSM sites from 1 February 2006 to 1 February
2008; and
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. Details on equipment failures/maintenance issues, and the impacts of these on screening
services.

Consumer feedback was elicited through a short, anonymous, voluntary survey administered to
the first 50 women who attended screening at Takapuna during the week of 8-12 October 2007. A
total of 46 women responded to the survey (a response rate of 92%). The survey asked women to
identify any differences they noticed between the digital screening process and any film-based
screening they had in the past (where applicable). The survey form and information sheet are
attached at Appendix B.

2.3 FINANCIAL IMPLICATIONS

The evaluation included analysis of the financial implications of DM, covering:

. The direct costs of implementing and operating DM at BSWN, comparison with the costs of
FSM, and discussion of implications for other Lead Providers and the BSA programme
overall; and

) The average cost per mammogram of DM at BSWN and discussion of implications for the

BSA programme overall.

The net costs of DM include cost savings from changes to the screening work flow (e.g. potentially
higher screening volumes per machine than FSM) and the elimination of some costs associated
with FSM (e.g. films, chemicals). The balance of costs and cost savings involves a complex
interplay between a number of factors such as screening volumes, facility layout, type of DM
modality in use, and so on. Consequently, the net costs (or savings) of DM relative to FSM will vary
significantly between Lead Providers and over time. As an overarching principle, however, the
higher capital costs of DM compared to FSM mean that higher screening volumes per machine
are required to reach a breakeven point for DM.

It was beyond the scope of this evaluation to model the net costs/savings of DM relative to FSM
under a range of scenarios. Instead, the analysis identifies and discusses each of the main cost
components individually, and how each component differs between DM and FSM. The
aggregate effect of these differences at BSWN is then assessed by analysing the average cost per
mammogram at BSWN.

The financial analysis includes only the direct costs of DM to BSWN, and excludes indirect costs
(such as transport costs of women attending screening) and indirect benefits (such as the
potential of DM to help mitigate national staff shortages).

Analysis of the costs at BSWN was undertaken by referring to financial data provided by BSWN
together with qualitative information from MRTs and the ICT Project Manager, and focused on
identifying issues and lessons that will be useful for other Lead Providers. The analysis explored the
financial implications of DM under two key headings:

o Implementation costs (costs associated with the initial set-up of DM); and

. Ongoing costs (costs associated with the provision of a DM service).

Within these overarching categories, the analysis also distinguishes:

. Capital (facilities and equipment); and

) Operating costs (including the screening workforce, and other operating costs such as
contractors, consumables, etc).
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The financial analysis draws on stakeholder feedback and financial data related to the
implementation of DM at BSWN, with a focus on identifying findings that are generalisable to other
Lead Providers and to BSA as a whole. Capital costs associated with DM equipment were subject
to commercial confidentiality clauses and therefore could not be disaggregated for this report.
Furthermore, as costs will vary between Lead Providers according to their individual service
contexts and business decisions, quantifying the specific costs incurred by BSWN was considered
to be of imited value. Therefore, the cost analysis focused on qualitative discussion of the key cost
items involved in DM and a high-level comparison of DM and FSM costs.

The average cost per mammogram at BSWN was estimated from financial and output data, and
compared against the average cost for other Lead Providers and BSA as a whole.
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3

CONTEXT

This section provides contextual information relevant to the evaluation, based on a review of core
documentation and literature. It sets out key features of the service, policy and research contexts
underpinning breast screening in New Zealand and the specific application and operation of DM.

It is important to note that some of the information presented in this section pertains to the current
sifuation but was not applicable to BSWN at the time of decision making and implementation of
DM. For example, the NSU Digital Mammography Policy was not in place when BSWN made its
decision to go digital, but wil be relevant to other Lead Providers as they consider the
implementation of DM technology.

3.1 SERVICE CONTEXT

Among New Zealand women, breast cancer is the most common cancer and most common
cause of cancer death, with 2,310 new cases of breast cancer registered and 615 deaths from
breast cancer in 2001 (NZHIS, 2007). The risk of breast cancer increases with age, with three
quarters of diagnoses occurring in women aged 50 years and over (BSA, 2007).

Due to effective treatments, the majority of women who develop breast cancer do not die from it.
Screening further improves survival rates, reducing the chances of dying from breast cancer by
about 20% for women under 50 years of age, 30% for women aged 50-65, and 45% for women
aged 65-69 (BSA, 2007).

3.1.1 BREASTSCREEN AOTEAROA

In New Zealand, breast screening mammograms and follow up are available free to all
asymptomatic women aged 45-69 through the BreastScreen Aotearoa (BSA) programme. BSA
was established in 19981 and aims to reduce women's morbidity and mortality from breast
cancer by identifying cancers at an early stage. Breast screening is delivered via a network of
eight Lead Providers, their sub-contracted providers, and mobile units. Independent Service
Providers (ISPs) work alongside the Lead Providers in defined geographic areas to provide health
promotion and recruitment for Mdori and Pacific women (NSU, 2003).

The BSA programme aims to screen at least 70% of the general target population of women every
two years in order to achieve a 30% reduction in breast cancer mortality (NSU, 2004; NSU 20060a).

BSA initially targeted asymptomatic women aged between 50 and 64 years old. In 2004 an
announcement was made that the age of eligibility of BSA would be extended to women aged
between 45-69 years (NSU, 2006). In the first two years following Age Extension (July 2004 to June
2006), 294,421 women were screened, an increase of 43.1% over the previous two year period.

As an organised population-based screening approach, the BSA programme includes:

. Promotion of Screening;

1110 2000, the Ministry of Health took over the BSA programme from the Health Funding Authority.
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) Education about breast cancer, screening and treatment;

o Identification and invitation of women eligible for screening;

. Invitation and recall of women eligible for screening at two yearly intervals;

o Screening mammography for eligible women;

. Multidisciplinary assessment for screened women including clinical examination,

ultfrasound, fine needle aspiration biopsy, core needle biopsy, stereotactic directed
biopsy, open biopsy and pathology services;

o Communication of screening results to women and their primary health care provider;
o Support and counselling for women undergoing assessment procedures;

o Referral to freatment for those women identified with breast cancer;

. An information system to support the screening programme; and

. Quality assurance (QA). audit, monitoring and evaluation (NSU, 2006a, pp. 24-25).

The ongoing provision of breast screening at the service level involves teams of multidisciplinary
health professionals including: breast care nurses, health promoters, physicists, MRTs, pathologists,
quality care coordinators, radiologists, and surgeons. The success of the BSA programme is largely
dependent on the effective collaboration and inter-coordination of these various staff at different
points along the screening pathway.

The BSA programme is independently monitored under a three-year contract with Queensland
University that began in 2005. The most recent report on progress from July — December 2005
indicates that despite some variation across lead providers, overall BSA targets for key
performance indicators are either being exceeded or are almost being achieved (NSU, 2007a).

Originally BSA was provided by six Lead Providers, of which BreastScreen Auckland and Northland
(BSAN) was the largest. In 2002, the large size of the BSAN area relative to other Lead Provider
areas was noted as well as high screening demands and relatively low coverage rates. In
response, and in an attempt to improve screening coverage in Auckland and Northland, the NSU
decided in 2004 to split the Auckland and Northland region into three separate Lead Provider
areas. As a result of this decision, the NSU contracted Counties Manukau DHB (CMDHB) to provide
the new BreastScreen Counties Manukau programme and Waitemata DHB to provide the new
BreastScreen Waitemata and Northland programme. These programmes began screening in
September 2005 and February 2006 respectively (Blue, 2005; NSU, 2007a). As a result of this
reconfiguration, the BSA programme is now provided via eight Lead Providers'2 who deliver
services to women through both fixed and mobile sites.

The majority of mammography conducted as part of BSA is currently film-screen based. However,
BSWN introduced DM from the first day of its operation, 1 February 2006 and BreastScreen
HealthCare (BSHC, the Lead Provider for Otago/Southland) commenced providing DM services in
April 2007. Overseas, an increasing number of screening sites in the UK, Europe, the USA and
Australia have infroduced or are infroducing digital mammography and softcopy reading into
their screening practices.

3.1.2 DIGITAL MAMMOGRAPHY

DM is the next step in the evolution of mammography technique and will gradually replace fim-
screen mammography (FSM). DM incorporates the most recent advances in image acquisition,
processing, display and storage. Both DM and FSM utilise low-energy x-rays that pass through
breast fissue to produce images, and both require breast compression. The difference between

12 BSA Lead Providers include: Waitemata and Northland (BSWN): BreastScreen Counties Manukau (BSCM);
BreastScreen Auckland Limited (BSAL); BreastScreen Midland (BSM); BreastScreen Coast to Coast (BSCC);
BreastScreen Central (BSC); BreastScreen South Limited (BSSL); and BreastScreen HealthCare (BSHC).
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the two techniques lies in the way the image is captured and reproduced for further
interpretation.

In FSM, images are recorded on films using x-ray cassettes which are then chemically processed in
a dark room. The resultant film images are stored in a manual filing system with the woman's
paper files.

In FFDM the x-ray is picked up by a digital detector and is directly converted into digital signals for
displaying on a computer monitor. The displayed image can be manipulated on screen and can
also be printed onto film. Digital images are stored directly info a computer system together with
details about the woman screened. This evaluation focuses on the implementation and impacts
of FFDM, as this is the DM technology used by BSWN. 13

FFDM offers a number of potential advantages over FSM. Potential advantages cited in the
international literature are summarised below (BSWN experience in regard to the advantages and
disadvantages of DM is discussed in section 5.10).

Workforce and telemedicine

. The FFDM work flow provides the potential for increased workforce productivity including a
more streamlined work flow for MRTs and potential time savings for some administrative
tasks.

. Images can be shared electronically between sites, providing opportunities for remote

image reading and peer review (Legood & Gray, 2004), with associated potential for
more efficient use of radiologist fime.

Image acquisition

. The time between exposures is shorter with FFDM than with film as there are no cassettes to
change. The overall cycle time is therefore faster.

) The image is available for the MRT to view almost immediately, without having to wait for
film processing. As a result, the MRT can tell straight away whether the image is adequate.

. There is the potential for fewer technical recalls, therefore fewer repeat screenings and
increased cost savings in equipment use and staff time. There is also the potential for
reduction in the need for repeat assessments (Legood & Gray 2004).

. In DM, the electronic signal has a linear relationship with the intensity of the x-ray and has
a wider dynamic range (1000:1) than FSM (40:1). This provides greater contrast resolution in
digital images compared to film (Dershaw, 2006; Legood & Gray, 2004; NSU, 2006a).

Image processing

o DM obviates the need for film processing and handling tasks associated with FSM. As such,
MRTs do not need to work with processing chemicals, which translates into a potentially
safer work environment as well as savings in staff time. There are also savings in facility

development costs as dark rooms and other processing space are not required.

o Image QA and ‘hanging’ are automated (BSWN, 2005b).

13 Another form of DM, known as Computed Radiography (CR), uses conventional x-ray equipment to capture an
image, but stores the image to a cassette-based imaging plate which is subsequently removed from the x-ray
machine in the same way as a film cassette. When processed, a digital image is produced.
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Image display and storage

o The magnification, orientation, brightness and contrast of the image can be altered after
the examination is completed, which allows the radiologist more image viewing options
than with FSM. Additionally, under or over-exposure can be corrected without having to
repeat mammograms.

o Electronic storage enables more rapid storage and retrieval of images, and reduces the
likelihood of images being lost in transfer, misplaced in filing systems due to human error, or
damaged/deteriorated (Medical Devices Agency 2001).

. Hardcopy storage of films becomes unnecessary in DM, whereas for FSM, fiims are stored
for 10-15 years from last episode, with the associated costs of office space, fransport, off-
site archiving and retrieval.

Benefits for women

o Examination time and waiting fime (post examination) are shorter due to the direct
capture of images and the elimination of film processing.

. The ability to repeat images immediately with the woman still in the x-ray room means less
waiting time and less associated anxiety for women (Medical Devices Agency, 2001).

o Depending on the type of system used, DM may provide a lower average radiation dose
than FSM (Medical Devices Agency, 2001).

o The time required for a stereotactic biopsy procedure (where required) is shortened.
Stereotactic biopsy procedures may also be more effective due to greater resolution of
FFDM as compared to biopsy units with small field of view (NSU, 2006b).

. Diagnostic performance may be improved for pre- and peri-menopausal women and
women with dense breasts (Pisano et al, 2005).

Overall, DM appears to have greater flexibility in terms of imaging capabilities. However, there are
some trade-offs. For example, although DM has greater confrast of images, FSM has greater
spatial resolution due to its reliance on the size of the grains of the emulsion on the film screen,
whereas in DM, spatial resolution is based on pixel size (Dershaw, 2006; Parikh, 2005).

For BSA, key potential benefits of DM centre on the potential to help mitigate workforce shortages.
Currently, turnover rates are high for MRTs as a result of issues such as repetitive strain injuries and
the use of chemicals to process fims. Furthermore, staff retention may be improved as a result of
opportunities for skills advancement and utilisation. For example, MRTs may be able to obtain
greater job satisfaction from development and utilisation of advanced skills and knowledge, as
well as the opportunity to work with state of the art technology.

Implementatation of DM in New Zealand may also help to mitigate problems associated with
shortages of radiologists. For example, telemammography could help to overcome the uneven
distribution of radiologists around the country, with a relatively high number of radiologists in
Auckland and long-term shortages in other parts of the country (NSU 2006q).

Other anficipated benefits of implementing DM in New Zealand include increased screening
capacity to meet increasing demand for services, the establishment of a national archive of
digital images, and the opportunity to keep pace with global trends in imaging (NSU, 2006b).
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3.1.3 DIGITAL MAMMOGRAPHY AT BREAST SCREEN WAITEMATA AND NORTHLAND

BSWN commenced operating in February 2006 and provides breast screening services to the
women of Waitemata and Northland.

Waitemata DHB (WDHB) holds a Service agreement with the Ministry of Health for these services,
and is responsible for the overall BSWN service including the clinical, quality and operational
management of the programme and for achieving participation/coverage targefs.

BSWN is managed by a Clinical Director and a Lead Provider Programme Manager responsible for
the entire region. Both the Clinical Director and the Lead Provider Programme Manager report to
the General Manager, Clinical Support Services.

WDHB contracts with Northland DHB (NDHB) to provide screening and assessment services to
women of Northland, and with other private providers to provide screening services. WDHB and
NDHB work collaboratively fogether to ensure the success of the programme. NDHB has a leading
role in the programme for Northland.

BSWN was the first BSA Lead Provider to use FFDM. Four FFDM machines are currently operating;
two in Takapuna (since February 2006), one in Whangarei'4 (since July 2006), and one at
Waitakere (since July 2007). BSWN also operates a mobile FSM unit. Fixed FSM units are operated
by subcontractors in Orewa, Warkworth and Kerikeri. The service configuration of BSWN is
summarised in the following table.

The two main sites (Takapuna and Whangarei) work collaboratively, with Takapuna radiologists
conducting second reads of Whangarei mammograms and vice versa, radiologists at both sites
providing mutual backup cover for first reads and second opinions at assessment clinics, and
weekly multidisciplinary videoconferences involving both sites.

Table 3.1: Overview of BSWN Service Configuration

Screening Reading Assessment Regional management,
health promotion, call,
recall
Takapuna Takapuna and Takapuna Takapuna:
(2x DM - BSWN) Whangarei (as required) All statutory positions
Whangarei Whangarei (15 reads); Whangarei (required in NP&QS)
(1x DM14 — BSWN) Takapuna (2" reads) |n.clud|ng Clinical
Director, Programme
Waitakere Takapuna and Takapuna Manager, Data
(1x DM - BSWN) Whangarei (as required) Manager, Quality
Manager, Lead MRT,
Mobile unit Takapuna and Takapuna and Lead Radiologist, Lead
(1x FSM — BSWN) Whangarei Whangarei Surgeon, Lead
Pathologist.
Orewa Takapuna Takapuna - .
Administration centre
(FSM = subcontractor) .
managing and
Warkworth coordinating all call/
(FSM - subcontractor) recall arrangements for
— - entire BSWN region.
Kerikeri Takapuna Whangarei .
(FSM — subcontractor) Takapuna, Whangarei
and ISPs: Health
Promotion.

14 NDHB has two DM machines. One of these was purchased for BSA work. Operationally, both machines are used
for screening and assessment on some days of the week, and on other days are used by the diagnostic service.

Independent Evaluation of the Implementation of DM at BSWN

25




Health Outcomes International

In 2005 there was estimated to be 90,370 women domiciled in the Waitemata and Northland
regions who were eligible to be screened every two years within the programme. The eligible
population for BSWN was projected to increase by an average of 30% in the subsequent ten year
period to 117,890 women in 2015. The numbers of eligible women in Rodney and Waitakere and
the number of eligible Maori and Pacific women will increase at above average rates over this ten
year period (WDHB, 2005a).

In its first 12 months of operation (year ending 31 January 2007), BSWN performed 25,916 screens
(28.7% of eligible women). This represented a substantial increase from the annual coverage of
the previous provider (18.7%). The number of screens conducted in BSWN's first year was lower
than the expected coverage of 29.6%. Contributing factors included lower than planned
throughput in Whangarei during the initial five months until the NDHB service commenced; and
insufficient capacity of private subcontracted providers in West Auckland (addressed through the
establishment of the new BSWN owned and operated digital site in Henderson). The budgeted
volume for 2007/08 is 31,300 screens.

3.2 PoLicy CONTEXT

Numerous New Zealand policy documents are aimed at highlighting the incidence and burden of
cancer in New Zealand, inequalities in cancer care faced by different community sectors, and
strategies such as screening programmes for reducing the social, psychological and economic
impacts of cancer. Key documents include the Cancer Control Strategy (Ministry of Health, 2003)
and Cancer Control Action Plan 2005-2010 (Cancer Control Taskforce, 2005).

Policies more specific to breast screening include the National Screening Unit Strategic Plan 2003-
2008, the National Policy and Quality Standards (NSU, 2004) and, released subsequently to the
implementation of DM at BSWN, the NSU's Digital Mammography Policy (NSU, 2006).

3.2.1 THE NATIONAL SCREENING UNIT STRATEGIC PLAN 2003-2008

The NSU is a business unit of the Ministry of Health. It is responsible for the safety, effectiveness and
quality of health and disability screening programmes. The NSU is guided by ifs vision: “Saving lives,
reducing inequalities and building the nation’s health by leading the delivery of screening
programmes, uncompromising in their quality and trusted by the communities we serve” (NSU,
2003, p. vii).

The National Screening Unit Strategic Plan 2003-2008 (NSU, 2003) documents the directions for
enacting this vision and identifies six priority action areas for screening in New Zealand: service
development; partnership and understanding; overall management; research and development
(R&D); quality improvements; and workforce development.

With regard to the R&D priority area, the Plan asserts that screening must be responsive to
changing knowledge, technology and consumer expectations. It identifies an ongoing need for
identification of research issues, conduct of research projects in service settings, incorporating or
building on relevant research from other countries, and evaluation of new and/or changing
services.

This ongoing R&D is important for continued quality improvement and promotes understanding of
the balance between identified benefits and potential harms associated with screening, as well
as its costs. Moreover, R&D can identify important trends in screening, some of which have been
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listed in the Plan and include the need for rigorous evaluation of screening programmes and the
development of new technologies such as DM.15

3.2.2 BREAST SCREENING PoOLICY IN NEW ZEALAND

All services within the screening programme need to be of the highest quality and all providers of
BSA services are confractually obliged to meet the extensive and specific National Policy and
Quality Standards (NP&QS).

The NP&QS were developed in 2004 and replaced the BreastScreen Aotearoa Interim National
Quallity Standards (1996) and the BSA National Operations Manual (1998). The standards align with
international standards of breast screening programmes and were developed by Standards New
Zealand for the NSU, with input from Lead Providers, representatives of all main professional
disciplines working in screening, and ISPs, consumers and other key stakeholders (NSU 2004).
Additional quality standards for mammographic screening are provided by the Royal Australian
and New Zealand College of Radiologists (RANZCR, 2002).

The NP&QS address policy and quality issues associated with screening, the screening pathway,
mandatory leadership positions and professional requirements.  The standards form the basis for
ongoing monitoring and auditing of service provision, and apply to all providers of the BSA
programme, who are confractually obliged to meet the NP&QS. The NP&QS work in tandem with
health and welfare legislation (e.g., Health and Disability Services Act 1993) with which providers
must also comply.

The NP&QS were developed prior to the implementation of DM screening at BSWN and therefore
do not address quality and standards issues specifically related to DM (DM policy is discussed
below). However, the NP&QS more generally address the step-by-step protocols that must be
followed along the screening pathway and these steps generally apply to processes in both DM
and FSM screening.

The NP&QS addresses the possibility of new procedures for breast screening and directs that the
technology or treatment should be:

. Used in accordance with RACS Breast Section Policy;

. Evaluated under the appropriate assessment process for New Zealand, for example the
Australion Safety and Efficacy Register of New Interventional Procedures (ASERNIPS); or

. Approved either by BSA, a national body established with ethical approval, a local ethical
committee, or be part of a research protocol. (p.66)

In addition, new technologies or freatments under BSA must comply with standard 18 of the
NP&QS, which indicates that the approval and inclusion of new technologies are managed in
accordance with evidence-based principles and the NSU's Framework for New Technology
Assessment, relevant policies and procedures, and ethical review where required.

The quality framework of the NP&QS is consistent with the New Zealand Health and Disability
System Quality Improvement Strategy, in that it follows a shift in emphasis from quality assurance
to quality improvement. As part of this shift, QA becomes part of a wider quality system that aims
for continual improvements in knowledge, technology, and changes in expectations.

In recent years, there has been a rapid rise in utilisation of screening services. This has been
influenced by the intfroduction of age extension as well as the maturation of the programme,
including better health promotion.

15 It is important fo note that BSWN's decision in 2005 to implement DM was independent of the NSU’s strategic
priorities. As discussed in section 4, BSWN implemented DM without NSU support as the necessary policy work had not
been undertaken at that fime.
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This increase in the utilisation of screening services has placed pressure on service providers who
require increased screening workforce capacity, equipment, and fixed and mobile screening
units. The NSU and BSA have recently identified the national implementation of DM as a potential
means of addressing supply and demand issues for BSA (NSU, 2006). Specific policy on DM is
presented below and detaill on DM including its relative advantages/disadvantages in
comparison to FSM is presented in section 3.2.3.

3.2.3 DIGITAL MAMMOGRAPHY PoOLICY

The NSU Digital Mammography Policy was not in place when BSWN made its decision in 2005 to
go digital. Subsequently, in 2006, the NSU produced and released its policy specific to the use of
DM in New Zealand. Now that this policy is in place, it will serve to provide more direction to other
Lead Providers and simplify the transition to DM.

The policy is based on an extensive literature review and cost modelling, and provides national
direction for the use of DM in the BSA programme. Specifically, it details overarching policy on
DM, its advantages and disadvantages, regulatory requirements, specifications for digifisation of
prior mammograms, staff fraining, possible impacts on subcontracted breast screening sites and
mobiles, and evaluation of DM policy (NSU, 2006a).

The Digital Mammography Policy Implementation Plan (2006b) is a companion document to the
DM Policy. The Plan details key aspects of the implementation processes (e.g. information system
and staff training requirements; processes for transitioning to DM including planning and work flow
considerations) and gives Lead Providers specifications of the equipment deemed suitable for
current use, estimates of cost, resources, constraints and assumptions for implementation of DM
across New Zealand. Additionally, the Plan estimates a rollout scenario for the implementation of
DM by BSA Lead Providers.

Together, the Plan and associated policy give Lead Providers “...operational directives in order to
purchase and implement digital mammography within BSA, whilst ensuring connectivity and
integration of the equipment to maximise the benefits from the technology” (NSU, 2006b, p3).

Underlying the Policy and Plan is the NSU's endorsement of the use of DM for women enrolled in
the BSA programme. This endorsement is based on overseas research, which shows essentially
equivalent results for the effectiveness of FSM and DM in detecting breast cancer. The NSU
anticipates that implementation of DM for all Lead Providers of BSA will be complete between the
years 2011-2013.

The NSU's policy is clear in its aim to ensure a national approach to the implementation of DM and
recommends that Lead Providers opt for digital technology when the time comes to replace
existing FSM equipment. The Policy and associated Plan provide specifications for the type of DM
equipment that should be used and these specifications will serve as the cornerstone to ensuring
compatibility of DM systems between providers. For example, the DM Policy and Plan provide
specifications for:

o The standards to which equipment must comply (e.g. Digital Imaging Communication of
Medicine standard (DICOM) Standards);

o Minimum bandwidth requirements for image transfer (100Mb/s or “Fast Ethernet”);

o The type of image compression that may be used (e.g. when Lossy images can/cannot
be used);

. The radiologist workstation, including megapixel size of images and type of monitor;

. Megapixel quality of MRT workstation monitors;

. Standardisation of displayed images through Default Display Protocols;

o Picture Archiving and Communication Systems (PACS) that integrate with existing PACS

used within BSA (e.g. Sectra PACS);
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. Integration requirements between the Radiology Information System (RIS), the PACS and
the modailities; 1¢

o The DM modalities that can be used (e.g. Sectra Microdose, GE Senographe 2000D, etc);

) The digitisation of women's prior films; and

o Adherence to the inferim DM quality standards (NSU, 2007¢c).

Standardisation of these factors will enable Lead Providers to link in with one another via
telemammography so that images can be read in more than one location. This has been
identified as a key benefit of transitioning to DM technology as it will help to address current
radiologist workforce shortages that have impacted negatively on the delivery of the BSA service
(NSU, 2006b). Teleradiology and broadband are discussed further under a separate heading
below.

At present, Lead Providers using DM technology are required to comply with the ACR Technical
Standard for Digital Image Data Management (American College of Radiology, 2002). These
standards provide guidance on how to manage digital image data, including staff training issues.
The ACR standards are set to be supplemented with Standards from RANZCR, which is currently
developing Teleradiology Standards through the Quality Use of Diagnostic Imaging (QUDI)
Programme. Requirements for staff training in DM are currently guided by the Mammography
Quality Standards Act, which requires that MRTs and radiologist undergo eight hours of fraining in
DM prior to undertaking DM exams (NSU 2006a; 2006b).

QA of digital images is of paramount importance as failure of quality control has been shown fo
reduce image quality which in turn may lower breast cancer detection rates. The effectiveness of
quality control is dependent on the conduct of routine procedures with results being charted and
compared fo set standards. A position paper of the Australasian College of Physical Scientists and
Engineers in Medicine (ACPSEM) provides detailed recommendations for performance
evaluations of DM systems as well as recommendations for their QA testing (McLean et al, 2007).

The DM Policy and Plan specify processes that Lead Providers must follow in transitioning fo a DM
service. For example, if seeking funding for the purchase of new DM equipment, Lead Providers
are required to undertake financial analysis of the implications of the fransition to DM, present this
in a business case to the NSU, and use a project management model for integration/
implementation of DM. A lead time of seven years has been planned for a managed approach
to the national implementation of DM. Ongoing technological advancements are anticipated
during this time, as well as reduction to costs associated with current digital technology. As such, it
is anficipated that lessons learned from early stage implementation may be applied to ongoing
implementation processes.

As discussed in the Implementation Plan, providers may approach DM implementation in one of
three ways: the ‘big bang’ approach (all fixed sites and mobile screening units at once; a
gradual implementation (fixed sites first with gradual replacement of worn out FSM machines, and
then mobile units); or; parallel implementation (fixed sites first, with the possibility of Lead Provider
taking over subconfracted services, or collaboration and guidance for subcontractor to
implement digital mammography) (NSU, 2006b, pé). Irrespective of the approach taken, the
Policy emphasises the need for careful and ongoing planning around DM implementation in order
to minimise risks such as incompatible hardware/software that would disrupt national data
sharing.

The DM Policy will be reviewed based on assessments of whether the policy is consistent with and
maintaining the aims, operation and quality of BSA. As outlined in the Policy document, criteria
for evaluation of BSA DM Policy will include but not be limited to:

16 The PACS has been likened to a library, and the RIS to a librarian, which searches and retrieves images stored in
the PACS.
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) Changes in the operational environment resulting from transition to DM;

. Lessons learned from implementation processes;

. Effects of DM on recruitment and retention of staff (e.g. MRTs and Radiologists);

. Use of telemammography;

. Effects on programme quality as determined by data on efficiency, specificity and

sensitivity; and
. Perspectives of service users.

As DM is an emerging technology, the BSA DM policy is set to be revised in 2008/2009. Alongside
further policy developments, ongoing attention will need to be paid to telehealth and broadband
issues related to the tfransmission of digital images.

3.2.4 TELERADIOLOGY AND BROADBAND

The transmission of digital images through teleradiology has been used in New Zealand for some
time and has recently been advanced by the development of RIS to collect referral data and its
infegration with DICOM images and PACS. Through the integration of these systems, medical
images may be recorded in rural centres and then reported to urban radiologists via
teleradiology.

An important advantage of DM over FSM is that it enables telemammography, which allows for
transfer of images from one screening site to another, where radiologists are available to conduct
image assessment through telecommunication channels and/or store images to DVD (NSU 2006a;
NSU 2006b). Although teleradiology has been in use for some time in New Zealand for other forms
of radiological assessment, it has only recently been used with mammography as mammography
is the last of the radiology modalities fo change to digital fechnology. In light of the intent to roll
out a national approach to the implementation of DM, consideration needs to be made of the
ICT required to support it.

Historically, a lack of telecommunications infrastructure to carry out services that require high
bandwidth has negatively impacted on opportunities for telemedicine. This has been most
apparent in areas such as rural settings where the need for telecommunications is greatest. At a
minimum, telemammography requires broadband, which is consistently connected, high-speed,
high capacity telecommunications technology. Although broadband services extend fo
approximately 93% of New Zealand, service uptake has been slow due to system limitations and
system costs, with cost being the major barrier fo uptake in rural areas.

A significant move to make broadband services more widespread throughout New Zealand
(including rural areas) has come through the Provincial Broadband Extension Project (PROBE), an
initiative that aims to ensure that the needs for supply of and access to broadband services for
educational and economic developments are met and no longer monopolised by a few key
service providers. PROBE is a mulfi-agency initiative led by the Ministries of Education and
Economic Development. It is hoped that PROBE, working in tandem with the Primary Health Care
Strategy. which addresses rural health care needs, will become significant drivers of telemedicine
in New Zealand.

A stocktake of ICT supporting telehealth in New Zealand indicated that the way forward for future
telecommunications developments would be to put primary focus on the use of
videoconferencing for telehealth and to acknowledge other telehealth services including
teleradiology. Based on the findings of the stocktake, a generic service delivery for telehealth was
devised, which would also complement overarching objectives of the Health Information Strategy
for New Zealand (HIS-NZ) (Ministry of Health, 2005).

The HIS-NZ is a policy document that reports on developments within the health sector and
provides a plan for improving and enabling national information sharing. The Plan assumes the
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involvement of the Ministry of Health, the Accident Compensation Corporation (ACC) and the
DHBs, who have arole in development of district and regional communication networks.

The New Zealand Digital Strategy (2005) builds on other ICT approaches and was released by the
Ministry of Economic Development following a whole-of-government approach fo ifs
development. The Digital Strategy is identified as a framework for encouraging better utilisation of
ICT by both private and public sectors.

The NSU is collaborating with the Health Information Strategy Action Committee to ensure the
maximal use of tfelemammography by BSA providers. According to the DM Implementation Plan,
this work will be undertaken over a period of five years (from 2006), as the existing Health Network
is upgraded to the Next Generation Health Network (NSU 2006b).

As previously highlighted, ACR technical standards provide the current basis for guidance on
transfer and management of digital images and these standards will be supplemented through
the QUDI programme currently being developed by RANZCR. As part of the QUDI programme, an
interim report on the literature related to quality use of diagnostic imaging (Qs7ii) has been
released and serves to identify issues associated with the development of teleradiology standards.
Specifically, the report details 14 key issues to consider in teleradiology (e.g9. communication and
data compression, patient confidentiality, reporting environment, data security, etc). A key finding
of this report is that it is generally difficult for the literature to keep pace with rapid advancements
in digital imaging equipment and techniques. As a result, any standards for teleradiology will need
to be flexible and provisions will be needed for continual refinement and amendment (Swain &
O’Keefe, 2006).

3.3 RESEARCH CONTEXT

The following paragraphs provide a brief overview of relevant DM research including clinical
effectiveness, workforce and cost implications.

3.3.1 CLINICAL EFFECTIVENESS

There is little research on the impact that DM screening has on breast cancer mortality rates, as
most of this outcome-based research has been based on FSM. However, some research with
proxies of mortality (e.g.. tumour size, cancer stage) has been undertaken to test the effectiveness
of DM screening.

Recent research has examined the relative effectiveness of FSM and DM to detect breast cancer.
These studies were all prospective in nature (i.e., followed women over time and screened them
prior to any cancer symptoms). The most widely cited of these are the Oslo | and Il studies and the
DMIST study.

Oslo | (Skaane & Young, 2003) was conducted using paired comparisons of FSM and DM on a
sample of 3,683 women aged between 50-69 years. Findings showed no real advantage to either
FSM or DM in detecting breast cancer in a sample of 3,683 women.

Oslo Il (Skaane & Skjennald, 2004) involved 25,263 women who were randomised to undergo
either FSM or DM. The cancer detection rates for each type of screening were 59% and 41%
respectively. The differences between these rates were noft stafistically significant. However, it
was noted that DM was associated with greater cancer detection in women 50-69 years. The
recall rates were significantly higher for digital than for FSM in this study.
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ACRIN-DMIST!? (Pisano et al, 2005) compared the relative effectiveness of DM and FSM by having
asymptomatic women (N=49,528) undergo both types of screening. The results of this trial, which is
the largest clinical trial of DM to date, showed no clear advantage for DM. However, there were
subgroups of women for whom DM worked better. These subgroups included women who: were
less than 50 years old; were pre- or peri-menopausal; and had denser breasts. In converse, women
who did not comprise these subgroups were better served by FSM, however, these latter findings
were indicated only by a trend in the data and were thus not significant.’® The study employed
five different digital imaging systems but found no evidence of a difference in diagnostic
accuracy with the type of machine.

Additional studies examining the relative effectiveness of FSM and DM have included the
Colorado Screening Trails | & Il (Lewin et al., 2001; 2003). The Colorado | study used paired FSM
and DM breast screens to determine the relative effectiveness of each in detecting breast
cancer. Across a sample of 4,945 women aged 40 and above, results showed no significant
differences between the technologies in cancer detection. The follow up study, Colorado II, used
similar research methods but with a larger sample of women (N=6,736). Again, this research
revealed a lack of significant difference in breast cancer detection rates by film versus digital
methods. However, DM was associated with fewer technical recalls than film-based methods.

In addition to differences in the rate of cancer detection and recall rates, research has suggested
that the two technologies relate to different levels of anxiety in women undergoing screening.
According to Parikh (2005), DM’s rapid image processing reduces women's anxiety and
discomfort, as well as radiation dose with some equipment. Despite these reported benefits of DM
over FSM for screening, research has not shown any advantages of DM for diagnostic
mammography (see Muttarak, 2007).

For further reviews on some of the above studies as well as additional literature on the relative
benefits of FSM and DM in detection of microcalcifications and lesions, as well as other clinical
applications of DM such as tomosynthesis (3D image capture) refer to Young & Kitou (2005).

3.3.2 POTENTIAL WORK FLOW IMPACTS

Research highlights relative work flow advantages of DM over FSM (Daus, 2004). For example,
Legood and Gray (2004) comment on the potential for increased MRT productivity due to a more
streamlined work flow. Some research has found that utilisation of DM technology can franslate to
a 20-25% increase in MRT productivity (Berns et al, 2006; Daus, 2004).

MRT time savings have been attributed primarily o the elimination of film processing (Berns et al,
20046). Elimination of film processing and QA for chemicals and film processors may also have flow
on benefits such as a reduction in occupational health and safety issues, including chemical
sensitivity and repetitive strain injury (NSU, 2006a, 2006b).

Other MRT work flow advantages identified in the literature include more rapid image acquisition,
the ability to repeat images immediately with the woman sfill in the x-ray room, and potential for
fewer technical recalls and repeat assessments.

Potential work flow benefits of DM for radiologists include opportunities for telemedicine including
remofe image reading and peer review which could help mitigate impacts of radiologist
workforce shortages.

17 ACRIN-DMIST: The American College of Radiology Information Network (ACRIN) - Digital Mammography in
Screening Trial (DMIST).

18 The results of this frial are important for the BSA programme in light of its Age Extension and the fact that 26.6% of
women who undergo screening fall into the 45-49 age group (NSU 2006b).
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DM also has the potential to produce time savings for administrative/clerical tasks such as the
storage, retrieval and tfransport of hard copy fiims, and hanging of films for reading. However,
there are additional processes of digitising images of prior exams and printing hard copies when
requested.

Although DM has the potential to improve efficiency of breast screening, cautions have been
noted with regard to the work flow implications of transitioning to DM. For example, it has been
found that radiologists may take more time viewing images (Berns et al, 2006; Daus, 2004). This is
because the image magnification, orientation, brightness and contrast can be manipulated,
allowing the radiologist more viewing options than with FSM. However, this may also confer a time
saving if it reduces the need fo recall women to obtain additional images.

Although DM eliminates film processing and associated QA tasks, Parikh (2005) notes that the QA
process for DM is complex compared with that of FSM. QA tests unique to FFDM include contrast-
to-noise ratio, signal-to-noise ratio, artefact evaluation, and soft-copy workstation evaluation.
Each manufacturer has specific QA requirements and these can impact in terms of a slow
learning curve, increased time commitment, and interference with clinical work flow.

Other factors can erode efficiency of DM if systems are configured suboptimally. For example,
Berns et al (2004) identified technical problems and time delays in the fransfer and retrieval of
images that delayed the interpretation of digital cases.

3.3.3 COST AND BENEFIT IMPLICATIONS

Compared to FSM, the costs of DM are characterised by higher capital costs, which may be offset
by operating efficiencies. Due to the higher initial costs, high screening volumes are required for
DM to breakeven against FSM. The following paragraphs provide an overview of the
establishment and ongoing costs (and cost savings) of DM compared to FSM, based on a
literature scan. Section é explores the costs of DM at BSWN.

ESTABLISHMENT COSTS

Establishing a DM service requires investment in two key technologies: image capturing
equipment, and information and communications technology (ICT) to store, transmit and display
the images. Other establishment costs include changes to facilities, and staff time spent in
planning, implementation and fraining.

Cost analysis by the NSU notes that one FFDM machine costs 2.3 to 3.5 times more than a FSM
system (comprising a FSM machine, a roller viewer, a film loader with a set of cassettes, and a fim
processor) and that total annualised equipment costs for a DM system are from 1.9 to 2.3 times
higher than for a FSM system. Therefore, a breast screening facility needs to perform a substantial
volume of mammograms and run a DM system close to full capacity to justify the expenses (NSU,
2007b).

Depending upon the initial state of readiness of the breast screening site to transition to DM,
establishment costs of ICT may include hardware and software for PACS, DICOM, RIS interface,
reading workstations, digitiser, laser printer, broadband infrastructure, as well as technical and
project management support to install and configure the systems and ensure they operate
effectively as a unified system. A typical mammogram, incorporating a minimum of four images,
requires 35-216 Mb of memory for each woman screened (Dershaw, 2004). Consequently, the
storage and transmission of DM images requires substantial computer memory and bandwidth.
Appendix C details the ICT infrastructure required for DM and how this has been configured at
BSWN.

Changes to facilities will vary depending upon the nature of the existing workspace. However, key
changes may include reconfiguration of the layout of waiting/changing rooms, x-ray rooms and
QA workspaces to take full advantage of the potential productivity gains from DM, and
elimination/reduction in darkroom and storage space. However, darkroom space may sfill be
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needed if the service continues to operate some FSM equipment, and storage needs are likely to
reduce gradually over some years due to the ongoing retention of prior mammograms and paper
files.

The fransition to DM will inevitably require an investment in staff and potentially external contractor
time including management, financial, clinical and technical staff. These will vary from site to site
in terms of their detail, but are likely to include processes similar to those described in section 4
with regard to BSWN.

ONGOING COsTS

Ongoing costs for DM and FSM include costs such as workforce, maintenance, consumables,
storage/transport, and the annual cost of capital (e.g. depreciation and interest).

Overseas research suggests that the workforce costs of DM can potentially be lower than those of
FSM, depending upon service and staffing configurations. For example, some overseas research
has suggested a 20-25% increase in MRT productivity and savings in clerical/administrative support
time. However, these efficiencies may not be realised immediately, as business processes may be
refined over time and some additional tasks (such as digitising of prior fims) may be involved in
the transition period.

Some staff/contractor costs may increase in a DM environment. For example, physicist fime may
increase due to the additional maintfenance and QA required in a DM environment. A Canadian
study assumed an increase from 0.1 to 0.35 FTE (NSU, 2007b).

Maintenance costs such as an equipment maintenance contract and IT support may be higher
for DM. Maintenance costs of a FFDM machine have been modelled by the NSU atf 1.8 to 2.9 times
higher than those of a FSM machine (NSU, 2007b). Maintenance confracts can be negotiated as
part of the purchase price of most major equipment, effectively fixing the cost of maintenance in
the first 2-3 years.

The costs of consumables, storage and transport should reduce with DM if images are stored and
refrieved electronically, due to the removal of fiims, chemicals and paper files from the process
(some sites overseas make hardcopy printouts of DM images using a laser printer, which erodes
these cost savings) (Legood & Gray, 2004). However, storage costs may take some time to reduce
due to the ongoing storage of prior films. DM also brings new consumable costs including software
renewal and general overheads such as electricity consumption (NSU, 2006b; Parikh, 2005).

Parikh (2005) argues that more research is required to evaluate the hypothesised cost-efficiencies
of DM accounting for a fully digitised system and for clinical experience and outcomes, and that
this cost modelling needs to be an ongoing process in light of relatively rapid changes in
technologies and increased possibilities for system integration.

COST-EFFECTIVENESS

Cost-effectiveness analysis is one of a number of different approaches to measuring value for
money. It examines both the costs and the consequences (or effectiveness) of alternative courses
of action (Drummond et al, 1997). Effectiveness is measured in natural or physical (rather than
monetary) units, with the outcome measures being relevant to the objectives of the intervention
or programme (e.g. cancers detected; life years saved). When comparing the relative value for
money of DM compared to FSM, however, it is valid to compare the cost per woman screened, as
the relative clinical effectiveness of DM and FSM in detecting breast cancer is essentially
equivalent.

A recent study commissioned by the NHS Breast Screening Programme in the UK compared the
relative cost-effectiveness of FSM versus DM for use in breast cancer screening and assessment.
Two different DM machines were ftrialled alongside FSM machines at two different breast
screening sites. Costs associated with the machines such as consumables, equipment, storage
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and staff time (e.g., administration, processing time, radiologist review time) were examined. The
research did not provide a full cost analysis of a PACS system as considerafion of the range of
factors associated with its costs were beyond its scope (e.g., consideration of image size, image
compression, existing PACS system and updatability, web server requirements, mobile versus
stationary screening centre, etc.) (Legood & Gray, 2004).

The main findings from this study were that cost savings in image storage for DM would not be
maximised unless a fully digital screening system was implemented, including digitisation of patient
information via a RIS and digifisation of prior patient screens. Some of these factors, while
contributing to increased costs for DM over FSM in the initial phases of DM implementation, may
decrease over time as systems become more integrated and embedded (lbid).

The research also found that the total annual cost of screening 10,000 women per year was less
for FSM than DM with maximum estimates of £113,700 versus £192, 946 respectively. This maximum
cost for DM was based on an assumption of no printing of hard copy digital images, and in the
case of DM the estimated costs did not account for equipment replacements (e.g., detectors).
However, the study indicated that over time it was likely that the cost of DM would level off and
be comparable to FSM (Ibid).

In New Zealand, the NSU has recently undertaken cost modelling of the transition from FSM to DM,
as part of the development of policy and planning for the implementation of DM in BSA. The
analysis included capital equipment costs, and costs of maintenance and consumables. It
excluded broadband image fransfer costs for DM and corresponding courier costs for FSM.
Sensitivity analysis included varying assumptions with regard to productivity gains in equipment
capacity and MRT time (NSU, 2007b).

The NSU's modelling produced a baseline estimate of total annual costs for FFDM equipment per
10,000 women screened of $284,143, with a minimum estimate of $247,913 and maximum
estimate of $323,210. In comparison, the baseline estimate for the cost of FSM equipment,
consumable and semi-consumable items per 10,000 women screened was $172,226, with a
minimum estimate of $159,041 and maximum estimate of $217,985 (lbid).

The NSU's analysis found that to screen total BSA eligible population at a 70% coverage rate using
FFDM over seven years would require at least $34.32 million initial investment into DM equipment
as compared to $13.34 million if invested info completely new FSM equipment. To enable Lead
Providers to cover their operational expenses with FFDM equipment, total funding would need fo
be increased by 12% to 17% relative to current funding levels (Ibid). This would cost the NSU from
$5.8 million to $6.5 million extra per annum in payments to Lead Providers.

The DM Implementation Plan outlines the equipment costs for each technology and presents a
comparative view based on the cost modelling, which demonstrates the higher costs of DM (NSU
2006b). In analysing costs for the development of a business case, the NSU recommends that
Lead Providers consider the following key factors that help to offset costs of DM:

o Increases in volumes of women screened;
o Changes to work flow and how these may impact upon screening times;
o Impact on mobile van movements that will be much faster due to increased screening

volumes at mobile sites; and
o Intangible benefits such as fewer technical recalls, less anxiety for women, etc.

Other cost modeling for DM has been undertaken by the National Health Service Breast
Screening Programme (NHSBSP) in the United Kingdom (UK) and has been made available to the
NSU as an Excel spreadsheet for cost modelling. The tool is infended as an aid and includes the
following costs:  Image profile (e.g.. actual/estimated operational volume and efficiency);
Material costs (e.g., per image); Facilities; and Resources (e.g., per exam). These costs are ‘rolled
up' info a summary of expenses and are broken down by annual, per exam and per image
calculations (NSU 2006b). These cost workups are meant to assist Lead Providers in the New
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Zealand context to plan for and implement DM based on evidenced based and sound modelling
techniques.

3.3.4 TRANSITIONING TO DM

BSWN did not transition to DM; rather, the technology was adopted as part of the implementation
of BSWN as a new Lead Provider. Nevertheless, a staged approach was followed (see section 4).

Other Lead Providers each have a choice of converting to DM gradually or in one hit. The benefits
of a gradual transition include the spreading of initial costs over several years and the ability to
adjust to the technology slowly (Zuley, 2004). Daus (2004) notes that many mammography
facilities worldwide have chosen to make a gradual transition fo DM. A gradual transition may
involve starfing out with one digital unit, identifying any “delays, kinks and psychological glitches”,
and developing solutions before acquiring additional equipment (Daus, 2004). The main
disadvantage of a gradual approach is that the provider has to maintain two work flows for MRTs
and radiologists (Zuley, 2004). Making an immediate conversion to DM may realise work flow
benefits more quickly, but reduces scope to manage implementation costs and risks.

Zuley (2007) makes a number of recommendations for facilities fransitioning to DM. These include
the following:

. Analyse the existing FSM situation, taking note of existing equipment, infrastructure,
capacity and work flow. This will help determine what type of digital equipment will be the
most logical choice, and an appropriate pace of conversion.

o Assess ICT requirements including PACS, RIS, workstations, storage, bandwidth, and what is
required to integrate these and ensure their compatibility with the DM equipment.

. Use a fransition team that includes someone from every department affected by the
transition, to work together and discuss what details need to be taken into account. This
will help to avoid or minimise infegration and work flow problems after installation. The
team approach is also helpful in assessing current work flow and patient capacity and
identifying opportunities for improving these in the transition to DM.

o Set goals for the facility, in order to guide decision making about the transition to DM.
“After the goals are identified, understanding the digital options and how each choice will
affect the goals will be easier”.

. Consider what types of acquisition technology, workstations and other components are
the most appropriate, and how these relate to facility layout and work flow. As part of this,
determine how prior films will be handled in the new environment (e.g. will they be
digifised or viewed in their analogue form), and what storage capacity is needed and
how this can best be met.
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PROCESS FINDINGS

This section provides a description and assessment of the decision making and implementation
processes associated with the implementation of DM at BSWN. In considering these processes, it is
important to understand the wider project context in which DM was implemented. Decisions
about DM and decisions about the development of the service as a whole were inextricably
related.

Prior to the establishment of BSWN, both WDHB and NDHB provided diagnostic breast services but
neither DHB provided any screening or assessment services as part of BSA. Therefore, the
establishment of BSWN was essentially a green field development. Accordingly, decision making
and implementation encompassed all aspects of service development of which the decision to
go digital was just one part.

This influenced the decision to go digital. Because BSWN was being wholly developed as a new
service within WDHB and NDHB, a decision needed to be made whether to develop all facilities
and processes to accommodate FSM or to design everything from the outset for DM.
Mammography equipment has a life of approximately eight years, and hence had the decision
been made to install FSM equipment, it was unlikely that a business case could have been made
for changing to DM for another eight years.

4.1 OVERALL PROJECT STRUCTURE

The organisational structure for the BSWN implementation project is shown in Figure 4.1 on the
following page. A high level project plan (BSWN, 2005a) and overall Gantt chart were developed
for the BSWN implementation project including identifying key milestones, interdependencies
between projects and a critical path. Throughout the duration of the planning and
implementation project, regular milestone progress was prepared for the project Steering Group.
In addition, an issue and risk register for the project was maintained, and issues and risks were
raised at each Steering Group meeting.

BSWN covers a large and complex region, and the new programme was established within a
relatively short time frame. Therefore, planning and the early stages of implementation often
needed to occur in parallel. The high level project plan acknowledged that ideally, the
implementation phase of a project would not commence until the planning stage was complete.
However, some aspects of implementation needed to begin during the planning phase in order
to ensure their completion in tfime for BSWN's go-live date of 1 February 2006 (WDHB, 2005a).

Accordingly, the overall project and each sub-project had both planning and implementation
tasks. These two streams of work were managed carefully to ensure that new information
identified via planning could be immediately reflected in implementation.

WDHB appointed a Project Manager who was responsible for the overall coordination of the
activities involved in establishing BSWN including all planning, decision making and
implementation of DM. The Project Manager reported to the Project Sponsor (General Manager,
Clinical Support Services at WDHB) who had overall management responsibility for the project.
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Stakeholder liaison and

Figure 4.1: Project Structure for BSWN Implementation including DM

GM Clinical Support Services

Waitemata DHB

Project Sponsor

Northland DHB
Senior Management Representative

communications Project Manager Clinical Advisor*

Facilities Equipment Staff Primary Information Operational Mobile Migration Quality and Finances,
recruitment care liaison system** systems unit** planning** monitoring** capital
and training and and funding,

recruitment processes** sub-
contracting

* The role of clinical advisor was undertaken by a number of different people through the planning and implementation phase.

** Indicates BSWN region-wide sub projects which were managed by WDHB in collaboration with NDHB. The other sub-projects were managed separately by WDHB and NDHB for their respective districts.
All of these were linked together and project staff in NDHB and WDHB worked closely together on all related aspects. For example, equipment requirements were combined for additional purchasing power
and managed via healthAlliance. A wide range of clinical, technical, cultural staff and operational staff were involved at all levels of the overall project.

Source: WDHB, 2005a. This report does not identify individual participants by name, hence job titles have been used in this diagram and in the explanatory text below.
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The role of clinical advisor to the project was undertaken by a number of different people through
the planning and implementation phase. The clinician who provided much of the early clinical
advice to the project had never worked in breast screening, and so was hesitant to accept the full
mantle of ‘clinical advisor’. Clinical advice was also provided by radiologists from the WDHB
Radiology Department who had previous or present breast screening and/or diagnostic breast
cancer expertise.

During August/September 2005, negotiations were underway with a radiologist in the UK with
experience in a DM screening environment regarding the permanent Clinical Director position for
BSWN. This radiologist agreed to contract some of his time to provide clinical advice to the digital
team to ensure that if he did accept the permanent position, he had been involved in the
decision making processes around DM.

The project Steering Group was established in March 2005. The role of the Steering Group was to:

. Review and provide comment on relevant documentation;

o Approve all project plans and other documentation for the implementation project;

. Receive monthly reports from the Project Manager on progress with design and
implementation and provide input and advice as appropriate;

. Monitor agreed project milestones and agree actions required in the event that milestones
were not being met;

. Ensure that relevant staff in their respective organisations were in a position to contribute
to the project;

. Provide advice on key issues as they arose during the course of the project;

. Monitor the implementation budget;

. Receive risk reports from the Project Manager and agree risk mitigation strategies; and

. Contribute to and sign off bi-monthly updates for key stakeholders and other

communication initiatives.

The Project Manager reported to this steering group. Membership of the Steering Group consisted
of two members from WDHB (the Project Sponsor and a Public Health Physician) and two
members from NDHB (Portfolio Manager, later replaced by GM Clinical Support Services, and a
representative of Te Tai Tokerau MAPO (WDHB, 2005a).

The implementation project was divided into ten sub-projects covering various aspects of the
overall establishment of BSWN:

. Facilities: Identify need for new/refurbished facilities at all sites; plan and design new
facilities; building/refurbishing;

. Equipment: Identify equipment requirements; prepare specifications; procurement/
tendering processes; order and install new equipment. This sub-project was later divided
into clinical and non-clinical equipment sub-projects;

. Staffing recruitment and training: Appoint Clinical Director and Programme Manager;
advertise, appoint and frain all new staff;

. Primary care liaison and recruitment: Set up working licison arrangements with primary
care providers; develop and document health promotion and recruitment strategies;
book first appointments prior to first screening day;

. Information systems: Confirm new IT system to be used; scope all aspects of IT and
requirements for service; plan for migration of data from BSAN; install and test IT systems;
accreditation by NSU. This sub-project expanded considerably once the decision to go
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digital was made, as this sub-Project Manager had responsibility for all IT components of
digital, e.g. PACS, interface issues, digitising priors, etc;

. Operational systems and processes: Identify and document all operational systems and
processes; establish all operational systems and processes;

3 Mobile unit: Specific planning and implementation work for the establishment of BSWN's
mobile unit including detailed route planning;

. Migration planning: develop plans for all aspects of migration of data, files, etc to BSWN
from BSAN;

. Quality and monitoring: implement quality and internal monitoring plans;

. Finances, capital funding, sub-contracting: Submit capital funding applications; identify

and confirm sub-contract mammography providers (WDHB, 2005a).

Of central importance to this evaluation are the two sub-projects focused on equipment and
information systems respectively. The decision to go digital also had direct impact on a number of
other sub-projects such as facilities, staff recruitment and training, operational systems and
processes, quality and monitoring, and finances/capital funding, as discussed elsewhere.

Each sub-project had an identified project leader and its own project plan. Leadership of many of
the sub-projects changed over fime. The overall Project Manager was also the sub-project leader
for a number of the sub-projects. Once the equipment sub-project was split into clinical and non-
clinical equipment sub-projects, the overall Project Manager took responsibility for the clinical
equipment sub-project. Once the BSWN Programme Manager commenced employment, she
assumed responsibility for a number of the sub-projects.

Collectively, the Project Manager and project leaders formed the “project team”. In many
respects, the project team operated as a virtual feam, with individuals working from different
locations on different arrangements. The whole team held face to face meetings as required to
discuss specific issues or planning and implementation challenges. Between these meetings,
teleconferences and smaller meetings of sub-groups took place to work on specific issues (WDHB,
2005a).

Each project leader developed a sub-project plan for their area of responsibility. This included
detail of all activities to be managed by that project leader and linkages between sub-projects.
Project leaders reported to the Project Manager for all project activities. In addition, DHB staff
reported to their line manager (and contractors reported to the Project Sponsor) for contractual
matters (Ibid).

NDHB established a similar project structure for the NDHB implementation, including appointing a
Project Manager to oversee all project work streams in Northland. The NDHB Project Manager
worked closely with the overall Project Manager, and individual WDHB sub-project leaders worked
with the NDHB Project Manager and/or relevant staff on the ground where appropriate (for
example, to coordinate bulk purchasing arrangements).

As the service’s operational feam was appointed and as each new BSWN staff member came on
board they became involved and included in the sub-project relevant to them. Prior to 1 February
2006 when the service went live, there was a staged hand-over from the project team to the
operational team (lbid).

4.2 DIGITAL PROJECT STRUCTURE

The early stages of consideration of whether to go digital were managed by the overall Project
Manager, working directly with relevant staff.

The initial Capital Expenditure Proposal to the WDHB Board, in May 2005, sought approval for
capital expenditure and lease agreements based on FSM. On 15 July 2005, the WDHB Chief
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Executive and the Chair of the Board met with the Project Sponsor and agreed that the BSWN
project tfeam should prepare a revised business case based on using digital technology from day
one.

A dedicated Digital Working Group (DWG) was subsequently established to work on all aspects of
the planning and implementation of DM. This group included a range of staff who had extensive
experience in planning and implementing a PACS environment, establishing the required quality
infrastructure and training staff. The group comprised mammography radiologists, MRTs, IT and
PACS specialists and equipment procurement staff. An external medical physicist and MRT advisor
were also contracted by WDHB, specifically to work with this group. The NDHB Project Manager
attended meetings.

The overall Project Manager managed the work of the DWG. The group met at least weekly, with
additional meetings being called as and when required for particular tasks (for example,
preparation of tender documents, presentations from prospective vendors). The DWG's first
meeting was held on 2 August 2005.

The DWG established links with DM implementation teams in New South Wales, Victoria and
Tasmania to share documentation and experiences wherever possible.

Following extensive considerafion and discussion with NDHB, a staged process of DM
implementation was agreed which enabled DM implementation at Whangarei to capitalise on
learning from the DM implementation at Takapuna, and likewise for DM implementation at
Waitakere to benefit from learnings from implementation at Takapuna and Whangarei, as outlined
below:

. Stage 1: Effective 1 February 2006: Implementation of DM at the Takapuna screening and
assessment site, including two DM machines (one with stereotactic capability), a
mammography PACS system and two MRT PACS workstations, two radiologist reading
workstations, film printer, digitiser;

. Stage 2: Effective April 2006 (later moved to July 2006): Implementation of DM at the
Whangarei screening and assessment site, including one DM machine!? (with stereotactic
capability) (later changed to two DM machines), two MRT PACS workstations, two
radiologist reading workstations, and film printer.

. Stage 3: Effective July 2007: Implementation of DM at Waitakere screening site (one DM
machine and one MRT PACS workstation);

. Stage 4: Effective potentially in 2007/08 financial year (now planned for 2010):
Implementation of a mobile DM unit; and

. Stage 5: Working with BSWN sub-contractors to support them in conversion to DM if/when
appropriate.

Following the 15 July decision of the WDHB CEO and Board Chair o consider a revised business
case for BSWN based on the above staged approach to implementation of DM, there were a
series of letters, discussions and meetings between BSWN and the NSU which culminated in a
formal proposal being sent by BSWN to the NSU on 24 August 2005, formally seeking approval from
the NSU for BSWN to be established as a pilot for FFDM within BSA (BSWN, 2005b).

In that proposal, BSWN acknowledged that the decision to implement DM at BSWN would mean
that it would be the first Lead Provider to do so, and the significance of this for BSA and other Lead
Providers. BSWN noted that it was fully committed to the national BSA programme and to ensuring
it work as closely as possible with other Lead Providers and the NSU. In that context, BSWN was

19 NDHB has two DM machines. One of these was purchased for BSA work. Operationally, both machines are used
for screening and assessment on some days of the week, and on other days are used by the diagnostic service.
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keen to ensure that the digital developments could be structured in such a way as to provide
maximum gain to the NSU and other Lead Providers in due course. To that end, BSWN signalled a
preference to formalise its digital planning and implementation as a BSA pilot (BSWN, 2005b).

The NSU advised BSWN, in a letter dated 2 September 2005, that “the NSU will not consider funding,
additional to the implementation funding already provided, for the operational components of
this project, for example the purchasing of equipment, acceptance testing, training and quality
assurance. As explained previously, this is because the decision to implement digital
mammography nationally has not yet been made”.

At a subsequent meeting between the Project Sponsor and the BSA Clinical Leader, the NSU
designated the BSWN digital development as a BSA pilot. Although additional funding was
allocated internally within the NSU for evaluation of the pilot, there was no further funding made
available to BSWN to implement digital beyond the funding of the IS project, including RIS/PACS
integration.

4.3 KEY STAGES IN DECISION MAKING AND IMPLEMENTATION OF DM

Key stages and milestones in the planning and implementation of BSWN, of relevance to the
concurrent implementation of DM, are summarised in the following paragraphs.

August 2004:

o NSU recommends to the Minister of Health that breast screening services in Auckland and
Northland be reconfigured by contracting with two new Lead Providers (WDHB for the
Waitemata and Northland regions and CMDHB for the South Auckland region).

January 2005:

. WDHB engages a Project Manager to manage all aspects of planning and establishment
of the BSWN service.

. High level project plan (including sub-project structure) prepared (BSWN, 2005q).

. Around this time NDHB also appoints a Project Manager to coordinate aspects of
implementation that were specific to Northland.

March 2005:

. Formation of the project steering group and confirmation of working arrangements

between NDHB and WDHB for all aspects of the project as well as functional relationships
between the Project Manager, clinical advisor, steering group, and Project Sponsor.

. Revised version of the high level project plan signed off by Steering Group at its inaugural
meeting.

April 2005:

. Agreement on the high level configuration of BSWN including the location of assessment
cenfres.

. The need to consider digital technology is first mooted in an Issues and Options paper

(Peel and Herbert, 2005). This paper, developed following extensive consultations with
WDHB and NDHB teams, sets out the basis for decisions to be made over the service
delivery model including options for meeting required volumes. Paper is supported by
analysis including 10-year master volume projections by Territorial Local Authority (TLA)
areq; projected impact of volumes on staffing, equipment and mobile unit requirements;
benchmarking against other service providers to further inform configuration, service
structure, staffing requirements, etc. Paper notes that decisions are required about the
extent to which DM would be implemented at Takapuna and Whangarei, including a
need for more detailed planning and financial analysis and consideration of fraining
requirements, issues of some fiims being digital and others being hard copy, and
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requirements for screening and assessment to be done using the same mammography
machine.

At this stage, the results of the international ACRIN frials into DM had not been announced.
The Clinical Leader of BSA indicated that use of DM equipment within BSA could only
proceed if the DMIST trial results (to be reported in November 2005) indicated clinical
equivalence or better for FFDM versus FSM. One option considered at this stage was o
purchase FSM equipment that could later be converted to Computed Radiolgraphy
(CR)?% digital technology rather than purchasing Digital Radiography (DR) technology
from the outset.

Project Manager presents the Issues and Options paper to the steering group and key
internal stakeholders, works through the issues and reaches agreement on the way
forward. Agreed service delivery model is documented in detail and sign-off obtained
from management on service delivery model.

Appointment of project leaders (some DHB staff and some confractors) for each sub-
project and development of draft sub-project plans.

Comprehensive cost model for all steps and stages of the programme developed based
on volumes projected via the Issues and Options paper.

Confirmation of major equipment requirements based on assumptions that all equipment
would be FSM initially but that CR digital equipment would be purchased for Waitakere in
2007/08 and the mobile unit would be converted to CR technology in 2008/09.

Identification of capital funding requirements for 2005/06, 2007/08 and 2008/09, and
preparation of full business case based on projected capital requirements and revenue
and operating costs based on projected volumes from the costing model (see above).

NDHB appoints an independent consultant to take over the role of project management
for Northland.

May 2005:

Business case submitted to the May meeting of the WDHB Board, with a capital
expenditure proposal demonstrating that income earned from the programme would
cover the cost of borrowing to fund capital. The submission (WDHB, 2005b) was based on
FSM but noted that a key technical requirement for the future of BSWN would be the
provision of DM and that all equipment purchased would be capable of being converted
to CR digital technology at a later date (assuming the results of the ACRIN ftrials were
favourable). The paper also noted that telelinking the Northland and Waitemata sites
would provide optimal clinical management and team building opportunities and would
assist the service to be at the forefront of BSA developments, but that further planning work
was required to ascertain the extent to which current technology could be implemented
in the multidisciplinary screening arena.

WDHB Board approves capital expenditure of up to $2.97 million for purchase of clinical
equipment, IT software and hardware (including contingency sums) and the signing of a
Lease Agreement for six years.

Project Manager holds licison meetings with staff, confractors and potential sub-contract
providers to assist in identifying all implementation requirements and to confirm the
assumptions made in the issues and options paper, the service delivery model and the
business case.

20 CR uses conventional x-ray equipment to capture an image, but stores the image to a cassette-based imaging
plate which is subsequently removed from the x-ray machine in the same way as a film cassette. When processed, a
digital image is produced.
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June 2005:

Appointment is confirmed for the Programme Manager Position, for an August 2005 start.

July 2005:

Charge MRT at WDHB Radiology Department has meeting with Project Manager and
urges a reconsideration of the decision to settle for CR digital technology and then only at
Waitakere and on the mobile. He had heard that the results of the ACRIN trials were very
favourable for DR technology but less convincing for CR digital technology.

Project Manager makes contact with BreastScreen NSW in Sydney to find out what digital
developments were being planned in the NSW programme.

Charge MRT at WDHB meets with the NSW State Radiographer and other key people while
in Sydney, and discusses digital developments.

Project Manager raises the possibility of making a decision to implement DR digital
technology from day one with the Project Sponsor, and prepares a paper of key
information collected to date.

Project Sponsor meets with WDHB CEO and Board Chair. Agreement reached that the
project team should proceed to investigate the possibility of going digital from day one
and that a revised business case should be prepared based on this and submitted to the
Finance and Audit sub-committee of the Board. Subsequent discussions held with NDHB
who agreed to follow a parallel approach with its developments and business case.

Project Sponsor sends a letter to NSU advising that “There is now a unanimous view within
both DHBs that our new breast screening sites should be established with digital
mammography” (22 July 2005).

Visit arranged by Sectfra (one of the digital suppliers) to visit WDHB and give a generic
educational presentation on digital technology and the status of digital usage for
screening mammography worldwide. NSU representatives attend this briefing.

Dedicated Digital Working Group (DWG) established. The DWG took the lead in the
scoping and procurement processes for planning, purchasing and implementation of alll
digital equipment and IT configurations and requirements.

August 2005:

DWG starts weekly meetings.

NSU representatives meet with CEOs and related staff from the three Auckland/Northland
BSA providers.

BSWN receives a letter from NSU, inviting BSWN to prepare a formal proposal to pilot DM
within BSA and outlining the key points to be included in such a proposal.

WDHB submits a proposal to the NSU seeking approval to formally designate BSWN as a
pilot site for the implementation of FFDM within BSA.

Contact made with a number of people internationally to gather more information
regarding digital developments for screening mammography.

Project Manager and Finance Manager prepare revised business case based on
projected costs and savings associated with going digital.
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The Finance and Audit Committee of the WDHB Board approves the revised business case
including the capital expenditure for digital technology (22 August 2005).2!

September 2005:

Ratification obtained from the Regional Capital Committee and approval from the
National Capital Committee for the required borrowing for WDHB capital expenditure.

RFP for a range of digital equipment requirements is issued on GETS website (18 August
2005). Due to fime constraints, this RFP had a relatively short turnaround time. To expedite
the process and ensure fairness to all prospective vendors, the procurement officer
contacted all known equipment suppliers directly to advise them of the RFP, and a fast
frack system was put in place to respond to questions from suppliers about the RFP.

DWG develops comprehensive evaluation criteria for the selection of the digital
equipment.

All proposals evaluated and shortlisted by the DWG. Shortlisted suppliers come on site to
give presentations and answer questions.

Decision made to send a feam to Europe to evaluate the shortlisted DM machines and
PACS systems in working situations.

NSU writes to WDHB in response to the proposal to pilot DM, stating that if additional
funding were to be made available it would be limited to funding for an evaluation,
because NSU had not yet made a decision to implement DM nationally.

Meeting held between BSA Clinical Director and the Project Sponsor and Programme
Manager at BSWN. NSU advises it is not willing to consider funding BSWN as a pilot site. NSU
offers to consider an application for additional IT establishment funding fo ensure PACS
developments for BSWN are able to be rolled out to other Lead Providers as they go
digital.

ACRIN ftrial results available, showing positive findings for DR digital equipment, and less
conclusive results for CR digital technology for screening mammography.

Conversation between Clinical Advisor BSWN and Clinical Leader BSA to confirm NSU
approval in light of ACRIN results.

Draft changes made to facility design as information comes to hand about requirements
for DM equipment. Modifications fo plans continue to be made up until November 2005,
to reflect specific requirements of the equipment finally selected.

Facility construction plan is signed off based on an assumption that Takapuna site will be
digital from day one.

October 2005:

Digital evaluation team members visit five countries in Europe to assess DM and PACS
equipment in operation. Evaluation findings are fed back to the rest of the DWG in New
Zealand via a teleconference (including a link in from NDHB team) at the end of the five
days of assessments, to expedite decision making processes.

DWG makes final decision to go digital.

DWG with healthAlliance (hA)22 decide that Sectra PACS is the preferred system. Project
Sponsor gives approval to proceed with negotiations with Sectra regarding price, contfract
terms and conditions, and a project plan for implementation. The PACS decision was

21 WDHB has advised that the same paperwork went to the Finance and Audit Committee as went to the National
Capital Committee and Regional Capital Committee. This document was provided to the evaluators (WDHB, 2005b).
A separate business case was processed by NDHB. NDHB did not have to get National Capital Committee approval
to borrow capital funds because the DHB had funds on hand to purchase capital.

22 hA is a shared service company, jointly owned by Counties Manukau and Waitemata DHBs.
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made ahead of decisions regarding DM machines as it had a longer lead-in time for its
establishment.

. Project sponsor formally advises Sectra that they are the preferred supplier for the PACS
based on the agreed price and subject to finalising terms and conditions of the contract.

. Endorsement of selected PACS system obtained from Regional Information Services
Strategic Planning (RISSP) Governance Group — the Auckland regional DHB IT group that
has to endorse all new IT developments.

. hA holds preliminary price negofiations with shortlisted vendors of DM machines to ensure
the selected range of equipment can be obtained within the budget approved by the
Board. NDHB project team is included in all aspects of negotiations to ensure synergies in
decisions regarding modadalities between Takapuna and Whangarei sites.

. Workshop held to start to work-up and document the operational business processes for
DM environment.

o NSU approves additional establishment funding to cover the cost of developing an
interface between the PACS and Soprano Breast Screening (SBS) database.

. Facility development work is prioritised so that areas of the facility likely to change as a
result of final decision regarding DM and selection of equipment are developed last. Minor
modifications made to plans after September 2005 sign-off, once specific requirements of
each item of selected equipment are known and to reflect learnings from European site
visits regarding optimal facility arrangements for DM working environment.

. Requirements for enhancements to SBS developed in conjunction with Orion and
development begins.

November 2005:

. Conftract signed between WDHB and Sectra for PACS.

. Drafting underway of Operational Policies and Procedures manual for BSWN including alll
clinical and operational aspects related to DM environment.

. Project Sponsor makes decision to order Siemens DM machine (11 November 2005) and
Sectra DM machine (14 November 2005). Contract negotiations commence with these
suppliers.

. Final changes to mammography rooms, air conditioning requirements, etc. at Takapuna
site to reflect decisions regarding modalities.

. Conftracts negotiated for all sub-contractor screening sites following RFP process.

. PACS system is delivered, installed, and testing begins.

. Weekly meetings held between BSWN [T Project Manager, BSWN Radiologists and Orion

development team to review development progress and direction. This continual review
and enhancement process was a key factor in the successful delivery of the

enhancements.
December 2005:
. National Radiologists Unidisciplinary Group (UDG) consider the requirements for digital

tfraining (1 December 2005) and decide that radiologists require a minimum of eight hours
of training with application specialists for FFDM/RIS/PACS - i.e. overseas fraining is not
required.

. Training programme for January 2006 is developed, and schedules for all relevant staff are
adjusted so they can attend required training. Arrangements made with medical physicist,
IT specialist and radiologists fo conduct the training.

. Contracts finalised with Siemens and Sectra, orders placed and arrangements made to air
freight machines to Auckland.
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. Arrangements made for medical physicist to be on hand to test and accredit Siemens
machine (January 2006) and Sectra machine (February 2006) immediately they are
installed.

. Data transfer into SBS completed and BSWN database goes live.

. Test version of the new interface between SBS and PACS up and running. All systems fully

functional. Interface with the digitiser also working. Awaiting arrival of DM machines to
organise connectivity with these.

January 2006:

. Siemens mammography machine delivered, installed, tested and accredited.

. All other equipment also delivered, installed and tested, with excepfion of Sectra
mammography machine. Agreement reached with Sectra that delivery of their machine
would take place in February so that BSWN would receive a newly released model.

. Digital training provided to BSWN staff.

o PACS interface with Siemens mammography machine established.

. Hard copy films from BSAN start arriving and BSWN starts digitising prior films.

February 2006:

. Screening starts at the Takapuna site (1 February 2006).

March 2006:

. NDHB sign-off for DM at Whangarei.

June, 2006:

. Mammography machine delivered to Whangarei site.

. All acceptance testing, accreditation, calibration and QA tests are completed for the
Whangarei machine.

. ICT interface between WDHB and NDHB established. Refer to Appendix C for discussion of
the issues that were encountered in establishing this interface.

July 2006:

. Screening starts at the Whangarei site.

July 2007:

. DM screening starts at the Waitakere site (full implementation processes for Waitakere not

included in the timeline above).

4.4 THE DeEcIsION TO GO DIGITAL

As the timeline above indicates, the decision to go digital was made in a number of stages,
including:

. WDHB and NDHB confirmation of a unanimous view within both DHBs that their new breast
screening sites should be established with DM (July 2005);

. Finance and Audit committee of WDHB Board of Directors approval of a revised business
case based on digital technology for WDHB sites (August 2005);

. Natfional Capital Committee approval of WDHB's proposed financing for digital
equipment and the associated business case (September 2005); and

. The final decision to order DM equipment for Takapuna (PACS and mammography
machines and related equipment) following evaluation of vendors' proposals and
international site visits (October 2005).
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. NDHB sign-off for DM at Whangarei (March 2006).

The DWG, a team of clinical and other experts who evaluated overseas literature (including the
DMIST report), presentations from vendors, and overseas site visits, made recommendations to
management during all steps and stages of the decision making process. The final decisions,
based on recommendations from the DWG, were made by management (Project Sponsor, CEO
or Board depending upon levels of delegated authority). Decisions were made in stages to ensure
tendering and purchasing could proceed as sufficient information was on hand regarding each
aspect of digital equipment. In parallel to the equipment tendering and purchasing process,
WDHB was negofiating with the NSU to secure additional funds for the IT intferface between the
new PACS system and the SBS interface.

The following paragraphs summarise the decision making process including the DWG, key
considerations in the decision to go digital, and the key benefits and risks considered as part of the
decision making process. Subsequent sections discuss the equipment selection process and other
critical stages in the DM implementation process.

4.4.1 DIGITAL WORKING GROUP

The DWG played a critical role in the decision making process once the capital expenditure for
digital technology was approved by the Finance and Audit sub-committee of the WDHB Board.
The DWG comprised three radiologists, two MRTs, the BSWN IT Project Manager, the WDHB PACS
administrator, a medical physicist, and the Project Manager.

The capital procurement analysts from hA worked closely with the DWG throughout all stages of
the planning, tendering and procurement of digital equipment. The NDHB Project Manager was
invited to all meetings and kept well informed throughout the process. There was also an open
invitation to other NDHB staff to attend any of the DPG meetings.

More than half of the group were already working in a digital radiology environment at WDHB.
One of the radiologists had prior experience in implementing a PACS system so brought an
understanding of critical success factors and potential pitfalls.

The group met once a week during August, September and October 2005, for approximately 1-1%
hours per meeting. The Group debated and scoped all aspects of equipment and IT
configurations, identified equipment requirements, prepared specifications, evaluated tender
submissions, undertook site visits, developed recommendations on the preferred vendors, oversaw
acceptance testing once the selected equipment had been installed, and ran the digital training
programme.

The DWG formed themselves into two subgroups (DM machines, and PACS) to manage the
analysis of tender responses, supplier presentations/demonstrations, evaluation of equipment
options, and acceptance testing. Both subgroups had radiologist representation. The DM machine
subgroup also included MRTs and the medical physicist, while the PACS subgroup included the IT
and PACS experts.

Feedback from BSWN indicates that critical success factors for the DWG included:

. Its composition, including clinical staff, IT experts and a medical physicist (stakeholders said
it was important to involve all of these people from the outset of the planning and
procurement process for DM);

. A significant time investment, with all team members dedicating time to the process away
from their day-to-day workloads, at a minimum of 2-3 hours per week (including meetings
and preparation/other activities) and considerably more time than this during the tender
evaluation process;

. A wilingness by all DWG members to ensure rapid turnaround of draft documentation and
other information requiring comment between meetings;
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. Prior knowledge of a digital radiology environment; and

. A commitment to work as a feam, drawing on one another’s strengths and respecting
each other's area of expertise.

A strength of the process was the use of the weekly meetings as a forum for discussing equipment
needs, configurations, functionality and associated issues, and extensive use of email between
meetings to ensure the process kept moving at an optimal pace. As a result of this process,
individual and collective thinking was able to evolve, and this had positive impacts in terms of
designing an efficient work flow and ensuring the initial purchasing decisions placed the service
configuration on a sound long-term footing. For example, while radiologists initially had a
preference for viewing prior films in their analogue state using a light box, this changed following
site visits and discussion of options within the group, and the final consensus was that the digitising
of priors was preferable in terms of both ergonomics and work flow.

The DWG benefited from having an IT Project Manager who was experienced in the digital
radiography environment, had excellent technical knowledge, brought creative problem solving
skills and was an effective lay communicator. These attributes meant that he played a critical role
in managing: communications between the clinical group members, the WDHB IT department,
and IT vendors to ensure the RIS and PACS systems were appropriately configured; and the
relationship between T staff at WDHB and NDHB in resolving firewall and connectivity issues
between the Whangarei site and WDHB, as discussed in Appendix C.

A BSWN stakeholder noted that none of the overseas screening sites that the DWG members
visited in Europe, and no other sites that they were aware of (aside from perhaps Sweden) has
ever managed to achieve full connectivity between RIS, PACS and DM machines from the outset;
anecdotally, many are sfill struggling after a year or more to achieve what the IT project Manager
at BSWN was able to achieve in a matter of months. This is a significant area of success for BSWN
and marks BSWN as a site that other providers (in New Zealand or overseas) preparing to convert
fo DM should seek fo learn from.

4.4.2 KEY CONSIDERATIONS IN THE DECISION TO GO DIGITAL

Because BSWN was a green field development, decision making focused on considering the
relative costs and benefits of DM and FSM rather than the transition from FSM to DM as other Lead
Providers would have to consider.

In order to start screening from 1 February 2006, the first of the mammography equipment needed
to be ordered by October 2005. Hence there was a very small window of opportunity for WDHB
and NDHB to decide whether to purchase FSM or DM equipment knowing that if the decision was
made to purchase FSM equipment, there would be litfle chance of obtaining Board approval to
replace this with DM equipment during the useful life of the FSM equipment (approximately eight
years). The DHBs were also aware that if they elected to establish the new programme with DM
equipment, they would be one of the first screening programmes in the world and the first in New
Zealand to do this.

In considering these options, BSWN evaluated the potential benefits of DM over FSM within the
context of:

. The service configuration planned (i.e. two assessment centres, working together as one
team);

. The challenge of recruiting and retaining key staff;

. The capital and operating costs of the various options;

. The capacity of each option to maximise resources (equipment and human); and

. The geography of the region (i.e. large rural areas with some women having to travel long

distances to be screened) (BSWN, 2005b).
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Because there was a deadline for making the decision, risk management was also a key
consideration, and stringent risk management processes were put in place. Right up until the point
that the contract was signed for the PACS system, BSWN kept open the option of not proceeding
with DM but rather reverting to an FSM decision.

The risk management was influenced by the NSU’s decision not to support BSWN to pilot DM within
BSA. The WDHB management were cognisant of the risks of proceeding without the support of the
funder, and factored this into its decision making.

Broader factors also influenced decision making. The issues and options paper (Peel and Herbert,
2005) set out the service objectives used in assessing the various service configuration options
(including DM as well as broader considerations such as the number, location and capacities of
sites). These service objectives included:

. Allowing eligible women to be screened as close to where they live (or work) as possible.
When women have a choice of sites to access near where they work and live there is
evidence that this increases participation rates;

. Ensuring that women who had previously been screened by BSAN would be able o be re-
screened within 20-24 months of the date of their previous screen;

. Maintaining or improving levels of access, coverage, and participation rates;

. Providing screening capacity sufficient to ensure newly enrolled women could be
screened with minimum delay;

. The ability to cope with forecast population increases for the next ten years;

. Financial viability;

. Meeting all BSA quality standards;

. Efficiency and effectiveness for clinicians and other staff working at BSWN; and

. Ensuring operational processes appropriate to support service delivery.

WHY DID BSWN DECIDE TO GO DIGITAL?

In summary, BSWN believed that the implementation of DM at BSWN was justified on a number of
grounds:

3 Digital radiology was being systematically intfroduced info mammography (including
breast screening programmes) worldwide, and was considered to be the way screening
mammography was heading. Indeed, all of the people spoken to internationally and from
within New Zealand during the planning process, recommended that any service setting
up in a green fields manner at that fime would be sensible to start off with DM equipment;

o DM was in line with the existing WDHB radiology environment, which was by this stage fully
digital (both in terms of staff expertise and IT infrastructure available) and the strategic
direction of NDHB's radiology service;

. BSWN had an experienced and skiled implementation team and support team of
clinicians, MRTs, IT technicians and Project Managers to manage the risks at all stages of
implementation;

. DM offered a number of benefits over FSM for the BSWN service in terms of ifs

configuration, geography and requirement to attract new staff to a new service; and

. It was considered potentially financially unsound to invest in new FSM equipment
(including mammography machines and all related processing equipment) and the
facility developed to support FSM when this technology was likely to become redundant
well before the end of its expected life.
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It was also recognised that by BSWN making a decision to go digital, there would be a range of
subseqguent benefits to the BSA programme overall and to individual Lead Providers when they
eventually make the decision to convert to DM.

KEY BENEFITS OF DM IDENTIFIED BY BSWN

The key benefits of DM over FSM that were identified by BSWN and influenced the decision to go
digital are summarised below, based on BSWN's August 2005 proposal to the NSU (BSWN, 2005b),
various other BSWN planning documents, and stakeholder feedback. The extent to which these
benefits have been realised to date are discussed in section 5 (impact findings).

Integration of two sites

A major anficipated benefit was the ability to have close integratfion between the WDHB and
NDHB clinical teams, through the electronic fransmission of images between sites. As BSWN
anticipated, this connectivity has enabled:

. Ready exchange of images for double and third readings, affording protection against
quality compromise arising from geographic isolation and from the same radiologists
always being first and second reader on the same films;

. High quality and accessible MDT meetings, with images viewed by staff at both sites
simultaneously, significantly reducing clinical isolation and QA risks; and

. The option for radiologists to obtain a second opinion during assessment if required.

Historically it had been found that it was difficult to ensure a MDT providing assessment services as
part of BSA didn't become isolated from the rest of the programme being provided from
Auckland. It was recognised that these same issues would present challenges for BSWN and would
need to be managed through: clear processes and protocols detailing fim reading
arrangements; clinical pathways for assessment; rostering of staff fo assessment clinics; and
commitment to weekly reading volumes. The issues and options paper (Peel and Herbert, 2005)
noted:

To minimise the risk of repeating problems of the past it wil be essential that the clinical,
management and administration teams in Waitemata and Northland work closely together to
create one overall regional team, to provide support and assistance to one another where
required, to ensure consistency of service provision and to ensure the quality of care delivered in
Northland matches that delivered in Waitemata. The Clinical Director and Programme Manager
roles will be critical in ensuring this wider regional approach and to linking the two teams together.
In addition, there are a number of other regional positions that will have oversight of both
Waitemata and Northland services including the Lead Pathologist and Surgeon, Data Manager,
and Quality Manager.

Stakeholders universally considered that the two sites had been successfully integrated and had a
positive working relationship. ICT issues encountered in linking the two sites are discussed in
Appendix C.

Staff recruitment, retention and safety

It was anticipated that DM would increase attractiveness of BSWN as an employer for both MRTs
and radiologists, which would therefore aid recruitment. This has been the case, with MRTs
successfully recruited info the service from overseas as well as within New Zealand commonly
citing DM as a key reason for applying fo work at BSWN. Furthermore, BSWN had eight fully
accredited radiologists when the programme started and a further six in the process of
completing training requirements to become accredited.

Independent Evaluation of the Implementation of DM at BSWN 51



Health Outcomes International

DM was also expected to improve staff retention due to their having involvement in a leading
edge technology as well as improved safety (see section 5.5).

These were important issues for BSWN as a green field development, as all staff needed to be
recruited into the service. At the time the issues and options paper was prepared in April 2005
(Peel and Herbert, 2005), there were no MRTs on staff at NDHB or WDHB who had expressed an
interest in working for the new screening service. Moreover, there was and confinues to be a
shortage of suitably skilled breast radiologists and MRTs, both within BSA and overseas.

It was also anficipated that BSWN staff would amass considerable experience in planning and
implementation of DM, clinicians would develop skills specific to their discipline, and the
administration feam would develop and bed down a range of operational processes to support
the DM environment. Therefore, BSWN predicted that it would be in a position to provide support,
advice and guidance to other Lead Providers when they convert to digital technology.

Likely cost advantages

Digital units are more expensive than plain film to purchase initially, but this is partly offset by
equipment that is not required (e.g. film processors, multi-viewers, silver recovery units, etc).
Operational cost savings also accrue through the elimination of fim and chemical costs, and
reduced costs of storage, tfransport and handling of films. In addition, if DM resulted in better staff
retention then there would be less ongoing cost of recruiting and training new staff. Cost impacts
are discussed further in section é.

Quality advantages
The potential quality advantages of DM over FSM are detailed in section 3.1.2 and include:
3 Potential for better contrast resolution and more latitude of exposure (this may make DM

better for imaging dense breasts, which has particular implications given the reduction in
age of first breast screening to 45 years);

. Potential for fewer screening technical repeats or technical recalls for magnification views
of microcalcifications;

. Potential lower radiation dose with some machines; and

. Elimination of the risk of films being lost or damage or quality degraded.

Stakeholder feedback indicates that these advantages have been realised at BSWN.
Furthermore, DM technology provides opportunities for ongoing quality improvements within the
life of the existing technology. Although the purchase of DM equipment effectively locks the
service into a fixed level of quality of image capture, the technology for image enhancement
post capture is continually improving.

In addition to the quality advantages of DM over FSM, stakeholders saw significant disadvantages
in ferms of the available FSM technology. Worldwide, there were seven manufacturers of DM
technology and three FSM equipment manufacturers, only one of which had a presence in New
Zealand. According to stakeholders, the dominant FSM manufacturer in the New Zealand
marketplace was offering limited equipment options, and the technology on offer was not widely
supplied internationally and had known performance issues.

Maximising resource capacity
BSWN anficipated gains in resource capacity from:
. Increased throughput of women, enabling more women to be screened on each

machine. Thus, it was anticipated that DM would maximise opportunities for increasing
capacity and would eliminate the need to purchase additional machines at some sites
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where capacity would be reached on plain film machines within 4-5 years of
implementation;

. Potential for significant time efficiencies through the use of a DM unit with stereotactic and
hookwire capacity, resulting in a reduction in the time of an unpleasant procedure for the
patient, and increased throughput at an assessment session, reducing the need for more
radiologist and MRT time;

. The ability to provide cover between Northland and Waitemata radiologists by reading
images in Takapuna and Whangarei; and

. Post-processing of digital images, including image magnification, thereby obviating the
need for additional magnification views in some cases.

Many of these gains have been realised, with further efficiencies likely in the future with further
infegration of screening processes with the RIS. Refer to section 5 for further discussion of the gains
and limiting factors.

CHALLENGES, ISSUES AND RISKS OF DM IDENTIFIED BY BSWN

BSWN also identified a range of challenges, issues and risks associated with the implementation of
DM. These are summarised below, based on BSWN's August 2005 proposal to the NSU (BSWN,
2005b), the High Level Project Plan (BSWN, 2005a), various other BSWN planning documents, and
stakeholder feedback. Many of these issues and risks reflected the fact that BSWN was the first BSA
Lead Provider to implement DM, and was therefore less able to learn from previous
implementations. These risks were mitigated through the lessons learned from overseas site visits as
well as WDHB's experience in a digital radiology environment. The following discussion indicates
how these risks might vary for other Lead Providers.

Limited number of approved FFDM units available

Key risks identified by BSWN are listed below. The incremental approach to implementation
reduced the risk of only being able to choose from a limited number of machines. DM technology
is continually advancing so these limitations may no longer apply.

. Some of the technology available was limited to 100 microns resolution while others were
down to 50 microns.

. Some options were limited on plate size (18 x 24cm) while others were able to provide a
larger plate size (24 x 30cm) which was a recognised requirement for some New Zealand
women. Other manufacturers used non-standard plate sizes, which has implications for
image display.

. One product had significant dose reduction benefits, but used higher kVps which raised
questions from a physics perspective about how the claimed contrast resolution could be
achieved.

Potential vendor incompatability

Compatability of modalities and the various components of the ICT infrastructure were recognised
as critical success factors for the implementation of DM, but were subject to many unknown
factors. To mitigate these risks, strong contractual obligations were placed on modality providers,
PACS and RIS vendors to “guarantee” seamless integration, including significant financial penalties
for a failure to provide this integration, in recognition of the productivity costs that would be
associated with such failure. BSWN's successful implementation of these components and the
learning that has occurred alongside, serves to reduce the risk to other Lead Providers.
Nevertheless, this remains a significant risk for other Lead Providers to manage as they implement
DM.
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In the first instance, limiting the number and type of digital modalities reduces some of the
potential variability in the system. However, with continual advances in the field of digital
mammography, and different manufacturers emerging as either CR or DR leaders, together with
the desirability of engaging more than one vendor from a competitiveness point of view, it seems
inevitable over the course of a staged digital conversion to be investing in units from a number of
manufacturers. This risk is amplified for BSA as a whole given the longer timeframe for conversion of
all Lead Providers to DM.

Thought should also be given to the potential incompatibility of sub-contract providers deciding to
go digital but purchasing equipment that is not compatible for their BSA Lead Provider. For
example, Lead Providers should ensure their sub-contracts include provisions to mitigate this risk.

BSWN identified risks associated with DICOM incompatibilities and a lack of proprietary
approaches to image processing and data transfer, resulting in different matrix sizes being used for
image display, different annotation formats, and other associated anomalies. This was addressed
through the careful review of DICOM Conformance Statements from both the PACS vendors and
the DM vendors. Also, the presentation state abilities of the PACS vendors was carefully reviewed
and evaluated during the vendors’ presentations.

The PACS system needed to be compatible not only with modalities purchased as part of the
initial implementation, but also with other modalities including ultrasound and possibly MRI in the
future. This is an important consideration for any other Lead Provider transitioning to DM.

Issues needed to be considered on a nationwide basis as well as for BSWN, to allow for ease of
fransmission of images between Lead Providers in the future. The PACS system had to be capable
of supporting a range of DICOM interfaces, to allow bi-directional and automated interaction with
other PACS systems. Differences in image processing and data transfer between FFDM
manufacturers and PACS archiving were recognised as risks to this future functionality in terms of
both image transfer and retrieval, and subsequent comparable image display. Clearly defined
image processing rules need to be established up front and enforced on all vendors. This means
each exam set, from any modality vendor, can be consistently displayed alongside another exam
set (whether digital from another vendor or digitised film). It was not seen as feasible to consistently
present three sets of processed images for a single exam, as well as unprocessed data from one
vendor and not from another. This is an important consideration for any other Lead Provider
fransitioning to DM.

Image interpretation and manipulation

There are significant variations between alternative systems in terms of post processing and image
display and image hanging protocols. These features combine to raise significant issues regarding
the ability to rapidly and automatically *hang” series of studies for review when prior and current
mammograms may have been obtained with different DM modalities. The images may not “*hang
in standard fashion”. In addition:

. The "look” of images obtained by different DM modalities may also be quite different,
making comparison of images over time more difficult; and

o Significant fime may be spent on image manipulation and adjustment to make studies
comparable, and if this were combined with non-seamless RIS integration, the time for
reading a normal study could be significantly increased.

These issues suggested significant risks in image interpretation and also in screen reporting
productivity. BSWN mitigated this risk through a gradual implementation, initially using FFDM for
screening less than one-third of the BSWN eligible population and assessment only, in order to
moderate and monitor the effect of this risk on radiologist workforce demands and radiologist
retention.

These issues are worthwhile for other Lead Providers to consider in their conversion to DM, including
the strategy of staged implementation to manage risks associated with radiologist work flow.
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Reading productivity

Overseas studies revealed a risk of digital conversion slowing radiologist work flow, particularly in
the short term. Unless there is very strong integration between the digital mammogram source and
the reading workstation, and very strong integration between the reading workstation/PACS and
the RIS, there are risks that radiologists’ mammogram reading productivity can be significantly
reduced.

As discussed above, BSWN mitigated this risk through a gradual implementation, with the staged
implementation of DM ensuring that increased volumes of digital reading were not created until
all digital reading processes and acceptable reading rates were achieved. Other Lead Providers
should consider similar strategies when converting to DM.

Film/digital “hybrid” environment issues

It was acknowledged that whichever configuration option was used (DM or FSM), there would be
a mix of both film and digital examinations to manage for some time, including a mix of digital
and film sites (unfil such time as all sub-confract providers can justify the capital investment to
convert smaller practices to DM) and an ongoing need to compare digital images with analogue
priors.

Inevitably, this would result in some capital investment in old tfechnologies and some ongoing
administrative costs related to film handling, especially in the first few years. As a result, all
potential savings from a DM environment would not be fully realised until all sites (including all sub-
contract sites) became digital. Implications for other Lead Providers are included in the discussion
of financial impacts of DM (section 6).

Training

BSWN acknowledged the need for comprehensive training for all members of the MDT to ensure
there is no compromise of QA in the processes of migrating to a DM environment. It was noted
that this issue applied particularly fo radiologists and MRTs who had no previous exposure to
working in a digital radiology environment.

Most of the radiologists working at the Takapuna site had the benefit of work experience in a PACS
environment at WDHB and were thus familiar with similar work flow processes. Staff were given
fraining in the new equipment, ICT and reading environment (see section 4.5.2).

Image storage

DM significantly increases electronic storage demands, with each examination potentially in the
order of 200Mb. Any Lead Provider converting to DM must plan for these increased storage
demands.

It was estimated that the implementation of digital imaging across the BSWN region would double
WDHB's imaging storage requirements from 1.5TB (terabytes) per annum to 3.0TB per annum. For
BSWN, this risk was well managed and future-proofed for further developments (e.g.
tomosynthesis) by hA's development in 2005 of a Medical Archiving Solution (MAS) with storage
capacity of 200TB.

Evidence

One of the identified risks of DM was that there were initially no conclusive clinical trial resulfs.
Mammography is one of the last areas of radiology to convert to digital fechnology
infernationally. There had recently been a move internatfionally to frial and evaluate the
performance of DM in the screening sefting, but the available results at the fime were
inconclusive. Accordingly, some members of the DWG initially had reservations about
implementing DM before such clinical evidence became widely available.
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BSWN contacted the DMIST researchers and learned that initial results from the DMIST study were
due to be released in October 2005. These results were favourable (see section 3.3.1) and
(together with the international site visits) influenced the decision to go digital.

BSWN's enquiries also found that screening programmes in Australia and other countries were
beginning the process of converting to digital technology. NSW had conducted ftrials of the
quality of both CR and DR technologies and were confident that both modalities provided very
acceptable levels of image quality. NSW, Victoria and Tasmania had all either purchased or were
in the process of purchasing some DM equipment for their screening programmes.

The NHSBSP in the UK had set up a National Digital Steering Group and was in the process of
coordinating evaluations of each type of digital equipment. BreastCheck, the Irish National Breast
Screening Programme, had recently installed some DM equipment and related PACS. DM was
also widely being used in the USA and in the Swedish breast screening programme.

BSWN found that the FDA had approved six FFDM machines for use in mammography facilities
and assessment of other makes and models was well advanced.

4.5 EQUIPMENT AND IT SELECTION

The DWG, in partnership with hA, managed the equipment selection process as outlined above,
including preparing RFP documentation and evaluation criteria, undertaking the tendering
process, conducting international site visits, and selecting the preferred vendors. The following
paragraphs provide further detail on these processes.

4.5.1 DETERMINING EQUIPMENT REQUIREMENTS

Equipment requirements for each site were determined prior to establishment of the DWG, and
flowed from the volume projections, agreed service configuration, and related analysis presented
in the Issues and Options paper. Having agreed the number and location of screening sites (and
mobile unit) to provide screening services, the equipment requirements for each site were scoped
on the basis of each site's respective role in the overall BSWN service and projected service
volumes for each site.

Analysis of the number of machines required was informed by benchmarking against screening
volumes per mammography machine at BSA Lead Provider sites and through observation of
screening volumes and DM work flow models at international screening sites and information
obtained from the Tasmanian screening site where a DM machine had been installed.

The DWG scoped the requirements for the PACS and RIS and for connectivity between BSWN sites,
as detailed in Appendix C.

4.5.2 TENDER SPECIFICATION

The tender specification prepared by the DWG included both DM equipment and ICT
infrastructure, and invited vendors to bid for the supply of either the full suite of technology
required or individual components. An objective of the tendering process was to identify and
consider different options for the technology (including CR and DR). Therefore, the RFP invited
proposals for a wider range of equipment than was actually purchased.

The RFP included the following list of DM equipment:

. FFDM systems (up to two for Takapuna and one for Whangarei) including mammography
machines (gantry with x-ray and digital detector, high voltage (HV) generator and
acquisition workstations), fully digital in design and capable of screening and diagnostic
examinations including stereotactic guided biopsy procedures;
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. CR systems (up to two for Takapuna and one for Whangarei) including mammography
machines, plate reader, QA/review workstations and ID monitor, and cassettes;

. Stereotactic devices for the FFDM and/or CR systems (one for Takapuna and one for
Whangarei);

. PACS system including: PACS software and hardware; three radiologists’ review/reporting

workstations; QA functionality/workstation; installation of the system to the point of
verifying storage connection, interface with the RIS and interfaces with modalities; and
comprehensive applications field support, user training and manuals; and

. Laser printers for mammography (one for Takapuna and one for Whangarei) (hA, 2005).

The RFP also signalled the possibility of another machine subsequently being purchased for the
Waitakere site. This prospect of a possible future sale was signalled as a possible negotiating tool to
try and leverage prices down for the initial equipment purchases.

Due to the concurrent use of FSM for (initially) 70% of BSWN’s mammograms (i.e. all mammograms
performed by sub-contfractor sites and the mobile unit), the RFP also included mammoviewers
(two for Takapuna and two for Whangarei), together with film view accessories to magnify views
and subtle abnormalities on plain films, and high-intensity lights (lbid).

The tender process excluded first and second-fier storage and related hardware as BSWN was
able to make use of WDHB's existing storage area network (SAN) and hA’s newly established MAS.
Also excluded were the database/administration workstations for the RIS which were sourced
separately. Digitisers were not included in the tender process but were subsequently purchased
once the decision was made to digitise prior films.

The RFP document also provided a brief background on the BSA programme and BSWN, and a
comprehensive description of the required functionality from the DM and PACS equipment.

RFP SuBMISSION FORMS

The DWG and hA prepared detailed RFP submission forms which vendors were required to
complete, enabling collection of consistent information from each vendor in terms of compliance
against the required functionality, and facilitating comparison of options. With the benefit of
experience, these submission forms were revised for the subsequent Waitakere tender. Copies of
the RFP submission forms used for both the Takapuna and Waitakere tenders are attached at
Appendix D. The Waitakere forms represent the most recent submission forms for DM modalities
from BSWN, while the Takapuna forms include submission details for other equipment including the
PACS, stereotactic equipment, etfc.

4.5.3 TENDERING PROCESS

The tendering process comprised:

o Initial evaluation phase: Tenders were received from four PACS vendors, four CR vendors
and five FFDM vendors. The DWG evaluated these proposals against the selection criteria
(see section 4.5.4 below). The process involved “screeds of reading — about six inches of
paper for each provider”. Responses were separated between two sub-groups (DM
machines and PACS) so that individuals in those teams could concentrate on the areas
that matched their expertise, and to facilitate a quick and efficient process. A total of four
FSM vendors and two PACS vendors were short-listed;

. Detailed evaluation phase (including due diligence process) to become fully conversant
with the proposed solution: Short-listed vendors were invited to make formal presentations
to the DWG, provide additional follow-up information as required, and to nominate
international screening sites where DWG members could observe the equipment in
operation and interview local screening staff (see section 4.5.5);
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. Vendor selection phase: The DWG identified the preferred vendors based on the due
diligence process and international site visits;

. Negotiation phase: Contract negotiations with preferred vendors; and

. Agreement phase: Contract signing with the preferred vendors; orders placed for new
equipment.

The final decision to go digital was made as an integral part of the above processes. The detailed
evaluation phase enabled the DWG to reach a point where all key parties were confident that
the advantages of DM outweighed any possible disadvantages and that the quality and
operational issues of DM could be managed in such a way as to not compromise the new service.
The contract negotiation phase was the final point of confirmation that equipment could be
purchased within the budget approved by the respective DHB Boards.

4.5.4 SELECTION CRITERIA

The DWG developed vendor selection criteria and a scoring and ranking system for the
equipment included in the tender process. The over-riding objective of the selection criteria was to
find the most cost-effective solution for the supply of mammography equipment by addressing the
following issues and opportunities:

. A supply strategy which helps BSWN to meet its business outcomes;
. Cost-effectiveness;

o Administrative efficiency;

. Time of the essence;

. Quality products and services;

. The basis for ongoing improvement; and

. Effective use of technology.

Accordingly, initial tenders were assessed and evaluated in regard to the following evaluation
criteria:

. Ability to satisfy business requirements (including the ability to deliver by February 2006);

. Geographical support and representation;

. Confirmation of strong administrative and reporting systems and the ability to interface
with BSWN processes and systems;

. Evidence of a sound organisational and financial structure;

. An acceptable pricing structure, including overall cost and value for money;

. Ability fo meet commercial requirements and demonstrate long term stability in relation to
ownership, business plans and policies, company size, company expertise and references;

. A planned approach to transition and implementation;

. Use of technology;

. Flexibility to evolve and develop to meet changing business and technology needs;

. Product fit for purpose;

. Ongoing service costs;

. Provisions for warranty;

. Training and in-service; and

. Experience and quality of staff.
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The detailed evaluation and due diligence phase considered each of these criteria in greater
detail and focused on evaluating the performance of the equipment in a real-life setting and
determining the compatibility of the individual components to work as a system.

4.5.5 SITE VISITS

The aim of short-listing was to identify approximately two vendors for each of the PACS and DM
machines and then to observe the short-listed equipment in action in a high volume screening site
before making a final decision. Site visits were considered to be critical in the context of the risks
associated with selecting poor equipment.

Vendors nominated and negotiated access to the reference sites. Options for suitable reference
sites were limited because DM was still at an early stage, the DWG wanted to observe both DM
equipment and PACS including the integration of these, and sites had fo be identified at short
notice. Other Lead Providers will have access to a far greater choice of sites comparable to the
New Zealand screening environment, including BSWN and other sites within Australasia.

Site visits were completed in six countries in a five-day period by three members of the DWG: a
radiologist, an MRT, and the medical physicist. In addition, the UK radiologist who provided clinical
advice to BSWN at the planning stage joined the team at some sites to provide his expert advice,
and the BSWN Programme Manager also visited some sites to look at work flows but was not
involved in equipment selection.

Generic questions were prepared which were addressed at each site visit (Appendix E). Priority
questions and additional specific questions were also identified in planning for each visit. Due to
the short timeframe for decision making, delegates emailed key findings and issues back to the
Project Manager while overseas, with full report back to the team occurring immediately following
completion of the site visits.

The following sites were visited:

. Paris: General Electric (GE) Senographe NGD large plate FFDM system;
. Ultrecht, Netherlands: Hologic FFDM;

. Erlangen, Germany: Siemens factory;

. Luxembourg: AGFA PACS;

. Malmo, Sweden: Siemens FFDM and Opdima Stereotactic system; and
. Helsingborg, Sweden: Sectra PACS.

Overall, the site visits validated that “without a doubt, we are doing the right thing going digital.
Everyone | spoke to stated they would do the same if they were setting up a new unit..."” (notes
from team feedback following site visits, 25 October 2005).

Speaking from hindsight, members of the DWG considered that the international site visits were an
important feature of a successful decision making process, and had played a critical role in the
decision to go digital as well as the selection of equipment. They noted that it was particularly
helpful to be able to observe and discuss different equipment in operation as well as different
screening practices and work flows. They recommended that other Lead Providers:

. Consider conducting site visits as part of their decision making processes;

. Visit comparable sites with well-established screening processes;
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. Observe work flow patterns;23

. Conduct discussions with a variety of staff including clinical, technicians and administrative
staff, in order to learn of possible pitfalls;

. Involve their medical physicist in equipment selection in order to assess key performance
and QA parameters of each machine.

In particular, the Helsingborg site provided conclusive evidence of an efficient process in a digital
screening environment, and played a critical role in convincing the ‘sceptics’ within the DWG that
DM was a viable and attractive option for BSWN. Helsingborg was the only site found where DM
equipment was being used with a full PACS system in a breast screening service comparable to
BSA services including the use of double blind reading and batch reporting. The DWG had already
determined that BSWN should adopt a fully integrated PACS in order to realise work flow
efficiencies, and the visit to Helsingborg influenced BSWN's decision to go digital by demonstrating
that digital screening could be done efficiently. The other sites visited were printing digitally
acquired images and thus were continuing to use manual hanging, reading and filing processes.

At the time, Sweden’s was the world’s only digital breast screening programme (DM provided in
other sites was not part of a screening programme). The programme had consistent presentation
across modalities (despite individual sites selecting their own equipment), and consistent reporting
processes across all radiologists and sites. The programme digitised prior films.

On the day of the Netherlands site visit, the screening service’s film processor had failed and all
women were being screened using the digital equipment. This happenstance proved valuable for
the visiting DWG representatives as it demonstrated the efficiency the productivity gains that were
possible: “they were keeping up”.

The visits were also valuable in revealing lessons that the sites had learned during their
implementation which they were able to pass on to BSWN. For example, the Malmo site had
learned that stereotactic biopsies were best performed in a centre with high patient numbers and
an experienced team. This site had also experienced initial detector problems which had
subsequently stabilised (this is consistent with experience at Takapuna where both modalities had
initial detector problems).

In addition, UK visits were made to Cardiff University, Coventry and London. Although not part of
the equipment evaluation process, these visits provided opportunities to observe work flows and
benefit from the local experience at these sites. For example, Cardiff University's hospital
diagnostic service indicated that the service had experienced significant equipment failure and
maintenance issues during the first six months of operatfion, including replacement of three
detectors. The initial problems seemed to have been ironed out, following three upgrades. A
representative of the service commented, “you need to know there will be excellent back-up
support”.

In Coventry, a trial was being undertaken on the digitisation of prior plain films for comparative
reading purposes. This was a critical operational activity for BSWN and the Coventry visit provided
the opportunity to learn how to minimise staff time in this process and maximise quality outcomes.

4.5.6 KEY CONSIDERATIONS IN SELECTING THE EQUIPMENT
SEAMLESS INTERFACE BETWEEN COMPONENTS
A key issue emphasised in the RFP was the requirement for the various components of the DM

screening environment to be fully compatible and work seamlessly. To minimise the risk of
problems arising with acceptance testing, compatibility and interfaces between components of

23 NSU recommends that other Lead Providers only include visits to sites that are completely soft copy reading from
digitally acquired images, as this is now mandated in the NSU digital standards.
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the DM environment, and to maximise opportunities for a national network of BSA providers, the
tender document stated:

The over-riding requirement for BSWN in purchasing digital modalities, PACS and supporting
equipment for breast screening is to establish a non-proprietary system at all levels and interfaces,
i.e. the modallity(ies), PACS, RIS (SBS) and storage servers. To that end BSWN intend contractually
holding vendors responsible for:

. Individually ensuring connectivity and functionality for goods and services supplied by
them
. Collectively ensuring connectivity and functionality of the system as a whole.

Vendors shall identify any modalities, PACS, supporting equipment they know their equipment
cannot interface with. Unless vendors state otherwise, BSWN will assume there are no known
interface issues (hA, 2005).

FFDM or CR

BSWN considered both FFDM and CR solutions. The equipment RFP (hA, 2005) invited proposals
from vendors of both types of modality. The DWG formed the view that FFDM was the preferred
option for reasons of greater throughput, suitability for assessment/biopsy work, and to ensure
consistency in machine type between sites.

MODALITIES EVALUATED

The DWG shortlisted four vendors, and evaluated five mammography machines. Of these, three
had the potential to support an efficient, high volume screening work flow while the latter two had
assessment capabilities as well as the ability to provide additional (albeit slower) screening
capacity.

Following evaluation of these options, WDHB purchased the Sectra MDM and Siemens FFDM with
Opdima Stereotactic system. Many factors were weighed up in making this decision, in line with
the criteria summarised in section 4.4.4 and in Appendix D. According fo stakeholders, the
following factors were significant in influencing the equipment selection:

. Service and support: None of the vendors had established, robust support in New Zealand
at that time. Some vendors were proposing to provide support from an overseas base,
which the DWG viewed as inadequate. Others were variously proposing to employ a local
support person or to contract support to a local third party. The decision to purchase two
different modalities also afforded some risk management as these would be less likely to
simultaneously be affected by tfechnical issues.

. Plate size: It was anticipated that approximately one quarter of the women attending
screening would require a large plate size in order to produce a four-image study. Using a
smaller plate size for these women would require additional views at screening and
assessment (and therefore exira radiation exposure and disadvantages for reading).
Therefore, at least one of the machines had to have a large plate available. One modality
did not have a large plate available.

. Image appearance: The Siemens and Sectra modalities provided images that more
closely resembled the films to which radiologists were accustomed, as preferred by the
DWG. The GE and Hologic modalities that were available at that time produced images
that were darker and higher in contrast.

. Detail of images: There is ongoing debate in the literature about the ideal pixel size for DM.
The DWG had a preference for small pixel size (more detailed) images and considered
that the Siemens and Sectra modalities offered the most suitable image detail to BSWN's
requirements. Image detail was also debated in relation to the digitising of priors, as
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sufficient detail is required to identify lumps and microcalcifications. Usually a larger pixel
size is acceptable for priors as the original films can be accessed if needed.

. Spectrum used and radiation dose: Using a different detector provides the opportunity to
change the characteristics of the radiation source. The Siemens and Sectra modalities
used a different target-filter combination to the other modalities which enabled them to
use a lower radiation dose. The maximum dose for screening in New Zealand is 1.5 mGy
per exposure (as performed on a phantom of standard thickness at a standard
compression, set by the National Radiation Laboratory). BSWN set a threshold of 1.3 mGy
for its equipment. The Hologic modality delivered a 1.8 mGy dose. Subsequently, new
ACPSEM criteria have been released stating that DM must be of a higher standard than
FSM in both image quality and radiation dose.

. Image quality/dose combination: The differences between the Siemens and Sectra
specifications meant that the Sectra modality was expected to provide the best image
quality/dose combination for screening purposes.

o Assessment: One of the DM modalities was required to have the capability to perform
stereotactic biopsies. As up to 80% of biopsies are benign, it is important to minimise the
intrusiveness of the procedure. DM technology also provides the opportunity fo conduct
stereotactic biopsies more quickly, as discussed elsewhere. The Siemens FFDM and
Opdima stereotactic system provided the preferred stereotactic capability, with the main
tfrade off being a slow exposure time (long preparation phase).

Whangarei subsequently went through a full RFP process and made its decision to purchase two
Siemens machines. Connectivity and consistency of images were key factors influencing this
decision.

4.6 OTHER SUB-PROJECTS

The processes described above relate to the decision to go digital and the selection and capital
funding of DM equipment and ICT hardware and software. The decision to go digital also
influenced other BSWN implementation sub-projects in important ways. The following paragraphs
provide an overview of the wider considerations impacted by the implementation of DM.

4.6.1 FACILITIES

The facilities sub-project involved all aspects of establishing facilities for BSWN including identifying
needs for new and/or refurbished facilities at all sites, planning and designing the new facilities,
and overseeing any building/refurbishing work.

Because BSWN was a green fields development, the facilities project included selecting facilities
on the basis of their location and the suitability of existing buildings (including consideration of the
extent and cost of any modifications required).

The implementation of DM technology influenced the design of the Takapuna facility in the
following ways:

o No darkroom or film processor space was required (processing facilities at North Shore
hospital are to process the films from the mobile unit);

o To provide an efficient work flow including the ability to work three schedules with two DM
modadalities, the facility layout included a sub-waiting room with changing cubicles and the
overall layout was designed to provide a circular flow from reception to sub-wait room to
mammography room to changing room to exit and to enable assessment clinics to be run
concurrently with screening sessions;

. The mammography room and the MRTs' digital QA station were also placed in close
proximity to facilitate an efficient work flow. Similarly, the PACS reading station was
located in proximity to the assessment areq;

Independent Evaluation of the Implementation of DM at BSWN 62



Health Outcomes International

. Air conditioning systems were required that would produce very high airflows relative to
the size of the mammography rooms (up to 70 changes per hour) due to the high heat
output of the DM machines. Digital units are more temperature-sensitive than FSM units,
and temperature needs to be kept within a very narrow range at all times, with only a
maximum of 3 degrees Celsius variation in room temperature. If the temperature varies by
more than this amount, an alarm is activated signalling that the machine requires re-
calibration;

. The Sectra DM machine requires supply of three-phase electricity, which needed to be
installed in the facility (the Siemens machine uses single phase power);

. One of the machines (Sectra) required reinforcing of the floor to support the weight of the
machine (950kg). However, this is unlikely to affect other Lead Providers as a new model
has subsequently been released which is lighter;

o The width of doorways and corridors needed to accommodate the installation of the
machines.

4.6.2 STAFFING RECRUITMENT AND TRAINING

All BSWN staff had to be recruited including leadership positions and all clinical, technical and
administrative staff. The staffing recruitment and training sub-project oversaw this process, as well
as the training of all new staff. Recruitment of MRTs and radiologists was difficult due to shortages
in both professions, and involved both national and international searches. The opportunity to
work in a digital screening environment was attractive and assisted in recruiting the required staff.
Once the Programme Manager started work, she systematically took over responsibility for
recruitment and training from the Project Manager.

All staff needed initial training in operational systems and processes specific to BSWN. As the
implementation of DM at BSWN pre-dated the development of national DM policy, it was
necessary for BSWN to negotiate what the training requirements would be and then ensure all staff
received the training prior to go-live. It was recognised that MRTs and radiologists operating in the
DM environment and reading digital mammograms would need some training in the new
modalities. BSWN also acknowledged the need for comprehensive training for all members of the
MDT to ensure there is no compromise of QA in the processes of migrating to a DM environment.
The Radiologists UDG made a decision at their December 2005 meeting regarding digital fraining
requirements.

Some staff, such as WDHB radiologists, brought prior experience in digital radiology in a PACS
environment and in fraining staff in a new digital environment. MRTs brought screening
mammography experience but had no prior experience using digital equipment. Training
therefore needed to cater to a range of prior knowledge and experience while ensuring all staff
were familiar with local processes and equipment.

Enquiries were made regarding international DM training opportunities, either by sending staff
overseqas or bringing overseas trainers to New Zealand. Predominantly, the training was provided
at BSWN sites and included:

o Training in the PACS environment (for radiologists, MRTs, and administrative staff): Sectra
provided comprehensive training on the PACS. Trainers from Sweden, using a clear fraining
outline, worked with small groups of MRTs/radiologists or administrative staff and
individualised the training to the needs of each group;

. Training (and associated manuals) for MRTs in the use of the DM modalities including QA
tasks and machine-specific issues such as positioning of detector plates on the Sectra
modality: Delivered on site by the vendors as part of their service contracts with BSWN,
negotiated as part of equipment selection;

. Training for radiologists in reading mammograms in a digital environment: BSWN
established its own programme for radiologists. Initially, the programme comprised four
hours of theory and four hours practical. It has subsequently been amended to reduce the
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theory component and increase the practical component, which now includes 200
dummy reads and review of cancer cases. The NSU is issuing guidelines which reflect this
change of practice. The PACS/RIS system is set up to allow frainee reads on current cases.

The standard eight-hour training programme that BSWN ran for its radiologists who were going to
read digital films and do assessments and for the MRTs prior to commencement consisted of:
. A three hour classroom session of:

o Infroduction to digital physics and technology (led by Medical Physicist);

o Learnings from the site visits in Europe (led by Radiologist);

o SBS functiondlity and how it will intferface with FFDM and PACS (led by BSWN IT
Project Manager); and

o PACS hanging protocols (led by Radiologist).
. Minimum two hours training in the use of Siemens FFDM and Opdima Stereotactic;

. Minimum two hours fraining in the use of Sectra PACS, reading workstations, MRTs and
digitising QA workstations, delivered on site by the Sectra PACs and MDM trainers.

Individual training packages were arranged around this standard package. Radiologists who were
going to be reading DM images but not doing assessments did:
. Three hour classroom session (as above);

. Four hours tfraining on DM reading workstation (DS5/mx.net) delivered on site by the Sectra
PACS frainer; and

. One hour classroom session on Sectra PACS for Breast Imaging delivered on site by the
Sectra team.

In addition to the above, those radiologists who were also doing assessment did:

o Approximately one day’s training in the use of Siemens FFDM and Opdima Stereotactic
delivered on site by the Siemens frainer; and

. Training on mammotome used in conjunction with Opdima.

The MRTs all did:

. Three hour classroom session (as above);

. One hour classroom session on Sectra PACS for Breast Imaging delivered on site by the
Sectra team;

. One hour training on DM reading workstation (DS5/mx.net) delivered on site by the Sectra
PACS trainer;

. Four hours training on Sectra QA workstation (DS5/qa.net) delivered on site by the Sectra
PACS trainer;

. Approximately one day’s training in the use of Siemens FFDM and Opdima Stereotactic
delivered on site by the Siemens trainer;

. Training on mammotome used in conjunction with Opdima; and

. Training on Sectra MDM.
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In addition, the Lead MRT spent time in Tasmania familiarising herself with working on a DM
machine. One of the MRTs, the WDHB main radiology department PACS administrator, and the IT
Project Manager all received two days PACS administrator training provided by the Sectra trainer.

The BSWN Data Manager received:

. Three hour classroom session (as above);

. One hour classroom session on Sectfra PACS for Breast Imaging delivered on site by the
Sectra team;

. Two days super user/system administrator training, including scanner, IDS5/qa.net and
IDS5/mx.net; and

. Two days administration tfraining with Sectra.

The administrator who had the role of digitising the prior films also had specific fraining in the DM
environment, including:

. Three hour classroom session (as above);

. One hour classroom session on Sectra PACS for Breast Imaging delivered on site by the
Sectra team; and

. Some specific PACS system training with the Sectra trainer.

Radiologists noted that converting to DM requires “learning how to read in a different fashion”.
Cancers can be more subtle on DM images, and it takes at least a year to become familiar with
cancers on DM. There can be additional challenges where radiologists combine DM screening
work with film-based radiology work elsewhere.

MRTs noted that time constraints had presented a challenge for fraining, as training had to be
completed quickly, two weeks prior to the commencement of screening (the period between
when the equipment was set up and when screening started), and involved becoming familiar
with two different modalities. Other Lead Providers would need to allow time for staff training
outside of their normal work and plan for service continuity during this fime.

Other Lead Providers should ask vendors to provide sufficient details of trainers and training either
as part of the RFP or contract negotiation processes. Ideally, implementation time frames should
include allowance for resolution of emergent issues but this was not possible within the available
fimeframe for BSWN's implementation.

4.6.3 OPERATIONAL SYSTEMS AND PROCESSES

As part of establishing BSWN, a sub-project was established with extensive input from external
consultants and selected members of the DWG to identify, document and establish all operational
systems and processes for the new service. These systems and processes were influenced by the
decision to go digital as this affected work flows associated with acquiring and reading
mammograms, QA, and assessment clinics as discussed elsewhere.

Clinical staff helped to design the layout of the facility, and mapped the layout to the screening
pathway so that the facilities would be appropriate to the work flows. Consideration of specific
operational processes related to DM commenced as a natural part of the DWG's debating and
scoping of equipment configurations. The processes for DM contfinued to be developed as the
equipment was installed, fraining undertaken and staff familiarised themselves with the new
equipment and the collective DM environment. The clinical advisor seconded from the UK
brought significant experience in managing digital mammography sites, and played a key role in
assisting local clinical leaders to develop digital work flows and processes.
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As one example of the operational processes influenced by equipment specification decisions,
the DWG considered two alternative approaches for the reading of prior films, based on
approaches being used by overseas programmes for DM. In the first of these approaches,
providers were digitising all prior films. This became the preferred option and was subsequently
implemented at BSWN. Digitised priors at BSWN provide a first point of reference for the reader,
with prior films being accessible as required.

The alternative approach involved plain fiims being hung on a multi-viewer that would operate on
a belf system above the reading workstations. With this method, the reader has the digital image
on the screen in front of them and the prior plain fiims on a viewer above. This opfion was
considered and was ultimately rejected by BSWN because: it is less efficient, requiring manual
hanging; it means the priors would still have to be transported between sites for second readings;
and is ergonomically inferior because film-screen viewers have different light characteristics to
digital viewers, leading to delays and possible quality risks associated with readers’ eyesight
accommodating when switching between viewers.

4.6.4 QUALITY AND MONITORING

A robust QA programme is critical for the initial stages of equipment selection as well as
installation, calibration and testing, and as an ongoing process at all steps in the image chain.
BSWN worked with the NSU to develop the required modifications to the NP&QS to include
necessary processes (including image acquisition, processing, review, storage and distribution)
and targets for the DM environment, and to trial their implementation (BSWN, 2005b).

As part of the procurement process, vendors of DM machines and PACS systems were asked to
include full details in their responses of how all required QA processes could be undertaken on
their equipment. The evaluation of vendor responses and the supplier presentation and
demonstration process were used to fully assess each modality and PACS system’s ability to ensure
full compliance with all QA testing requirements (Ibid).

Physics acceptance testing included initial testing as well as 6- and 12-monthly testing. This
included:

. kV accuracy and reproducibility;

. Beam quality assessment (HVL measurement);
. Radiation output;

. Mammography unit assembly evaluation;

. Evaluation of focal spot performance;

. Collimation assessment;

. Breast entrance exposure, Mean Glandular Dose, and reproducibility;
. Artifact evaluation;

. Phantom image quality tests;

. Flat field test;

. Signal to noise ratio;

. Modulation Transfer Function; and

. Conftrast to Noise Ratio (lbid).

It is essential that the QA phantoms and software packages are included as part of the purchase
of the equipment. The tender specifications required vendors to provide details and cost of the
CDMAM phantom, as this phantom provides a good measure of performance and easy cross-
reference to several European papers and the European Standards (BSWN, 2005b).

Independent Evaluation of the Implementation of DM at BSWN 66



Health Outcomes International

With regard to ongoing support, BSWN established and documented MRTs' QA tasks (see section
5.6) and provided assistance and fraining in these.

4.7 LESSONS FROM DECISION MAKING AND IMPLEMENTATION PROCESSES

BSWN experienced a range of challenges during the planning and implementation of DM. Many
of these were directly related to being the first Lead Provider to adopt these new technologies
and having a very short timeframe in which to make decisions, plan, purchase, implement and
train staff in the new DM environment. Lead Providers will benefit from the progress that has been
made in these issues in the two years since. Key issues are discussed below, and lessons for other
Lead Providers are identified.

PLANNING, DECISION MAKING AND IMPLEMENTATION PROCESSES

Participants found that the decision making processes for DM at BSWN (including the decision to
go digital and subsequent decisions regarding equipment and work flows) were robust and have
resulted in the implementation of an effective and efficient breast screening service.

It is recommended that any Lead Provider deciding to implement DM look to do that in a staged
fransition approach rather than changing all fixed, mobile and subcontracted sites to DM in one
‘big bang’ approach. A staged approach to implementation has a number of benefits including
opportunities for learning and refining processes and minimising any temporary adverse workforce
impacts such as slower reading fimes.

Part and parcel of deciding to go digital is acceptance of a dynamic service environment in
which the provider is continuously looking at ways to improve effectiveness such as software
upgrades and work flow improvements. In comparison, FSM is more static.

Planning and implementing a transition to DM requires significant project management, clinical,
technical and other multi-disciplinary input and a time investment from those involved including
time dedicated away from day to day work to be involved in a digital project.

BSWN reported that a critical success factor in their successful planning and implementation of
DM was in establishing the right multi-disciplinary team of experts from the outset. The key
members of this team for any Lead Provider to have are:

. At least one radiologist with expertise in and a passion for DM;

. An IT specialist with a proven track record of being able to successfully bring together
technical solutions that meet complex clinical, QA and operational process requirements
and in ensuring fechnical connectivity in complex environments;

o A medical physicist who is knowledgeable in the area of digital mammography and able
to dedicate significant amounts of time to working with the project; and

. At least one MRT who is able to work with the team to ensure all primary user requirements
are adequately considered.
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Other critical components reported by BSWN include:

. DM influences facilities requirements including the layout and function of rooms, air
conditioning and electricity requirements, and possibly reinforcement of building structures
depending upon the type of equipment used.

. Staff training is a key feature of successful implementation. Allow time for staff training
within their normal work and plan additional staffing for service continuity during this time.
It also behoves Lead Providers to ensure prospective vendors are able to provide fraining
of appropriate quality and timeliness.

. A supportive GM, CEO and Board;

. Dedicated time of a business analyst, procurement personnel and legal/contfracting
expertise;

. Identification of clinical champions who will work with the project but also champion the

case for DM with the other clinicians;

. Contingency planning that recognises throughput on DM (both in taking and reading
mammograms) will be slower at the outset so Lead Providers converting to DM should
book minimal appointment slots until all aspects of installation have been approved and
completed. This will result in less disruption to work flow, clinics and clients;

. Learning from other programmes, both in New Zealand and overseas, that have already
done planning and implementation for DM; and

. Maintaining a risk register at all times during the project so mitigation strategies can be
found for all new risks as they become known.

It is anficipated that other Lead Providers would have considerably longer lead in time for
planning, decision making and implementation of DM that BSWN. A longer lead-in time will in itself
reduce many of the risks.

INFORMATION AND COMMUNICATIONS ARCHITECTURE

The over-riding consideration in implementing the ICT infrastructure for DM was ensuring the
compatibility of its various components including the PACS, RIS, storage servers and modalities, as
well as maximising opportunities for future consistency and connectivity between providers (see
Appendix C). Lead Providers should ensure contractual arrangements for DM implementation
place responsibility on vendors for seamless intfegration.

As detailed in Appendix C, several unanticipated ICT issues were experienced, including:

. Initial network speed issues between the PACS at North Shore Hospital and the workstations
at BSWN's Takapuna site, which took six months to resolve with the addition of an on-site
image server;

. Security issues in devising an architecture to manage the fransfer of images between
Whangarei and the PACS, due to Windows networking protocols, which were resolved by
extending the North Shore Hospital network to the Whangarei site rather than linking the
two networks together;

. Upgrading the uninterruptible power source (UPS) units for the DM machines in response to
power outages that had led to machines losing power without being able to follow the
proper shut-down procedure.

BSWN found that one digitiser was insufficient to cope with the volume of work and the addition of
a second digitiser at the Takapuna site has improved efficiency for the imaging clerk.
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Other Lead Providers considering a transition to DM should seek IT guidance from an established
DM screening site with a similar PACS configuration.

EQUIPMENT PROCUREMENT PROCESSES

Key success factors and lessons from BSWN's equipment procurement process suggests that other
Lead Providers should:

. Conduct site visits as part of their decision making processes, involving: visits fo
comparable sites with well-established screening processes; observing work flow patterns;
and conducting discussions with a variety of staff including clinical, technicians and
administrative staff, in order to learn of possible pitfalls;

o Involve a medical physicist from the outset in equipment selection in order to assess key
performance and QA parameters of each machine;

o As part of the due diligence process, ensure that full details are provided against all
requirements and criteria including sufficient evidence/plans for the provision of prompt
and readily available service support;

. Pay parficular attention to negotiating an effective service contract including availability
of technical expertise in New Zealand and storage of spare parts in New Zealand or
Australasia to ensure timely access, escalation and penalty clauses. Also agree minimum
response times for service and whether evening and/or weekend cover is necessary and
available;

. Note that BSWN's RFP evaluation criteria (section 4.4.4) and submission forms (Appendix D)
provide a potential model or starting point for the development of submission forms for
future tendering processes.

There will be opportunities for significant savings and other efficiencies to other Lead Providers if
they are fransitioning to digital at the same fime. BSWN discovered that the DM vendors were
prepared to make substantial discounts if WDHB and NDHB undertook to order more than one of
their machines. Hence, collective bulk buying opportunities will be possible, similar to those used
by Lead Providers when the programme was initially established.

VENDOR PLANNING AND INSTALLATION PROCESSES
BSWN experienced implementation issues. Other Lead Providers should pay particular attention to:

. Sufficient input and planning with engineers and ftrainer prior to installation, to ensure
awareness of Lead Provider schedules and needs; and

. Allowing sufficient time to thoroughly test equipment before the go-live date and before
final payment is made to the vendor. Speed issues are critical to reading and assessing.

QUALITY STANDARDS FOR DM

At the time of implementing DM at BSWN, quality standards had not yet been developed for DM
for Australia and New Zealand. The NSU required BSWN to implement the digital standards
maintained by the FDA in the United States. These included eight hours training for radiologists and
MRTs and vendor-specific QA standards. In addition, the NSU specified that:

. Only the readers who were already experienced in screen reading (within BSA or the
United Kingdom) could become digital readers at start-up;

. A radiologist, MRT and physicist who were experienced in mammography should be
involved in all decision making regarding equipment purchases and implementation; and
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. Only equipment that was FDA approved or in use in European screening programmes
could be purchased.

BSWN initially had to develop its own protocols from the FDA standards. The NSU has now issued
Interim Digital Mammography Standards for Full Field Digital Mammography and CR Systems
(2007) as an addendum to the NP&QS. Now that these standards are in place, they will serve to
provide more direction to other Lead Providers and simplify the transition to DM.

Independent Evaluation of the Implementation of DM at BSWN 70



Health Outcomes International

O

IMPACT FINDINGS

This section discusses the impacts of DM as experienced by BSWN stakeholders. It begins by
presenting an overview of the key impacts on overall screening processes. This is followed by
discussion of the impacts on various aspects of the screening business including appointment
scheduling, workforce utilisation, recruitment and retention of staff, occupational safety and
health, quality assurance, maintenance, integration of screening sites and MDT meetings, and
impacts for women. The section concludes by summarising the advantages and disadvantages of
DM and lessons for other Lead Providers.

5.1 SCREENING PROCESSES

DM screening processes differ from FSM processes in a number of ways. The process maps in
Appendix F detail these differences at each stage of the screening process. Key differences in DM
screening compared to FSM are:

. There is greater automation of the screening work flow through the PACS worklist system,
including tracking of each woman through the screening process from arrival at reception
through to the final screening/assessment outcome, the linking of images and data for
electronic storage and refrieval, and the assigning of studies to workstations/users. The
processes implemented at BSWN take work flow automation further than the systems
observed overseas by BSWN representatives, through the linking of the RIS (SBS) and PACS.
Without this link, the full potential benefits of DM are noft realised.

. Prior film images collected from previous screening rounds and/or film-based screening
sites are digitised at digital screening sites, for women attending DM screening and for
women recalled to assessment.

. The registration form (“green form”) recording demographic, interview and screening
details is scanned into the PACS and stored electronically with the woman's images and
electronic data. The form is coloured green to reduce glare at reading workstations.

. The use of a sub-waiting room, where the woman changes before entering the x-ray room,
provides the opportunity to increase work flow per machine by making more efficient use
of the x-ray room. Data entry can be completed at a QA workstation in a separate room,
allowing the next examination to commence (with a different MRT) immediately. This work
flow enables the Takapuna site to operate three screening schedules across two x-ray
rooms.

. The MRT remains in the room with the woman throughout the examination. MRTs are able
to QA each image as it is faken, and take any repeat views if needed due to movement
or artefacts. The woman is able to leave immediately upon completion, with less likelihood
of a technical recall for repeat views.24

. There is no film processing involved, no darkroom/processing room required, and no
chemical handling or storage.

24 BSWN data for women screened between 1 February 2006 and 1 February 2008 shows a technical recall (TR) rate
of 0.07% for digital, 0.10% for fixed film and 2.15% for mobile film.

Independent Evaluation of the Implementation of DM at BSWN 71



Health Outcomes International

. After leaving the x-ray room, the MRT completes QA at the QA workstation. ‘Hanging’ of
digital images is performed automatically by the PACS using programmed hanging
protocols and is checked/corrected by the MRT during QA. The images are then
immediately available for retrieval at any reading workstation with no manual hanging of
films required.

. Images are accessed electronically by reading and assessment radiologists. Reading can
be shared between radiologists working at different sites. Radiologists are able to ‘double
read’ remotely and assessment clinics can be run with one radiologist instead of two.

o Electronic images can be sent to treatment providers. Hard copy images are laser printed
if needed for other radiology or tfreatment providers.

. Stereotactic equipment with DM enables biopsies to be taken more quickly, making more
efficient use of radiologist and MRT time and minimising patient discomfort.25

. Multidisciplinary meetings are more sophisticated, using digital technology including
videoconferencing with remote sites.

. DM screening technologies and processes are contfinually evolving, and BSWN is
investigating and implementing refinements to its screening processes on an ongoing
basis.

As BSWN is not fully digital (FSM is sfill used by sub-contracted providers and for the mobile unit
which collectively perform 30% of BSWN'’s mammograms), the full benefits of DM are yet to be
realised. Moreover, there is a fransitional period of two years following conversion to digital, in
which prior analogue films need to be refrieved from storage and digitised, after which the
imaging clerks’ workload should reduce. There will also be an ongoing residual workload
associated with digitising priors fransferred from other Lead Providers or private providers using FSM
technology.

5.2 SCHEDULING

The weekly schedules of screening appointments for each site were developed with the intention
of offering screening services at a range of popular times, with extra appointments being offered
at the busier times. Experience has been that the early morning, late afternoon/evening and
Saturday appointments are the most popular. The schedules also incorporate weekly QA testing
(approximately one hour each week), MDT meetings, and, where applicable, set-up and conduct
of assessment clinics (up to 24 women per week, including é stereotactic biopsy appointments
available per week), and checking of mobile films.

The schedules continue to be revised and fine-tuned on an ongoing basis by the Lead MRT and
programme manager, with MRT input.

The DM work flow at Takapuna provides the ability to work three screening schedules across two
machines, providing increased volumes per machine. Unfil recently, appointments were
scheduled at 15 minute intervals. The current schedule (implemented 1 December 2007) has two
women every 10 minutes to achieve the desired screening numbers and maintain smoother work
flow. Thus, the Takapuna site can screen 12 women per hour with two machines (or 6 per
machine). In comparison, appointments for FSM screening, and appointments at Waitakere where
there is one DM machine, are 15 minutes apart with a single schedule, for an output of 4 women
per machine per hour.

25 Most BSA sites already have stereotactic equipment so this is not an additional benefit of DM for these sites.
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5.3 WORKFORCE UTILISATION

The following paragraphs consider the impact of DM on the utilisation of the screening workforce
including MRTs, radiologists, imaging clerks, IT support, and medical physicist.

5.3.1 MRTs

The DM work flow at Takapuna enables three MRTs to work three screening schedules using two x-
ray rooms. This provides increased volumes per machine. However, experience at BSWN to date
has been that individual MRT volumes have remained similar fo those in a FSM environment. The
current appointment schedule (implemented 1 December 2007) allocates 10 minutes per woman
for screening appointments. Previously, three women were screened per 15 minutes. From 1
December, four women are screened every 20 minutes. As detailed in Appendix F, this length of
fime reflects:

. Clinical practice considerations, including establishing rapport and frust with each woman
in order to achieve good compression, taking care in positioning the woman to acquire a
high quality image, acknowledging and addressing any discomfort or anxiety, responding
to questions, and allowing the woman to see the images where requested. Additionally,
some women are scheduled for a double appointment, including first appointments,
women with breast implants, and women with a cognitive or physical impairment.

. Cultural issues, including working with women who speak limited English, attending to
specific cultural needs, and balancing efficiency considerations with the need to ensure
women are given time to prepare themselves, ask questions and do not feel “rushed”.

. Occupational Safety and Health (OSH) considerations associated with positioning women
and machinery and with operating switches which are manageable at current volumes
but may be exacerbated if output per MRT were increased.

. The current SBS configuration which requires data entry and scanning of the green form as
part of the image QA process after the MRT has left the x-ray room. This is currently being
reviewed with the intention of improving the flow of the data entry process and
eliminating paper processes associated with the green form, as discussed below.

. The use of green forms is currently being reviewed (see below), with the intention of
improving the efficiency of the data enfry process and elimination of paper processes
associated with the green form.

. An increased role for MRTs in the QA programmes for DM machines, which impacts on
their available time for conducting screening. MRTs at BSWN also evaluate the technical
quality of mammographic images, a step which is left out of the screening process in some
overseqas screening programmes (e.g. Sweden).

Additionally, the effective output of the breast screening service has been affected by frequent
maintenance issues including equipment breakdowns during the first 18 months (see section 5.7).

For comparison of MRT throughput in digital and analogue screening sites, BSWN provided data
on screens per MRT-hour at two DM sites (Takapuna and Waitakere) and three FSM sites
(collectively), for a week in February 2008. During this period:

. The Takapuna digital site performed 286 screens in 85.5 MRT-hours, for an average 3.35
screens per MRT-hour;

. The Waitakere site performed 243 screens in 81 MRT-hours, for an average 3.0 screens per
MRT-hour; and

. The three FSM sites performed 48 screens in 16.25 MRT-hours, for an average 2.95 screens
per MRT-hour.

Time of arrival and the completion time of paperwork are recorded in SBS for each woman
screened. However, recorded departure times are not accurate as they indicate when the MRT
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marks the appointment as departed, not when the woman leaves the screening service. Therefore
this data cannot provide a reliable indication of digital screening times. The time each image is
exposed is also regained in the PACS. As previously mentioned, the PACS QA of images together
with scanning of the MRT form and data entry are a significant portion of the complete exam.

The Lead MRT also conducted an informal evaluation at the Waitakere site, and advised that
acquisition time per woman varied between 4 minutes and 27 minutes, with the majority being
completed within 4-5 minutes. Data and QA time varied between 1-7 minutes, averaging 4
minutes. The Waitakere site has some time limitations as there is only one machine and the
modality has a slower acquisition and display time than one of the Takapuna machines.

The most significant near-term opportunity to enhance the MRT work flow at BSWN is the current
review of the SBS configuration. Under the present arrangement, the MRT writes notes on the green
form while taking mammograms, then conducts data entry and scanning of the form as part of
the subsequent QA process, resulting in double-handling of data. Moreover, data entry fields in
the computer system do not match the layout or content of fields on the green form, and this
causes further inefficiencies due to the need to locate fields on the system and re-interpret
information for data entry.

The current review is aimed at enabling direct data entry and eliminating the use of the green
form through improved integration of the RIS with the acquisition workstation. This would shorten
the exam time as the full process would be completed by the time the woman leaves the x-ray
room. It was estimated that this might save up to five minutes per woman, enabling appointments
to be scheduled ten minutes apart instead of the current 15 minute intervals.

From 1 December 2007, the Takapuna site has moved to a system in which work flow has
changed to 10-minute appointments and the MRT performs 2-3 exams in succession then
completes the paperwork and QA for this group of exams.

5.3.2 RADIOLOGISTS

A key driver of the decision to go digital at BSWN was the ability to integrate the Takapuna and
Whangarei based clinical teams. The ability to electronically tfransmit images between sites has
successfully widened the pool of clinical expertise, including sharing of double blind reading
between the two sites. It is now standard practice for Takapuna based radiologists to perform
second reads for images taken in Whangarei, and for Whangarei radiologists to perform second
reads on an equivalent number of images acquired in Takapuna. This process has been
implemented smoothly and the two sites have a positive working relationship.

The ability to read images in real time also enables assessment clinics to be performed with one
radiologist present at the assessment and another available to provide a second opinion during
assessment by viewing the images remotely.

The linking of the two sites has also paved the way for high quality and accessible MDT meetings,
with images being viewed by staff at both sites simultaneously through the use of
videoconferencing technology. This significantly reduces clinical isolation and QA risks without the
need for radiologists to travel between sites, and facilitates working relationships.

A second benefit of the DM environment for radiologist work flow is the increased flexibility in the
reading process. Fim-based mammograms are loaded into a viewer and are viewed sequentially
as they are wound on and are then viewed in the opposite sequence for second reads.
Radiologists typically have to set aside a block of time (approximately 2-2'2 hours) for film-based
reading and have to complete the full viewer at one sitting. In contrast, the DM system enables
radiologists to read studies in any order. Generally, second reads are called up first, followed by
first reads.

Further, as it is not necessary to read a whole viewer at one sitting, radiologists are able to use
smaller chunks of time for reading which provides opportunities for radiologists (who often
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combine screening work with hospital and/or private practice work) to make more efficient use of
their fime.

Reading capacity is constrained by the number of workstations (rather than fim viewers)
available. The Whangarei screening site found that the addition of a second workstation greatly
improved work flow flexibility by enabling two radiologists to read simultaneously.

For DM reading, there are more viewing options as well as additional requirements such as four-
quadrant magnification, which are more time consuming than for films. There is wide variation
between reads and between radiologists in the time per read. BSWN found (consistent with
overseas findings) that reading times for DM were initially substantially slower than for FSM. With
radiologists now familiar with DM reading, the time per read has stabilised to an average of 37%
longer than FSM.2¢6

DM enables significantly reduced times for stereotactic biopsies. These can be performed within
30 minutes whereas the procedure typically fook an hour or longer using FSM equipment. This is
because positioning the needle in the breast tissue is guided by a series of still x-ray images which
are now acquired digitally, obviating the need to process a series of films during the procedure.

Overall, BSWN has found that radiologist FTE requirements for DM are equivalent to those in a FSM
environment. BSWN does not foresee any significant reduction in radiologist FTE unless Computer-
Aided Detection (CAD) is adopted in the future. This technology can bring efficiencies without
necessarily involving full automation of first reads; CAD can be used by readers to facilitate more
rapid identification of potential microcalcifications.

5.3.3 IMAGING ASSISTANTS

Imaging assistants (or ‘film hangers’) are still needed in a DM environment. However, their role
changes with the conversion to DM. New duties include digitising of priors and data entry info the
PACS to support the digital work flow. This is more complex than fraditional fim hanging and
requires a higher degree of expertise and competence. Film hangers who are experienced in a
FSM environment can learn and become competent in their new role over a period of 3-4 weeks
(‘on the job’), working with an experienced digital imaging assistant.

Initially, imaging assistants have been required to digitise all prior images. BSWN experience has
been that the FTE complement of imaging assistants for digitising of priors and completing data
enfry in a DM environment is roughly equivalent to that required for the manual hanging of
analogue films. Thus, there is no time saving in the first two years of digital screening. The addition
of a second digitiser at Takapuna has improved efficiency for the imaging clerk. A reduction in
clerical workload is anficipated as BSWN approaches its two-year anniversary of digital screening,
as a greater proportion of priors will be digital. Although the workforce implications have not yet
become clear, it is anticipated that this may reduce the overall clerical workforce required by 1FTE
(out of a total of 16FTE across all BSWN sites for 32,000 screens).

During the fransition to DM, some analogue film hanging may also be required if the service is not
fully digital. At BSWN, analogue films are sent to Takapuna from sub-contracted sites and the
mobile unit, for reading using a film viewer. There will also be an ongoing residual need to digitise
priors, both due to the remaining analogue services and the transfer of files from other Lead
Providers and private providers.

In addition to the changes discussed above, a darkroom technician is not required in a DM
environment. Thus, the Takapuna, Whangarei and Waitakere sites no longer employ a darkroom

26 This is based on BSWN data showing an average reading time of 64 seconds for all digital reads performed at
BSWN in 2007 and an average 47 seconds for all film reads at BSWN in 2007. Average reading fimes varied between
individual radiologists (from 53 to 78 seconds for digital and from 35 to 78 seconds for film). Only one of 13 radiologists
had a faster average reading time for digital than film.
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technician. Analogue fiims from the mobile unit are either processed at a private practice in
Whangarei, or at BSCM. The mobile mammography machine is calibrated to both processors as
necessary.

5.3.4 IT SUPPORT

Additional IT support is needed in a DM environment, reflecting the increased use of IT in the
screening work flow. This includes the new role of a PACS administrator. As the ICT infrastructure for
DM involves a number of separate components and suppliers (see Appendix C), it is very
important that the PACS administrator be familiar with digital radiography business processes in
general, and the ICT system at the screening site in particular, and be able to correctly diagnose
problems and call upon the appropriate outside support. This process is assisted by automated
alerts built intfo the system but still requires a high degree of technical knowledge.

Additionally, the data transmission requirements for DM are substantfial, and standard Internet
Service Provider (ISP) routing networks can adversely affect tfransmission speeds. Excellent IT
support has contributed significantly to the success of DM at BSWN by identifying and
implementing solutions to network speed issues as these were encountered.

5.3.5 PHysICIST

In a DM environment, MRTs play a more extensive role in the QA programmes for each machine
(see section 5.6 below). However, this has not led to a corresponding reduction in time for the
medical physicist. Although BSWN expected the need for ongoing services of a physicist (post
installation and acceptance testing of the DM equipment) for one day every 2-3 months, the
reality has been that 4-5 days per month has been required during the first 18 months of the
service.

This has largely resulted from maintenance issues (see section 5.7). There are relatively few medical
physicists accredited to provide services to BSA. They are in high demand, and often work to
tightly planned schedules. Lead Providers and physicists need to be aware that physicist services
may be required urgently and unexpectedly due to equipment failures.

The increased physicist involvement also reflects the dynamic environment of DM, in which systems
and processes are confinually being adjusted and refined as learning takes place. The physicist
has also been involved in the fraining of MRTs in QA programmes at the new Waitakere digital site.
BSWN anficipates that the physicist role will gradually subside o an equivalent level to that of FSM.

5.4 WORKFORCE RECRUITMENT AND RETENTION

As anticipated, the implementation of DM has made BSWN an attractive employer for both MRTs
and radiologists. In particular, it has been a key reason stated by New Zealand and overseas
applicants expressing interest in MRT positions. Moreover, it is easier to recruit graduate MRTs to a
digital screening service as few new graduates have film experience.

DM has also been found to enhance job satisfaction through the opportunity to work with leading
edge technology and the elimination of film and chemical handling at DM sites, and because
MRTs can remain present with the woman during the screening process.

A disadvantage of being the first Lead Provider to move to DM has been a lack of available
relief/locum MRTs and readers. As further Lead Providers adopt DM, this problem should ecse.
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55 OCCUPATIONAL SAFETY AND HEALTH
For MRTs, the OSH benefits of DM include:

. Improved ergonomics, with positioning of the machines being motor-assisted, and ‘one-
touch’ positioning from the keypad from cranio-caudal (CC) to medio-lateral oblique
(MLO) or latero-medial (LM) views, rather than manual; and

. Elimination of film, cassette and chemical handling from the work flow.

As with FSM, there are physical stressors associated with positioning women (e.g. twisting, weight
bearing) that are the main cause of musculoskeletal problems for MRTs, and require adherence to
safe movement technique and taking regular breaks. BSWN has also purchased special stools
which help to improve the ergonomics associated with this activity. It was argued that there could
be OSH risks if throughput were increased in a way that resulted in MRTs performing these activities
at shorter intervals. The work flow observed in Sweden counters these risks by rotating MRTs
between duties and incorporating stretching exercise breaks into the work flow.

As a result of these considerations, it was argued that throughput volumes per machine can be
increased through careful attention to the work flow but volumes per MRT should only increase
slightly.

For radiologists, it was noted that workstation ergonomics are important in terms of monitor and
equipment positions, posture and duration of use (as with any work that involves extended periods
of time at a computer). Lighting considerations are also important. A DM reading monitor emits
less light than a film viewer which places less strain on the reader’s eyes (this is also helped by the
ability to adjust the brightness and contrast of the display). It also means that the reading room
must be equipped with blackout curtains and these must be drawn for reading.

BSWN also provides separate reading rooms for each reader so that they are able to work
undisturbed.

5.6 QUALITY ASSURANCE

QA processes for DM equipment differ from those for FSM, especially with regard to the MRT role in
the QA programme. With FSM, MRTs are involved in routine phantom testing each morning, and
processor sensitometry. Other tests such as compression festing and visual/mechanical checks are
similar to DM. FSM also requires six-monthly film contact testing on all cassettes.

Similar to FSM, the QA processes undertaken by MRTs for DM include the following, as detailed in
the Interim Digital Mammography Standards for Full Field Digital Mammography and CR Systems
(NSU, 2007c):

o Daily and weekly phantom tests for image quality and artefact evaluation, with daily
exposures of the phantom stored to the PACS (FSM QA includes daily phantom exposure
to measure optical density);

. Daily monitor cleaning and inspection of viewing conditions (FSM QA includes daily
cleaning and inspection of darkroom);

o Monthly visual and mechanical inspection of all moving parts;

. Monthly repeat rate analysis to determine repeat rates aftributable to a range of
equipment faults and positioning errors;

. Six-monthly compression tests;

. Six-monthly automatic exposure control (AEC) thickness tfracking tests; and
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. Ongoing maintenance and fault logging as required.

In addition to the processes listed above, the QA processes undertaken by MRTs for DM include
the following which do not have an equivalent process in a FSM environment:

. Weekly calibration of detector and shutdown of machine;

. Weekly QA of reading and acquisition monitors against a fest pattern (TG18-QC);

. Weekly laser printer image test and monthly laser printer artefacts tests;

. Weekly stereotactic accuracy confirmation tests prior to first use, on each day a

procedure is carried out (most BSA sites already have stereotactic equipment so already
undertake this QA);

. Monthly full-field artefact evaluation; and

° Quarterly image receptor homogeneity test.

Overall, BSWN estimated that MRTs spend an average of approximately two hours per week on
DM machine QA. This is comparable to the time requirements in a FSM environment.

The specific QA processes and requirements are different for each machine. BSWN MRTs
commented that establishing new QA programmes with new DM equipment is an extensive
process which is made more complicated by inconsistent terminologies used by different
manufacturers. It is important to allow time for MRTs to be trained in the QA programme for each
modality.

As with FSM, as part of the QA programme for DM equipment, the medical physicist is responsible
for conducting a range of yearly tests related to radiation dose and image quality performance
levels. The physicist is also involved in acceptance testing at machine installation and after
equipment repairs and/or replacement of parts.

At the time DM was implemented at BSWN, quality standards did not exist for DM in Australia or
New Zealand. Thus, BSWN initially had to develop its own standards, necessitating the
development of a lot of documentation (manuals and forms). The NSU has now issued the Interim
DM Standards (NSU, 2007c) as an addendum to the NP&QS. These interim standards are based on
the position paper by the ACPSEM on Interim Recommendations for a DM QA Program (MclLean
et al, 2007). Now that these standards are in place, they will serve to provide more direction to
other Lead Providers and simplify the transition to DM. QA processes for DM are continuing to
evolve.

BSWN has recently been audited against the interim standards, and noted that the auditors had
mixed experience themselves in DM. Thus there is a need to ensure that auditors increase their
understanding of DM.

At BSWN, QA programmes are also undertaken for FSM as required for the mobile unit as it is an
analogue system. This includes daily phantom testing plus recording of sensitomeftry results from
the processing site.

5.7 MAINTENANCE

Maintenance includes scheduled maintenance on the modalities and IT systems, which are
planned and incorporated into BSWN's business processes, and the servicing of equipment due to
unforeseen malfunction or failure of one or more components.

The scheduled maintenance requirements for DM machines by an engineer include six-monthly
checks. These have not yet been done as the engineers have been on site more regularly than
this to date.
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From an unscheduled maintenance perspective, the PACS proved stable, but multiple problems
were experienced with both DM machines, particularly during the first 18 months of service.
Although the risk of initial technical issues was anticipated based on the overseas site visits and
was managed in the equipment selection phase, the issues experienced were more frequent and
persisted for a longer duration than anticipated. Collectively, these equipment failures had a
significant impact on BSWN's screening capacity from February 2006 through to mid-2007.

The equipment problems stemmed from two fundamental issues: DM is a new and evolving
technology and can therefore be expected to break down more often than FSM equipment; and
as BSWN was the first Lead Provider to adopt the technology, the local pool of expertise in
servicing the equipment was developing from a small base.

EQUIPMENT FAILURES

BSWN has experienced multiple failures of x-ray tubes and detectors as well as a range of other,
more isolated problems. Specifically:

. Five x-ray tubes have required replacement (one modality). In two of these cases the tube
was replaced in an attempt to resolve grid lines; the problem was subsequently resolved
by instaling a UPS and some extra electrical insulation on part of the system. In
comparison, FSM x-ray tubes generally last between 2-4 years.

. One detector and four detector coolers have required replacement (one modality).
Detectors should normally last several years.

. Four detector coolers have required replacement (one modality).

. Two high voltage generators have required replacement (one modality).

. Failures due to a software upgrade not being compatible with the system. Contingency
plans are now required prior fo any upgrades.

. Other software failures requiring system shutdowns.

o Mechanical failures of equipment, e.g. a magnification table jammed in position.

As noted above, there have been multiple replacements of the tube, cooler unit and generator
unit on one modality, together with a single replacement of the detector and workstation hard
drive on that modality. A thorough investigative process by BSWN noted that the external power
supply to the building was extremely variable and this was considered to be the likely root cause
of the unreliability in component function. However, there has been a further tube replacement
required since the power issue was resolved, so it is unlikely that the power issue was entirely
responsible. Thus, the causes of the tube and detector failures have not yet been completely
isolated. BSWN is unaware of whether other users of this equipment have experienced similar
difficulties.

Although the equipment is sensitive to temperature and humidity variations, these are unlikely to
be the cause of the failures as they are continuously monitored and kept within the acceptable
range. The position of the air conditioning unit has proved critical in maintaining detector function.
One vendor has recently moved the manufacture of its detectors in-house and it is anficipated
that this may improve quality and reduce the failure rate. As a result of the early delays caused by
x-ray tube and detector failures and the need to source these parts from overseas, the vendors
have made a commitment to keep spares on hand.

Power failures (cuts and fluctuations) in Takapuna have also caused equipment outages. Once
power is restored, there can be a two-hour delay for the machines to reach operating
temperature. Power cuts can also damage electronic equipment by causing wear or acute
damage to components or by causing data loss in machinery that could not be not be shut down
in the recommended way. BSWN has upgraded its UPS units for the DM machines, to protect the
equipment against power spikes and provide sufficient ongoing power to enable the
mammography machines to be shut down properly in case of a power failure.
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IMPACTS OF EQUIPMENT FAILURES

Equipment failure and the associated down-time reduce the overall capacity of the service and
causes inconvenience for women whose appointments need to be re-scheduled. BSWN
experienced frequent unscheduled machine down-time during the first 18 months of the service,
and this had a significant impact on capacity during this time. For the year ending 30 June 2007,
total machine down-time associated with these failures was 199 hours. At an assumed rate of 5
postponements per hour (provided by BSWN) this equates to 995 women affected (3.5% of
targeted volumes). Although of great inconvenience to these women, it is likely that most re-
scheduled.

The targeted number of screens for the 2006-07 year was 28,800 women. During that period, BSWN
invited a total of 31,986 women. Of these: 28,216 attended screening (98% of target); 2,615 did not
respond; and 1,155 did not aftend. It is not clear how many of the women affected by machine
down-time were re-booked and atftended a subsequent appoinfment and how many were
subsequently recorded as DNAs.

BSWN provided an example of downtime and lost productivity due to a failed software upgrade
when no spare parts were held outside Europe: A mandatory software upgrade was scheduled for
midday Friday 22 September 2006. Four screens were cancelled to allow for this upgrade. During
the upgrade, a detector error occurred which prevented the upgrade from finalising. A new
detector was ordered. It took 5 days for a detector to arrive from Europe. The detector was
replaced on the evening of Wednesday 27 September. The machine was still not operational on
Thursday 28 September. The upgrade was completed on Thursday evening. As a result, a total of
59 screens had to be cancelled (18% of bookings for the period). Spare parts are now held in New
Zealand and Australia, allowing for 24 hour maximum delivery time.

BSWN has contingency plans in place for equipment failures (see Appendix G). Initial tasks involve
contacting the service engineers, isolating the fault and determining the timeframe required to
rectify it. Where necessary, bookings are re-scheduled. At Takapuna where there are two DM
machines, it is sometimes feasible (depending upon the number of bookings and which machine
is out of service) to maintain service provision with the one remaining machine.

SERVICE AND SUPPORT ISSUES

Access to technical support is critical to making DM work. The BSWN Programme Manager, Clinical
Director and Lead MRT have invested time in managing relationships with the vendors, and the
vendors have been working with BSWN including regular Issues Updates and three-monthly on-site
meetings. Vendors have increased the number of engineers in New Zealand as increasing
numbers of services have purchased digital radiology equipment. Other Lead Providers stand to
benefit from the learning that has taken place, as the vendors’ service and support capabilities in
New Zealand have improved over the past two years.

A key lesson for other Lead Providers is the need to negotiate an effective service contract. This
should include: components covered under warranty (e.g. x-ray tubes, detector plates); provision
for storage of spare parts in New Zealand or Australasia to facilitate timely access; definition of first,
second and third level faults; escalation and penalty clauses; minimum response times for service;
and agreed parameters for evening and/or weekend cover.
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5.8 INTEGRATION OF SCREENING SITES AND MDT MEETINGS

DM has proved successful in enabling the integration of screening processes between the
Whangarei and Takapuna sites. As discussed elsewhere, the ability to fransmit images and
associated data electronically has effectively widened the pool of clinical expertise available to
each site for reading and to obtain a second opinion during assessment clinics.

The use of videoconferencing facilities has also enabled BSWN to conduct high quality and
accessible MDT meetings with images viewed by staff at both sites simultaneously. Weekly
meetings of this nature would not be feasible if they required medical practitioners to travel this
frequently between Whangarei and Takapuna.

The specific use of videoconferencing in enhancing integration between the two sites includes:

. A weekly operational/admin meeting between both sites (duration 1 hour) via
videoconference. This would not occur if it were necessary to drive, and greatly enhances
communication at management level;

o A three-monthly Clinical Governance meeting by videoconference. This would otherwise
have to occur face to face and saves a minimum of 5 hours of tfravel 4 times a year;

. A three-monthly regional MRT meeting by videoconference. This also saves a minimum of 5
hours travel 4 fimes a year;

. Three-monthly meetings with a vendor which Northland attends by videoconference.

In addition, the Clinical Director and Programme Manager make a 3-monthly site visit to Northland
and the Programme Manager visits Northland once a month as face-to-face meetings are
considered more effective than videoconferencing for these meetings.

BSWN has invested in full High Definition Multimedia Interface (HDMI) LCD displays for high picture
quality in videoconferencing. The image and sound quality is such that Waitakere-based staff may
choose fo join the meeting by video-conference rather than drive to Takapuna.

Photographic images of pathology slides are being transferred to Microsoft Powerpoint (as JPEG
images) for presentation at the multi-disciplinary videoconference. Radiology images are viewed
from the PACS system at Takapuna and sent by videolink to Northland in real time. This means that
the mouse arrow can be seen at both sites, thereby facilitating discussion of a specific feature.

It is possible for both sites to each bring up the same images simultaneously on their PACS, but this
is less satisfactory as the mouse arrow is not visible at both sites and there can be a time lag
between sites getting the case ready for viewing. This option has been used when the video link is
down and a teleconference has been held instead. The pathology images are also accessible by
both sites from the DHB server, so this method is a useful backup option.

Similar videoconferences could be conducted between non-digital sites by scanning fim-based
images and putting them into a Powerpoint presentation with the pathology images.

59 IMPACTS FOR WOMEN

Impacts for women were identified through an anonymous survey which was administered to 50
women who attended screening at Takapuna on a selected week in October 2007. A total of 46
women responded to the survey (a response rate of 92%). The survey form (Appendix B) asked
respondents whether they had noficed any differences between their current and previous
screening, and if so, to list these differences. The question followed a free-text format for responses,
with no prompting in regard to the possible differences women might experience.
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Of the 46 respondents, 4 were aged 49 or less, 26 were aged 50-59 and 16 were aged 60 and
over. For 7 of the women, this was their first attendance in the screening programme and they
were therefore not able to comment on any differences between DM and FSM screening. The
remaining 39 women indicated that they had previously undergone screening.

Of these 39 women:

J 30 (77%) noticed differences between their current and previous screening experience
and 9 (23%) did not notice any difference;

. 24 (62%) commented that the screening process seemed quicker and/or that waiting time
was reduced;

. 12 (31%) experienced less discomfort than on previous occasions (This is not an expected
benefit of DM but one which MRTs noted is mentioned frequently. It may be attributable to
a skilled MRT team rather than the DM technology), while 3 (8%) noted that there was still
some discomfort or anxiety associated with the process;

. 7 (18%) noted that they had found the process “easier” (without specifying in what ways);
. 4 (10%) noted that they could see the image straight away; and
o No women identified any disadvantages of their DM screening experience compared to

their previous FSM screening.

A range of complimentary comments were made about the quality and efficiency of service
provided by BSWN. For example:

The Pupuke centre is much more efficient regarding time and procedure. Well organised.
Personnel are friendly but efficient.

Right from the first phone call: Reception extremely polite and efficient — not a problem to change
the time - no waiting — when | arrived, all forms ready to go - straight in and out within 15 minutes —
a great service — well done - | am very impressed.

| appreciated the radiographer telling me of the change to digital.

MRTs also commented on their observations of impacts of DM for women. Consistent with the
survey feedback, MRTs commented that women often perceive the process as faster, largely due
to the elimination of waiting while films are processed — a process that previously required women
to wait for 5-10 minutes before leaving the screening centre. The elimination of this waiting time
has also been reported to reduce anxiety for women. However, with either DM or FSM there is a
waiting period of up to ten working days before full results are available.

MRTs commented that a positive difference with DM is that the MRT stays in the x-ray room with the
woman. It was noted that DM requires greater interpersonal skill for MRTs because they are staying
with the women longer and because women often want to see their images. MRTs indicated that
they show the breast image to most women when asked (except where there is an obvious
abnormality) and avoid being drawn into any speculative conversation about results.

The ability to show the image is an advantage where it is necessary to repeat images, as technical
problems such as blurring are usually obvious. This can also help to allay fears or anxieties.

One of the moddlities (Sectra) uses a different shaped compression plate from FSM machines, and
MRTs commented that some women could find this more difficult, especially if they are in a
wheelchair.
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5.10 ADVANTAGES AND DISADVANTAGES OF DM, AND LESSONS FROM
IMPACTS

Table 5.1 below provides a summary of the advantages and disadvantages of DM, and lessons
learned from BSWN's experience of the impacts of DM, based on the findings detailed earlier. The
implications of these advantages, disadvantages and lessons for other Lead Providers are also
summarised.

As clinical effectiveness aspects of DM are excluded from this evaluation, the advantages and
disadvantages from a clinical perspective are not covered in this table. However, anecdotal
advice from BSWN stakeholders accords with international research findings cited in section 3.3.
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Table 5.1: Advantages and Disadvantages of DM

Advantages Disadvantages Lessons for other Lead Providers
Work flows Increased volumes per machine. New technology: big learning DM offers a number of advantages over FSM, but
Greater automation of the screening work flow, curve; rapid advances to keep converting fo DM won't all be plain sailing.
through linking of SBS and PACS. All screening abreast of. Allow for down time.
and assessment information is linked on the PACS, | Network speed issues can cause | pon't expect to screen maximum screening
enabling easy retrieval. Clinicians can enfer data | delays in image refrieval, volumes.
as they go. Automated update of demographics. | impacting on work flow - .
Less room for errors (e.g. linking films to wrong efficiency. There is still a lOT.Of poperwo.rk required.
woman, incorrect film hanging, technical recalls). | Need to print hard copy images (N:??d CllTSUIOIoorhve GM, Business Analyst and
Easier transmission of the images for all purposes when required for freatment inica egm. )
including reading, assessment, MDT meetings, providers/other radiology DM screening technologies and processes are
remote sites, teaching, and treatment providers. | providers. continually evolving. Implementing DM requires
. o . - acceptance of this, and commitment to keeping
No film processing - speeds up image acquisition. abreast of technological developments and
refining screening processes on an ongoing basis.
Printing of hard copies or writing to CD also
creates another process not previously
necessary, except in a very small number of
cases.
Scheduling DM work flow provides the ability to work three No disadvantages were Build fime intfo the appointment schedule for QA.

screening schedules across two machines,
providing increased volumes per machine.

identified.

MRT workforce
utilisation

Image is available for viewing almost
immediately.

No film processing tasks. MRT can stay in the x-ray
room with the woman. Image QA and ‘hanging’
is automated and can be completed quickly.
Future enhancements to improve direct data
entry processes may bring efficiencies and
enable increased volumes per MRT.

No disadvantages were
identified.

Experience at BSWN to date has been that
individual MRT volumes are similar fo FSM,
reflecting clinical practice considerations,
cultural issues, OSH considerations, and QA
processes (see Appendix F).

DM requires greater interpersonal skills for MRTs
because they stay in the x-ray room with the
women and because women want to see their
images.
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Advantages Disadvantages Lessons for other Lead Providers

Radiologist Ability to share reading across sites and provide Reading times slower (especially Overall, BSWN has found that radiologist FTE
workforce cover for radiologists including for reading and initially) due to learning curve requirements for DM are similar to those in a FSM
utilisation 2nd radiologist at assessment clinics. and more views. environment.

Increased flexibility in reading process including Reading capacity is constrained by the number

ability fo use smaller blocks of time for reading of workstations. Sites need to provide sufficient

and flexibility to prioritise reading lists. workstations for flexibility, especially where

Digital stereotactic equipment enables biopsies radiologists alternate befween screening work

to be taken more quickly (most BSA sites already and other clinical roles.

have this).

Greater potential for addressing workforce

deficiencies (e.g. cover for leave, vacant

positions) in the future (e.g. through a national

PACS network).
Imaging Workload for imaging assistants should reduce Workload for imaging assistants There is a fransitional period following conversion
assistant over the long term due to reduction in film remains similar fo FSM initially due | to digital, in which analogue priors are refrieved
workforce hanging and handling of paper files. to ongoing handling of paper from storage and digitised. Thus, workforce
utilisation files and digifising of prior films. efficiencies in relation to imaging assistants are

subject to a two-year lag phase.

Other workforce
utilisation

Additional IT support (including
PACS administrator) is needed
due to increased use of ITin the
screening work flow.

Greater input needed from
medical physicist initially. This is
expected to reduce over time o
a comparable level to FSM.

Physicist input was also required
regularly with equipment part
replacement requiring
acceptance testing.

Excellent IT support is critical to the success of
DM. This support is specialised because of the
complexity of the DM environment, the need for
seamless infegration of components, and the
substantial data transmission and network speed
requirements.

Excellent medical physics support is crifical fo the
success of DM. Physicist services may be required
urgently and unexpectedly due fo equipment
failures.

Independent Evaluation of the Implementation of DM at BSWN

85




Health Outcomes International

Advantages

Disadvantages

Lessons for other Lead Providers

Workforce
recruitment and
retention

DM is beneficial in attracting radiologists and
MRTs to the service and thus eases recruitment
challenges somewhat. It is also easier to recruit
graduate MRTs to a digital screening service as
few new graduates have film experience.

Ability to make up teaching files (for readers and
MRTs) is useful for workforce development.

DM enhances job satisfaction through the
opportunity to work with leading edge
technology and the elimination of fim and
chemical handling.

Re-training is required for staff to
convert to DM.

For the early adopters of DM,
there is a lack of available
relief/locum MRTs and readers.
This should ease as further Lead
Providers implement DM and the
DM-experienced workforce
increases.

Allow time for staff training and plan additional
staff for service continuity.

Occupational

Improved ergonomics, motor-assisted machine

Physical stressors associated with

Due to OSH (and other) considerations, as

safety and movements, no heavy cassettes fo move or lift. positioning women remain, and throughput volumes per machine are increased
health No chemical handling. could be exacerbated if through careful attention to work flow, volumes
. . , throughput per MRT were per MRT should only increase slightly.
DM workstations easier on readers’ eyes. .
increased.
The usual computer workstation
ergonomic issues apply.
Quality Once set up, QA programme should produce Broader MRT role in QA. Each machine has specific QA processes and
assurance consistent, reliable results. requirements. Establishing new QA programmes

No sensitometry or processor QA.

Daily and weekly QA on DM
modalities needs to be carefully
planned to minimise downfime.

for DM equipment is an extensive process which
is made more complicated by inconsistent
tferminologies used by different vendors.

Allow time for MRTs to be trained in QA for each
new modality.

Maintenance

DM is new technology, therefore
less reliable. There is also less
expertise in fixing it.

The output of BSWN has been
affected by frequent
maintenance issues including
equipment breakdowns during
the first 18 months. Vendors are
working together with BSWN to
address this.

Access to technical support is critical to making
DM work.

NZ-based vendor capacity for service and
support started from a small base and has
increased through their work with BSWN. Other
Lead Providers should therefore experience
fewer problems in terms of the level of support
provided.

Negotiate an effective service contract,
including: components covered under warranty;
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Advantages

Disadvantages

Lessons for other Lead Providers

provision for storage of spare parts (e.g. x-ray
fubes, detectors) in New Zealand or Australasia
to facilitate timely access; definition of first,
second and third level faults; escalation and
penalty clauses; minimum response times for
service; and agreed parameters for
evening/weekend cover.

Keep spare parts on hand.
Ensure UPS units are suitable to profect
equipment from power failures and enable

machines to be shut down properly in case of
power failure.

Site integration

Easier to manage and integrate remote sites.

Network speed issues currently

Invest in full HDMI LCD displays for high picture

and multi- Improved ability to service sub-sites and distant preclude the direct access of quality.
disciplinary locations. Shared reading. Videoconferencing. images off the PACS for MDT
teams SBS enhancements and PACS development for meetings. Images are currently

BSWN pave the way for other Lead Providers and | copied info Microsoft Powerpoint

for eventual national PACS network. presentations prior fo each

meeting.

Impacts for Elimination of waiting while films are processed. Sectra modality uses a different The change to DM is positive for some women
women As aresult, some women may perceive process shaped detector plate from FSM and neutral for others. None of the women

as faster and/or experience reduced anxiety.
Able fo view images.

machines which some women
may find more difficult, especially
if they are in a wheelchair. The
detector plate may be more
comfortable for others.

surveyed identified any disadvantages of DM
screening compared to FSM.
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FINANCIAL IMPLICATIONS OF DM

This section provides analysis of the financial implications of DM. The purpose of this section is to
enable the NSU to understand the financial implications (costs and savings) of infroducing DM into
the BSA programme. It may also inform the development of a framework to aid Lead Providers
when considering the use of DM.

Financial implications of DM are explored under two key headings: implementation costs (costs
associated with the initial setup of DM), and ongoing costs (costs associated with the provision of
a DM service). Within each of these overarching categories, the analysis distinguishes capital costs
(facilities and equipment), and operating costs (including the screening workforce, contractors,
consumables, etc).

Following the discussion of the financial implications of DM, a high level analysis is provided of the
cost per mammogram at BSWN in ifs first calendar year and its first full financial year of operation,
and financial implications for the BSA programme are discussed.

6.1 [ISSUES IMPACTING ON FINANCIAL ANALYSIS

The financial analysis draws on stakeholder feedback and financial data related to the
implementation of DM at BSWN, with a focus on identifying findings that are generalisable to other
Lead Providers and to BSA as a whole.

The analysis is premised on the principle that the specific costs of DM will vary between Lead
Providers, whereas BSWN experience can assist qualitatively in:

. Identifying the main types of costs associated with establishing and implementing a DM
service;

o Explaining how and why the costs of DM differ from the costs of FSM; and

3 Exploring how and why DM costs may vary between Lead Providers.

Implementation costs for each Lead Provider will vary depending upon projected service volumes,
the current and planned service configuration, the number of sites, the suitability of existing
facilities for a DM work flow, the specific DM equipment selected by the Lead Provider, and other
factors. As a new technology, DM equipment costs are likely to come down in the future.
Therefore, BSWN's specific implementation costs are not necessarily a useful predictor of the
implementation costs for other Lead Providers.

Moreover, BSWN's implementation costs were for a green field development. While some costs
can be directly attributed to DM (e.g. the purchase of DM machines), other costs are jointly
attributable fo both the implementation of DM and the implementation of a new Lead Provider,
and the influence of these two factors cannot be separated. For example, the fitout of BSWN's
new accommodation fulfiled the dual purposes of converting the facilities to support the breast
screening business generally, and incorporating the planned DM work flow. Much of the design
and development process fulfiled both of these objectives concurrently, and the costs caused by
the decision to go digital cannot be separated from the total fitout costs in a robust way.
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Nevertheless, other Lead Providers can expect to incur the same general types of implementation
costs, and it is instructive to review the main groups of costs incurred by BSWN and the possible
implications for other Lead Providers. Any Lead Provider preparing a business case to move to DM
would need to ascertain current costs for the specific capital items required.

With regard to the ongoing costs of providing a DM service, a further issue arises because BSWN's
breast screening service is not fully digital. Between 1 February 2006 and 30 June 2007,
approximately 52% of mammograms at BSWN were digital. From 1 July 2007, the proportion of
digital mammograms increased to approximately 70% with the addition of DM at the Waitakere
site. Screens performed by sub-contractors and by the mobile unit sfill use FSM technology. BSWN's
financial records do not account separately for all of the costs associated with DM and FSM.
However, the overall costs at BSWN represent a service in fransition o DM and are therefore of
some relevance to other services planning to make a similar transition.

As a result of these considerations, this section focuses primarily on qualitative discussion of the
cost drivers for DM, and supplements this with a high level analysis of the costs at BSWN.

6.2 IMPLEMENTATION COSTS

6.2.1 CAPITAL

Table 6.1 summarises the main capital cost items associated with the implementation of DM,
together with key differences in capital costs of DM compared to FSM. These are discussed further
in the subsequent paragraphs.

Table 6.1: Capital costs of DM and differences from FSM

Conversion to digital mammography Differences between DM and FSM
Facilities Facilities
e  Fitout for DM work flow (including sub-wait e Hard copy storage requirements should
room; space for printers, digital archive/server, reduce over time with DM (initial two-year lag
soft copy QA/review workstations, ongoing time while priors are digitised).

hardcopy storage).
e« At BSWN all archiving is on site but other Lead
e Air conditioning for DM machines requires high Providers may face costs of outsourced
airflows relative to size of rooms due to the archiving for analogue/hardcopy files.
high heat output of DM machines.
e Darkroom/processor space is not required

e Possible connection of three-phase electricity once the service is fully digital, but may need
depending upon the modality. to be retained on site during transitional
period if some screens remain FSM (unless
« Possible reinforcing of floor to support weight local hospital facility can be used as BSWN
of DM machine depending upon the modality has done).

(this is unlikely to affect other Lead Providers as
new model is lighter).
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Conversion to digital mammography

Differences between DM and FSM

Equipment

e« FFDM modality or modalities and workstations.

e Stereotactic biopsy device.
e PACS and PACS workstations.

o Software development (e.g. SBS
modifications).

¢ QA andreading workstation(s).
e Infrastructure forimage transmission (NSU has
produced estimates of usage by Lead

Provider).

e« Image storage (NSU has produced estimates
by Lead Provider).

e Laser printer(s).

o Digitiser(s).

¢ QA equipment including phantom,
sensitometer, densitometer, image density
reader.

e« Videoconferencing equipment.

e  UPS units.

Equipment

e« FFDM modalities cost more than FSM.
However, the higher cost per machine may
be partially offset by greater throughput
capacity per machine (this brings down the
cost per mammogram).

e Film processor (and associated equipment
such as film cassettes, loaders and labellers)
and viewers are not required once the service
is fully digital, but may need to be retained
during transitional period.

Facilities costs will vary with the individual characteristics of each site and whether the fransition to
DM is made all at once or in stages. For example, if a site is fully converted to DM,
darkroom/processor space is no longer required and can be used for DM purposes as summarised

in the table above.

If the site is able to increase its throughput as a result of converting to DM (e.g. by operating three
schedules across two rooms) then the facilities and equipment cost per mammogram may be

reduced.

Analysis by the NSU found that a DM machine costs 2.3 to 3.5 times more than a FSM machine,
and total annualised equipment costs for a DM system would be 1.9 to 2.3 times higher than FSM
equipment (NSU, 2007b). The precise equipment costs depend on a range of factors including the:

. Make and model purchased;

. Support contract (see section 4.7);
. Method of financing; and

. Duration of the agreement.
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Additionally, savings may be achieved through Lead Providers negotiating bulk purchasing
arrangements with DM vendors, as vendors may be prepared to make substantial discounts if
multiple machines are purchased.

The ongoing cost of capital (discussed later) also depends on the method of depreciation used.
CAPITAL COSTS AT BSWN

WDHB’s Capex report for BSWN shows capital expenditure of $1.7 million associated with DM at
Takapuna as follows:

. $1.49 million for two FFDM moddlities, stereotactic device, QA equipment, and QA and
reading workstations. The costs of individual items cannot be disaggregated due to
confidentiality agreements with individual vendors;

. $89,000 for PACS and PACS workstations;2”
. $77,000 for laser printer and digitiser; and
. $43,000 for videoconferencing equipment.

Note that the above figures are for the Takapuna site only and exclude capital expenditures at
Waitakere and in Northland. Nevertheless, they serve to indicate the level of capital investment
that was required for the items listed.

Additionally, $187,000 was spent on enhancements to the Orion Soprano Breast Screening (SBS)
system to support the work flow and minimise clinical risk in a digital screening environment. This
was funded by the NSU and is not included in the $1.7 million above.

These costs did not include provision for establishing first and second-tier data storage as BSWN
was able to utilise the existing Storage Area Network (SAN) housed at North Shore Hospital and
Medical Archiving Solution (MAS), owned by hA. Other Lead Providers would need to investigate
their existing DM image storage options and any possible additional storage requirements.

6.2.2 OPERATIONAL COSTS OF IMPLEMENTATION

Operational costs of implementing DM include:

. Time spent by a range of personnel in planning and purchasing of DM equipment;

. Travel, accommodation and incidental expenses for site visits to evaluate digital systems;
and

. Training delivered to Radiologists, MRTs and other staff.

BSWN has advised that the financial costs associated with these tasks cannot be disaggregated
from the costs of the implementation of BSWN overall. Moreover, such data would be of limited
utility to other Lead Providers as these costs will vary depending upon a wide range of factors such
as: the timeframe for implementation; the approach to transitioning from FSM to DM; the number
of sites going digital; and the balance of in-house and externally contracted expertise required for
the planning and implementation processes.

Nevertheless, other Lead Providers can expect to incur the same types of costs as they implement
DM and there is therefore value in identifying the main cost items associated with the
implementation of DM at BSWN to provide a framework for budget development by other Lead
Providers.

27 Costs have been rounded to the nearest $1,000.
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The estimated time spent in digital planning and purchasing at BSWN is summarised in Table 6.2.
Details of the site visits made by BSWN are provided in section 4.5.5, and details of digital training

at BSWN are provided in section 4.6.2.

Table 6.2: Estimates of time spent on digital planning and purchasing at BSWN

Role Hours

Timeframe

Notes

Project Manager 420 July 2005 -

March 2006

This is total of hours spent (for planning and
establishment of BSWN and DM).

IT Project Manager 480 July 2005 -

August 2006

Procurement processes, system design,
upgrades implementation, integration,
calibration.

The IT Project Manager worked full time on
BSWN implementation for six months.
Establishing DM within an existing service
would be significantly simpler. Moreover,
access to reference sites with established DM
work flows (such as BSWN) would facilitate
more rapid planning and implementation.

Radiologist advisor 120 July 2005 -

(a) January 2006

Extensive advice and input throughout the
project. Reviewing proposals to NSU, Board
papers, etc. Approx. 8 x DWG meetings @ 2
hours, 6 x 4-hour sessions of presentations from
vendors and in decision making processes, 10
hours reviewing drafts of tender documents,
reviewing proposals from vendors. Trip to
Europe to evaluate short-listed digital system:s.

Medical Physicist 187
Adyvisor

July 2005 -
April 2006

RFP preparation and vendor presentations 86
hours. Site visit and selection process 66 hours.
Training, acceptance testing and installation

problem solving 35 hours.

MRT Advisor 80

October 2005 -
January 2006

Approx. 8 x DWG meetings @ 2 hours, 6 x 4-
hour sessions of presentations from vendors
and in decision making processes, 10 hours
reviewing drafts of tender documents,
reviewing proposals from vendors. Trip to
Europe to evaluate short-listed digital system:s.

Purchasing Advisor 80 July 2005 -

January 2006

Work with DWG to develop digital
specifications, manage tendering process,
arrange vendor presentations, decision
making, etc.
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Role Hours Timeframe Notes

MRT/PACS Advisor 70 July 2005 - Extensive advice and input in early stages.
December 2006 | Reviewing proposals to NSU, Board papers,
etc. Approx. 8 x DWG meetings @ 2 hours, 6 x
4-hour sessions of presentations from vendors
and in decision making processes, 10 hours
reviewing drafts of tender documents,
reviewing proposals from vendors.

Radiologist Advisor 50 July 2005 - Approx. 8 x DWG meetings @ 2 hours, 6 x 4-
(b) January 2006 hour sessions of presentations from vendors
and in decision making processes, 10 hours
reviewing drafts of tender documentation,
reviewing proposals from vendors.

Radiologist Advisor 50 July 2005 - Approx. 8 x DWG meetings @ 2 hours, 6 x 4-
(c) January 2006 hour sessions of presentations from vendors
and in decision making processes, 10 hours
reviewing drafts of tender documentation,
reviewing proposals from vendors.

PACS Administrator 30 July 2005 - Approx. 4 x DWG meetings @ 2 hours, 3 x 4-
January 2006 hour sessions of presentations from vendors
and in decision making processes, 10 hours
reviewing drafts of tender documentation,
reviewing proposals from vendors.

BSWN Manager 10 October 2005 Trip to UK to view digifising processes and
Europe to view work flow.

Radiologist Advisor 20 July 2005 - Participation in some of the digital meetings
(d) January 2006 and some of the purchasing processes.
TOTAL 1,597

6.3 ONGOING COSTS OF SERVICE PROVISION

This section focuses on the costs of providing a DM service, post ‘go-live’ date. It is important to
note that the costs of service provision are not constant over time. For example:

. BSWN did not go fully digital from the first day of operation. As already discussed,
approximately 52% of mammograms were digital initially. From 1 July 2007, the proportion
of digital mammograms increased to approximately 70%;

. The transition to DM involves a learning curve for all staff. As well, DM systems and
processes are continually being adjusted and refined in response fto technological
improvements and ongoing learning about the DM work flow. Actual screens and
expenditures at BSWN to-date do not take into account potential future efficiency gains
such as increased MRT capacity associated with integrating the RIS with acquisition
workstations (see section 5.3.1);
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. There are lags associated with some efficiencies (e.g. imaging assistant input may take
two years or longer to reduce below a level equivalent to FSM due to the digitising of
priors);

. Equipment reliability issues affected screening volumes and costs at BSWN in the first 18

months of the service. Actual screening volumes in 2006 and in the first half of 2007 were
impacted by unscheduled machine downtime (see section 5.7). Therefore the actual
costs incurred to date may over-estimate the cost per screen over the longer term;

. BSWN also noted in its Post-Audit Evaluation Report for the period 1 February 2006 — 31
January 2007, that annual coverage in the first year was impacted by low annual
coverage of the previous provider, NDHB delaying start up of the programme by five
months, and insufficient capacity of private subcontracted providers in West Auckland.
These factors can be expected to push up the average cost per screen in BSWN's first year
of operation.

It is also important to note that the net costs of DM include cost savings from changes to the
screening work flow (e.g. potentially higher screening volumes per machine than FSM) and the
elimination of some costs associated with FSM (e.g. films, chemicals). The net effect of these costs
and cost savings involves a complex interplay between a range of factors such as screening
volumes, facility layout, type of DM moddality in use, and so on. Consequently, the net
costs/savings of DM relative to FSM will vary between Lead Providers and over time.

The following overarching principles govern the net cost of DM relative to FSM:

. The higher capital costs of DM compared to FSM mean that the fixed costs of service
provision (costs that are incurred regardless of the number of mammograms performed)
are higher for DM.

. The variable costs of DM (costs that vary with the number of mammograms performed)
may be lower than FSM due to lower consumable costs. However, some other costs (e.g.
maintenance) may increase in a DM environment.

. For both DM and FSM, the average cost per mammogram (the sum of all fixed and
variable costs divided by the number of mammograms) reduces as screening volumes
increase, because the fixed costs are spread across a greater number of mammograms.

. The higher capital costs of DM compared to FSM mean that the average costs per
mammogram of DM are higher at low screening volumes. As screening volumes increase,
a breakeven point may be reached where the average costs of DM are equal to those of
FSM. High screening volumes per machine are required to reach this point.

The BSWN Lead Provider region has high numbers of eligible women, and can keep its DM
machines busy full time. Other Lead Providers serving lower populations may not be able to
operate a DM machine at close to its maximum capacity, or may have screening volumes that
exceed the capacity of one DM machine but cannot justify the purchase of two machines.

It is beyond the scope of this evaluation to model the net costs/savings of DM relative to FSM
under a range of scenarios. Instead, the following discussion considers each of the main cost
components individually, and how each component differs between DM and FSM. Section 6.4
below then considers the aggregate effect of these differences by analysing the average cost per
screen at BSWN.

6.3.1 CAPITAL

The ongoing cost of capital is a fixed cost — that is, the cost of a given capital configuration, once
implemented, is incurred irrespective of the actual number of mammograms performed.
Accordingly, the average capital cost per mammogram reduces as the fotal service volumes
increase. BSWN has stressed that it is important to ensure business cases include realistic
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assumptions about the screening volumes that will be provided (i.e. Lead Providers should not
expect to screen maximum screening volumes).

The ongoing cost of capital for DM depends upon:

. The total capital required for implementation;

. What is included in the capital cost (e.g. this sometimes includes the maintenance
contract for the first 2-3 years);

. The method of financing (e.g. how much if any is borrowed, at what interest rate and over
what term); and

. The method of depreciation used.

As discussed in section 6.2.1, the total capital required for implementation of DM will vary between
Lead Providers but in general is higher for DM than FSM. Therefore the ongoing cost of capital will
also be higherin a DM environment.

Although digital units are more expensive than plain film to purchase initially, this is partly offset by
equipment that is not required (e.g. film processors, multi-viewers, silver recovery units, etc).
Operational cost savings also accrue through the elimination of ongoing film and chemical costs,
and reduced costs of storage, tfransport and handling of films. In addition, if DM results in better
staff retention then there would be reduced ongoing costs of recruiting and training new staff.

WDHB purchased DM equipment using borrowed funds. The Board approved this borrowing on the
basis of a business case showing that the capital costs could be recovered through net operating
cashflow. It should be noted that the original business case sought capital funding to establish
BSWN as a Lead Provider. The decision to go digital (supported by further financial analysis) was
made subsequently.

BSWN's DM machines are depreciated over seven years using a straight line depreciation method.
IT equipment (including the PACS and workstations) are depreciated over a three year period
(straight line). Thus, the ongoing cost of capital is highest in the first three years. If the serviceable
lives of DM machines and/or ICT equipment exceed their depreciation periods, the cost of capital
may reduce over time. Moreover, the up-front costs of upgrading or replacing existing equipment
should reduce as the tfechnology becomes more widely adopted and prices come down.

6.3.2 OPERATIONAL COSTS OF SERVICE PROVISION

WORKFORCE COSTS

As detailed in section 5.3, BSWN has advised that the workforce costs associated with providing a
DM service have noft, to date, differed significantly from those associated with a FSM service. This is
significant because the combined costs of salaries and outsourced clinical services at BSWN
comprise 73% of total costs (based on 2006/07 records). In summary:

o BSWN has found to date that the MRT staffing complement for DM is equivalent to that of
a FSM environment. The DM work flow enables MRTs to work three screening schedules
across two x-ray rooms, which increases screening volumes per machine but not
significantly per MRT. Recent scheduling changes (from 1 December 2007) together with
planned IT enhancements improving the integration of the RIS with the acquisition
workstation are expected to increase throughput per MRT.

. Overall, BSWN has found that radiologist FTE requirements for DM are equivalent to those in
a FSM environment. BSWN does not foresee any significant reduction in radiologist FTE
unless CAD is adopted in the future. Reading times for DM are slower, especially at the
start, but costs are unaffected as radiologists are predominantly paid per read.
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. BSWN experience has been that the FTE complement of imaging assistants is roughly
equivalent to that of FSM, reflecting the need for digitising of priors, especially during the
first two years of a DM service. A slight reduction is anficipated beyond the two-year mark.

Therefore, the core workforce costs for DM at BSWN have to date been comparable to those of
FSM, but efficiency gains may be made in the future, particularly with regard to the MRT work flow
which should increase capacity per MRT.

OTHER OPERATIONAL COSTS
Other operational costs differ widely between DM and FSM, reflecting technological and work
flow differences. The following table summarises the key areas of difference in operating costs

between DM and FSM. These operational costs include a combination of fixed and variable costs.

Table 6.3: Other operating costs for DM

Cost group DM costs Cost drivers Differences between
DM and FSM
Conftractors PACS administrator Fixed cost for planned PACS administrator only

(subcontracted to
BSWN via North Shore
Radiology).

Medical physicist —
more time.

administration/
maintenance plus
additional costs for
unplanned
maintenance.

needed for DM, not
FSM.

More medical physicist
input is required for DM
than for FSM. This
includes participation in
RFQ processes, MRT
fraining, vendor
performance meetings,
recalibrating machine
for each detector.

Consumables

Ink and film for laser
printer (images are only
printed where
requested by other
Lead Providers or
private providers).

Biopsy consumables
e.g. hook wires/ FNA
needles.

Variable cost per
mammogram printed.
Less than 1% of
mammograms are
printed. There is a strict
policy on prinfing to
minimise time and
costs. Following a
recent revision of this
policy, images are
being put onto CD
instead of printing in
order fo reduce costs.

Reductionin
consumable costs as no
chemicals are needed
for DM.

Maintenance

Service confracts.

The first three years of
servicing costs are built
into the price of the
modalities. However,
unscheduled downtime
can affect productivity
and increase the
average cost per
mammogram.

Maintenance costs can
be high for DM,
especially initially (see
section 5.7).
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Cost group DM costs Cost drivers Differences between
DM and FSM
Spare parts x-ray tubes. Currently, spare parts Cost of replacing parts
are covered by outside of warranty
Detectors. warranties. However, may be higher for DM

Other spare parts (see
section 5.7).

unscheduled downtime
can affect productivity
and increase the
average cost per
mammogram.

but should come down
over the longer term.

Archiving/storage Maintaining first and Fixed cost. At BSWN, first | Hard copy storage
second fier digital fier storage is provided requirements should
image storage. via WDHB's Storage reduce over fime with

Area Network (SAN) DM (initial two-year lag
Maintaining physical and second fier storage | time while priors are
storage for analogue/ is provided through a digifised).
hardcopy files. Medical Archiving
Solution (MAS) owned At BSWN all archiving is
by hA. on site but other Lead
Providers may face
Other Lead Providers fixed and variable costs
would need to of outsourced archiving
investigate their existing | for analogue/
DM image storage hardcopy files.
options and any
possible additional
storage requirements.
Couriers Significantly reduced Variable cost based on | DM images are shared

costs due to digital
image fransmission.

volume of analogue
films transported.

Images requested by

other Lead Providers or
by private providers are
still delivered by courier.

electronically between
sites, obviating the
need for courier
services.

Telecommunications

Data fransmission costs.
Other
telecommunications
costs, e.g.
videoconferencing

Telecom charges
based on data usage
(including fixed and
variable components).

Telecommunications
costs increase with DM
due to transmission of
large image files.

Offsetting savings
through increased use
of videoconferencing
which reduces transport
and associated down-
fime for participants.

General screening
programme costs

Health promotion,
appointment
scheduling, service
management, efc.

Principally fixed costs.

These costs are broadly
equivalent under either
DM or FSM.
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6.4 AVERAGE COST PER SCREEN

This section explores the average cost per woman screened at BSWN, based on actual costs and
screening volumes during:

. The first calendar year of operation for BSWN (1 February 2006 to 31 January 2007); and
. The first full financial year for BSWN (1 July 2006 to 30 June 2007).

These costs are then compared to the average costs per mammogram in the BSA programme.

It is important to acknowledge a number of important caveats and limitations to this analysis. It
would not be valid to directly extrapolate BSWN average costs per woman screened against
current national volumes to assess the implications for the BSA programme overall. As already
noted, average DM costs would vary between Lead Providers depending upon screening
volumes, service configurations, etc. The BSWN Lead Provider region has high numbers of eligible
women and BSWN can therefore keep its machines busy full fime. Other Lead Providers may
require less than one machine, resulting in spare capacity and higher average costs per woman
screened (or may need more than one machine but less than two, with similar implications).

It is also important to note that the apparent cost per screen varies between Lead Providers due
to differences in accounting practices as well as differences in service profile. Therefore there is no
readily available average cost per woman screened in FSM to use as a valid comparator. For this
reason, we have also calculated the average rate of funding projected for the BSA programme
for 2007/08 on the assumption that Lead Providers are able to break even at this level of funding.

Furthermore, as noted at the beginning of section 6.3, costs of service provision are not constant
over time and there are sound reasons for anticipating a reduction in the average cost per screen
at BSWN over the next few years.

Bearing these caveats in mind, the following table compares average costs at BSWN with average
BSA costs. The average costs shown are all-inclusive — that is, they reflect total costs associated
with providing a screening service including capital, workforce and operatfing costs, for
management, administration, health promotion, provision of screening and assessment services,
biopsies, etc.

In its first year of operation, BSWN provided 25,916 screens at an average cost of $210 per screen.
At the completion of its first full financial year (five months later), the number of screens had
increased to 28,062 and the average cost had reduced to $169 per screen.

In comparison, BSA data shows that in the previous (2005/06) financial year, the cost per woman
screened for the eight BSA Lead Providers ranged from $147 to $199, and averaged $176 for BSA
as a whole. Estimated volumes and funding for 2007/08 suggest the average cost per screen for
BSA this year will be $188.

Table 6.4: Comparison of average cost per screen

Provider Period Total cost Total women Average cost
screened per screen

BSWN Actual: 1 Feb 06 - 31 Jan 07 $5.45m 25916 $210

BSWN Actual: 1 Jul 06 — 30 Jun 07 $4.74m 28,062 $169

BSA Actual: 1 Jul 05 - 30 Jun 06 $29.95m 170,319 $176

BSA Estimate: 1 Jul 07 — 30 June 08 $38.23m 202,819 $188
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This analysis suggests that BSWN costs, although high initially due to various factors that impacted
on screening volumes, are now at a level commensurate with BSA as a whole. This accords with
the WDHB revised business case and supporting financial analysis for the establishment of a DM
service, which established that the capital costs of DM could be recovered through net operating
cashflow at existing BSA funding levels (WDHB, 2005b).
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CONCLUSION AND RECOMMENDATIONS

This section provides a brief summary of key findings against the evaluation questions together with
discussion of the implications of these findings for the managed intfroduction of DM into the BSA
screening programme, and recommendations on the implementation and use of DM based on
BSWN's experience to date.

As the first Lead Provider to implement DM, BSWN experienced a range of unique circumstances
and challenges during the planning and implementation of DM. Other Lead Providers will benefit
from the progress that has been made subsequently, including lessons that can be learned from
BSWN's experience, the availability of BSWN as a reference site for other Lead Providers, and the
development of national quality standards for DM.

7.1 PROCESSES

HOw WERE DECISIONS MADE ABOUT DM? WHO MADE THE DECISIONS?

The decision to go digital was made in a number of stages, including in-principle agreement within
WDHB and NDHB that the new breast screening sites should be established with DM; Board
approval of a revised business case based on digital technology; National Capital Committee
approval of proposed financing for digital equipment, and the final BSWN decision to order DM
equipment.

A Digital Working Group (DWG), a team of clinical and other experts, in partnership with hA,
managed the planning and equipment selection process including evaluating overseas literature,
preparing RFP documentation and evaluation criteria, undertaking the tendering process,
conducting international site visits to observe the short-listed equipment in action in high volume
screening sites, and selecting the preferred vendors. The group made recommendations to
management during all steps and stages of the decision making process.

The final decision to go digital was made as an integral part of the above processes. The detailed
evaluation phase enabled the DWG to reach a point where all key parties were confident that
the advantages of DM outweighed any possible disadvantages and that the quality and
operational issues of DM could be managed in such a way as to not compromise the new service.

WHAT CRITERIA/BASES WERE USED TO AID IN THE DECISION MAKING PROCESS?

Key considerations affecting the decision whether to go digital at BSWN included the planned
service configuration (two assessment centres working together as one team), the challenge of
recruiting and retaining key staff, the capital and operating costs of the various options, the
capacity of each option to maximise resources (equipment and human), and the geography of
the region (large rural areas with some women having to travel long distances to be screened).

Because there was a deadline for making the decision, risk management was a key consideration,
and stringent risk management processes were put in place. Right up until the point that the
contract was signed for the PACS system, BSWN kept open the option of not proceeding with DM
but rather reverting to a FSM decision.
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Processes and criteria involved in selecting the make and model of DM equipment are discussed
under a separate heading below.

WHAT EVIDENCE DID BSWN GATHER TO HELP MAKE THE DECISION TO GO DIGITAL? HOwW
USEFUL WAS THE EVIDENCE FROM OVERSEAS?

One of the identified risks of DM was that there were initially no conclusive clinical trial results.
Mammography is one of the last areas of radiology to convert to digital fechnology
internationally. There had recently been a move internationally to trial and evaluate the
performance of DM in the screening setting, but the available results at the time were
inconclusive. Some members of the DWG initfially had reservations about implementing DM before
such clinical evidence became widely available.

BSWN contacted the DMIST researchers and learned that initial results from the DMIST study were
due to be released in October 2005. These results were favourable (see section 3.3.1) and
(together with the international site visits) influenced the decision to go digital.

BSWN's enquiries also found that screening programmes in Australiac and other countries were
beginning the process of converting to digital technology. NSW had conducted ftrials of the
quality of both CR and DR technologies and were confident that both modalities provided very
acceptable levels of image quality. NSW, Victoria and Tasmania had all either purchased or were
in the process of purchasing some DM equipment for their screening programmes.

The NHSBSP in the UK had set up a National Digital Steering Group and was in the process of
coordinating evaluations of each type of digital equipment. BreastCheck, the Irish National Breast
Screening Programme, had recently installed some DM equipment and related PACS. DM was
also widely being used in the USA and in the Swedish breast screening programme.

Site visits were undertaken in six countries as detailed in section 4.5.5. Generic questions were
prepared which were addressed at each site visit (Appendix E). Priority questions and additional
specific questions were also identified in planning for each visit. DWG members considered that
the site visits had been an important feature of the decision making process and had played a
critical role in the decision to go digital as well as the selection of equipment.

HOwW WAS THE BUSINESS CASE DEVELOPED?

The need to consider DM technology was first mooted in an April 2005 Issues and Options paper
prepared by the Project Manager and colleagues (Peel and Herbert, 2005). This paper,
developed following extensive consultations with WDHB and NDHB teams, set out the basis for
decisions to be made over the service delivery model.

Subsequently the same month, the Project Manager and Finance Manager projected full capital
funding requirements for the three years to 30 June 2009 and prepared a full business case based
on these requirements together with revenue and operating costs based on projected service
volumes. This was submitted to the WDHB Board in May 2005. This initial business case was based
on FSM assumptions but signalled that a key technical requirement for the future of BSWN would
be the provision of DM.

In July 2005, the Project Sponsor, WDHB CEO and Board Chair agreed that the project team should
proceed to investigate the possibility of going digital from day one and that a revised business
case should be prepared based on this and submitted to the Finance and Audit sub-committee of
the Board. Subsequent discussions were held with NDHB who agreed to follow a parallel approach
with its developments and business case.
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In August 2005, the Project Manager and Finance Manager prepared a revised business case
based on projected costs and savings associated with going digital. This revised business case was
approved by the Finance and Audit Committee of the WDHB Board.28

WHY DID BSWN DECIDE TO GO DIGITAL?

In summary, BSWN believed that the implementation of DM at BSWN was justified because:

. Digital radiology was being systematically infroduced info mammography (including
breast screening programmes) worldwide, and was considered to be the way screening
mammography was heading. Indeed, all of the people spoken to internationally and from
within New Zealand during the planning process, recommended that any service setting
up in a green fields manner at that fime would be sensible to start off with DM equipment;

. DM was in line with the existing Waitemata District Health Board (WDHB) radiology
environment, which was by this stage fully digital (both in terms of staff expertise and IT
infrastructure available) and the strategic direction of the radiology service at Northland
DHB (NDHB);

. BSWN had an experienced and skiled implementation team and support team of
clinicians, MRTs, IT technicians and Project Managers to manage risks at all stages of
implementation;

. DM offered a number of benefits over FSM for the BSWN service in terms of ifs
configuration, geography and requirement to attract new staff to a new service; and

. It was considered potentially financially unsound to invest in new FSM equipment
(including mammography machines and all related processing equipment) and the
facility developed to support FSM when this technology was likely to become redundant
well before the end of its expected life.

It was also recognised that by BSWN making a decision to go digital, there would be a range of
subsequent benefits to the BSA programme overall and to individual Lead Providers when they
eventually make the decision to convert to DM.

WHAT PROCESSES WERE USED IN PLANNING AND BUDGETING FOR THE IMPLEMENTATION?
WHAT PROCESSES WERE USED IN IMPLEMENTING THE SERVICE?

The establishment of BSWN was essentially a green field development. Accordingly, planning and
budgeting encompassed all aspects of service development, of which DM was just one
component.

WDHB appointed a Project Manager who was responsible for the overall coordination of the
activities involved in establishing BSWN including all planning, decision making and
implementation of DM. The Project Manager reported to the Project Sponsor (General Manager,
Clinical Support Services at WDHB) who had overall management responsibility for the project. The
role of clinical advisor to the project was undertaken by several people through the planning and
implementation phase.

The project was overseen by a Steering Group, consisting of two members fromm WDHB (the Project
Sponsor and a Public Health Physician) and two members from NDHB (Portfolio Manager, later
replaced by GM Clinical Support Services, and a representative of Te Tai Tokerau MAPO.

28 WDHB has advised that the same paperwork went to the Finance and Audit Committee as went to the National
Capital Committee and Regional Capital Committee. This document was provided to the evaluators (WDHB, 2005b).
A separate business case was processed by NDHB. NDHB did not have fo get National Capital Committee approval
to borrow capital funds because the DHB had funds on hand to purchase capital.
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The implementation project was divided into ten sub-projects covering various aspects of the
overall establishment of BSWN. Two of these (equipment and information systems) were central to
the implementation of DM. The decision to go digital also had direct impact on a number of other
sub-projects such as facilities, staff recruitment and training, operational systems and processes,
quality and monitoring, and finances/capital funding.

A high level project plan and Gantt chart were developed for the BSWN implementation project
including key milestones, interdependencies between sub-projects and a critical path. Throughout
the duration of the planning and implementation project, regular milestone progress was reported
to the Steering Group. In addition, an issue and risk register for the project was maintained, and
issues and risks were raised at each Steering Group meeting. Each sub-project also had an
identified project leader and its own project plan. NDHB established a similar project structure for
NDHB implementation.

Budgeting was undertaken by the Project Manager and Finance Manager. Key processes
included the preparation of: the Issues and Options paper which included supporting analysis of
10-year volume projections by TLA and the projected impact of volumes on staffing and
equipment; a comprehensive cost model for all steps and stages in the programme based on the
projected volumes; and the business case and revised business case which included analysis of
capital expenditures and ongoing revenues and costs, and demonstrated that income earned
from the programme would cover the cost of borrowing to fund capital.

Implementation of DM was overseen by the Project Manager together with the DWG as discussed
elsewhere.

WHAT PROCESSES AND CRITERIA WERE INVOLVED IN SELECTING THE DM EQUIPMENT?

To aid in selection of DM equipment, the DWG developed criteria and a scoring and ranking
system. The over-riding objective of the selection criteria was to find the most cost-effective
solution for the supply of mammography equipment. Accordingly, initial tenders were assessed
and evaluated in regard o the following evaluation criteria:

o Ability to satisfy business requirements (including the ability to deliver by February 2006);

o Geographical support and representation;

. Confirmation of strong administrative and reporting systems and the ability to interface
with BSWN processes and systems;

. Evidence of a sound organisational and financial structure;

. An acceptable pricing structure, including overall cost and value for money;

. Ability fo meet commercial requirements and demonstrate long term stability in relation to
ownership, business plans and policies, company size, company expertise and references;

. A planned approach to transition and implementation;

. Use of technology;

. Flexibility to evolve and develop to meet changing business and technology needs;

. Product fit for purpose;

. Ongoing service costs;

. Provisions for warranty;

. Training and in-service; and

. Experience and quality of staff.

Detailed RFP submission forms (Appendix D) were prepared which vendors were required to
complete, enabling collection of consistent information from each vendor against required
functionality and other evaluation criteria.
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Short-listed vendors were invited to make formal presentations to the DWG, provide additional
follow-up information as required, and to nominate international screening sites where DWG
members could observe the equipment in operation and interview local screening staff.

The detailed evaluation and due diligence phase considered each of these criteria in greater
detail and focused on evaluating the performance of the equipment in a real-life setting and
determining the compatibility of the individual components to work as a system.

WHAT WERE THE STRENGTHS/WEAKNESSES OF THE DECISION MAKING AND IMPLEMENTATION
PROCESSES? WHAT ARE THE MOST IMPORTANT FEATURES OF A SUCCESSFUL PROCESS?

Participants found that the decision making and implementation processes for DM at BSWN were
robust and have resulted in the implementation of an effective and efficient breast screening
service. Key issues and lessons from BSWN are listed under Recommendations below.

7.2 IMPACTS

HoOw DOES THE SCREENING PATHWAY FOR DM AT BSWN DIFFER FROM THE SCREENING
PATHWAY FOR FSM?

DM screening processes differ from FSM processes in a number of ways. Key differences at BSWN
are detailed in process maps (Appendix F) and include:

o There is greater automation of the screening work flow through the PACS worklist system,
including tracking of each woman through the screening process from arrival at reception
through to the final screening/assessment outcome, the linking of images and data for
electronic storage and retrieval, and the assigning of studies to workstations/users. The
processes implemented at BSWN take work flow automation further than the systems
observed overseas by BSWN representatives, through the linking of the RIS (SBS) and PACS.
Without this link, the full potential benefits of DM are not realised.

. Prior film images collected from previous screening rounds and/or film-based screening
sites are digitised at digital screening sites, for women attending DM screening and for
women recalled to assessment.

. The registration form recording demographic, interview and screening details is scanned
into the PACS and stored electronically with the woman’s images and electronic data.
The form is coloured green to reduce glare at reading workstations.

. The use of a sub-waiting room, where the woman changes before entering the x-ray room,
provides the opportunity to increase work flow per machine by making more efficient use
of the x-ray room. Data entry can be completed at a QA workstation in a separate room,
allowing the next examination to commence (with a different MRT) immediately. This work
flow enables the Takapuna site to operate three screening schedules across two x-ray
rooms.

. The MRT remains in the room with the woman throughout the examination. MRTs are able
to QA each image as it is taken, and take any repeat views if needed due to movement
or artefacts. The woman is able to leave immediately upon completion, with less likelihood
of a technical recall for repeat views. 22

. There is no film processing involved, no darkroom/processing room required, and no
chemical handling or storage.

29 BSWN data for women screened between 1 February 2006 and 1 February 2008 shows a technical recall (TR) rate
of 0.07% for digital, 0.10% for fixed film and 2.15% for mobile film.
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. After leaving the x-ray room, the MRT completes QA at the QA workstation. ‘Hanging’ of
digital images is performed automatically by the PACS using programmed hanging
protocols and is checked/corrected by the MRT during QA. The images are then
immediately available for retrieval at any reading workstation with no manual hanging of
films required.

. Images are accessed electronically by reading and assessment radiologists. Reading can
be shared between radiologists working at different sites. Radiologists are able to ‘double
read’ remotely.

o Electronic images can be sent to treatment providers. Hard copy images are laser printed
if needed for other radiology or tfreatment providers.

. Multidisciplinary meetings are more sophisticated, using digital technology including
videoconferencing with remote sites.

. DM screening technologies and processes are confinually evolving, and BSWN is
investigating and implementing refinements to its screening processes on an ongoing
basis.

HoOw DO THE WORKFORCE REQUIREMENTS FOR AN EQUIVALENT SERVICE VOLUME FOR DM
COMPARE TO THE WORKFORCE REQUIREMENTS FOR FSM?

With regard to workforce utilisation, BSWN has advised the workforce costs associated with
providing a DM service have not, to date, differed significantly from those associated with a FSM
service. In summary:

o MRTs: BSWN has found that the MRT staffing complement for DM is fairly equivalent to that
of a FSM environment. The DM work flow enables MRTs to work three screening schedules
across two x-ray rooms, which increases screening volumes per machine but not per MRT.
30 Future IT enhancements improving the integration of the RIS with the acquisition
workstation are expected to enable direct data entry and improve throughput per MRT.

. Radiologists: Overall, BSWN has found that radiologist FTE requirements for DM are
equivalent fo those in a FSM environment. BSWN does not foresee any significant reduction
in radiologist FTE. Reading times for DM are slower, especially at the start.3! However, this
has not affected costs as radiologists are either paid per read or in some cases salaried.

o Imaging assistants: There is a fransitional period of two years following conversion to digital,
during which prior analogue films need to be refrieved from storage and digitised. BSWN
has found that the FTE complement of imaging assistants during this period is roughly
equivalent to that of FSM. A slight reduction in imaging assistant FTE is anficipated beyond
the two-year mark. There will sfill be an ongoing residual workload associated with
digitising priors transferred from other Lead Providers and private providers using FSM.

. IT support: Additional IT support is needed in a DM environment, reflecting the increased
use of IT in the screening work flow. This includes the new role of a PACS administrator.
Excellent IT support has contributed significantly to the success of DM at BSWN by
identifying and implementing solutions to problems such as network speed issues as these
were encountered.

. Physicist: More intensive medical physicist support is needed both during implementation
and in the first few years of DM operation. This is due both to maintenance issues, physicist

30 Comparison of MRT throughput in digital and analogue screening sites at BSWN during a week in February 2008
found that an average 3.35 screens per MRT-hour were completed at the Takapuna digital site (across two
machines), compared to 3.0 screens per MRT-hour at the Waitakere digital site (one machine) and 2.95 screens per
hour for analogue sites (one machine each site).

31 BSWN data for the 2007 calendar year shows an average reading time of 64 seconds for digital reads and 47
seconds for film reads.
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involvement in MRT training for QA programmes, and to the dynamic environment of DM,
in which systems and processes are continually being adjusted and refined.

Overall, BSWN's experience is consistent with the research summarised in section 3.3 - i.e., that
despite more streamlined work flows, efficiencies in a DM environment may not be realised
immediately.

WHAT ARE THE ADVANTAGES AND DISADVANTAGES OF DM OVER FSM?

For BSWN, key advantages of DM are:

. Increased volumes per machine including the ability to work three screening schedules
across two machines;

o Greater automation of the screening work flow, through integration of the SBS and PACS;

. Easier transmission of the images for all purposes including reading, assessment, MDT

meetings, cover for remote sites, teaching, and treatment providers;

. Faster image acquisition, eliminating waiting times for women while films are processed,
and enabling the MRT and the woman to view images almost immediately. As a result,
some women may perceive the process as faster and/or experience reduced anxiety;

. There are no film processing tasks and the MRT can remain in the x-ray room with the
woman;

. Image QA and ‘hanging’ is automated and can be completed quickly;

. DM is beneficial in attracting radiologists and MRTs to the service and thus eases

recruitment challenges somewhat;

. Improved ergonomics including motor-assisted machine movements and no heavy
cassettes fo move or lift.

For BSA, key advantages of DM include benefits for individual sites as summarised above, plus the
increased potential for addressing maldistribution of the radiologist workforce through a national
PACS network. DM technology combined with carefully designed work flows can increase the
capacity of equipment. BSWN's experience of the workforce impacts of DM to date suggests that
DM is beneficial for staff recruitment and may assist in retention, but may not mitigate MRT
workforce shortages by increasing the capacity of a given workforce, at least initially.

Key disadvantages of DM include:
. A steeper learning curve with the adoption of a new technology and the need to keep

abreast of rapid advances;

. DM is new technology, and therefore less reliable. There is also less expertise in fixing it. The
output of BSWN has been affected by frequent maintenance issues in the first 18 months.
Vendors are working with BSWN to address this;

. Network speed issues can cause delays in image retrieval, impacting on work flow
efficiency;

. Re-training is required for staff to convert to DM;

. Reading times are slower (especially initially) due to learning curve and more views;

. For the early adopters of DM, there is a lack of available relief/locum MRTs and readers;

. Additional IT support (including PACS Administrator) is needed due to increased use of IT in

the screening work flow;

. Greater input is needed from the Medical Physicist, at least initially and in response to
equipment failures; and
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. Physical stressors for MRTs associated with positioning women remain, and could be
exacerbated if throughput per MRT were increased.

WHAT DIFFERENT SYSTEMS OF APPOINTMENT SCHEDULING WERE CONSIDERED? HOW WERE
THEY ASSESSED? WHAT SYSTEM IS USED, AND WHY?

The weekly schedules of screening appointments for each site were developed with the intention
of offering screening services at a range of popular times, with extra appointments being offered
at the busier times. Experience has been that the early morning, late afternoon/evening and
Saturday appointments are the most popular. The schedules also incorporate weekly QA testing
(approximately one hour each week), MDT meetings, and, where applicable, set-up and conduct
of assessment clinics and checking of mobile films.

The schedules continue to be revised and fine-tuned on an ongoing basis by the Lead MRT and
programme manager, with MRT input.

The DM work flow at Takapuna provides the ability to work three screening schedules across two
machines, providing increased volumes per machine. Until recently, appointments were
scheduled at 15 minute intervals. The current schedule (implemented 1 December 2007) has two
women every 10 minutes to achieve the desired screening numbers and maintain smoother work
flow. Thus, the Takapuna site can screen 12 women per hour with two machines (or 6 per
machine). In comparison, appointments for FSM screening, and appointments at Waitakere where
there is one DM machine, are 15 minutes apart with a single schedule, for an output of 4 women
per machine per hour.

7.3 FINANCIAL IMPLICATIONS

DIRECT COSTS OF IMPLEMENTING AND OPERATING DM

Specific costs of DM wiill vary between Lead Providers. BSWN experience can assist qualitatively in
identifying the main types of costs involved, explaining how the costs of DM differ from those of
FSM, and exploring how costs may vary between Lead Providers.

Implementation costs include capital costs associated with facilities and equipment, and
operational costs associated with time and expenses of the DWG and other implementation
processes. DM implementation costs differ from FSM in that:

. FFDM modalities cost more than FSM,32 but the higher cost per machine may be offset by
greater throughput capacity per machine (this brings down the cost per mammogramy);

. DM requires additional IT infrastructure including PACS, first and second-fier data storage;

. Hard copy storage requirements should reduce over time with DM (there is an initial two-

year lag while prior films are digitised); and

. Darkroom and processor space, and film processing equipment, are not required once
the service is fully digital, but may need to be retained on site during the transition to DM.

WDHB's Capex report for BSWN shows capital expenditure of $1.7 million associated with DM
equipment at Takapuna, covering FFDM modalities, stereotactic device, QA equipment, QA and
reading workstations, PACS and PACS workstations, laser printer, digitiser and videoconferencing
equipment. Additionally, $187,000 of NSU funding was spent on enhancements to the SBS system
to support the work flow and minimise clinical risk in a digital screening environment.

32 NSU analysis found that total annualised equipment costs for a DM system would be 1.9 to 2.3 times higher than
FSM equipment (NSU, 2007b).
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Operational costs of implementing DM include:

. Time spent by the DWG and others in planning and purchasing of DM equipment (fo an
estimated total of 1,597 hours at BSWN);

. Travel and related expenses for site visits fo evaluate digital systems; and

. Training delivered to Radiologists, MRTs and other staff. Details of training are provided in

section 4.6.2, including approximately two days per MRT and two sessions including 200
dummy reads per radiologist.

Ongoing costs of service provision are not constant over time. For example:

. BSWN is not yet fully digital. Currently, around 30% of mammograms at BSWN are FSM;

. The transition to DM involves learning curves for all staff;

. DM systems and processes are continually being adjusted and refined in response fo
technological improvements and ongoing learning;

. There are lags associated with some efficiencies (e.g. imaging assistant input may take
two years or longer to reduce below a level equivalent to FSM due to the digitising of
priors); and

. Equipment reliability issues affected screening volumes and costs at BSWN in the first 18

months of the service.

The net costs of DM include savings from changes to the screening work flow (e.g. potentially
higher screening volumes per machine than FSM) and the elimination of some costs associated
with FSM (e.g. films, chemicals). The net effect of these factors will vary between Lead Providers
and over time. The following overarching principles govern the net cost of DM relative to FSM:

. The higher capital costs of DM compared to FSM mean that the fixed costs of service
provision (costs that are incurred regardless of the number of mammograms performed)
are higher for DM.

. The variable costs of DM (costs that vary with the number of mammograms performed)
may be lower than FSM due to lower consumable costs. However, some other costs (e.g.
maintenance) may increase in a DM environment.

. For both DM and FSM, the average cost per screen (the sum of all fixed and variable costs
divided by the number of mammograms) reduces as screening volumes increase,
because the fixed costs are spread across a greater number of mammograms.

. The higher capital costs of DM compared to FSM mean that the average costs per
mammogram of DM are higher at low screening volumes. As screening volumes increase,
a breakeven point may be reached where the average costs of DM are equal to those of
FSM. High screening volumes per machine are required to reach this point.

The ongoing cost of capital for DM depends upon the total capital investment at implementation,
the method of financing, and the method of depreciation used. As the capital costs of DM are
higher than FSM, the ongoing cost of capital is generally higher in a DM environment. WDHB
purchased DM equipment using borrowed funds. The Board approved this borrowing on the basis
of a business case showing that the capital costs could be recovered through net operating
cashflow.

BSWN's DM machines are depreciated over seven years. IT equipment (including the PACS and
workstations) are depreciated over a three year period. Thus, the ongoing cost of capital is highest
in the first three years. If the serviceable lives of DM machines and/or ICT equipment exceed their
depreciation periods, the cost of capital may reduce over time. Moreover, the up-front costs of
upgrading or replacing existing equipment should reduce as the technology becomes more
widely adopted and prices come down.
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Ongoing operating costs include workforce and other costs. Although DM units are more
expensive than FSM to purchase initially, there are operational cost savings which may tip the
balance in favour of DM, especially where service volumes are high. Key areas of difference in
operating costs between DM and FSM include:

. Consumable costs are lower for DM than FSM as no chemicals or films are needed for DM.
A few (less than 1%) mammograms are printed, which incurs ink and film costs.

. Archiving/storage costs should reduce as a service transitions to DM and an increasing
proportion of images and records are stored electronically.

. Courier costs are significantly reduced due to electronic sharing of digital images between
sites. Telecommunications costs increase with DM.

. DM requires additional specialised staff including a PACS Administrator and an increased
level of medical physicist input.

. Maintenance costs can be high for DM, especially initially. The first three years of servicing
and unscheduled maintenance costs are covered within the price of the modalities, and
the cost of replacing parts (e.g. xray tubes, detectors) are initially covered under
warranty. However, unscheduled downtime can affect productivity.

BSWN has advised that the workforce costs associated with providing a DM service have not, to
date, differed significantly from those associated with a FSM service. Therefore, the core workforce
costs for DM at BSWN have to date been comparable to those of FSM. This is significant because
the combined costs of salaries and outsourced clinical services at BSWN comprise 73% of total
costs (based on 2006/07 records). Efficiency gains may be made in the future, particularly with IT
enhancements improving the integration of the RIS with the acquisition workstation.

Other general screening programme costs (such as health promotion, appointment scheduling,
and service management) are equivalent for DM and FSM.

AVERAGE COST PER MAMMOGRAM OF DM AT BSWN

In its first year of operation, BSWN provided 25,916 screens at an average cost of $210 per screen.
At the completion of its first full financial year (five months later), the number of screens had
increased to 28,062 and the average cost had reduced to $169 per screen.

In comparison, BSA data shows that in the previous (2005/06) financial year, the cost per woman
screened for the eight BSA Lead Providers ranged from $147 to $199 and averaged $176 for BSA as
a whole. Estimated volumes and funding for 2007/08 suggest the average cost per screen for BSA
this year will be $188.

This analysis suggests that BSWN costs, although high initially due to various factors that impacted
on screening volumes, are now at a level commensurate with BSA as a whole. This accords with
the WDHB revised business case and supporting financial analysis for the establishment of a DM
service, which established that the capital costs of DM could be recovered through net operating
cashflow at existing BSA funding levels (WDHB, 2005b).

The following caveats must be noted:

o It would not be valid to directly extrapolate BSWN average costs per woman screened
against current national volumes to assess the implications of DM for the BSA programme
overall, due to the significant differences between Lead Providers as already noted which
would affect the local costs of DM.

. In particular, the BSWN Lead Provider region has high numbers of eligible women and can
keep its DM machines busy full time. Other Lead Providers serving lower populations may
not be able to operate a DM machine at close to its maximum capacity, or may have
screening volumes that exceed the capacity of one DM machine but cannot justify the
purchase of two machines.
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. Apparent cost per screen varies between Lead Providers due to accounting differences
as well as actual differences in service profile and cost.

. As already noted, costs of service provision are not constant over time and there are
sound reasons for anticipating a reduction in the average cost per screen at BSWN over
the next few years.

7.4 RECOMMENDATIONS

BSWN's experience in the implementation of DM, its impacts post-implementation and the
financial implications of transitioning to DM, highlights a number of pertinent lessons for other Lead
Providers and BSA as a whole during the managed infroduction of DM into the BSA screening
practice. It is recommended that the NSU draw on the following lessons identfified in this report to
assist other Lead Providers in identifying factors to consider in their Business Cases and
Implementation Plans for DM.

IMPLEMENTATION

Key issues and lessons from BSWN suggest that other Lead Providers considering the transition to
DM should:

. Adopt a staged ftransition approach rather than changing all fixed, mobile and
subconfracted sites to DM in one ‘big bang’ approach. A staged approach has a number
of benefits including opportunities for learning and refining processes and minimising any
temporary adverse workforce impacts such as slower reading fimes. Implement site-by-
site. Mixed digital and analogue at a single site would make it difficult to maintain QA
adequately.

. Plan for significant project management, clinical, technical and other multi-disciplinary
input and a time investment from those involved including time dedicated away from day
to day work. A critical success factor is establishing the right multi-disciplinary team from
the outset.

o Pay close atftention to ensuring the compatibility of DM components including PACS, RIS,
storage servers and modalities. Ensure contractual agreements for DM implementation
place responsibility on vendors for seamless integration.

. Note that BSWN's RFP evaluation criteria and submission forms provide a potential model
or starting point for the development of tender evaluation tools for future tendering
processes.

. Plan for contingencies, recognising that throughput on DM (both in taking and reading

mammograms) will be slower initially. To minimise disruption to work flow, clinics and clients,
a conservative approach should be taken to booking appointment slots until all aspects of
installation have been improved and completed.

. Learn directly from other programmes, both in New Zealand and overseas, that have
already done planning and implementation for DM. This should include site visits to
comparable sites with well-established screening processes, observing work flow patterns,
and conducting consultations with screening staff in order to learn of possible pitfalls.

. Seek IT guidance from an established DM screening site with a similar PACS configuration.

. Note that BSWN has gone further in terms of connectivity between RIS, PACS and DM
machines than the overseas sites observed by the DWG, and is therefore a key reference
site for other Lead Providers preparing to convert to DM, both to maximise effectiveness for
Lead Providers individually and to minimise risks associated with incompatibility between
Lead Providers.

. Involve a medical physicist from the outset in equipment selection in order to assess key
performance and QA parameters of each machine.
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. As part of the due diligence process, ensure that vendors provide full details against all
requirements and criteria including sufficient evidence/plans for the provision of prompt
and readily available service support.

. Pay particular aftentfion to negotiating an effective service contract, including availability
of technical expertise and storage of spare parts to ensure timely access; escalation and
penalty clauses; minimum response fimes for service; and whether evening/weekend
cover is necessary and available.

. Manage vendor service risks by ensuring good relationships with vendors, undertaking
sufficient input and planning with engineers and trainer prior to installation, and allowing
sufficient time to thoroughly test equipment before the go-live date and before final
payment is made to the vendor.

. Maintain a risk register at all times during the project so mitigation strategies can be found
for all new risks as they become known.

. Investigate collective bulk buying opportunities with other Lead Providers, as DM vendors
may be prepared to make substantial discounts if multiple machines are purchased.

. Allow time for staff training and plan additional staff for service continuity.

. Allow time for MRTs to be frained in QA for each new modality. Establishing new QA

programmes for DM equipment is an extensive process which is made more complicated
by inconsistent terminologies used by different vendors. Each machine has specific QA
processes and requirements.

IMPACTS

In considering the impacts of DM on screening work flow, Lead Providers should note that:

. DM offers a number of advantages over FSM, but converting to DM involves risks and may
not be all ‘plain sailing’. In particular, Lead Providers should allow for down time and
should not expect to screen maximum screening volumes.

. DM screening technologies and processes are continually evolving. Implementing DM
requires acceptance of this, and commitment to keeping abreast of technological
developments and refining screening processes on an ongoing basis.

. Experience of BSWN to date has been that individual MRT volumes are similar to FSM,
reflecting clinical practice considerations, cultural issues, OSH considerations, and QA
processes. However, it is anticipated that throughput would increase if the MRT form were
available in its entirety as data entry fields on the RIS.

. DM requires greater interpersonal skills for MRTs because they stay in the x-ray room with
the women and because women want to see theirimages.

. Overall, radiologist FTE requirements for DM at BSWN are similar to those in a FSM
environment.

. Reading capacity is constrained by the number of workstations. Sites need to provide
sufficient workstations for flexibility, especially where radiologists alternate between
screening work and other clinical roles.

. There is a transitional period following conversion to DM where analogue priors are
retrieved from storage and digitised. As a result, workforce efficiencies in relation to
imaging assistants are subject to a two-year lag phase.

o Excellent IT support is crifical to the success of DM. This support is specialised because of
the complexity of the DM environment, the need for seamless integration of components,
and the substantial data transmission and network speed requirements.

o Excellent medical physics support is critical to the success of DM. Physicist services may be
required urgently and unexpectedly if there are equipment failures.
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. Keep spare parts on hand (including x-ray tubes and detectors) to minimise down time in
case of equipment failure.

FINANCIAL IMPLICATIONS

BSWN experience is potentially useful in identifying the main types of costs involved in
implementing DM and providing screening services in a DM environment, and how these differ
from FSM. However, individual Lead Providers need to conduct a thorough analysis of the financial
implications of DM taking into account local service configuration (current and planned), volumes
(current and projected) and other relevant factors.

Average cost per woman screened at BSWN is commensurate with costs for BSA as a whole. It is
important to note that the BSWN Lead Provider region has high numbers of eligible women and
can keep its DM machines busy full time.
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APPENDIX A: INTERVIEW SCHEDULE

The following list of questions provides a guide to the topics we would like to discuss at your
interview. We will not necessarily cover every question at every interview. Your feedback is sought
in the areas that are most relevant to your knowledge and experience of the implementation of
digital mammography at BSWN.

If you are unable to participate in a face-to-face interview, please type your responses in the
space provided below and email this document back to us at: julian@hoi.co.nz, as soon as
possible and by Friday, 14 September at the latest.

Evaluation of the Implementation of Digital Mammography at BSWN

Interview with (name, position/title):

Interviewer and date

PROCESSES

The Decision to ‘Go Digital’

1. What was your role (if any) in the decision to go digital at BSWN?

2. How was the decision made o go digital at BSWN?2
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3. Who was involved in making the decision to go digital?

4. What criteria or rationale were used in the decision to go digital?

5. What evidence did BSWN gather to help make the decision to go digitale How useful was the
evidence from overseas in terms of its application to the New Zealand context?

6. What were the strengths/weaknesses of the decision making process? (e.g. what worked well2
What would you do differently?)

7. What are the most important features of a successful decision making process that other Lead
Providers should consider?

8. Why did BSWN decide to go digitale

9. How was the business case developed?

Establishing Digital Mammography

10. What was your role (if any) in establishing the digital mammography service, once the
decision to go digital was made?
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11. What processes were involved in establishing the digital mammography service?

12. What processes were used in planning for the implementatione

13. What processes were used in budgeting for the implementatione

14. What processes and criteria were involved in selecting the type (make and model) of digital
mammography equipment?

15. What processes were used in implementing the service (e.g. key phases, tasks and fimeframes,
approach to project management, key personnel involved)?

16. What were the strengths/weaknesses of these processes? (e.g. what worked welleg What would
you do differently2)

17. What are the most important features of a successful implementation process that other Lead
Providers should consider?2

IMPACTS

18. What is your role (if any) in the ongoing delivery of digital mammography services at BSWN?2
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19.

How does the screening pathway for digital mammography at BSWN differ from the screening
pathway for conventional mammography (i.e. what are the key differences in terms of stages
in the process, personnel, and workflow)?

20.

How do the workforce requirements for digital mammography compare to the workforce
requirements for conventional mammography (for an equivalent service volume)?2

21.

Any other workforce issues?

22.

Any potential risks for occupational safety and health (e.g. occupational overuse syndrome)?

23.

Has the use of digital mammography made any difference to the delivery of mammograms?

24.

What are the advantages of digital mammography over conventional mammography to
BSWN and BSA? What are the disadvantages?

25.

What lessons were learned that may assist the NSU to develop guidelines to aid other lead
providers in deciding if digital mammography is the best mode for delivering mammography?

Thank you for your feedback, it is appreciated.
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APPENDIX B: CONSUMER SURVEY

You are invited to take part in a short survey

Project Title: Evaluation of the Implementation of Digital Mammography at Breast Screen
Waitemata and Northland

Project Contact: Arden Corter, Health Outcomes International
Telephone: 0800 464 695 / Email: arden@hoi.co.nz

You are invited to take part in a short, anonymous and voluntary survey about your perceptions of
the breast screen you underwent today.

About the Study

This evaluation study is being conducted for the Ministry of Health. The aim of the study is o
evaluate the implementation of the digital mammography service at Breast Screen Waitemata
and Northland (BSWN). This includes women's perceptions of the digital screening service
compared to the film screening they may have received in the past. The findings from the study
will help other breast screening sites in New Zealand as they change from film to digital
mammography.

Participation

We are inviting the first 50 women who attend the Takapuna screening site during the week of 8-12
October to take part in the survey.

All participation is voluntary, which means that you do not have to take part. Your participation is
strictly confidential. We do not collect names or other personal details, and we do not identify
individual participants in the study. Your participation in this study will not affect your future
screening, health care or treatment.

Benefits, Risks and Safety

Benefits of participating include the opportunity for you to contribute your opinion to inform our
understanding of the differences between digital and fiim-based breast screening from the
women's perspective. We haven't been able to identify any risks associated with participating.

General

Further information on the study can be provided by contacting Arden Corter (project contact)
on 0800 464 695 or by e-mail to arden@hoi.co.nz.

If you have any questions about the digital mammography service you received today, please
contact BSWN on 484 0200.

Where to from here?

If you are willing to take part, please fill out the attached survey form and send it back to Health
Outcomes International in the freepost envelope provided.

Thank you for your time!
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Digital Mammography Survey

Thank you for volunteering to participate in this short survey.

Please answer the questions below, about your screening experience today. Once
you are finished, please mail your survey form to Health Outcomes International in
the freepost, addressed envelope provided.

1. How old are YOU? (please tick appropriate box)
O 49 and under 0O 50 - 59 years [ 60 and over
2. Is this the first fime you have ever had a breast screen?
O No O Yes (If you answered yes, your survey is complete. If no, please continue)

3. Did you notice any differences between the digital screening process and
the film based screening you've had in the paste

[ No O Yes

4. If yes, please list the differences:

Thank you for taking the time to fill out this survey. We appreciate your participation.

If you have any further questions about this survey, please contact Arden Corter at
Health Outcomes International, on 0800 464 695 or by e-mail to arden@hoi.co.nz.
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APPENDIX C:
ICT INFRASTRUCTURE FOR DIGITAL MAMMOGRAPHY

Figure C.1 provides a diagram of the ICT configuration at BSWN. The paragraphs below outline the
function of each component and discuss the issues faced by BSWN that led to this configuration
being adopted.

Figure C.1: ICT Configuration at BSWN
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PICTURE ARCHIVING AND COMMUNICATIONS SYSTEM

The Picture Archiving and Communication System (PACS) is the system at the centre of the digital
screening ICT environment and manages “the acquisition, archiving and retrieval of digital images
over a computer network, for diagnosis and review at dedicated workstations”.33 It provides the
central point of connection between the screening modalities, workstations and storage systems.

The BSWN PACS currently manages digital mammography images between Takapuna,
Whangarei and Waitakere and, over fime, will extend to the full BSWN region as other sites go
digital. According to data cited in the equipment RFP (hA, 2005), the PACS was initially expected
to handle an exam volume of 16,000-22,000 four-view mammograms per annum between
Whangarei and Takapuna, and volumes will increase to 45,000 mammograms over time. In
additfion, up to 500 stereotactic guided biopsies are performed per annum.

BSWN purchased a Sectra PACS including hardware, sofftware and related licenses, and
workstations for QA and reading. The service agreement for supply of the PACS included
installation of the system to the point of verifying storage connection, interface with the RIS and
interfaces with modalities, as well as comprehensive applications field support, user training, and
manuals. The PACS was the first component of the digital screening ICT infrastructure to be
installed at BSWN.

In hindsight, it was commented that the DWG should have invested more fime in investigating,
evaluating and specifying hanging protocols (presentation of images on screen). In the event,
BSWN was “lucky” and has ended up with a set of protocols that work effectively and efficiently.
Hanging protocols have subsequently been specified in the NSU's Interim Digital Mammography
Standards for Full Field Digital Mammography and CR Systems (NSU, 2007c).

RADIOLOGY INFORMATION SYSTEM

The role of the Radiology Information System (RIS) is to store appointment and demographic
information for BSWN. It drives the screening pathway (including the double blind reading work
flow) and acquires all clinical data associated with the screening programme. The PACS takes
bookings and other information from the RIS to form worklists (see below). The RIS and PACS
exchange information using a Health Level 7 (HL7) interface, a standard accredited by the
American National Standards Institute (ANSI) for the fransfer of data between different systems in
health care.33

WDHB decided to use the Soprano Breast Screening (SBS) system as a RIS. SBS was an existing
information system which had been in use for FSM for six years within BreastScreen Midland and is
gradually being adopted by other Lead Providers, finally giving national coverage by 2008.

Modifications were required to SBS to interface it with the PACS and to make it function as a RIS.
BSWN was clear that it wanted to go fully digital. The international site visits had demonstrated that
efficiency gains and maximal quality and safety cannot be achieved through a “halfway
solution”. BSWN received funding from the NSU for this purpose. The enhancements concerned the
creation of DICOM worklists and providing the required worklist functionality to support the
radiography, radiology and film scanning work flows.

Specifying and developing the required functionality required considerable input from clinical and
IT staff at BSWN to ensure the flow logic and ‘rules’ supported the intended screening processes.
Although recognised as crucial fo system development, this process was described as “tedious
meetings to explain banal processes”.

33 http://212.67.202.191/~pacsnet/pacsnet/glossary/F.html
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These SBS enhancements undertaken by BSWN with NSU funding mean that the SBS functionality is
now available to other Lead Providers.

DICOM MODALITY WORKLIST

The PACS uses worklists to manage work flows at modalities and workstations. Each worklist
contains details of the women assigned to the appropriate modality/workstation for image
acquisition, QA and reading.

The worklists for DM using the Digital Imaging and Communications in Medicine (DICOM) standard
protocol, which is common to all manufacturers of medical imaging equipment. The standard
provides “a method of linking a series of heterogeneous modalities, workstations and printers

without the need for customised hardware to allow them to communicate and transfer images”.
34

The DICOM worklist transfers demographic information to the appropriate workstation (including
National Health Index (NHI) and Study ID), which enhances clinical safety (ensuring the correct
matching of women to electronic records) and time efficiencies (obviating manual entry of these
details and facilitating the automatic retrieval of prior images).

The DICOM work flow requires that a radiology image be attributed to a patient on a worklist. The
images are then stored against the patient in the PACS server. This is achieved through the HL7
interface. When a woman arrives for screening, SBS generates a HL7 message which registers the
woman on the worklist. After the images have been taken, SBS maintains a list of the digital images
that have been acquired, and this information is used in producing the reading worklists. After the
radiologist has reviewed the digital images, they are removed from the cache and moved to long
term storage (Orion Systems, 2005).

Because reading is performed by two independent radiologists, SBS generates a worklist for one
radiologist, stores the reading result, and generates a worklist for another radiologist to perform the
second reading. When the reading list is being created, SBS also generates a ‘hanging list' of
images to be located. The imaging clerk then prints the lists of films and retrieves them from film
storage. The hanging list has sufficient information to enable tracking of films through the process
(Ibid). At assessment clinics, the worklist includes ‘slots’ for the clinical workup and ultrasound data
as well as digital images.

DIGITISER

BSWN ascertained from observation of overseas screening sites that digitisation of priors was the
preferred method in terms of efficiency, ergonomics and quality. As part of this process, BSWN
wanted to minimise data entry. Worklist functions were developed to achieve this. Changes to SBS
enabled the creation of a backdated episode, to which digitised priors (and associated data,
entered manually) could be attributed.

BSWN has recently acquired a second digitiser. This has enhanced efficiency as the imaging clerk
can alternate between digitisers, reducing down-time associated with waiting for a scan to
complete.

MODALITIES AND WORKSTATIONS
The mammography machines, ultrasound machines and workstations can be installed last. For the

Takapuna site, BSWN purchased a Sectra FFDM and Siemens FFDM with Opdima Stereotactic
system. The Sectra machine functions as the “workhorse” due to its more rapid image capfture,

34 http://212.67.202.191/~pacsnet/pacsnet/glossary/F.html
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while the Siemens provides additional screening capacity as well as being used in assessment
clinics due to the stereotactic biopsy capability. To ensure consistency in modalities linking to the
PACS, NDHB purchased the same equipment as WDHB selected for its Takapuna site.

IMAGE SERVERS

The Whangarei site is connected to the PACS at North Shore Hospital via a dedicated Telecom 10
megabit per second (Mb/s) connection. This connection is too slow to allow reading workstations
to access large (high resolution) images directly from the PACS. Therefore, the IT architecture
included a local image server at Whangarei which would provide a cache of images on the
worklist for more rapid access by workstations. Small (low resolution) images and examination data
are accessed directly from the PACS as they are not impeded by the data transfer rate.

The Takapuna site is connected to the PACS via a 100 Mb/s connection. Initially it was anticipated
that this would obviate the need for an image server at Takapuna. However, it transpired that due
to a circuitous Telecom routing network between the two sites, data transfer between the PACS
and Takapuna workstations was slow. A local image server was subsequently installed which
eliminated this problem.

CONNECTIVITY BETWEEN WHANGAREI AND NORTH SHORE HOSPITAL

Initial problems were encountered in devising an architecture to manage the transfer of images
between Whangarei and North Shore Hospital. The Sectra PACS has the requisite capabilities, but
is dependent on Windows networking protocols. This raised security issues when it came to
providing access to Whangarei which was outside the North Shore Hospital network. This was
overcome by extending the North Shore Hospital network to the Whangarei site rather than linking
the two networks together. Stakeholders noted that this solution may not be feasible for other
Lead Providers to adopt.

IMAGE STORAGE

BSWN has access to two mechanisms for long-term reliable storage. First fier storage is provided via
WDHB’s Storage Area Network (SAN) housed at North Shore Hospital. The Medical Archiving
Solution (MAS), owned by hA and replicated between North Shore and Middlemore Hospitals,
provides second tier storage. These two storage mechanisms are able to meet the considerable
data storage requirements required of DM in breast screening. Other Lead Providers would need
to investigate their existing DM image storage options and any possible additional storage
requirements.

UNINTERRUPTIBLE POWER SOURCE

One of the most significant challenges encountered by BSWN in adopting digital technology was
the reliability and associated maintenance requirements of the mammography machines, as
discussed elsewhere. Power outages in the Takapuna area were a factor that compounded these
difficulties, and as a result, BSWN upgraded its UPS units for the DM machines. The UPS protects the
equipment against power spikes and provides sufficient ongoing power to enable the
mammography machines to be shut down properly in case of a power failure.

SEAMLESS INTERFACE BETWEEN COMPONENTS

The key issue in implementing the ICT infrastructure for DM was the success with which its various
components could inferface. At that point in fime, the NSU had not produced specifications to
ensure the compatibility of DM systems across Lead Providers, and both BSWN and the NSU were
cognisant of the need to ensure maximum opportunities for future consistency and connectivity
between providers.
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The NSU took a keen interest in working closely with BSWN to ensure that any digital development
work undertaken by BSWN provided the maximum opportunity for future developments in the
other regional programmes.

Accordingly, the over-riding requirement for BSWN was to establish a non-proprietary system at alll
levels and interfaces including the modalities, PACS, RIS and storage servers. To that end, BSWN
held suppliers of these components confractually responsible for: individually ensuring connectivity
and functionality for goods and services supplied by them; and collectively ensuring connectivity
and functionality of the system as a whole.

FUTURE ENHANCEMENTS

A BSWN stakeholder noted that none of the overseas screening sites that the DWG members
visited in Europe, and no other sites that they were aware of (aside from perhaps Sweden) has
ever managed to achieve full connectivity between RIS, PACS and DM machines from the outset;
anecdotally, many are sfill struggling after a year or more to achieve what the IT Project Manager
at BSWN was able to achieve in a matter of months. This is a significant area of success for BSWN
and marks BSWN as a site that other providers (in New Zealand or overseas) preparing fo convert
to DM should seek to learn from.

BSWN is continuously looking at ways to improve effectiveness such as software upgrades and
work flow improvements. Two areas where enhancements are likely in the near future are:

. Improving the integration of the RIS with the acquisition workstation. This would enable
direct data entry by the MRT in the x-ray room and eliminate the use of the green form.
Consequently, the average time per exam may be shortened significantly.

. Upgrading software (as it becomes available) to enable high quality pathology images to
be included in the PACS. Currently pathology images are excluded from the digital work
flow, but there is provision in the HL7 interface to include these in future. A related issue is
the need for a reliable method for cross-referencing multiple lesions between radiology
and pathology images.
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APPENDIX D: RFP SuBMISSION FORMS




TAKAPUNA RFP FORMS



ATTACHMENT ONE
RFP SUBMISSION FORM
OVERVIEW

You must complete one copy of this section

To: healthAlliance

A - General Respondent information

1. RFP FOR:

Supply of Mammography Eguipment lo Breast Screen Waitemata
Northland

7. RFP BY (Please insert legal enfity):

3. RESPONDENT'S CONTACT PERSON:

Name: Phone:
Title: Fax
Address:

4. RESPONDENT'S GST REGISTRATION NUMBER:

5. PROFILE OF RESPONDENT:

(a} SIZE: (Number of Personnel and type {Service, Sales, eic).

(b} RELATIONSHIP TO MANUFACTURER {e.g Agent, Distributor):

{c) NAME AND ADDRESS OF PARENT COMPANY:

{d) LOCATIONS WHERE ORGANISATION IS REPRESENTED:

B - RFP Responsse Summary

1. Respondent Acknowledges they have read and understood:

Read and Understood (please fick}

{a} Section Cne - HEALTHALLIANCE

(b) Section Two - INSTRUCTIONS TO RESPONDENTS

(c) Seclion Three - PROPOSAL EVALUATION

{d) Section Four - PROPOSAL REQUIREMENTS

(e) Section Five - COMMERGIAL REQUIREMENTS

G - RFP Equipment Respondent is Proposing for:

Yes (FPlease tick}

Mammuography Machine - Full Fie