A COST COMPARISON OF FULL FIELD DIGITAL
MAMMOGRAPHY (FFDM) WITH FILM-SCREEN
MAMMOGRAPHY IN BREAST CANCER SCREENING

Rosa Legood and Alastair Gray
Health Economics Research Centre
University of Oxford

NHSBSP Equipment Report 0403
February 2004



Further copies

Requests for further copies should be made to:
NHS Cancer Screening Programmes

260 Ecclesall Road South

Shefyeld S11 9PS

Tel. 0114 271 1060
Fax. 0114 271 1089
e-mail nhs.screening@shefyeld-ha.nhs.uk

The document is available in PDF format on the NHS Cancer Screening Programmesd website: www.cancerscreening.nhs.uk

Typeset by Prepress Projects Ltd, Perth (www.prepress-projects.co.uk)
Printed by Charlesworth



A Cost Comparison of Full Field Digital Mammography with Film-screen Mammography

CONTENTS

2.1
2.2
2.3
2.4
2.5
2.6
2.7

3.1
3.2
3.3
3.4
3.5
3.6

ACKNOWLEDGEMENTS
EXECUTIVE SUMMARY
INTRODUCTION
METHODS

Equipment costs

Costs of consumables

Costs of storage space

Staff savings in processing and display time
Staff savings in administration time
Radiologistsd time interpreting ylms
Overall results and sensitivity analysis

RESULTS
Equipment costs

Costs of consumables
Costs of storage space

Potential staff savings in processing and ylm handling time

Potential staff savings in administration time
Overall results and sensitivity analysis

DISCUSSION

REFERENCES

Page No

NHSBSP February 2004 ii



A Cost Comparison of Full Field Digital Mammography with Film-screen Mammography

ACKNOWLEDGEMENTS

The researchers are indebted to the personnel at the two breast screening centres who participated
in the studies. Particular thanks go to Professor Robin Wilson and Dr Nick Perry for their time and
support. The authors thank both suppliers of the full yeld digital mammography systems and Jane
Harrison from NHS Purchasing and Supplies Agency for providing ynancial information. The authors
would also like to thank Dr Kenneth Young, from the National Coordinating Centre for the Physics
of Mammography, and Jenny Caseldine and her successor Sarah Cush, from the NHS Cancer Screen-
ing Programmes, for their continued technical advice, detailed comments and support. The opinions
expressed and errors made are, however, the responsibility of the authors.

NHSBSP February 2004 1\



A Cost Comparison of Full Field Digital Mammography with Film-screen Mammography

EXECUTIVE SUMMARY

A The objective of this study was to estimate and compare the cost of full yeld digital mammog-
raphy systems (FFDM) with conventional mammography for use in breast cancer screening and
assessment. The direct costs associated with the different systems of equipment, consumables,
storage and differences in staff workload were estimated.

A Two different FFDM systems were piloted alongside conventional mammography machines at
two different breast screening units. Data from these pilot studies plus additional data on the cost
of conventional mammography and FFDM systems form the basis of this report.

A With FFDM, the womands breast is still x-rayed as it would be with conventional mammography.
However, with FFDM the machine has a detector that converts x-rays (directly or indirectly)
into electrical signals replacing the analogue ylm-screen cassette. The electrical signals are used
to produce images of the breast, which can be seen by the operator on a computer screen.

A With FFDM, the x-ray ylm processing, handling and display equipment used with conventional
mammography is not necessary. X-ray ylms per se and chemicals needed for processing are no
longer required. There are also savings in staff time through not having to process and display
ylms.

A Potentially fewer mammography systems are required with FFDM because the savings in radi-
ographer time lead to an increase in throughput.

A With conventional mammography, womends ylms are stored for a nine year period. With FFDM,
most hard copy storage may no longer be required as images can be archived digitally. However,
there are costs associated with picture archiving and communications systems (PACS).

A Inthis analysis we include the costs of an archiving system from one supplier; however, this may
underestimate the full costs of a PACS. A full analysis of the cost of a PACS system is outside
the scope of this report and is dependent on a range of factors, including the size (in megabytes)
of digital images, whether these can be compressed, whether the hospital already has a PACS
system (and whether this can be expanded or an independent system is required), the web server
requirements, the software requirements, the number of concurrent user licences required and
whether FFDM is provided in a mobile or in a static screening centre.

A The full potential storage savings of FFDM compared with conventional mammography would
not accrue unless there is a fully computerised radiographic information system (RIS) for
storing patientsd records. There are costs associated with such a system, although savings in the
administration workload may offset these costs. There would be a transition phase of several
years when previous records and paper copies of clinical notes are stored, unless these were
digitised (which would also incur costs). In addition, some capacity to print hard copy may be
needed if images need to be transferred to centres with analogue systems.

A FFDM could potentially reduce the need to recall women for repeat screening, hence generating
cost savings and reducing staff workloads. There are two reasons why fewer women may be
recalled with FFDM compared with conventional mammography. First, fewer mammograms
may need to be repeated for technical reasons with FFDM. Second, the ability to process and
magnify images after acquisition may reduce the need to recall women for assessment. Further
clinical research is needed to quantify these potential savings. The potential savings have not
been included in our cost analysis and therefore we may have overestimated the true costs of
FFDM.
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A Our baseline estimate of the total annual cost of conventional mammography equipment,
consumables and storage for screening 10 000 women per year is A113 700 (minimum estimate
A85 286, maximum estimate A147 839).

A At the two units piloting FFDM, hard copies of the images were printed using laser printers.
With hard copy printing, the cost of the FFDM system, consumables and storage, after adjust-
ment for potential staff savings from ylm processing and display, for screening 10 000 women
is A231 578 at baseline (minimum estimate A182 230, maximum estimate A288 571).

A Without hard copy imaging, the cost of an FFDM system is substantially reduced. We estimate
that the total annual cost for screening 10 000 women is A157 623 at baseline (minimum esti-
mate A126 506, maximum estimate A192 946).

A Our evidence is inconclusive as to whether fewer mammography machines would be required
per 10 000 women screened with FFDM compared with conventional mammography. We
present an illustrative scenario in which the number of machines is reduced by 20%. In this scen-
ario we estimate that the annual cost of equipment, consumables and storage per 10 000 women
screened would be A128 345 (minimum estimate A100 948, maximum estimate A158 805).

A This research indicates that, although the initial cost of FFDM is higher than conventional mam-
mography, in the long run if there were no hard copy printing of FFDM images and fewer FFDM
systems were required relative to conventional mammography machines the costs of FFDM
would be similar to conventional mammaography. It is possible that the additional costs of FFDM
have been underestimated, as the costs of PACS, RIS and replacement costs for items such as
detectors are uncertain.

A There are further potential beneyts and cost savings for patients and staff from FFDM that have
not been included in the analysis. These include the potential of FFDM to reduce the need for
repeat assessments, reduce the health and safety risks, such as repetitive strain injury associated
with handling yIms, and the ability to transfer images digitally, hence allowing more telemedi-
cine and external peer review.

A As yet, the full costs and effects of FFDM are unknown. Further research is required to assess
both the clinical and economic impact of FFDM compared with conventional mammography.
Speciyc focus on the economic implications requires further data on the full costs of PACS
systems, the extent that recall for assessment may be reduced using FFDM, the extent of pro-
ductivity gains in radiographer time and the full costs of maintenance and replacement of FFDM
equipment.

A Research is also required to determine the best options for implementing FFDM, including the
training requirements, the transition to a fully computerised RIS and the most cost-effective
method for reviewing ylms when new images are digital and previous images are on ylm.
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1. INTRODUCTION

The objective of this study is to conduct an analysis comparing the costs of a full yeld digital mam-
mography system (FFDM) with those of a conventional ylm-screen mammography system in screen-
ing and assessment of breast cancer in the UK.

Commissioned by the NHS Breast Screening Programme (NHSBSP), this report aims to assess the
expected economic implications arising from adopting an FFDM system. Two different FFDM sys-
tems have been piloted at two different breast screening centres: the GE Medical Systems Senographe
2000D and the LORAD Selenia. These were installed in October 2002 and February 2003 respec-
tively. Data from these pilot studies plus additional data on the cost of conventional mammography
and FFDM systems form the basis of this report.

Conventional mammography machines are generally used for breast screening and assessment in
the UK. With a conventional mammography machine, the womanés breast is x-rayed. The image is
captured on a ylm held in a cassette with a screen. With FFDM, the womands breast is still x-rayed
but the mammography machine has a detector that converts x-rays (directly or indirectly) into elec-
trical signals replacing the analogue ylm-screen cassette. The electrical signals are used to produce
images of the breast that can be viewed by the radiographer on a computer screen. The radiologist can
review these images on a computer monitor (soft copy workstation). If required, hard copy images
resembling conventional mammograms can be produced using a laser printer.

Women are either screened at a mobile clinic in the community or at a static site (eg a hospital based
breast screening unit). A proportion of women are recalled for further assessment at a static site.
In hospital units with conventional mammography, ylm processing is generally carried out during
the course of the clinic session and the patient has to wait for ylms to be checked for quality before
departure. In most screening centres, automatic daylight loading systems are used for ylm handling.
At most mobile units with conventional mammography, having taken the images of the womanés
breasts, the radiographer has to unload the ylms from the cassettes and replace them with new ylms.
At the end of the session the ylms are returned to the hospital unit for ylm processing. With FFDM,
ylm processing is not required.

In conventional mammaography, the processed ylms are usually displayed on a roller viewer along-
side any previous screening ylms that may be available for interpretation by the radiologist. With
FFDM, digital images can be displayed on a computer workstation, which enables the images to be
postprocessed.

When compared with conventional mammography machines, the capital equipment required to
facilitate FFDM is relatively expensive. However, the use of FFDM obviates the need for a range of
equipment required for handling, processing and displaying yIm. Additionally, x-ray ylms per se and
chemicals needed for processing are no longer required. With ylm-screen mammography, womends
ylIms are stored for a nine year period. With FFDM, hard copy storage may no longer be required as
images can be stored digitally. There are also potential savings in staff time through not having to
process and display ylms and manage associated hard copy storage.

There are other types of digital mammography systems available. The two FFDM systems consid-
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ered here allow ddirect captured of digital images of the whole breast. éIndirect captured approaches
such as computerised radiography (CR), where images are temporarily stored on an image plate that
requires laser stimulation, are outside the scope of this report.

The equipment adopted for breast screening has important implications for the NHS. At present, one
and a half million women are screened annually under the NHSBSP.! In the next few years, the number
of women being screened is forecast to increase, in part because the postwar baby boom generation is
reaching screening age (currently 50764 years). In addition, policy on breast screening has recently
been changed and is being implemented nationally (in England). The screening programme has been
extended to cover women up to 70 years of age, and all women will have mammograms taken using
two views at every screening round. Previously, two view mammography was limited to the initial
screen. All of these factors contribute to an increasing workload for the NHSBSP.

Although it is useful to determine the potential differences in cost between conventional mammog-
raphy and FFDM, a full economic evaluation is deyned as 6the comparative analysis of alternative
courses of action in terms of both their costs and consequencesd.? In economic evaluations of screen-
ing, the outcome measure generally used is the cost per cancer detected or cost per life year saved.
Published literature at present suggests that the sensitivity of FFDM is not signiycantly different
from conventional mammography and thus would detect a similar numbers of cancers.® There are,
however, a number of potential advantages of FFDM for women and staff. To date, only the GE Medi-
cal Systems Senographe 2000D FFDM unit has had a formal technical evaluation published by the
Medical Devices Agency. The following clinical features of the system were identiyed as beneycial
to both the operator and women undergoing the examination:

A The ability to obtain superior quality mammograms with higher dynamic range than prev-
iously available.

A The potential to lower the dose of ionising radiation to the breast.

A The system was particularly suitable for examining breast tissue typically found in younger
women. The digital imaging facility can reproduce small differences in contrast with greater
clarity than conventional ylm-screen mammography.

A Electronic archiving allows rapid storage and recovery of previous examinations for review,
avoiding the frustration and potential dangers of lost ylms.

A The rapid display of images and the ability to manipulate images leads to the reduced need to
repeat examinations due to technical inconsistencies.

A The ability to repeat images immediately with the woman still in the x-ray room reduces
anxiety.

A Increased job satisfaction for the radiographic team with the new technology.

A The use of digital imaging allows postacquisition manipulation, magniycation and other
processing techniques.

Source: Medical Devices Evaluation Report*
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