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EXECUTIVE SUMMARY

* The objective of this study was to estimate and compare the cost of full field 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.

» 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.

«  With FFDM, the woman’s 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 film-screen cassette. The electrical signals are used
to produce images of the breast, which can be seen by the operator on a computer screen.

«  With FFDM, the x-ray film processing, handling and display equipment used with conventional
mammography is not necessary. X-ray films 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
films.

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

*  With conventional mammography, women'’s films 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).

» In this 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.

» 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 patients’ 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.

*  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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* Our baseline estimate of the total annual cost of conventional mammography equipment,
consumables and storage for screening 10 000 women per year is £113 700 (minimum estimate
£85 286, maximum estimate £147 839).

* 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 film processing and display, for screening 10 000 women
1s £231 578 at baseline (minimum estimate £182 230, maximum estimate £288 571).

* 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 £157 623 at baseline (minimum esti-
mate £126 506, maximum estimate £192 946).

* 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 £128 345 (minimum estimate £100 948, maximum estimate £158 805).

» 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 mammography. 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.

» There are further potential benefits 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 films, and the ability to transfer images digitally, hence allowing more telemedi-
cine and external peer review.

* 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.
Specific 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.

* 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 films when new images are digital and previous images are on film.

NHSBSP February 2004 2
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1. INTRODUCTION

The objective of this study is to conduct an analysis comparing the costs of a full field digital mam-
mography system (FFDM) with those of a conventional film-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 woman'’s breast is x-rayed. The image is
captured on a film held in a cassette with a screen. With FFDM, the woman’s 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 film-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, film processing is generally carried out during
the course of the clinic session and the patient has to wait for films to be checked for quality before
departure. In most screening centres, automatic daylight loading systems are used for film handling.
At most mobile units with conventional mammography, having taken the images of the woman’s
breasts, the radiographer has to unload the films from the cassettes and replace them with new films.
At the end of the session the films are returned to the hospital unit for film processing. With FFDM,
film processing is not required.

In conventional mammography, the processed films are usually displayed on a roller viewer along-
side any previous screening films 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 film. Additionally, x-ray films per se and
chemicals needed for processing are no longer required. With film-screen mammography, women’s
films 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 films 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 ‘direct capture’ of digital images of the whole breast. ‘Indirect capture’ 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 50—64 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 defined as ‘the comparative analysis of alternative
courses of action in terms of both their costs and consequences’.? 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 significantly 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 identified as beneficial
to both the operator and women undergoing the examination:

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

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

* 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 film-screen mammography.

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

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

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

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

* The use of digital imaging allows postacquisition manipulation, magnification and other
processing techniques.

Source: Medical Devices Evaluation Report*
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There are two reasons why FFDM may reduce recall rates and hence reduce costs. First, FFDM may
reduce the number of recalls due to technical inconsistencies. It may also be that fewer women are
recalled for assessment because of postacquisition manipulation, magnification and other processing
techniques. However, further research is required to quantify the extent of these benefits in the UK,
and they have not been included in our cost analysis.

Other advantages of FFDM that have not been incorporated in the analysis include the ability to
transfer images digitally, hence allowing the potential for more telemedicine and external peer review.
There is also a potential health and safety benefit for radiographic staff in not having to handle or
work with processing chemicals. This may have an impact on the incidence of repetitive strain injury
among radiographic staff. These issues need further clinical evaluation before definitive conclusions
can be drawn in the UK context about the full costs and benefits of FFDM.

2. METHODS

The objective of this study was to estimate and compare the cost of two alternative mammography
systems (conventional and FFDM). The direct costs to the NHS of equipment, consumables, storage
and differences in staff workload were calculated for each system. Costs are presented at 2002 values,
converted using the Health and Community Services Pay and Price index. In order to compare the
two systems, the annual cost of screening 10 000 women was calculated.

2.1 Equipment costs

In conventional mammography, a range of equipment is required to take, process and read conven-
tional x-ray films. This includes the mammography machine, cassettes, film handling and processing
equipment and roller viewers. The price of equipment was obtained for a range of products and these
prices were then averaged to calculate baseline prices.

The mammography machine baseline price was estimated for both a standard mammography machine
used for screening and a standard machine used for assessment. The cost of cassettes was calculated
separately from other film handling equipment, as cassettes are semiconsumable items.

There is a range of film handling and processing equipment available. We calculated a baseline price
for a film handling package for a mobile unit assuming that there was no on-board processing. For
hospital units, we calculated a baseline price for a package including film processing and film han-
dling. The cost of roller viewers was based on equipment recently purchased at one of the sites.

Estimates of the market price of FFDM systems were obtained from both of the suppliers whose
equipment was being piloted. The price of an FFDM system includes the mammography machine,
an acquisition workstation (where the radiographer can immediately view the image) and a high
specification workstation where the images can be interpreted. A baseline estimate of the cost of an
FFDM system was based on the average of the two prices supplied.

NHSBSP February 2004 5
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One supplier also provided cost estimates of a picture archiving and communications systems (PACS)
for an FFDM system.

In addition to the archiving system, there are a number of other potential costs of operating a PACS.
A full analysis of the cost of a PACS system is outside the scope of this report. It is dependent on a
range of factors, which include the size (in megabytes) of digital images, whether these can be com-
pressed, whether the hospital already has a PACS system that can be expanded or whether an inde-
pendent system is required, the web server requirements, the software requirements and the number
of concurrent user licences required, and whether FFDM is provided in a mobile or static unit.

At the sites piloting the FFDM equipment, hard copies were printed of all mammograms taken
with the FFDM machine using a laser printer in the clinic. In the future, because FFDM images can
be stored electronically, it may not be necessary to print hard copies of images and therefore such
printers would no longer be required. We present costs both with and without hard copy imaging in
section 3.6. There will be a transition phase when there will still be some hard copy storage of both
films and patient records. Hard copies would also be needed to transfer images to other centres that
had not adopted digital imaging or where the systems were not compatible.

To estimate an annual capital cost from the purchase prices the equivalent annual cost method was
used.? Annuity factors were based on a 6% discount rate. Estimates of equipment life span were
obtained from discussions with staff at the two screening clinics. These varied between six and eight
years for most conventional equipment apart from screening cassettes, for which estimates varied
between two and three years. It was assumed that the life span of FFDM equipment was the same
as for conventional equipment.

The total annual cost of equipment includes both the annual capital costs and maintenance costs.
Maintenance costs of conventional equipment were obtained from discussion with staff at the two
units that were piloting FFDM equipment, and the NHS Purchasing and Supplies Agency (NHSPSA).
We used an estimate of a fully comprehensive maintenance contract for a conventional mammogra-
phy machine, including x-ray tube replacement cover. We also obtained an indicative cost of a fully
comprehensive maintenance contract from one of the suppliers of FFDM equipment, which covered
both x-ray tube and detector replacement. However, the long-term reliability and full costs of replac-
ing detectors are uncertain at this stage.

For the costing exercise, we needed to estimate the amount of equipment required to screen 10 000
women and the amount of equipment required for use in assessment activity associated with screen-
ing these women. As there were no routine data available, we used the following method to obtain
approximate estimates of the amount of conventional equipment used currently in the screening
programme for screening 10 000 women. These estimates were complicated by the presence of
both one view and two view screening in the screening programme in 2001/2. Although this has
little impact on the relative costs of FFDM and conventional mammography, the absolute costs of
conventional mammography equipment for which all women have two view mammography need
further investigation.

Data were obtained from the NHSPSA on the total numbers of mammography machines, film
processors and trailers used in the screening programme. In 2002, there were 432 x-ray sets, 244
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film processors and 147 mobile trailers. This equipment is used for different activities — screening,
assessment and symptomatic work — and further data were required in order to allocate mammog-
raphy costs between activities. We collected data separately from a sample of four breast screening
clinics. At each breast screening clinic, data were collected on the total number of machines and the
proportion of time that they were used for each type of activity. Downtime of machines has been
allocated in the same proportions across the different activities. It was estimated that the mammog-
raphy set use between the different clinic types is 73.5% screening clinics, 11.5% assessment clinics
and 15% symptomatic clinics. It was assumed that film processors would also be used for 73.5% of
the time for screening and for 11.5% of the time for assessment, and that there would be one stand
alone film handling system on each trailer for use in screening only. The total number of women
screened in 2000/1 by the NHSBSP was 1 547 153, of which 5.3% (90 000) were recalled for further
assessment.! To estimate the average amount of equipment used to screen 10 000 women and their
associated assessment, data on the total number of mammography sets and film processors available
nationally for both screening and assessment were divided by national data on the total number of
women screened and assessed.

To estimate the number of roller viewers and cassettes per mammography machine, data were used
from the two sites that were piloting FFDM. The total number of mammography machines and cas-
settes at each unit were divided by the total number of roller viewers to calculate the average number
of roller viewers and cassettes per mammography set.

At baseline, it was assumed that the same number of FFDM systems would be required as mammog-
raphy machines to screen 10 000 women. Potentially, there may be an increase in throughput from
using an FFDM system, as radiographers no longer have to process films. Therefore, we also present
an illustrative cost scenario in which 20% less mammography equipment is required.

2.2 Costs of consumables

Consumables required for conventional mammography include both chemicals to process the films
and films themselves. At both sites that were piloting FFDM, hard copy printouts were made of each
FFDM image using a laser printer. As discussed previously, hard copies of FFDM images would not
be necessary if images were stored and reviewed electronically. In section 3.6, we present total costs
with and without hard copies of FFDM images.

Consumable costs of both conventional and laser printing for FFDM were estimated through discus-
sions with staff at both sites that were piloting the FFDM equipment. The cost of films for conventional
mammography and laser imaging was calculated by dividing the cost of a box of 18 cm x 24 cm film
by the number of films. It is assumed that there is one image per film. The additional cost of sometimes
using 24 cm x 30 cm films was not included. The cost of chemicals for conventional mammogra-
phy was calculated by dividing the annual cost of chemicals by the number of mammograms taken.
However, chemicals were provided free of charge at one of the sites along with the films. Consum-
able costs to screen 10 000 women were calculated on the basis that each woman would have two
view mammography (that is a total of four images taken of the breasts at each screen). In addition, it
was assumed that 5.3% of women would return for assessment, when each woman would have two
mammographic images recorded.

NHSBSP February 2004 7
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2.3 Costs of storage space

The size of the storage room used for holding women’s records was estimated in square metres at
each site that was piloting the FFDM system. Capital charges and overhead costs per square metre
were obtained from the accounts department at one of the sites and these were then multiplied by
the total size of storage space in square metres at each site. Total costs were then adjusted, based
on screening attendances, to estimate an annual cost of storage for a site screening 10 000 women
per annum. We have included the cost of an archiving system for FFDM in our analysis. However,
there could potentially be staff costs associated with digital archiving and further costs associated
with digital archiving equipment, which have not been included in this analysis (see the discussion
in section 4).

2.4 Staff savings in processing and display time

Estimates of staff costs per hour for radiographers, radiographic assistants and administration staff
were based on a previous study in the UK and updated to 2002 prices.” With FFDM, films no longer
have to be processed. With conventional mammography, films are processed during the clinic ses-
sion, whereas on mobile units films are generally returned to the hospital units for processing after
the screening session.

As radiographers do not have to process films with FFDM, there are implications for both staff
time and the total number of mammography machines required to screen 10 000 women. In mobile
clinics, films are not usually processed during the clinic session. Based on discussion with staff, the
estimated radiographer time to handle each woman’s conventional film-screen cassettes during a
mobile clinic was 1 minute.

Neither of the pilot sites was using an FFDM system on a mobile unit. It is not clear whether more
women could be seen in one screening session with FFDM on a mobile unit and further research is
required to determine whether fewer machines might be needed.

At one of the units piloting FFDM, a separate time and motion study was conducted using the FFDM
system for screening sessions in a hospital based clinic. At this clinic with conventional mammog-
raphy, women are booked at 6 minute intervals. As there are two radiographers working, using two
mammography machines, the total time for a radiographer to take a woman’s mammograms and
process the films is 12 minutes. Timings were recorded for FFDM, starting when the patient entered
the room with the mammography machine and ending when the patient left the room. At this clinic,
women undressed and dressed in the mammography room. In total, 347 observations were recorded,
326 of which were included for analysis. Observations were excluded for the following reasons:

+ the patient was disabled (four)

 the patient spoke no English (one)

 the patient had breast implants (one)

* more than four images were taken of the breast (eight)
» only two images were taken (six)

 the radiographer was a trainee (one).
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The average time that a patient was in the mammography room was 5 minutes and 39 seconds (95%
CI 5:25-5:52). Observed times included in the analysis ranged from 3 to 13 minutes.

These data indicate that, with FFDM, one radiographer could remain in the mammography room and
see patients at 6 minute intervals. Compared with the organisation of conventional mammography at
this site, there is a potential time saving of 6 minutes of radiographer time for each woman screened.
This should be seen as a maximum estimate. The majority of screening in the UK is carried out in
mobile clinics and therefore potential savings in screening time may be much lower.

At baseline, it was estimated that the amount of radiographer time saved per woman as a result of no
longer having to process a woman’s films would be 3 minutes. Minimum and maximum estimates
are also presented, ranging from 1 minute to 6 minutes.

With conventional x-rays, a radiographic assistant places films on the roller viewer and then takes
them down after they have been read. With FFDM, films are sent directly to the radiologist’s review
station, thus reducing the radiographic assistant workload. To calculate the total savings from film
display, the time taken for radiographic assistants to display records on the roller viewer was estimated.
Based on discussion with staff, the radiographic assistant time for film display was estimated at 45
seconds for each woman’s set of films. This estimate was used as a basis for costing using estimates
of radiographic assistant staff costs.

The estimates of time savings per woman screened from film processing and display were combined
and multiplied by 10 530 (this figure includes mammograms for women recalled for assessment) to
give a baseline estimate of the time savings per 10 000 women screened.

2.5 Staff savings in administration time

Costing of an operational storage facility requires some allocation for administrative personnel who
are charged with retrieval and replacement of patient files.

The approximate staff time involved in such duties was estimated for each site following discussions
with staff. The average time across both sites was just over 1 minute for retrieval and just under
1 minute for returning records. This figure was then multiplied by the administrative staff cost to
calculate the administrative staft saving per woman screened. There would be further changes to
administration requirements if a computerised patient information system (RIS) and PACS system
were adopted. These costs have not been included in this analysis.

2.6 Radiologists’ time interpreting films
To date, no time and motion studies have been conducted of radiologists’ times at the two breast

units piloting the FFDM systems. However, comparative research on radiologists’ soft copy image
and hard copy film display screen reading times has been conducted internationally.
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For example, in a project in Oslo, full field digital images were acquired using a GE Medical Systems
Senographe 2000D. The average time to interpret four standard view digital mammograms varied
between 38 and 65 seconds among 11 radiologists. No significant differences were found between the
times to interpret images using analogue films. However, women’s mammograms from the previous
screen were not included in the study.®

In the USA, researchers compared the time to read printed films with soft copy display. In this study,
mammograms taken with film at the previous screening round were digitised to allow radiologists
to compare current images with previous films in soft copy. Digital images were also printed onto
analogue film and shown with the previous analogue film to allow a comparison on film reading
times. The researchers found that the time to interpret four standard view mammograms was slightly
quicker on a soft copy workstation than that for printed films (34 seconds compared with 40.5 sec-
onds). However, the difference in interpretation time was not statistically significant.’

In general, the research suggests that the radiologist’s time taken in interpreting films is similar for
conventional mammography and FFDM and therefore these costs have not been included in this
analysis.

2.7 Overall results and sensitivity analysis

To calculate estimates of the comparative costs of FFDM compared with conventional mammog-
raphy, the baseline estimates of the following were summed: equipment, consumables and storage,
along with potential savings in staff time per 10 000 women screened. Estimates were calculated for
FFDM systems with and without hard copy storage. There remains a great deal of uncertainty about
the costs of FFDM systems as market prices are only indicative at this stage.

A detailed analysis of the full extent of variation in the cost of equipment used in conventional mam-
mography is outside the scope of this report. The organisation of clinics varies among screening
centres and there is likely to be variation in the utilisation of mammography sets and the ratios of
mammography sets to film processing and display equipment. Consumables and storage costs varied
between the two sites visited and are likely to vary across the breast screening programme.

To reflect some of this uncertainty, we have conducted a crude sensitivity analysis. The annual cost
of all equipment was re-estimated, varying the purchase prices by 20% over the life span range. The
costs of consumables were varied by 20% to calculate minimum and maximum estimates. Baseline
estimates of capital charges and overhead charges were varied by 20% and multiplied by the mini-
mum and maximum space estimates at the two clinics.

Estimates of savings from processing films were varied between 1 and 6 minutes to reflect the time
estimates, and estimates of administrative charges were also varied to reflect the range of staft saving
estimated at each site.
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3. RESULTS

3.1 Equipment costs

Table 1 reports estimates of the costs of each item of equipment. In the second column, estimates of
the purchase prices of both conventional mammography and FFDM equipment are presented. In the
third column, fully comprehensive annual maintenance costs are presented. In the fourth column,
estimates of the total annual costs of equipment are reported.

Table 1 Equipment unit costs (UK £, 2002 prices)

Baseline purchase Annual
Equipment items price (£) maintenance costs (£) Annual total costs (£)
Conventional mammography
Cassettes 228 - 101
Film handling system (mobile unit) 20 000 2291 5810
Film handling and processing system 43 000 3000 11 529
Roller viewer 22 000 1756 5697
Conventional mammography machine 38 000 3600 10 407
Assessment mammography machine 48 500 3600 12 288
FFDM
FFDM system 255 000 16 000 61 679
Laser printer 22 000 2200 6141
Archiving system 44 000 4400 10 082

Estimates of the amount of equipment required to screen 10 000 women per year are presented in
Table 2. These are based on the estimates of the total annual equipment costs presented in Table 1.
We estimated that on average in the screening programme there are 2.1 standard mammography
machines and 0.3 assessment mammography machines per 10 000 women screened annually, 1.3
combined film processing and handling systems, 1.0 stand alone film handling systems for use in a
mobile unit, 19 cassettes and 2.3 roller viewers. It should be noted that in this analysis we have not
included the use of assessment machines for symptomatic services.

We assumed at baseline that the same number of FFDM systems would be required as conventional
mammography machines for screening and assessment. We also consider an illustrative scenario
where there is a 20% reduction in mammography equipment requirements because of increases in
throughput time and no hard copy imaging.
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Table 2 Equipment costs per 10 000 women screened (UK £, 2002 prices)

Total annual cost per 10 000

Equipment items Quantity of equipment women screened (£)
Conventional mammography

Film handling system (mobile unit) 1.0 5519
Film handling and processing system 1.3 15 455
Cassettes 19 1921
Roller viewer 2.3 13178
Conventional mammography machine 2.1 21 358
Assessment mammography machine 0.3 3946
Total 61378
FFDM

FFDM system 24 146 389
Laser printer 24 14 575
Archiving system 24 23 928
Total 184 892

FFDM without hard copy imaging and
20% reduction in mammography equipment
requirements

FFDM system 1.9 117 111
Archiving system 2.4 23928
Total 141 039

3.2 Costs of consumables

Table 3 reports the unit cost of consumables to take one image per 10 000 women screened, based
on the assumption that each woman has four images taken at a screening session and two images at
assessment. The main component of consumable costs for conventional x-rays is the cost of x-ray
film. The consumable cost of producing hard copies of the digital images on laser imaging film was
similar to conventional mammography.

Table 3 Annual consumable costs per image and per 10 000 women screened (UK £, 2002 prices)

Consumables Baseline (£)
Conventional mammography

Chemical cost per film 0.03
X-ray film (18 cm x 24 cm) 1.02

Total cost per 10 000 women screened 42 961

FFDM

Laser imaging film per sheet 1.15
(18 cm x 24 cm)

Total cost per 10 000 women screened 47219
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3.3 Costs of storage space

In Table 4, estimates of the costs of storage for a clinic screening 10 000 women per year are pre-
sented. Storage costs varied considerably, depending on the size of the storage room. At one clinic,
storage was provided on roller storage racks, which reduced the amount of space required. With
FFDM, if hard copies are made of images then storage costs are likely to be similar to conventional
mammography as it is assumed that they would also have to be stored for a nine year period.

Table 4 Annual cost of storage space per 10 000 women screened (UK £, 2002 prices)

Storage space cost Baseline
Capital charge per metre squared £95.48
Overhead cost per metre squared £10.43
Storage space required 88 m?

Total cost per 10 000 women screened £9361

3.4 Potential staff savings in processing and film handling time

The baseline estimate for savings in radiographers’ time from not having to process films with FFDM
was £8684 per 10 000 women screened. The baseline estimate for savings in radiographic assistants’
time from not having to load and unload the roller viewer was £1210. This has been calculated on
the basis of radiographic assistants’ time as stated in the methods.

3.5 Potential staff savings in administration time

The baseline estimate of administrative savings through not having to retrieve and replace records
from storage was £2800 per 10 000 women screened.

3.6  Overall results and sensitivity analysis

In Table 5, estimates of the total annual cost of each system are presented. The baseline estimate of
the total annual cost of equipment, consumables and storage per 10 000 women screened is £113 700
for conventional mammography. Minimum and maximum estimates of conventional costs are also
presented, reflecting the results of the sensitivity analysis: these were £85 286 and £147 839 respec-
tively.
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Table 5 Total cost of FFDM compared with conventional (UK £, 2002 prices)

Summary table Baseline (£) Minimum (£) Maximum (£)
Conventional

Film processing, handling, cassettes and roller viewer 36 074 29 070 45214
Mammography machines 25304 20 597 30924
Consumable costs 42 961 33 480 52 443
Storage space costs 9361 2138 19 259
Total cost 113 700 85 286 147 839
FFDM

FFDM system (including x-ray machines, gantries and 146 389 127 791 170 706
workstation)

Laser printer 14 575 11948 17 964
Archiving system 23928 18 675 27670
Consumable costs (laser printer) 47219 37775 56 663
Storage space costs 9361 2138 19 259
Potential staff savings from film handling and processing -9 894 -16 097 -3691
Total cost 231578 182 230 288 571
FFDM without hard copy imaging

FFDM system (including x-ray machines, gantries and 146 389 127 791 170 706
workstation)

Archiving system 23928 18 675 27670
Potential administrative staff savings from storage -2800 -3863 —1738
Potential staff savings from film handling and processing -9894 -16 097 -3691
Total cost 157 623 126 506 192 946

FFDM without hard copy imaging and 20% reduction in
mammography equipment requirements

FFDM system (including x-ray machines, gantries and 117 111 102 233 136 565
workstation)

Archiving system 23928 18 675 27 670
Potential administrative staff savings from storage —2800 -3863 —1738
Potential staff savings from film handling and processing -9894 -16 097 -3691
Total cost 128 345 100 948 158 805

At the two units piloting FFDM, hard copies were printed using laser printers. In this case, the cost
of the FFDM system per 10 000 women screened, including equipment, consumables and storage
and adjustment for potential staff savings from film processing and display, was £231 578 at baseline.
Minimum and maximum estimates were £182 230 and £288 571. Without hard copy imaging, the
cost of an FFDM system is substantially reduced and we estimated a total annual cost per 10 000
women screened of £157 623 at baseline. Minimum and maximum estimates were then £126 506
and £192 946 respectively.

Throughput may increase with FFDM systems, as radiographers no longer have to process films.
Without hard copy imaging, and assuming an increase of 25% in productivity with FFDM, we esti-
mated that the total annual cost per 10 000 women screened would be £128 345 (minimum estimate
£100 948, maximum estimate £158 805).
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4. DISCUSSION

Our results indicate that if there were no hard copy imaging of digital mammograms then the addi-
tional costs of an FFDM system would be largely offset by savings in film processing equipment
and consumables associated with films and storage, although FFDM would still cost more than
conventional mammography.

At baseline, we have assumed that the same number of mammography systems would be required to
screen 10 000 women, whether conventional mammography or FFDM is used. It may be that fewer
systems would be required with FFDM if throughput increased with an FFDM system. The results
from a hospital based clinic, where women having a mammogram change in the same room where
the mammogram is taken, indicate that a woman will spend 5—6 minutes in the mammography room
with FFDM. It is possible that throughput would be different in other settings such as mobile clinics
or if women change in adjacent cubicles.

There are a number of limitations to this study. Our estimate of FFDM equipment is based on indicative
prices, and the true costs of both the equipment and fully comprehensive maintenance contracts that
include detector plates are unknown. The costs of archiving systems are also likely to vary consider-
ably, depending on their capacity. In addition, a full analysis of the additional cost of the PACS and
RIS systems has not been undertaken and this could have a considerable impact on costs. Additional
logistical matters need consideration such as the clinical governance issue associated with not having
signed paper copies of clinical reports.

Our estimates of the cost of conventional mammography equipment required a number of assump-
tions about the amount of associated film handling, processing and display equipment. This will vary
between centres. Centres will also vary on the amount of time for which equipment is used and the
throughput of equipment. We have costed mammography machines on the basis of standard mam-
mography equipment for screening and assessment clinics. We have not included the use of mam-
mography machines for symptomatic clinics in this analysis. The cost of using additional equipment
(or accessories) for stereotactic biopsy has not been considered (stereotactic attachments for FFDM
are not currently available). Any additional costs for conventional consumables due to wastage from
technical repeats and spoiled film have not been included. In the sensitivity analysis, even when
equipment costs of conventional mammography were varied by 20%, conventional mammography is
still cheaper than FFDM and therefore the conclusions are likely to be robust despite the uncertainty
in our cost estimates.

FFDM could potentially reduce the need to recall women for repeat screens, 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. 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 savings and they have not been included in our cost analysis. Therefore, the costs of FFDM
may be overestimated.

Although we identified a number of potential savings in staff time with FFDM, further research would
be needed to test whether these could be realised in practice. For example, it is unclear whether the
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savings in staff time would increase capacity sufficiently to cope with the planned extensions in the
programme. There are other aspects of radiographic staff workload that may be affected by the intro-
duction of digital mammography that have not been included in the analysis. For example, although
there would still be a need for quality assurance with FFDM, some quality control mechanisms such
as checking the film processors and cassettes may not be necessary. Dark room activity may not be
necessary to make copies of films for transferring between centres and for use in teaching, although
this would depend on whether other centres adopt compatible digital technology.

Significant savings in administration time may be realised if a paperless system reduced the amount
of data entry and searching for women’s clinical records. However, there may be additional admin-
istrative staff costs associated with the RIS and PACS systems that have not been included in the
analysis as these costs are unknown at this stage.

In this study we identified international research that indicated that radiologists’ time would be similar
whether reading digital images on a soft copy workstation or reading conventional mammography
film. If clinics converted to an FFDM system, there would be a transitional period where women’s
previous images would be conventional film and new images would be digital. There are a number of
options available for viewing films in the interim period such as digitising previous films or alternat-
ing between a soft copy workstation and a hard copy display. Further research is needed to identify
the most cost effective option in the transition period. Introduction of computer aided detection tools
may also influence costs.

Other implications of soft copy images for radiologists include the possibility of reducing the need
for radiologists to travel between centres for film reading. For example, if they worked at two hos-
pitals, they could read films from another centre. Radiologists’ workload may also be affected if
FFDM reduces the need to recall women for assessment. Images could also potentially be transmit-
ted between centres for expert opinion and used in external quality assessment of the performance
of film readers.

This research indicates that the initial cost of FFDM is higher than for conventional mammography.
In the long run, if there was no hard copy printing of FFDM images and fewer FFDM systems per
10 000 women were required, the costs of FFDM and conventional mammography would be similar.
However, there are a number of limitations to this cost analysis as the true costs and clinical implica-
tions of implementing and running an FFDM system are still uncertain.

There are a number of potential clinical advantages to using FFDM compared with conventional
mammography, even if there is no difference in the number of cancers detected.* These include the
potential to reduce the radiation dose and health and safety benefits for radiographers through not
being exposed to the chemicals associated with the processing of conventional film.

Further research is required to assess both the clinical and economic impact of an FFDM system
compared with conventional mammography. Specific 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 and the impact on radiographers’ workload. Further research is also required to deter-
mine the best options for implementing FFDM, including the training requirements, the transition
to a paperless information system and the most cost effective method for reviewing films when new
images are digital and previous images are on film.
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