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Abstract
Objective-To compare mammography reading

by one radiologist with independent reading by two
radiologists.
Design-An observational non-randomised trial

at St Margaret's Hospital, Epping.
Subjects-33 734 consecutive attenders for breast

screening in the main trial and a sample of 132
attenders for assessment who provided data on
private costs.
Interventions-Three reporting policies were

compared: single reading, consensus double read-
ing, and non-consensus double reading.
Main outcome measures-Numbers of cancers

detected, recall rates, screening and assessment
costs, and cost effectiveness ratios.
Results-A policy of double reading followed by

consensus detected an additional nine cancers per
10 000 women screened (95% confidence interval 5 to
13) compared with single reading. A non-consensus
double reading policy detected an additional 10
cancers per 10000 women screened (95% confidence
interval 6 to 14). The difference in numbers of
cancers detected between the consensus and non-
consensus double reading policies was not significant
(95% confidence interval -0*2 to 2.2). The proportion
of women recalled for assessment after consensus
double reading was significantly lower than after
single reading (difference 2-7%; 95% confidence
interval 2*40/o to 3.0%/). The recall rate with the non-
consensus policy was significantly higher than with
single reading (difference 3 0%; 25/5% to 3 50/).
Consensus double reading cost less than single
reading (saving £4853 per 10000 women screened).
Non-consensus double reading cost more than single
reading (difference £19 259 per 10 000 women
screened).
Conclusions-In the screening unit studied a con-

sensus double reading policy was more effective and
less costly than a single reading policy.

Introduction
There has been much discussion recently about the

unacceptable incidence of interval cancers-that is,
cancers diagnosed between screening examinations
within the NHS breast screening programme.' In
addition, variation in the results of breast cancer
screening trials has been a subject of debate.2 For
example, the Swedish two counties trial3 and the
Nijmegen study4 showed clear reductions in mortality
whereas some other studies whose results emerged
later did not show the same success.5-7 One factor
which may account for the different results is the
quality of screening, in terms of both the technology
used and the ability of radiologists to interpret the
mammograms. To date, published work lacks dis-
cussion of the reporting practice within these trials
and the implications for the effectiveness of breast
screening.
Viewing of screening mammograms by a second

reader was not recommended in the Forrest report.8
However, double reading is increasingly being prac-
tised by screening units within the NHS breast

screening programme as a consequence of reports
suggesting that double reading may increase the
number of cancers detected by some 9-15%.9'° A
second reading may, however, add to the cost of
screening.
Under the NHS breast screening programme, if an

abnormality is detected in a woman's screening mam-
mograms she is recalled for further assessment by a
combination of further mammography, clinical ex-
amination, ultrasonography, and cytology, which will
lead to a decision to discharge to routine screening or
biopsy. Double reading is likely to lead to one reader
recommending recall for further assessment and the
other not. Consensus may then be reached by discussion
between the readers or by review by a senior radiologist.
An alternative double reading policy when the first and
second readings differ would be to recall all the women
recommended for recall. This, however, would add to
the cost of a double reading policy. Clarke and Fraser
estimated that up to 13% of the health service costs of
screening are incurred at the assessment stage."
We investigated whether a second, independent

reading of mammograms by a radiologist is a cost
effective means of detecting additional cancers. So far
as we know this is the first investigation of the cost
effectiveness of double reading of mammograms in a
breast screening programme. The cost effectiveness of
double reading and consensus and the cost effective-
ness of double reading and recalling all women recom-
mended for recall, regardless of whether there was
agreement between the first and second readings, was
compared with the cost effectiveness of a single
reading. The research was undertaken within the
breast screening programme at St Margaret's Hospital,
Epping.

Methods
We compared three strategies for reporting within a

breast screening programme.
Strategy A: single reading-With strategy A mam-

mography reporting is undertaken by one radiologist
on a single reading. Recall for assessment is decided on
the basis ofthe one reading.

Strategy B: consensus double reading-With strategy
B mammography reporting is undertaken independ-
ently by two radiologists. Ifone recommends recall and
the other does not, then either the senior consultant
radiologist decides or (if the other reader is available)
the final decision for recall is reached by discussion
between the two readers.

Strategy C: non-consensus double reading-With
strategy C mammography reporting is undertaken
independently by two radiologists but the woman is
recalled even if recall is recommended by only one.
An incremental economic analysis was undertaken

which sought to identify the additional costs and
additional effectiveness of changing from strategy A to
either strategy B or strategy C. Many mammography
screening centres in the United Kingdom use strat-
egy A.
We adopted an observational research design. The

study was undertaken in the context of a prevalence
screening round of the NHS breast screening pro-
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gramme, which routinely invites women aged 50-64.
We studied a consecutive series of 33734 women
attending St Margaret's Hospital for breast screening
between November 1987 and March 1991. Most of
these women (78%) had two view mammography (that
is, mediolateral-oblique and craniocaudal views of each
breast) and the remainder single mediolateral-oblique
views. Six radiologists took part and read first or
second at random. The senior radiologist (RW) read all
the mammograms and the other radiologists read
variable numbers. All the readers were still within their
first 10000 mammograms. The mammography
machines were Siemens, CGR, and Philips and the
film-screen combination, chemicals, and processors
were Kodak.

EFFECTIVENESS

All mammograms were read independently by two
radiologists, and each judged whether the woman
should be recalled for further assessment. The actual
recall decision in the service setting was made accord-
ing to strategy B. The recall rate for the first radiologist
to report provided data for the recall rate under
strategy A. Data on the recall rate for strategy C were
obtained by assuming that all women would have been
recalled had recall been recommended by at least one
of the radiologists.
The principal measure of effectiveness was the

number of cancers detected. The actual cancers detect-
ed by assessment provided data on the number of
detections associated with strategy B. Data on the
numbers of cancers that would have been detected
under strategies A and C were estimated from the
actual cancer findings by assessment under the service
setting of strategy B and the monitoring of interval
cancers. All the women in the study were offered at
least one further invitation to screening after three
years and cancers were identified through the Thames
Cancer Registry. Interval cancer information should
therefore be complete. Differences in cancer detection
rates were estimated per 10000 women screened, as
this denominator is broadly equivalent to the number
of women screened each year by the local programme
in Epping.

Differences between strategies in recall rates and
cancer detection rates are presented with 95% con-
fidence intervals for observed differences between
proportions for paired cases.2

COSTS

The objective of the costs analysis was to identify
and estimate all additional resources associated with
strategies B and C compared with strategy A. A broad
perspective was adopted which considered not only the
costs incurred by the health service but also those
incurred by the women themselves. All costs were
standardised to April 1994 prices by means of the
health services price index.

Health service costs
The additional health service costs relate to second

reading and reporting of the mammograms by the
radiologists (strategies B and C) and the consensus
process (strategy B). In addition, differences in recall
rates among the three strategies have implications in
terms of the number ofwomen assessed and thus total
assessment costs. The additional health service costs
associated with the second reading and reporting of
mammograms and with the consensus process were
estimated by considering the labour, overheads, and
capital items concerned.'3 Data on the time taken by
radiologists to read and report a mammogram were
obtained by observing two radiologists who indepen-
dently reported a total of 1980 images in 678 minutes.
The cost of the consensus process under strategy B

was incurred only when recall was recommended by at
least one reader. The proportion of women for whom
recall was recommended by at least one reader was
taken from the clinical dataset. On the basis of
estimates by clinicians in the study an assumption was
made that for two thirds of these cases the cost of the
final recall decision was equivalent to the cost of a
further reading by the senior radiologist. The cost for
the remaining third was assumed to be equivalent to
the cost of a further reading by both readers.
The procedures required for further assessment

after one view screening differ from those after two
view screening.'3 The expected cost of assessment was
estimated by taking account of the proportion of
women who had one and two view screening and the
differential costs of assessment after one and two view
screening identified by Bryan et al.'3 Full details of
the assessment procedures and costings were given by
Bryan et al.

Private costs ofassessment
Private travel and time costs relate to costs incurred

by the women and their companions in attending the
assessment clinic. Data were collected on the time
incurred and travel arrangements for the clinic visit.
These data were obtained by a standardised question-
naire similar to that adopted in other screening
evaluation projects.'"" The questionnaires were
distributed to a separate sample of 150 consecutive
attenders at St Margaret's Hospital during autumn
1992. Private costs were calculated by methods similar
to those reported for other screening evaluations.'6 We
did not collect data on the sex of companions and
assumed that all were men and that all gave up work
time.
The additional total cost of strategy B compared

with strategy A was estimated as (1) nx l{sl - (rA-rB)
(a1+a2)} and the additional total cost of strategy C
compared with strategy A was estimated as (2) nx{s2-
(rA-rc) (al+a2)}, where n=the number of women
screened; sl=the additional health service cost of
second reading, reporting, and consensus where neces-
sary; s2=the additional health service cost of second
reading and reporting; al=the health service cost of
assessment; a2=the private cost of assessment; rA=the
recall rate under strategy A; rB=the recall rate under
strategy B; and rc=the recall rate under strategy C.

SENSITIVITY ANALYSIS

The purpose of the sensitivity analysis was to test the
robustness of the study results to changes in the most
uncertain parameters. The threshold at which the costs
of strategies A and B were similar was identified by
varying the additional cost of the second reading,
reporting, and consensus (sI) under strategy B.
The effect of reducing the recall rate under strategy

A was also investigated. We recognised that each
reader in the study knew that a second radiologist
would read the film and that all queries would be
reviewed. This may have introduced bias towards
overestimation of the true recall rate with strategy A.
In the sensitivity analysis, therefore, the recall rate
with strategy A was assumed to be 4-64%, which was
the lowest recall rate reported for the NHS breast
screening programme by Chamberlain et al. 7

Results
EFFECTIVENESS

Table 1 shows the recall rate with each strategy
investigated. The recall rate with strategy B was
significantly lower than that with strategy A (table 2).
In addition, the recall rate with strategy C was
significantly greater than that with strategy B (table 2).
The actual number of cancers detected by double
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reading and consensus was 269 (strategy B, 80 cancers
detected per 10 000women screened). Only 239 cancers
would have been detected had the actual recall decision
been based on the recommendation of the first reader
(strategy A, 71 cancers detected per 10000 women
screened). A total of 272 cancers would have been
detected had all women recommended for recall by
either radiologist actually been recalled (strategy C, 81
cancers detected per 10 000 women screened). Table 2
shows that significantly more cancers were detected
with strategies B and C than with strategy A. However,
the difference in cancers detected between strategies C
and B was not significant.

COSTS

Table 1 summarises the parameter values used in
equations (1) and (2) to estimate the additional costs of
strategies B and C compared with A.

Health service costs-Table 1 shows the additional
health service cost associated with a second reading,
reporting, and consensus. This was calculated on the
basis that two films were required on average for each
woman. Table 1 also shows the expected cost of
assessment. For a population of 10 000 women screened
strategy B was associated with a lower total health
service cost than strategy A. Strategy C, on the other
hand, had a higher health service cost than strategy A
(table 3).

Table 1- Value ofparameters used in equations (1) and (2)
(see text) to calculate cost ofstrategies B and C compared
with A

Parameter Value

No of women screened (n) 10000
Health service costs (f):
Second reading, reporting, and consensus (s1) 0-69
Second reading and reporting (s2) 0.62
Assessment (a,) 36-23

Private costs: (E):
Assessment (a2) 43.53

Recall rates (%):
Strategy A (rA) 6.9
Strategy B (rB) 4.2
StrategyC (rc) 99

tStrategy A single reading, strategy B consensus double reading,
strategy C non-consensus double reading.

Table 2-Percentage differences in recall rates and number of cancers detected with
alternative strategies

Difference in cancers detected per
Percentage difference in recall rate 10000 women screened (95%

Strategy (95% confidence interval) confidence interval)

B compared with A -2.7 (-2.4 to -3-0) 9 (5 to 13)
C compared to A 3.0 (2-5 to 3-5) 10 (6 to 14)
C compared to B 5.7 (5-2 to 6.2) 1 (-0-2 to 2-2)

Table 3-The costs and cost effectiveness ratios, per 10 000 women screened, for the base
case

Additional cost (E) per addiional cancer
Difference in cost (E) detected

Excluding private Including private Excluding private Including private
Strategy costst costst costst costst

B compared with A -2882 -4853 t $
C compared with A 17 069 19 259 1 707 1 926

tPrivate costs were those incurred by women and their companions.
*Strategy B was dominant over strategy A-that is, it produced savings and detected more cancers than
strategy A.

Private costs of assessment-One hundred and thirty
two (88%) ofthe 150 questionnaireswere completed and
returned. The average cost incurred by women and
their companions in attending the clinic for further
assessment was £43.53 (SD £30.29). Average travel
costs were £l10.74 and the average time costs £32.75.
Including private costs therefore increased the cost of
assessment to £68.98. Table 3 shows that for a
population of 10000 women screened strategy B was
still associated with a lower cost than strategy A when
private costs were included. As expected, the inclusion
of private costs increased the total cost of strategy C
compared with strategy A.

COST EFFECTIVENESS ANALYSIS

Strategy B was dominant over strategy A in that it
was more effective and less costly. Strategy C was more
effective than strategy A but was also more costly.
Hence incremental cost effectiveness ratios were cal-
culated by dividing the additional cost of strategy C by
the additional number of cancers detected. These are
shown in table 3. As strategy C was not found to be
significantly more effective than strategy B and was
associated with higher cost, the subsequent analyses
were exclusively on the comparison of strategies A
and B.

SENSITIVITY ANALYSIS

Focus for the sensitivity analysis was on the effect of
parameter changes on the difference in health service
costs between strategies B andA and on the incremental
cost effectiveness ratios. The results presented exclude
private costs. The direction of change was the same
whether private costs were included or not. The cost
of second reading, reporting, and consensus under
strategy B had to be increased from the base case
estimate of 69p to 98p (42% increase) before the costs
of strategies A and C were the same. Similarly, the cost
difference between strategies A and C was sensitive to
changes in the additional cost of second reading and
reporting under strategy B. A change from the base
case estimate of62p to 91p (47% increase) was required
before the costs of strategies A and C were the same.
The greater the difference in recall rates between

strategies A and B the more likely were the savings in
assessment visits to outweigh the cost of second
reading, reporting, and consensus. Hence when the
recall rate of strategy A was reduced to 4-64% the
savings from the decrease in number of assessment
visits were reduced and strategy B became the more
expensive option. The additional cost of strategy B was
then £5306 and the incremental cost effectiveness ratio
was £590 per additional cancer detected.

Discussion
In the screening unit studied a second reading of

screening mammograms was more effective in terms of
early cancer detection than a single reading. The
adoption of strategy B in place of a single reading led to
13% more cancers being detected. These findings
accorded with those reported elsewhere.910 The results
indicate no significant difference in numbers of cancers
detected between strategies B and C. This may,
however, be due to the fact that the sample size was
insufficient to detect a significant difference. Infor-
mation on the size, grade, and nodal status of the
screen detected and interval cancers has been pub-
lished."8 Warren and Duffy also give information on
the effect ofreading ability and experience on the recall
rates and cancer detection.'8

In economic terms strategy B was dominant over
strategy A in that it detected more cancers and had a
lower cost. The lower cost of strategy B can be
explained by its lower recall rate. The additional costs
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Key messages

* Screening mammograms are increasingly
being viewed by a second reader, but this is not a
requirement in the United Kingdom
* Double reading of screening mammograms
detects more cancers than does single reading
* Double reading with consensus reduces
recall rates and has a lower total cost than single
reading
* Breast screening units should consider
adopting consensus double reporting for the first
screening examination in order to improve
efficiency
* Double reading with consensus is also likely
to confer benefits at subsequent screening ex-
aminations, though the magnitude and cost
effectiveness of these benefits are not known

of double reading and consensus under strategy B were
more than offset by savings in assessment costs.
Strategy B was associated with a lower cost than
strategy C, and the observed difference in effectiveness
was not significant.
When considering implementing a double reading

policy with consensus it is important also to consider
the reduced anxiety in women who would otherwise
unnecessarily be recalled for further assessment. That
over three quarters of women sampled were accom-
panied to the assessment clinic may reflect such
concerns.
The results were sensitive to an increase in the cost of

double reading and reporting. Anderson et al, how-
ever, estimated that radiologists could read mammo-
grams roughly twice as fast as in this series.5 This
would suggest even greater savings with strategy B
compared with strategy A and thus adds weight to our
findings.

It was also recognised in the sensitivity analysis that
each reader knew that a second radiologist would be
reading the mammograms. This may have introduced
bias whereby the single recall rate was overestimated.
Thus in the sensitivity analysis the single reader recall
rate was reduced to the lowest recall rate in the
NHS breast screening programme, as reported by
Chamberlain et al.17 Strategy B was no longer
dominant over strategy A. The cost effectiveness ratio
for strategy B was, however, comparatively small (C590
per additional cancer detected) with these alternative
assumptions. A truer comparison, however, could be
made within a randomised controlled trial.
The study design did not allow comparison of biopsy

rates with the alternative strategies. Thus we do not
know whether the number of benign biopsy samples
differed with each policy. The findings of Anderson

et al suggested that double reading without consensus
may cause a small increase in the number of biopsies,
which would have additional cost implications.5

In conclusion, consensus double reading of mam-
mograms is effective and cost saving when compared
with single reading. This study showed that cancer
detection rates were increased by 13% with consensus
double reading. The study, however, focused on the
prevalence screening round. It supports a policy of
consensus double reading rather than single reading at
the first screening examination. Consensus double
reading is also likely to confer benefits at subsequent
screening examinations but the magnitude and hence
cost effectiveness ofthese benefits are not known.
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ONE HUNDRED YEARS AGO
THE PREVENTION OF SUNSTROKE.

In the hot weather which we are experiencing a popular
knowledge of every precaution which can be adopted to
prevent an attack of heat apoplexy is of the highest value.
A timely hint from our Australian colonies has now been
opportunely reported. It appears that during January,
when 300 persons died of sunstroke, a Colonial Govern-
ment asked the Medical Board to issue appropriate
instructions for the avoidance of this grave disease. The
Board is stated to have declared that, of all predisposing
causes, undue indulgence in intoxicating liquor is the
most common and the most dangerous. Further, that

during the attack it is dangerous to employ intoxicants as a
remedy. We cordially endorse this opinion. In many cases
sunstroke has practically been alcohol stroke, and in other
cases an injudicious resort to alcohol therapeutically has
endangered the sufferer's life. Even by the abstinent,
under extreme heat conditions, it is essential that such
commonsense precautions as the wearing of appropriate
clothing, of light, non-radiating head-gear, and modera-
tion of exertion should be adopted. Undoubtedly cceteris
paribus, the strictly abstinent have the least risk of heat
apoplexy.

(BMJ 1896;i: 1 520.)
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