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A B S T R A C T

Background: There are two competing methods for improving the accuracy of a radiologist

interpreting screening mammograms: computer aids (CAD) or independent second reading.

Methods: Bibliographic databases were searched for clinical trials. Meta-analyses estimated

impacts of CAD and double reading on odds ratios for cancer detection and recall rates. Sub-

group analyses considered double reading with arbitration.

Results: Ten studies compared single reading with CAD to single reading. Seventeen com-

pared double to single reading. Double reading increases cancer detection and recall rates.

Double reading with arbitration increases detection rate (confidence interval (CI): 1.02, 1.15)

and decreases recall rate (CI: 0.92, 0.96). CAD does not have a significant effect on cancer

detection rate (CI: 0.96, 1.13) and increases recall rate (95% CI: 1.09, 1.12). However, there

is considerable heterogeneity in the impact on recall rate in both sets of studies.

Conclusion: The evidence that double reading with arbitration enhances screening is stron-

ger than that for single reading with CAD.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

In many countries, including the UK, it is standard practice

for each screening mammogram to be viewed indepen-

dently by two readers who either confer on discordant

cases or refer them for arbitration. It is sometimes argued

that this ‘double reading’ is too expensive or too demand-

ing of radiologists’ time.1 An alternative is to use computer

programs that process digitised mammograms and alert

readers to possible abnormalities. A systematic review

identified six studies comparing computer aids (CAD) to

double reading but concluded that they were methodologi-
er Ltd. All rights reserved

8; fax: +44 20 7288 3322.
(P. Taylor).
cally flawed and the evidence was limited.2 This paper

takes a different approach: two sets of studies are

reviewed:

• studies comparing single reading with CAD to single read-

ing without CAD;

• studies comparing double reading to single reading.

We assess the impact of both interventions on cancer

detection and recall rate since an improvement in cancer

detection rate at the cost of an increased recall rate may not

present an enhancement of the screening test.
.
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2. Methods

2.1. Criteria for considering studies for this review

2.1.1. Types of studies
Prospective and retrospective studies where the intervention

was incorporated into routine screening work and all cases

selected only on the basis of the usual screening criteria were

included.

2.1.2. Types of participants
All the studies of women in a screening age range (aged

40 and above) were considered.

2.1.3. Types of interventions
Only the studies using commercially available CAD systems

were included. The studies of double reading in which the

second reader was a trained film reader but not a radiologist

were included.

2.1.4. Types of outcome measures
Only the studies reporting the impact of the interventions on

cancer detection rate and recall rate, or for which these could

be calculated or otherwise obtained were included.

2.2. Strategy for the identification of studies

The NLH PubMed database was searched using MeSH terms

‘mammography’ and either ‘diagnosis, computer-assisted’,

‘image processing, computer-assisted’ or ‘image interpreta-

tion, computer-assisted’, or the text string ‘CAD’, and using

MeSH term ‘mammography’ and text strings ‘double reading’,

‘second reading’ or ‘second reader’. Google Scholar, Biotech,

CINAHL, Embase, HMIC, Pyschinfo, Web of Science and Sci-

ence Direct were searched using the strings ‘mammography’

and ‘computer’ or ‘CAD’, and ‘mammography’ and ‘double

reading’. The online catalogue of the British Library and re-

cent proceedings of relevant conferences were searched. A

previous systematic review of double reading was identified

and its references were checked,3 as were references in re-

trieved papers.

2.3. Methods of the review

Retrieved articles were assessed against the pre-defined crite-

ria. Full copies of papers potentially meeting the inclusion cri-

teria were obtained. Each author separately extracted data

and differences were reconciled.

2.4. Statistical analysis

Four meta-analyses were performed for the impact of CAD

and double reading on cancer detection and recall.

Two designs are used in the studies of CAD. In some, the

radiologist’s assessment before viewing the computer

prompts is compared with their final assessment having

seen the prompts. The assessment, before and after using

CAD, is on the same mammogram, so we term these

‘matched’ studies. Other studies compare the performance

of mammography facilities before and after the introduction
of CAD. Different mammograms are interpreted in the two

conditions. These studies are ‘unmatched’. The meta-analy-

ses should take into account this design difference and com-

bine both the types of study. We use Becker–Balagtas

marginal estimated odds ratios.4 This method treats

matched data as if it was unmatched, but with a correction

to the estimated variance of the log odds. However, with

large sample sizes (as here) the correction is trivial and re-

sults are presented as if they are unmatched. Key results

were repeated using risk differences, with no correction for

matching. Meta-analyses were performed using the ‘metan’

command in Stata 8.2.5 We fitted fixed effects models (using

the Mantel–Haenszel method), but used random effects

models (DerSimonian and Laird method) when heterogene-

ity was high.

2.5. Subgroup analyses

Matched and unmatched studies of CAD were analysed sepa-

rately and together. Most UK centres do double reading with

consensus or arbitration on discordant cases. However, in

some studies, all discordant cases are retrieved, in others a

mixed strategy or a mix of strategies are used. Results for

these three subgroups (consensus/arbitration, unilateral and

mixed) were analysed separately and together.

3. Results

3.1. Description of studies

Ten prospective studies comparing single reading with CAD to

single reading without CAD were identified,6–15 and 17 com-

paring single reading with double reading.14–30

3.1.1. Studies comparing single reading to single reading with
CAD
The initial bibliographic searches for the studies of CAD iden-

tified 2012 citations, from which 210 abstracts were reviewed

and 21 papers retrieved. Of the retrieved papers not included,

four were excluded since the results they reported were con-

tained in other papers that were included,31–34 three de-

scribed studies comparing CAD to double reading rather

than single reading,35–37 and four were on selected cases not

an unselected sequence of screening cases.38–41

Table 1 summarises the 10 included studies: six matched

and four unmatched. One unmatched study also includes

comparative data on facilities that never adopted CAD.11 We

exclude this data but show the results of including it, and,

since this study generated some criticism,42 also show the re-

sults of excluding the study completely. In another paper,

cancer detection was assessed using a matched design and

recall rate using an unmatched design.8 This paper noted that

recall rate fluctuated over the study period: we used the figure

for the period over which the cancer detection rate was

measured.

Age of the screening population is given as a mean or med-

ian. Radiologists’ experience is given as a mean or a range.

Study duration is in months. There is one multi-centre study,

for this the range of durations at each site is given.11 All stud-

ies were conducted in the USA.
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3.1.2. Studies comparing single reading to double reading
Initial bibliographic searches for the studies of double reading

found 335 citations, from which 72 abstracts were reviewed

and 33 papers retrieved. Sixteen papers were excluded: four

based on data reported in papers already included,43–46 one

on selected cases and not an unselected sample of the screen-

ing cases47 and six that did not report the recall rate under

single reading.48–53 A study using pre-screeners was excluded,

since the intention was not to have all the films double-

read.54 One study compared programmes using double and

single reading using standardised detection rates.55 This

was excluded as the data are adjusted for prevalence and

could not be compared with the cancer detection rates used

elsewhere. Another study compared two approaches to dou-

ble reading,56 one compared double reading with analogue

vs double reading with digital57 and one reported the features

of cancers detected by the second reader.58

Table 2 summarises the 17 included studies. All use a

matched design: recall and cancer detection rate are mea-

sured under double reading and the performance of the first

reader is used as a proxy measure of single reading. In four

studies, data on the performance of the first reader are not

presented but recall and cancer detection rates for single

reading can be calculated on the assumption that half the dis-

cordant cases can be attributed to the first reader.17,19,22,29

One paper provides recall rates under single reading for

five readers who read 80% of the cases.23 The mean of these

values is used as the recall rate for single reading. The recall

rate under double reading was supplied on request by the

study author. In another study, the recall rate for single read-

ing was obtained from a subsequent review article.24 Deans

and colleagues report a recall rate for single reading for only

a subset of data: only these data are included.28 Two papers

published by Ciatto and colleagues overlap, data from the first

are included in the meta-analyses.25,43

Only two studies recorded the mean age of participating

women15,19; otherwise the age range is given. Only a few stud-

ies specified the years since the qualification of participating

readers, although others gave details of qualifications, special

training or volume of films read. In two studies, radiographers

were used as additional readers. In both, films could be third

read by additional radiologists.20,21 In two studies, only one

reader was an experienced mammographer, the other a gen-

eral radiologist.15,30

3.2. Data synthesis

Fig. 1 shows forest plots summarising the four meta-analyses.

3.2.1. Impact of CAD on cancer detection rate
Studies of the impact of CAD on cancer detection rate are

shown in Fig. 1a. There is no evidence of heterogeneity be-

tween or within the matched and unmatched studies: overall

test, v2(9) = 1.07, p = 1.00, I2 < 0.1%; testing between the two

sub-groups, v2(1) = 0.40, p = 0.53. None of the studies shows

a statistically significant increase in cancer detection rate

and neither group shows a pooled effect. The overall estimate

of the effect is an odds ratio of 1.04 (95% confidence interval

(CI): 0.96, 1.13) that is not significant (v2(1) = 0.86, p = 0.35).

A similar result is found using a risk difference metric: the
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overall pooled estimate is 0.16 per 1000 (95% CI: –0.17, 0.48;

z = 0.93, p = 0.35). Using figures for all clinics, Fenton and col-

leagues produced a similar result, as did omitting the study

entirely.11

3.2.2. Impact of double reading on cancer detection rate
Fig. 1b shows the impact of double reading on cancer detec-

tion rate. There is no evidence of heterogeneity: overall test,

v2(16) = 5.1, p = 1.0, I2 < 0.1%; testing between the three sub-

groups, v2(2) = 1.4, p = 0.50. Although individually the reported

effects are mostly not significant, the pooled estimate is sig-

nificant (95% CI: 1.06, 1.14; v2(1) = 23.5, p < 0.001). A similar re-

sult is found using a risk difference metric: overall pooled

estimate is 0.44 per 1000 (95% CI: 0.26, 0.62; z = 4.84,

p < 0.001). For arbitration/consensus studies, the overall

pooled estimate for the odds ratio is 1.08 (95% CI: 1.02, 1.15;

v2(1) = 6.2, p = 0.012) and the risk difference is 0.44 per 1000

(95% CI: 0.10, 0.79; z = 2.50, p = 0.012). For double reading with

arbitration, the number needed to treat is 2222 women

screened for each additional cancer detected.

3.2.3. Impact of CAD on recall rate
The evidence on the impact of CAD on recall rate (Fig. 1c) is

less clear. All the studies showed increased recall rates, but

there is a strong evidence of heterogeneity: overall test,

v2(9) = 148.1, p < 0.001, I2 = 94%. The matched studies do not

show heterogeneity: v2(4) = 3.6, p = 0.47, I2 < 0.1%. However,

the unmatched studies do: v2(4) = 143.6, p < 0.001; I2 = 97%. A

significant result is found on the test for heterogeneity if

either the study of Fenton and colleagues11 or the study of

Gur and colleagues12 are included, but the other papers are

mutually consistent.

The overall pooled estimate for the odds ratio is 1.10 (95%

CI: 1.09, 1.12), which is significant (v2(1) = 130.3, p < 0.001), as

are the estimates for the matched and unmatched studies sep-

arately. The marked difference between Fenton and col-

leagues, Gur and colleagues and the other large studies is

unexplained. However, the matched studies clearly show an

increased recall rate and the sub-total pooled result is our best

estimate of that effect (OR = 1.13; 95% CI: 1.08, 1.17), or ex-

pressed as a risk difference, 10.08 per 1000 (95% CI: 6.59, 13.56).

Using the data for all clinics in the study of Fenton and col-

leagues, pooled estimates and heterogeneity are reduced, but

remain significant. The odds ratio for the unmatched studies

would be 1.04 (95% CI: 1.01, 1.06), the overall pooled estimate

1.05 (95% CI: 1.03, 1.06). A similar result occurs if we omit this

study entirely.

Given the remaining unexplained heterogeneity, a random

effects model was also fitted. All the pooled estimates

(matched, unmatched and overall) remain significant, the

overall pooled estimate of the odds ratio being 1.13 (95% CI:

1.05, 1.23). A similar result is found if the study of Fenton

and colleagues is omitted.

3.2.4. Impact of double reading on recall rate
Studies of the impact of double reading on recall rate are

summarised in Fig. 1d. There is clear evidence of heterogene-

ity: overall test, v2(16) = 925.7, p < 0.001, I2 = 98%. There is het-

erogeneity between the three groups (v2(2) = 513.5, p < 0.001)

and within each of the groups (for arbitration/consensus
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studies, v2(7) = 306.5, p < 0.001, I2 = 98%; for mixed studies,

v2(2) = 8.6, p = 0.014, I2 = 77%; for unilateral studies, v2(5) =

97.2, p < 0.001, I2 = 95%). It appears that different centres have

different attitudes towards recall rate.

All the mixed and unilateral studies show increases in re-

call rate. Overall, arbitration studies show a decrease, but two,

including one of the largest studies,23 show a significant in-

crease. For this study, recall rates under single reading were

based on the five readers who read 80% of the cases. These,

presumably more experienced, readers may have had a lower

recall rate, biasing the comparison in favour of single reading

which would explain why the result stands out. However, if

this study is omitted, the arbitration studies still show heter-

ogeneity (I2 = 97%).

Just considering arbitration studies, the overall pooled esti-

mate for the odds ratio is 0.94 (95% CI: 0.92, 0.96; v2(1) = 30.1,

p < 0.001). As a risk difference, this is a reduction of 2.67 per

1000 (95% CI: –1.72, –3.62; z = 5.49, p < 0.001). These analyses

were repeated using random effects models. The pooled esti-

mate for arbitration/consensus studies is lower, but a larger

confidence interval means that the result is marginally not

significant (OR = 0.87; 95% CI: 0.75, 1.02; z = 1.67, p = 0.095).

4. Discussion

4.1. Impact of CAD and double reading on cancer detection
and recall rate

Matched CAD studies measure its impact more directly, com-

paring assessments on individual images before and after
  Odds ratio
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reading on cancer detection rate. (c) The impact of CAD on reca
looking at prompts. Although all of these studies show an

improvement in cancer detection rate, none shows a statisti-

cally significant improvement and their combined effect is

not statistically significant. Since it is impossible to detect

fewer cancers after taking a second look than that were de-

tected initially, these studies are biased in favour of CAD.

They will not detect if unprompted cancers that might other-

wise be detected are missed. Improvements which fail to

achieve significance are therefore not necessarily promising.

The unmatched studies seem a more rigorous test. These

studies, however, are susceptible to criticism. If the impact

of CAD is assessed too soon after its introduction, results

may be affected by a temporary drop in specificity as readers

adjust to working with the prompts. Studies with longer

assessment periods might also fail to detect a benefit since

the extra cancers detected, when CAD was introduced, are

not available to be detected later and the earlier detection is

not revealed by a comparison of detection rates.

Particular criticism has been levelled by Fenton and col-

leagues.42 We found that the cancer detection rates in this

study are consistent with others and its omission does not

change our conclusion. Fenton and colleagues do find an

unusually high recall rate, but omission of the study still pro-

duces a significant increase in recall.

The design of the double reading studies is similar to that

of the matched studies of CAD: an audit in centres using dou-

ble reading identifies cancers only detected by the second

reader. Two studies record cancers which would have been re-

called under single reading that were missed under double

reading with arbitration.16,19 Only two studies show a statisti-
 2.15878
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cally significant improvement in cancer detection rate due to

double reading28,30; however, the meta-analysis shows a clear,

statistically significant improvement. The pooled estimate

suggests an extra 0.44 cancers detected per 1000 women

screened.
4.2. Comparing the effects of CAD and double reading

Comparing pooled estimates of the effect sizes, the overall

picture for double reading is that recall rate is increased, but

it is lowered for double reading with consensus/arbitration.
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Fig. 2 shows the confidence intervals for double reading with

consensus/arbitration and for CAD. For cancer detection rate,

the confidence interval for CAD mostly overlaps with that for

double reading with arbitration. However, there is a clear dif-

ference on recall rate, which is significantly better for double

reading with arbitration than for CAD. Even if CAD and double

reading produce similar improvements in cancer detection

rates, the reduced recall rate is a substantial advantage for

double reading with arbitration.

The review also demonstrates the importance of arbitra-

tion/consensus in double reading. The introduction of an

arbitration step allows the readers to identify cases with min-

imal signs knowing that they will be reviewed and discussed

by colleagues and only a proportion recalled. Eliciting extra

assessments for difficult cases in this way allows a more effi-

cient decision threshold to be maintained. A unit staffed by

readers with different levels of experience should think care-

fully about which readers should work together and who

should do the arbitration. Brown and colleagues carried out

a cost-effectiveness analysis following their comparison of

single reading and double reading with consensus.18 They ex-

tended their analysis to include double reading without con-

sensus, assuming that all women marked for recall by either

reader would have been recalled. Consensus double reading

was cheaper than single reading, saving £4853 per 10,000
women screened, whereas simple double reading costs

£19529 more than single reading (costs based on 1994 prices).

There is unexplained heterogeneity in recall rate effects.

Analysis is shown using fixed effects and a random effects

model. A random effects approach yields enlarged confidence

intervals. The increase in recall rate for CAD is significant, but

not the decrease for double reading with arbitration. However,

the effect of double reading remains better than that for CAD.

CAD might be preferable to double reading on cost

grounds. However, even slight increases in recall rates weak-

en this argument if they rest on the value of time saved by not

double reading. It takes approximately 20 s to read a mammo-

gram, but 1 h to deal with a woman recalled from screening.36

It is worth noting that all the included studies of CAD but

only three of the studies of double reading were conducted

in the United States. There are differences in how screening

operates in different countries and these might affect the im-

pact of interventions such as CAD or double reading. Smith-

Bindeman and colleagues reviewed differences between the

UK and US screening programmes (of the 17 studies of double

reading, five were conducted in the UK).59 They found that re-

call rates were twice as high as in US but that the cancer detec-

tion rates in the two countries were similar. Women are

screened more frequently in the US than in the UK (between

the ages of 50 and 60, a woman being screened in the US will



Odds ratio

Cancer detection rate

Recall rate (fixed effects model)

Recall rate (random effects model)

CAD (0.96, 1.13)

Double reading with arbitration (1.02, 1.15)

CAD (1.09, 1.12)

Double reading with arbitration (0.92, 0.96)

CAD (1.05, 1.23)

Double reading with arbitration (0.75, 1.02)

1.0 1.1 1.2 1.30.90.8

Fig. 2 – 95% confidence intervals for the pooled estimates of the effect sizes for the impact on cancer detection rate and recall

rate of double reading with arbitration and of single reading with CAD.

E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 7 9 8 – 8 0 7 805
average 7 screening visits compared to 3 in the UK) and more

small and in situ cancers are detected. In addition to practising

double reading, the UK programme enforces strict quality

assurance criteria (UK radiologists read 5–7 times as many

films annually as their US counterparts) and is under less pres-

sure from malpractice litigation. It is unclear how these differ-

ences might affect the impact of CAD or double reading.

4.3. Implications for future research

Researchers have argued for an RCT to determine whether

single reading with CAD is equivalent to double reading. Such

a trial would provide more direct evidence than our review.

However, a trial is only justified if we are in a state of equi-

poise about the two approaches. This review suggests

otherwise.

Cancer detection rate is correlated with recall rate. One

estimate is that each 1% added to the recall rate leads to

0.22 extra detections per thousand.60 Our pooled estimates

are in line with this, suggesting that CAD may change the

threshold for recall rather than improve the accuracy of

screening. The unexplained heterogeneity observed in recall

rates should also be investigated.

The limited impact of CAD is surprising. It prompts for

cancers that radiologists miss, but the prompts do not always

affect decision-making. It is often assumed that their impact

is diminished by the high number of false positive prompts

and that CAD developers must improve specificity. That

assumption should be addressed in future research.

5. Conclusion

There is evidence that double reading increases cancer detec-

tion rate and that double reading with arbitration does so
whilst lowering recall rate. There is insufficient evidence to

claim that CAD improves cancer detection rates, but it does

increase recall rate. Comparing CAD and double reading with

arbitration, there is no difference in cancer detection rate, but

double reading with arbitration shows a significantly better

recall rate. Therefore, the best current evidence shows

grounds for preferring double reading to single reading with

CAD.
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