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intRoDuction
Breast cancer is the leading cause of cancer deaths in 
females.1 One pathway to reducing breast cancer mortality 
is early detection. To this end, many countries have imple-
mented breast cancer screening programmes. The evidence 
for mortality benefits of breast cancer screening is mixed,2 
and there is considerable ongoing debate about the balance 
of benefits and harms of these programmes.3,4 This debate 
extends into how to undertake mammography screening. 
In this article, we focus on the impact of a single reader 
(usually a breast radiologist) examining each female’s 
mammograms, denoted henceforth as "single reading," in 
comparison to having two readers examine the womens 
mammograms, known as "double reading." Many Euro-
pean countries employ double reading, while in the United 
States a single reader plus computer- aided detection (CAD) 
is more common.5–7 The European quality assurance guide-
lines for breast screening recommend double reading, with 
both readers blinded to the decision of the other whilst first 
assessing the female’s mammograms, followed by resolving 
discordant results by consensus between the two readers 
or third reader arbitration.7 They emphasize the greater 
importance of double reading when one of the readers is not 
yet specialized or examining sufficient volumes of mammo-
grams. In this review, we explore the evidence comparing 
single and double reading, focusing on the impact of 
blinding and consensus methods for discordant results. 
We examine outcomes such as test accuracy and types of 

cancer detected, and consider how these may be related to 
the benefits and harms of screening. We also consider the 
implications for future iterations of breast screening, such 
as tomosynthesis and artificial intelligence (AI).

The past: double reading using film-screen 
mammography
The majority of research on the impact of double reading 
has come from studies using film mammography. In a 
systematic review and meta- analysis, Taylor and Potts 
reported that double reading increased recall rates rela-
tive to single reading.8 Individual studies have suggested 
that 10–27% of the females who are recalled are done so 
by the second reader only.9–11 The ultimate impact on 
recall rate for females attending screening will depend on 
whether females with discordant results (recalled by one 
reader and not the other) are recalled for further tests. 
Recall rates inevitably increase when recall occurs when it 
is indicated by either reader.10 However, when consensus 
decisions or arbitration strategies are used, overall recall 
rates decrease.12,13 Recall rate is an important marker for 
false- positive recalls, which is the most common harm 
from breast cancer screening, and should be minimized as 
far as possible. Females often experience anxiety in the wait 
for follow- up tests, which can persist even after receiving 
her final results that there was no cancer.14 The mortality 
and morbidity benefits of screening are achieved through 
detecting cancer at an earlier stage when it is more amenable 
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ABStRAct

In this article, we explore the evidence around the relative benefits and harms of breast cancer screening using a single 
radiologist to examine each female’s mammograms for signs of cancer (single reading), or two radiologists (double 
reading). First, we briefly explore the historical evidence using film- screen mammography, before providing an in- depth 
description of evidence using digital mammography. We classify studies according to which exact version of double 
reading they use, because the evidence suggests that effectiveness of double reading is contingent on whether the two 
radiologists are blinded to one another’s decisions, and how the decisions of the two radiologists are integrated. Finally, 
we explore the implications for future mammography, including using artificial intelligence as the second reader, and 
applications to more complex three- dimensional imaging techniques such as tomosynthesis.
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to treatment, so cancer detection rate is linked to the benefits of 
breast cancer screening. However, some cancer types such as low 
grade ductal carcinoma in situ (DCIS) may be more associated 
with harm from overdiagnosis of clinically insignificant disease, 
so the type of cancers detected is an important measure of the 
potential benefits and harms of screening. In the aforementioned 
systematic review and meta- analysis, an increase in cancer detec-
tion rate was reported for double over single reading,8 with indi-
vidual studies reporting that 6–10% of cancers were not detected 
by the first reader.9,10,12,15 Some studies have suggested that 
the additional tumours detected in double reader programmes 
are smaller (<15 mm),16 and that the ratio of DCIS to invasive 
cancers is higher compared to single reader programmes.17 
Other studies have reported no statistically significant differ-
ences in the size or stage of cancers identified in single vs double 
reader strategies.9,18 However, this might have been driven by a 
lack of power to detect differences in these small studies; there 
was a trend towards small cancers and a greater proportion of 
DCIS being detected by the second reader. Some studies indi-
cate that double reading strategies require more resources than 
single reading strategies,17,19,20 but this relationship is heavily 
dependent on the recall rates, because an assessment clinic takes 
much more radiologist time than the initial examination of the 
mammograms.

A limitation of the evidence- base is that in clinical practice film 
mammography has now been replaced by digital mammog-
raphy.21,22 Randomized controlled trials have indicated that 
cancer detection rates are similar between the two approaches,23 
or slightly higher for digital mammography than film mammog-
raphy.24 Subgroup analyses has shown that compared to film 
mammography, diagnostic accuracy of digital mammography is 
higher for females who are younger than 50, with dense breasts or 
pre-/perimenopausal.25 Further, there is some evidence that the 
types of cancers missed by digital vs film mammography differ 
systematically.26 On this basis, the benefits and harms of double 
reading for film- screen mammography may not be generalizable 
to digital mammography.

The present: double reading using digital 
mammography
Within the last 3 years, five studies (one each from Denmark, 
Germany, Netherlands, Spain, and the UK) have compared 
single vs double reading using digital mammography within 
breast cancer screening programmes.27–31 There is considerable 
variability in the approaches and characteristics of the studies. 
For example, four studies were retrospective,27–29,31 and one was 
prospective.30 Data were collected over 1 year in two studies27,29 
and 2 years in three studies.28,30,31 Study samples ranged from 
25,57931 to 805,20627 females, who were between the ages of 50–
69,28,29,31 50–75,30 or 47–73.27 Recall was conducted following 
a mixture of consensus,31 consensus with arbitration,28,29 when 
either reader recommended it,30 or a mix of third reader arbitra-
tion, two reader consensus, and larger group consensus.27 In each 
of the studies, data were collected from breast cancer screening 
programmes, with mammographic interpretation conducted by 
trained readers (predominantly radiologists) who read at least 
500027–29,31 or at least 10,00030 mammograms per year.

The effect that the number of readers has on recall has been 
reported in four studies, with recall rates ranged from 3.0–4.8% 
for single reader to 3.1–6.2% for double reader strategies.27–30 
Within individual studies there is variation in which strategy 
resulted in higher recall, with some studies suggesting that the 
proportion of females who are recalled for further testing is 
greater when using double reader strategies,28,30 while others 
have suggested that recall rates are higher when using single 
reader strategies,29 or that the results are mixed.27 The variability 
can be explained by the range of different policies for managing 
discordant reader interpretations of mammograms. When recall 
was conducted as indicated by either one of the readers, double 
reading produced higher recall rates than single reading: 3.6% 
vs 3.0%30 and 6.2% vs 4.8%.27 Logically, this method of imple-
mentation will increase recall rates, as the second reader can only 
add to the tally of recalls. In studies that used consensus with/or 
arbitration, recall was generally (though not always)28 lower for 
double reader than single reader strategies.27,29 These strategies 
allow for further consideration of whether to recall, either by the 
same readers or others. The mechanism by which these systems 
impact on recall rates may be complex, explaining the hetero-
geneity. Individual readers may change their reading behaviour 
dependent on the strategy for discordant cases. For example, 
they may be more willing to recall more cases in a bid to increase 
cancer detection rates knowing they have a safety net of arbitra-
tion to remove inappropriate recalls. In general, it appears that 
double reading can reduce recall rates.

Cancer detection has been examined in five studies.27–31 In each 
of these, cancer detection rate was somewhat higher for double 
(5.2–8.8 per 1000 screens) than single reading (4.8–8.0 per 1000 
screens). Within- study differences in the cancer detection rates 
of single and double reading ranging from 0.1031 to 0.8330 per 
1000 screens. There is no consistent pattern to indicate that any 
one approach to recall (consensus with/or arbitration, when 
either reader recommends it) leads to greater cancer detec-
tion. Similarly, sensitivity has been reported to be somewhat 
higher for double reading (72.0–94.8%) than single reading 
(65.5–87.8%),28,29,31 and higher for double reading with either 
reader recalling (94.8%)28 than double reading with consensus 
(72.0–79.9%).29,31 In general, interval cancers appear to be less 
common with double reading (0.6–3.0 per 1000 screens) than 
single reading (0.9–6.1 per 1000 screens).27–29,31

Three recent studies have examined the characteristics of the 
cancers detected by different readers.27,28,30 Posso and colleagues 
retrospectively analyzed data from 28,636 females (aged 50–59 
years) who had participated in a biennial population- based 
breast cancer screening programme in Barcelona, Spain, and 
were followed up for 2 years.28 Comparing the additional 
cancers detected only by the second reader to those detected by 
a single reader, there was little difference in the stage of cancers. 
However, the additional cancers detected only by the second 
reader had a greater frequency of DCIS (54.5% vs 20.5%), and 
more small (<10 mm) cancers (54.5% vs 37.7%), and fewer with 
lymph node involvement (9.1% vs 21.6%) than those detected 
by a single reader. In a prospective study of 99,013 consecutive 
females (aged 50–75 years) who were taking part in the Dutch 
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nationwide biennial breast cancer screening programme, and 
who were followed- up for 2 years,30 there were few statistically 
significant differences between the characteristics of cancers 
detected by the first reader and the additional cancers detected 
by second readers (i.e. mammographic features, histology of 
invasive cancers, lymph node status, oestrogen receptor status, 
progesterone receptor status, or Her2/Neu receptor status). The 
only statistically significant difference was that of the cancers 
detected only by the second reader a greater proportion were of a 
lower tumour grade (59.0% vs 39.8%). These lower grade cancers 
are associated with a better prognosis. Like Posso et al,28 a some-
what greater proportion of the additional cancers detected by 
second reader than the first reader were DCIS; double reading 
resulting in an increase in the proportion of DCIS by 19% 
compared to 12% for invasive cancers. Further, compared to the 
first reader the second reader tended to detect more low grade 
DCIS (23.8% vs 15.7% of all cancers detected), with a greater 
proportion of the invasive cancers being small (<20 mm, 86.9 vs 
79.5% of all cancers detected). The trend towards second readers 
identifying smaller cancers and a higher ratio of DCIS to inva-
sive cancers is supported in a large retrospective study using 
data from 805,206 females who had taken part in the English 
breast cancer screening programme over 1 year.27 The authors 
found that cancers detected only by a second reader were more 
likely to be DCIS (30.5% vs 22.0%), and that they were of a 
lower grade (17.0% vs 8.9%). Further, the second readers iden-
tified invasive cancers that were significantly smaller (mean size 
14.2 vs 16.7 mm) and involved few nodes (1–2 nodes: 12.6% 
vs 17.8%) compared to those identified by the first reader. The 
mammographic appearance of DCIS is commonly microcalcifi-
cations, so the second reader appears to be systematically picking 
up smaller mammographic features and microcalcifications, 
which may either have been missed in the first readers search, 
or dismissed as low risk by the first reader. Smaller low grade 
tumours and low grade DCIS have been associated with overdi-
agnosis (the detection of disease that would not have caused 
harm during a person’s lifetime).32–34 The balance of benefits and 
harms of these extra cancers is currently unclear, including what 
proportion represent very early detection resulting in morbidity 
and mortality benefit, and what proportion are simply harmed 
by overdiagnosis of disease which would not have become symp-
tomatic within the female’s lifetime. This is dependent on the 
characteristics of the cancer detected, and the age and health of 
the female screened.

A small number of recent studies have considered factors that 
might influence recall and cancer detection. The first of these 
factors is mammographic breast density. Breasts are made up of 
a mixture of fibrous and glandular tissue and fatty tissue. Dense 
breast tissue (with a high ratio of fibrous and glandular tissue 
to fatty tissue) can mask cancers on mammograms.35 There is 
evidence to suggest that greater mammographic breast density 
is associated with lower programme sensitivity, and an increased 
risk of breast cancer (including interval cancers).36,37 Von Euler- 
Chelpin et al reported a non- statistically significant decrease in 
sensitivity with each increasing category of breast density, and 
that sensitivity was somewhat lower following single reading 
than double reading at all levels of mammographic density. For 

single reading, sensitivity was 71.3% at the lowest density cate-
gory (<25% fibroglandular tissue) and 40% at the highest density 
category (>75% fibroglandular tissue), compared to 76.9% in the 
lowest density category and 44% in the highest density category 
for double reading. A similar pattern was observed for false- 
positive recalls and interval cancers.29 Whilst one might assume 
that double reading is of more benefit in females with dense 
breasts, due to the increased difficulty of the mammography 
reading task, there is little evidence of such a systematic pattern.

A second factor that might influence recall and cancer detec-
tion in breast cancer screening programmes is reader pairings. 
Brennan and colleagues examined sensitivity, specificity, and 
correct interpretation of mammograms between exhaustive 
theoretical- pairings of readers using test sets.38 In this study, 12 
board certified radiologists interpreted three sets of 60 images 
with known outcomes (40 normal/benign cases, and 20 cancers). 
Performance was calculated for individual readers and every 
possible pair of readers, with single reader performance being 
compared against the average performance of pairs of readers. 
There was some variation in performance between the best, 
worst, and random pairs of readers. For both the best- and 
the random pairs, sensitivity, specificity, and the proportion of 
correct interpretations were significantly better that the cohort’s 
average single reader performance (and somewhat better for the 
best pairs compared to random pairs). In contrast, there was no 
significant difference in sensitivity between the worst pairs and 
the average single reader performance. This suggests that double 
reading might not always be better than single reading, and 
that it might be beneficial to randomize reader pairs. Optimi-
zation of pairings could be feasible; unfortunately, no data were 
available on which to determine these "best" pairs in this study. 
Caution is warranted in extrapolating from experimental studies 
to clinical practice, as some prior research has suggested little- 
to- no correlation between performance on test sets and clinical 
outcomes such as cancer detection and cancers being missed.39,40 
Some breast screening centres already strategically choose pair-
ings, or more junior and senior staff, and of high and low recall 
readers. Telemedicine provides increasing opportunities for this.

A third factor is blinding of second reader to the decisions of 
the first reader. Klompenhouwer et al compared outcomes in 
a prospective series of 87,487 mammograms from a biennial 
breast cancer- screening programme in the Netherlands.41,42 
In this study blinded and non- blinded double reading strate-
gies were alternated on a monthly basis, with females recalled 
if either reader recommended it. While no differences were 
observed between the strategies in terms of cancer detection 
rates or the positive- predictive value of recall, blinded reading 
led to an increased programme sensitivity (83.1% vs 75.5%) and 
a lower interval cancer rate (1.5% vs 3.1%) compared to non- 
blinded reading. However, this came at a cost of more females 
being recalled (3.3% vs 2.9%), a higher false- positive rate (25.8% 
vs 22.1%), more biopsies being carried out (17.4 vs 14.3 per 1000 
screens), and a higher benign biopsy rate (10.1 vs 7.7 per 1000 
screens). This finding is specific to systems where recall is if 
either reader recommends. Blinding leads to more independent 
decision- making, so more disagreements between readers. In this 
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system all disagreements result in recall, so blinding increases 
recall. In a system where there is arbitration of discordant results 
blinding may reduce recall, as it prevents an unblinded reader 
copying a decision to recall, which would effectively bypass the 
arbitration process.

In the 1960s, Smith introduced the term "alliterative errors" to 
describe the influence that readers can have on each other’s deci-
sion making.43 He posited that if a first reader misses an anomaly 
or places undue significance to a finding this might increase the 
likelihood of a subsequent reader drawing the same conclusion. 
There is a wealth of data suggesting that social influences play 
an important role in decision making, and that our beliefs and 
behaviours can be altered when we are faced with conflicting 
information from others (conformity).44 However, there are 
few studies of conformity in relation to medical practice. Kaba 
and colleagues conducted a series of experimental studies that 
used patient simulation models. They found that medical and 
nursing students reported diagnoses that corresponded to incor-
rect vital signs given by confederates rather than the correct 
vital signs,45,46 and that medical students were more likely to 
insert needles into an incorrect location on the knee when the 
skin had pre- existing insertion holes compared to unmarked 
skin.47 Schöbel and colleagues conducted a hypothetical medical 
decision- making study in which psychology students were asked 
to diagnose which of two diseases was present based on symp-
toms. They found a lower proportion of the participants deci-
sions reflected their own beliefs when a prior diagnosis was 
given by a (hypothetical) medical director (who had a higher 
hierarchical rank) compared to when a prior diagnosis was given 
by a (hypothetical) physician assistant (who was of equal hier-
archical rank). Direct data on the effect of social influences on 
performance in breast cancer screening studies are sparse. In the 
study by Klompenhouwer et al, discrepancies between readers in 
the interpretation of mammograms were more common during 
blinded reading than non- blinded reading (57% vs 30%).41 In 
our unpublished analysis of the CO- OPS trial, we have found 
similar patterns suggesting when unblinded the second reader 
may copy the first. Overall, there is some evidence that the full 
benefits of double reading are only realized with blinding.

FutuRe ReSeARch oPPoRtunitieS
One of the most anticipated evolutions of breast cancer screening 
is the potential for AI to replace the reader in examining the 
mammograms. There are many potential roles for AI, but we will 
only examine the potential for AI to replace the second reader 
here. The impact that this will have on overall accuracy is not 
straightforward, because of the complex interplay of factors we 
have already described in determining the accuracy of double 
reading. Measurement of the accuracy of the AI system itself 
is relatively straightforward using test sets with known cancer 
status. The impact of implementation of AI as second reader will 
depend on several factors. Firstly, blinding the reader to the deci-
sion of the AI system. If unblinded the reader may place too heavy 
reliance on the AI system, and align their decisions with those of 
AI. This removes some of the beneficial effects of double reading, 
so blinding the readers initial decision should be implemented. 
Secondly, if there is arbitration of discordant decisions between 

the first reader and AI. The accuracy of arbitration could be 
reduced if the arbitrating reader(s) have either too much or too 
little confidence in the accuracy of AI, in a similar manner to the 
alliterative errors and conformity described for double reading. 
The impact of tests is dependent on how clinicians interpret their 
results, and how they influence downstream decision- making.48 
Thirdly, if there is recall if either reader suggests, then there will 
be a requirement for very high specificity of the AI system to 
prevent the recall rate becoming unmanageably high. Fourthly, 
the variability between readers. In systems where very high recall 
readers have been systematically paired with low recall readers to 
control overall recall rates, replacing the second reader with AI 
will remove that safety net, which may result in increased recall 
rates. In fact, the introduction of an AI system with high test–re-
test reliability may in fact increase variability in the service given 
to females attending screening. To assess the impact of AI as a 
second reader requires a test–treat trial in which females are 
randomized to receive either the current double reading pathway, 
or the proposed double reading with AI pathway. This will allow 
measurement of reader behaviour reading mammograms, arbi-
trating discordant cases, and at the assessment clinic in the pres-
ence of AI in the pathway, and the impact on overall accuracy.

A second theme in breast screening research is a move towards 
three- dimensional imaging at the initial screen, either digital 
tomosynthesis or an abbreviated or fast version of MRI. These 
three- dimensional images take longer to examine, and so the 
cost of double reading is increased. There is some evidence that 
double reading is still beneficial when using digital tomosyn-
thesis.49 The lessons learned about the benefits of blinding, and 
the potential importance of reader pairing should be generaliz-
able to three- dimensional imaging. Similarly, the finding that the 
extra cancers detected by the second reader are more likely to 
be smaller and of better prognosis should also apply overall in 
three- dimensional imaging, although more research on this is 
required.

One of the most interesting and promising avenues for future 
research lies in reconsidering the fundamentals of breast cancer 
screening. How often should females be screened, at what ages, 
with what recall threshold? Some of the most interesting ques-
tions consider trade- offs in allocating the funding for breast 
screening. What system overall maximises benefit and minimizes 
harm? This paper has considered changes to a single screening 
round. Double reading provides a change in accuracy and poten-
tially recall threshold, with an increase in initial costs due to extra 
reader time. Similarly, tomosynthesis, and AI may affect accu-
racy and costs at each screening round. Increased investment 
in each screening round can increase cancer detection particu-
larly of early stage disease and DCIS through increasing number 
of readers or technological advances. How might investment 
in this strategy compare to reducing the time between screens 
(round length), or extending the ages of eligibility? Decreasing 
the screening round length provides enhanced opportunities to 
detect faster growing cancers, which may otherwise be missed 
due to length time bias. Mammography is an ineffective test in 
younger females, and mammography in older females is more 
likely to be associated with overdiagnosis. There is a complex 
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interplay between all of these screening variables and the bene-
fits and harms of breast screening. Future research should aim to 
make broad comparisons between strategies for implementing 
breast screening. Further, research which considers only a single 
screening round, such as research into double reading should 
maintain an emphasis on describing the characteristics of cancers 
detected and interval cancers, to allow careful extrapolation to 
the potential benefits and harms of breast cancer screening.

concluSion
Double reading in breast cancer screening has the potential to 
reduce false- positive recall rates and increase cancer detection 
rates. However, this is dependent on both readers independently 

examining the females’s mammograms for signs of cancer 
without knowledge of each others decisions, and an effective 
system of arbitration of discordant results. Replacing the second 
reader with AI will impact on the process of arbitration, and close 
examination of these effects will be critical to understanding the 
overall impact of AI in this role on women's outcomes from 
breast cancer screening.
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