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Objective: The combination of mammography and/or ultrasound remains the
mainstay in current breast cancer diagnosis. The aims of this study were to evaluate the
reliability of standard breast imaging and individual radiologist performance and to
explore ways that this can be improved.
Methods: A total of 16 603 separate assessment episodes were undertaken on 13 958
patients referred to a specialist symptomatic breast clinic over a 6 year period. Each
mammogram and ultrasound was reported prospectively using a five-point reporting
scale and compared with final outcome.
Results: Mammographic sensitivity, specificity and receiver operating curve (ROC) area
were 66.6%, 99.7% and 0.83, respectively. The sensitivity of mammography improved
dramatically from 47.6 to 86.7% with increasing age. Overall ultrasound sensitivity,
specificity and ROC area was 82.0%, 99.3% and 0.91, respectively. The sensitivity of
ultrasound also improved dramatically with increasing age from 66.7 to 97.1%.
Breast density also had a profound effect on imaging performance, with mammographic
sensitivity falling from 90.1 to 45.9% and ultrasound sensitivity reducing from 95.2 to
72.0% with increasing breast density.
Conclusion: The sensitivity ranges widely between radiologists (53.1–74.1% for
mammography and 67.1–87.0% for ultrasound). Reporting sensitivity was strongly
correlated with radiologist experience. Those radiologists with less experience (and
lower sensitivity) were relatively more likely to report a cancer as indeterminate/
uncertain. To improve radiology reporting performance, the sensitivity of cancer
reporting should be closely monitored; there should be regular feedback from needle
biopsy results and discussion of reporting classification with colleagues.
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The standard diagnostic process for patients presenting
with breast symptoms is ‘‘triple’’ assessment of expert
clinical examination, imaging (mammography and/or
ultrasound) and, where necessary, needle biopsy [1]. This
study concentrated on the performance of the imaging
aspects of this assessment with respect to breast cancer
detection. As well as evaluating the overall sensitivity of
mammography and ultrasound we will demonstrate how
patient age and breast density affect imaging perfor-
mance. Finally, we will examine the differences between
the breast radiologists involved in this study with respect
to imaging sensitivity and thereby identify factors that
adversely affect performance and suggest ways in which
this can be improved.

Materials and methods

All new patients referred to a specialist breast clinic by
their GP from 1 January 2001 to 31 December 2006 were
identified using a dedicated database. The investigation
and management of patients was carried out according to
local department protocols, which have been adapted from
national guidelines [2, 3]. Following careful clinical breast
examination all patients over the age of 35 years under-
went bilateral mammography. The vast majority of
mammograms performed were analogue, with only an
estimated 12% being digital during the study period. Any
patient with a focal clinical or radiological abnormality had
a targeted ultrasound examination. The imaging results
were recorded on a five-point scale: 1, normal; 2, benign; 3,
suspicious but probably benign; 4, suspicious but probably
malignant; 5, malignant [4]. The mammograms were
interpreted and reported with knowledge of the clinical
examination findings. Ultrasound interpretation was
performed with the knowledge of both the clinical and
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mammographic findings. Mammographic breast density
was determined by the reporting radiologist using Wolfe’s
semiquantitative criteria [5]. Parenchymal patterns were
therefore assigned to one of four categories, as follows: N1,
lowest risk, parenchyma composed primarily of fat; P1,
low risk, parenchyma chiefly fat but with prominent ducts
occupying no more than one-quarter (in terms of volume)
of the breast; P2, high risk, prominent ducts occupying at
least one-quarter (in terms of volume) of the breast; DY,
breast typically contains extensive regions of homoge-
neous mammographic densities, which appear as sheet-
like regions.

Patients without suspicious clinical or imaging findings
were discharged from the clinic. Any patient with a cli-
nically suspicious or focal solid abnormality underwent
an ultrasound-guided core biopsy (CB). All patients who
underwent breast needle biopsy were subsequently dis-
cussed at a multidisciplinary meeting to decide future
management. All data were entered onto a dedicated
breast database, the Joint Clinical Information System
(JCIS). JCIS is an n-tier web-based clinical information
system supported by an SQL Server database. The system
was built in-house in partnership with the breast clinical
team using the i5 Web application and Microsoft tech-
nologies including Visual Basic. The system is designed to
assist in the management and care of cancer patients, by
providing tools for clinicians to enter coded data at the
point of care and to reuse that information for clinical
notes, letters, waiting time performance management,
clinical audit and research.

Following clinical examination and imaging with or
without biopsy, all patients were allocated to one of two
groups: those with a breast cancer diagnosis confirmed on
histopathology and those with no breast cancer diagnosis.

Statistical methods

The performance of mammography and ultrasound, by
age and mammographic breast density, was assessed by
calculating the sensitivity, specificity and area under the
receiver operating curve (ROC). An overall score of M4
or M5 for mammographic findings or U4 or U5 for
ultrasound findings was taken to mean that breast cancer
had been detected on imaging. Sensitivity was defined as
the percentage of women with breast cancer who were
correctly identified as having malignancy (reporting Cate-
gory 4 or 5), and specificity as the percentage of women
without breast cancer who were correctly identified as not
having malignancy (reporting Category 1, 2 or 3). Overall
performance, and that of the five consultant radiologists
who saw the most patients, was investigated. The joint
sensitivity of two or more diagnostic procedures was
defined as the proportion of women with breast cancer
correctly identified as having malignancy (overall report-
ing Category 4 or 5) by any one of the diagnostic
procedures. The joint specificity of two or more diagnostic
procedures was defined as the proportion of women
without breast cancer who were identified by each
procedure as not having the disease (overall reporting
Category 1, 2 or 3). The incremental effect on overall
sensitivity of adding a further diagnostic procedure to the
patient assessment process (in women who underwent
clinical examination, mammography and ultrasound) was

assessed by comparing the sensitivity and specificity of a
sequence of appropriate combinations (i.e. clinical exam-
ination alone vs clinical examination and mammography
vs clinical examination and mammography and ultra-
sound). Using breast cancer patients only, a logistic
regression model with cancer detected (yes/no) as the
dependent (y) variable and age and mammographic den-
sity as the explanatory (x) variables was used to estimate
sensitivity after adjusting for age and mammographic
breast density. The performance of the five main reporting
consultant breast radiologists was also compared, for
mammography and ultrasound separately. This study
formed part of a registered audit at our institution, and
did not require local ethics committee approval or patient
consent.

Results

During the 6 years of the study 13 958 patients were
referred for evaluation. 86% were referred only once
during the study period, 10.6% twice and the remaining
3.4% were referred on 3–9 separate occasions. Conse-
quently there were 16 603 separate assessment episodes,
which form the basis of this analysis. Clinical examination
was performed at 16 585 (99.9%) episodes, mammography
at 11 003 (66.3%) episodes and ultrasound at 10 849
(65.3%) episodes. 2816 CBs were performed and results
were recorded in JCIS in all but 124 (4.4%). A cancer
diagnosis was made on CB (B5 malignant result) in 1108
and surgical histology in 127 patients, of whom 65 had no
prior CB and 62 the prior CB result was not recorded. The
total number of cancers diagnosed in the study was
therefore 1235 (Table 1). The prevalence of breast cancer
increases markedly with age. A woman aged 90+ years
attending the symptomatic breast clinic is more likely than
not to have breast cancer (prevalence 52.94%)

Based upon a total of 11 003 examinations, the overall
mammographic sensitivity, specificity and ROC area
were 66.6%, 99.7% and 0.83, respectively. The sensitivity
of mammography improved dramatically with increas-
ing age from 47.6% in patients aged 30–39 years to 86.7%
in patients over 90 years (Table 2). Specificity fell with
increasing age but changed to a lesser extent than
sensitivity (99.9% in patients aged 30–39 years to 92.3%
in patients over 90 years). Similar trends were observed
with respect to ultrasound. Based upon 10 849 ultra-
sound examinations, overall sensitivity, specificity and
ROC area were 82.0%, 99.3% and 0.91, respectively. The
sensitivity of ultrasound improved dramatically with
increasing age from 66.7% in patients aged 30–39 years to
97.1% in patients over 90 years. Specificity also fell with
increasing age from 99.7 to 73.3% over the same patient
age range. The effect of breast density on mammogra-
phic and ultrasound performance is shown in Table 3.
Mammographic sensitivity fell from 90.1, to 45.9% with
increasing breast density. Ultrasound performance is
similarly, though less markedly, affected with a sensi-
tivity reduction from 95.2 to 72.0% with increasing breast
density. The incremental effect on sensitivity and
specificity of clinical examination, mammography and
ultrasound in the 10 999 patients undergoing all three
investigations is shown in Table 4. Mammography
increases sensitivity by 18.3% over clinical examination
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with minimal (0.1%) loss of specificity. The addition of
ultrasound further raises sensitivity by 9.8%, with only a
0.3% reduction in specificity. The results of the logistic
regression analyses with cancer detection as the depen-
dent (y) variable and age and mammographic breast
density as the explanatory (x) variables are shown in
Table 5. Both age and mammographic density are highly
significant in the model for mammography alone
(p,0.001 for both factors), with increasing age leading
to an increased chance of a breast cancer being detected
with clinical breast examination and/or imaging and
increasing density leading to a reduced chance of cancer
detection. The effect of ageing was similar for the other
two models (ultrasound alone and clinical assessment
plus mammogram and ultrasound) with odds ratios
(ORs) of 1.04 and 1.05, respectively. For a parenchymal
pattern, however, the effect was still significant (p50.02
and p50.05, respectively), but the reduction in chance of
a breast cancer being detected with increasing density
was less obvious. The major reduction in chance of breast
cancer being detected, for all three models, occurs
between the N1 and P1 categories. Since both age and
parenchymal pattern are significant in these models, this
indicates that the two factors have independent effects,

i.e. the improved detection rates in older women are not
fully explained by the fact that they tend to have less
mammographic density. The OR for age in the mammo-
graphy alone model suggests that the relative risk of a
woman with breast cancer having it detected by
mammography alone increases by 3% each year of age.
The beneficial effect of age on chance of having a breast
cancer detected is fairly similar for all three modalities,
but greater for ultrasound than for mammography, and
greatest for clinical examination, mammography and
ultrasound combined. The detrimental effect of having a
dense parenchymal pattern is considerable for all
modalities but greatest for mammography alone.

Individual radiologist performance of mammographic
and ultrasound reporting and experience are shown in
Tables 6 and 7 and Figures 1 and 2. The sensitivity
ranges widely between the radiologists (53.1–74.1% for
mammography and 67.1–87.0% for ultrasound). Experi-
ence in breast radiology is shown in Table 6, expressed
as age during the study period and years as a consultant
breast radiologist. All the radiologists in this study
routinely performed NHS Breast Screening Programme
as well as symptomatic work, and the average number
of screening and symptomatic mammograms reported

Table 1. The number of patients attending the symptomatic breast clinic, by age and final diagnosis of either having breast
cancer or not having breast cancer

Age group (years)
Number of
patients

Number without
cancer

Proportion without breast
cancer (%)

Number with
cancer

Prevalence of breast
cancer (%)

,30 2289 2280 99.61 9 0.39
30–39 3693 3597 97.40 96 2.60
40–49 4810 4548 94.55 262 5.45
50–59 2872 2660 92.62 212 7.38
60–69 1424 1243 87.29 181 12.71
70–79 1016 752 74.02 264 25.98
80–89 431 256 59.40 175 40.60
90+ 68 32 47.06 36 52.94
Overall 16603 15368 92.56 1235 7.44

Table 2. Mammographic and ultrasound sensitivity, specificity, ROC area and prevalence of breast cancer in patients attending
the symptomatic breast clinic by age

Diagnostic procedure
Age group
(years)

Number of
women

Prevalence of breast
cancer (%)

Sensitivity (%) Specificity (%) ROC area

Mammography ,30 15a 40.0 83.3 88.9 0.86
30–39 1909 4.4 47.6 99.9 0.74
40–49 4238 5.7 51.2 99.8 0.76
50–59 2301 8.6 55.6 99.9 0.78
60–69 1170 14.0 68.9 99.8 0.84
70–79 925 27.0 79.8 99.3 0.90
80–89 389 43.0 86.1 97.3 0.92
90+ 56 54.0 86.7 92.3 0.90
Overall 11003 10.0 66.6 99.7 0.83

Ultrasound ,30 1500 0.6 44.4 99.9 0.72
30–39 2504 3.7 66.7 99.7 0.83
40–49 3277 7.8 73.2 99.5 0.86
50–59 1860 11.0 74.9 99.5 0.87
60–69 782 22.0 86.7 98.7 0.93
70–79 594 43.0 92.5 96.8 0.95
80–89 282 59.0 90.3 92.3 0.91
90+ 50 70.0 97.1 73.3 0.75
Overall 10849 11.0 82.0 99.3 0.91

ROC, receiver operating curve.
aData should be interpreted with caution as extremely small numbers of patients.

Symptomatic breast imaging
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Table 3. Mammogram and ultrasound sensitivity, specificity, receiver operating ROC area and prevalence of breast cancer in
women attending symptomatic breast clinics by breast parenchymal pattern

Diagnostic procedure Parenchymal pattern
Number of
patients

Prevalence of
breast cancer (%) Sensitivity (%) Specificity (%) ROC area

Mammography N1 1310 13 90.1 99.1 0.95
P1 2532 13 72.5 99.6 0.86
P2 4556 10 60.6 99.9 0.80
DY 2125 6.3 45.9 99.7 0.73

Ultrasound N1 615 27 95.2 97.3 0.96
P1 1452 22 86.0 98.7 0.92
P2 3077 15 81.7 99.6 0.91
DY 1683 7.8 72.0 99.2 0.86

DY, breast typically contains extensive regions of homogeneous mammographic densities, which appear as sheet-like regions;
N1, lowest risk, parenchyma composed primarily of fat; P1, low risk, parenchyma chiefly fat but with prominent ducts
occupying no more than one-quarter (in terms of volume) of the breast; P2, high risk, prominent ducts occupying at least one-
quarter (in terms of volume) of the breast; ROC, receiver operating curve.

Table 4. The incremental effect on sensitivity and specificity of clinical examination, mammography and ultrasound in the
10 999 patients undergoing all 3 investigations

Diagnostic procedure
Prevalence of breast
cancer (%) Sensitivity (%) Specificity (%) ROC area

Clinical examination 10 59.6 98.1 0.79
Clinical examination plus mammography 10 77.9 98.0 0.88
Clinical examination plus mammography

and ultrasound
10 87.7 97.7 0.93

Additional effect of mammography +18.3 20.1 +0.09
Additional effect of ultrasound +9.8 20.3 +0.05

ROC, receiver operating curve.

Table 5. Logistic regression analysis to investigate how age and parenchymal pattern affect the chances of a woman’s breast
cancer being detected when assessed using mammography alone, ultrasound alone and clinical examination, mammography
and ultrasound in combination

Multivariate (all factors together)

Assessments Factor Level
Number
(detected/total) OR 95% CI p-value

Mammography
alone

Age Mean (range) 62 (23–98) 1.03 1.02–1.04 ,0.001

Parenchymal
pattern

N1 154/171 1.00 –

P1 235/325 0.35 0.20–0.61
P2 287/474 0.27 0.16–0.48 ,0.001

(linear trend)
DY 61/133 0.17 0.09–0.33

Ultrasound alone Age Mean (range) 62 (23–98) 1.04 1.03–1.05 ,0.001
Parenchymal

pattern
N1 158/166 1.00 –

P1 271/315 0.40 0.18–0.89
P2 374/458 0.43 0.20–0.95 0.02

(linear trend)
DY 95/132 0.30 0.13–0.70

Clinical,
mammogram
and ultrasound

Age Mean (range) 62 (23–98) 1.05 1.03–1.06 ,0.001

Parenchymal
pattern

N1 166/171 1.00 –

P1 293/324 0.40 0.15–1.07
P2 402/474 0.38 0.15–1.00 0.05

(linear trend)
DY 104/133 0.31 0.11–0.87

CI, confidence interval; OR, odds ratio.
Parenchymal patterns N1, P1, P2 and DY according to Wolfe [5].
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Table 6. Table showing mammography reporting performance and experience for five consultant breast radiologists in order of sensitivity

Radiologist

Number of
mammogram
reports

Number
of cancers
detected

Prevalence
of breast
cancers
(%)

Mammogram reports in cancer patients

Sensitivity
(%)

Specificity
(%)

ROC
area

Radiologist experience

M1, n
(%)

M2, n
(%) M3, n (%) M4, n (%) M5, n (%)

Age during
study period
(years)

Years of
breast
radiology
experience

Average number
of mammogram
reports per annum
(symptomatic and
screening)

1 2309 270 12.0 30 (11) 7 (3) 32 (12) 65 (24) 136 (50) 74.1 99.8 0.87 58–64 20 5329
2 1091 104 9.5 13 (12) 5 (5) 10 (10) 48 (47) 27 (26) 72.1 99.9 0.86 55–61 20 4010
3 2564 276 11 35 (13) 8 (3) 45 (16) 62 (22) 127 (46) 68.5 99.7 0.84 45–51 16 4949
4 1150 84 7.3 13 (16) 2 (2) 17 (20) 24 (29) 27 (33) 60.7 99.8 0.80 35–37 1 7508
5 2041 209 10.0 32 (15) 2 (1) 64 (31) 62 (30) 49 (23) 53.1 99.7 0.76 35–41 7 4957

M, mammography; ROC, receiver operating curve.

Table 7. Table showing ultrasound reporting performance for five consultant breast radiologists in order of sensitivity

Radiologist

Number of
ultrasound
examinations

Number of years
experience

Number of
cancers

Prevalence of
breast cancer
(%)

Ultrasound reports in cancer patients
Sensitivity
(%)

Specificity
(%) ROC areaU1, n (%) U2, n (%) U3, n (%) U4, n (%) U5, n (%)

3 2110 16 269 13.0 7 (3) 11 (4) 17 (6) 81 (30) 153 (57) 87.0 99.3 0.93
1 2031 20 268 13.0 7 (3) 11 (4) 17 (6) 48 (18) 185 (69) 86.9 99.2 0.93
2 1048 20 99 9.4 1 (1) 8 (8) 6 (6) 44 (45) 40 (40) 84.8 99.4 0.92
5 1819 7 198 11.0 5 (3) 13 (7) 31 (16) 79 (40) 70 (35) 75.3 99.3 0.87
4 1145 1 76 6.6 8 (11) 5 (6) 12 (16) 21 (28) 30 (39) 67.1 99.5 0.83

ROC, receiver operating curve; U, ultrasound.
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per annum during the study period is also shown in
Table 6. Those radiologists with greater experience had
higher sensitivity than those with less experience. The
breakdown of the five radiologists’ M1–M5 and U1–U5
classification in patients with cancer is also shown.
Specificity was uniformly high for both mammography
and ultrasound for all radiologists.

Discussion

We have shown that for woman referred to a multi-
disciplinary, symptomatic breast clinic overall mammo-
graphic and ultrasound sensitivity is 66.6% and 82% and
specificity is 99.7% and 99.3%, respectively. We have
used the immediate assessment endpoint of cancer or no
cancer when calculating sensitivity and specificity. We
have not taken into account those patients with false-
negative assessment, i.e. patients who were reassured
only to be subsequently diagnosed with cancer. Our
previous work established that the false-negative rate in

such a clinic evaluating over 7000 patients for 3 years
following discharge with a non-cancer diagnosis was
very low [6]. The overall diagnostic accuracy of ‘‘triple’’
assessment was 99.6% and the ‘‘missed’’ cancer rate was
1.7 per 1000 women discharged. As the false-negative
rate is so low it would not materially affect the sensiti-
vity and specificity calculations at initial assessment.
Comparison with published literature sensitivity and
specificity is complicated by the wide range of different
study populations and reporting protocols. Reported
sensitivities for mammography range between 57 and
97% and for ultrasound between 49 and 100%. Specifi-
city for mammography ranges between 36 and 97%
and for ultrasound between 29 and 100% [7]. The
ultrasound examination in this study was performed
with prior knowledge of mammographic findings. In a
review of 22 studies Flobbe et al [7] found that ultra-
sound performed better than mammography in 4 of 10
studies in which prior knowledge of mammography
results were available and in 8 of 11 studies in which
ultrasound was interpreted independently. Their results
indicate a higher relative diagnostic performance when
no prior knowledge of mammography was available;
however, this has not been corroborated by other
investigators [8]. As well as calculating individual test
performance we have shown that the addition of mam-
mography increased sensitivity by 18.3% over clinical
examination and that the addition of ultrasound further
raises sensitivity by 9.8%. Previous studies have shown a
similar rise in sensitivity by combining mammography
and ultrasound, which ranges from 4 to 22% [9]; how-
ever, most of the published data show a concomitant fall
in specificity which was only minimal in this series
(0.3%). Houssami et al [10] found very similar results
with an overall increased sensitivity of 11.6% with a
small drop in specificity of 2.2%.

We have shown that mammography performance is
directly and powerfully affected by patient age, with a
substantial reduction in sensitivity in younger woman.
Similar findings were obtained in a study of 3799 breast
cancers in which mammographic and ultrasound sensi-
tivity rose from 56.9% and 70.7%, respectively, in woman
less than 40 years old up to 91.3% and 88%, respectively,
in woman over the age of 75 years [11].

We have shown that age and parenchymal pattern have
independent effects on the sensitivity of mammography,
ultrasound and the clinical examination/mammography/
ultrasound combination. The effect of increasing age on
sensitivity is fairly consistent across the three techniques/
combinations investigated, with the ORs for the chance of
a breast cancer being correctly designated (reporting
category 4 or 5) increasing by 3–5% per year of age. The
mammographic density was classified according Wolfe’s
four categories, which have been linked to breast cancer
risk [5]. These have similar principles to the four catego-
ries of the Breast Imaging Reporting and Data System
lexicon of mammographic density (1, almost entirely fat;
2, scattered fibroglandular densities; 3, heterogeneously
dense; 4, extremely dense) [12]. The effect of increasing
density is also consistent in that it is associated with
reduced sensitivity in all the techniques/combinations
considered, but the magnitude of the effect is greater for
mammography (ORs of 0.35, 0.27 and 0.17 for the P1, P2
and DY categories relative to the N1 category, respec-

Figure 1. Distribution of overall mammographic assessment
categories of patients with breast cancer, by five consultant
breast radiologists, combining M1 and M2, and M4 and M5.
M, mammograph.

Figure 2. Distribution of overall ultrasound assessment cate-
gories of patients with breast cancer, by five consultant breast
radiologists, combining U1 and U2, and U4 and U5. U,
ultrasound.
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tively), whereas for ultrasound the corresponding figures
are 0.40, 0.43 and 0.30, respectively, and for clinical
examination/mammogram/ultrasound are 0.40, 0.38 and
0.31, respectively. The inherent lack of contrast between
breast cancers and dense breast parenchyma makes it
readily understandable why breast density should
adversely affect mammographic sensitivity. Although a
similar effect on ultrasound sensitivity has been pre-
viously reported, it has not been convincingly explained.
Dense parenchymal patterns are frequently associated
with increased shadowing artefacts and cou-
pled with greater benign changes, such as cyst formation,
may account for the cumulative reduction in sensitivity.
For all three techniques/combinations, therefore, age has
an effect on sensitivity that is statistically significant and is
not explained by mammographic breast density.

With regard to individual radiologist performance, the
data for mammography (Table 6, Figure 1) and ultra-
sound (Table 7, Figure 2) are markedly similar. The
specificity for all radiologists for both mammography
and ultrasound is extremely high. This will in part be due
to the predominance of non-cancer patients (92.6%) in the
symptomatic population examined. On the other hand,
there is a marked difference in sensitivities across the five
radiologists. Sensitivity is therefore a more useful measure
of performance, i.e. how many of the breast cancer patients
does the examining radiologist assign an M4/M5 or U4/
U5 result? The data show that the rate of reporting a
mammogram or ultrasound as normal (M1/U1) or benign
(M2/U2) in the presence of cancer was low and broadly
similar for all five radiologists (best illustrated in Figures 1
and 2). This was not the case for M3 and U3 reports in
patients with cancer in whom the range across the five
radiologists was 10–31% for mammography and 6–16% for
ultrasound. As can again be seen most clearly in Figures 1
and 2, those with the lowest sensitivity tended to assign an
excess of patients with breast cancer to M3 or U3. We have
also shown that sensitivity, and consequently overall
reporting performance, is closely linked to an individual’s
experience in breast radiology. In general, it was uncom-
mon for any of the radiologists to report a cancer exami-
nation as normal or benign. However, with increased
experience, the radiologists were more confident in
reporting changes as probably or definitely malignant
rather than borderline (M3/U3). When measuring a
radiologist’s reporting performance, their accuracy in
classifying cancer patients is more discriminatory than
their reporting of non-cancer patients. Consequently,
when confronted with a lesion that a radiologist wishes
to classify as M3 or U3 he or she should be encouraged to
decide whether their level of suspicion really warrants an
M4/U4 or conversely an M2/U2. It is hoped that the
continuous re-evaluation of imaging classification and the
regular feedback from needle biopsy results will lead to
improved breast radiologist performance.

Evidence from the literature evaluating the factors
affecting reporting accuracy is almost exclusively limited
to screening mammography performance. Increased
experience not only in years but also in reporting volume
has been associated with improved performance [13].
However, this is not universal and it is clear that per-
formance is subject to many variables [14]. The majority
of the assessments in this study were performed by
radiologists in single-handed clinics; however, when two

radiologists are available our data would suggest that
pairing a less experienced radiologist with a senior col-
league might well be of benefit. Double reading of
screening mammograms is routine practice, so should it
be extended to symptomatic imaging? As stated above,
our published ‘‘missed’’ cancers rate is very low and
routine double reading of all symptomatic imaging
would probably result in very little positive gain for a
large increase in radiology workload [6]. All patients
undergoing CB in this study were discussed at twice
weekly multidisciplinary meetings, which is an invalu-
able forum for radiologist feedback on image interpreta-
tion and outcome. Ongoing training and feedback is
clearly essential to sustain and continue improvement.

Conclusion

We have shown from this large data set covering over
16 000 symptomatic patient assessments the individual
contribution of mammography and ultrasound to the
diagnostic process. Mammography improves sensitivity
by 18.3% over clinical examination and ultrasound an
additional 9.8%. We have also shown that the accuracy of
mammography is reduced by both decreasing age and,
independently, increased breast parenchymal density.
When comparing individual reporting accuracy the
imaging sensitivity is the most accurate reflector of
performance for both mammography and ultrasound.
Reporting sensitivity was strongly correlated with radi-
ologist experience, and those radiologists with less
experience (and lower sensitivity) were relatively more
likely to report a cancer as M3 or U3. To improve radiology
reporting performance, the sensitivity of cancer report-
ing should be closely monitored and there should be
regular feedback from needle biopsy results and discus-
sion of reporting classification with more experienced
colleagues.
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