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Background: Double reading can be used in screening mammography, but it is labor intensive. There is limited evidence on whether
trained radiographers (ie, technologists) may be used to provide double reading.

Purpose:  To compare the performance of radiologists and radiographers double reading screening mammograms, considering reader
experience level.

Materials and Methods:  In this retrospective study, performance and experience data were obtained for radiologists and radiographer
readers of all screening mammograms in England from April 2015 to March 2016. Cancer detection rate (CDR), recall rate (RR),
and positive predictive value (PPV) of recall based on biopsy-proven findings were calculated for first readers. Performance metrics
were analyzed according to reader professional group and years of reading experience using the analysis of variance test. P values less
than .05 were considered to indicate statistically significant difference.

Results:  During the study period, 401 readers (224 radiologists and 177 radiographers) double read 1404395 screening digital

mammograms. There was no difference in CDR between radiologist and radiographer readers (mean, 7.84 vs 7.53 per 1000
examinations, respectively; P = .08) and no difference for readers with more than 10 years of experience compared with 5 years

or fewer years of experience, regardless of professional group (mean, 7.75 vs 7.71 per 1000 examinations respectively, P = .87).

No difference in the mean RR was observed between radiologists and radiographer readers (5.0% vs 5.2%, respectively, P = .63).

A lower RR was seen for readers with more than 10 years of experience compared with 5 years or fewer, regardless of professional
group (mean, 4.8% vs 5.8%, respectively; P = .001). No variation in PPV was observed between them (P = .42), with PPV values
of 17.1% for radiologists versus 16.1% for radiographers. A higher PPV was seen for readers with more than 10 years of experience
compared with 5 years or less, regardless of professional group (mean, 17.5% and 14.9%, respectively; P = .02).

Conclusion:  No difference in performance was observed between radiographers and radiologists reading screening mammograms in a

program that used double reading.
Published under a CC BY 4.0 license

Online supple | material is available for this article.

ouble reading of screening mammograms is the stan-

dard of care in the National Health Service Breast
Screening Program (NHSBSP) in the United Kingdom.
It has been shown to improve cancer detection rates
(CDRs) by 6%-15% while keeping recall rates (RRs)
low but is labor intensive (1-3). The NHSBSP screens
2.23 million women annually in England (4). Radiologist
shortages have been mitigated by using nonradiologist
readers since the mid-1990s (5). Nonradiologist readers
are from one of two professional groups: They are either
radiographers (ie, technologists) or breast clinicians (ie,
medically qualified practitioners trained specifically in
the diagnosis and management of breast disease) (Ap-
pendix E1 [online]). In the NHSBSD, radiographers are
83% of the nonradiologist readers (6). A national work-
force survey (6) found that 78% of breast screening units
in England employed at least one radiographer in an

advanced practice (physician extender) role, with an aver-
age of between three and four radiographers.

Previous studies have shown that double reading by a
radiologist and radiographer is an alternative to double
reading by two radiologists, but it has been suggested that
radiographers exhibit lower reader specificity with higher
RRs and rates of false-positive interpretations (7-9). How-
ever, these studies are historical, were performed in the
predigital era, and did not consider the experience of
readers within each professional group (7-9). The use of
nonradiologist readers is now firmly embedded in the NHS-
BSP and double reading by a radiologist and radiographer
is the most encountered reading regimen; however, some
centers also use only radiographers for double reading (10).
Breast radiology in the UK NHSBSP has always had its
performance heavily audited as part of the quality assurance
process but this would typically be for the screening center as
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Abbreviations

CDR = cancer detection rate, NHSBSP = National Health Service
Breast Screening Program, PERFORMS = Personal Performance in
Mammographic Screening, PPV = positive predictive value, RR = re-
call rate

Summary

No difference in diagnostic performance was observed for breast cancer
screening when comparing radiologist and radiographer (ie, technolo-
gist) readers in the National Health Service Breast Screening Program.

Key Results

= When performing the double reading of screening digital mam-
mograms as the first reader, radiologists and trained radiogra-
phers (ie, technologists) demonstrated no difference as readers
in cancer detection rates (7.84 and 7.53 per 1000 examinations,
respectively; P = .08) in the National Health Service Breast
Screening Program.

= Recall rates (RRs) for radiologists and radiographers were similar
(5% and 5.2%, respectively; P = .63).

= Positive predictive values of RRs were also similar for radiologists
and radiographers (17.1% and 16.1%, respectively, P = .42).

a whole rather than for each individual reader. The recent intro-
duction of a Breast Screening Information System in England,
which provides national and local performance statistics, pro-
duces individual real-life performance data during rolling 3-year
periods (11). The aim of our study is to compare the real-life
performance of radiologists and radiographer readers in double
reading mammograms in the UK screening program, consider-
ing differing levels of reading experience.

Materials and Methods

Study Sample

The retrospective study was carried out in accordance with lo-
cal security and data protection policies. The requirement for
ethical approval was waived after discussion with the University
of Nottingham research and development team because
this retrospective study was deemed to represent an audit of
current practice.

All readers in the NHSBSP in England who also took part
in an individual performance assessment scheme, Personal Per-
formance in Mammographic Screening (PERFORMS), were
eligible to take part and asked to give consent for their indi-
vidual breast screening performance data to be accessed from
the Breast Screening Information System for the 3-year period
of 2013-2016 as part of an evaluation of the PERFORMS
scheme. Details of the PERFORMS scheme and its evaluation
are described elsewhere (12). For our study, the individual
NHSBSP reader CDR, RR, and positive predictive value
(PPV) available from the Breast Screening Information System
for the most recent 12 months in the 3-year time frame were
used, covering the period from the beginning of April 2015 to
the end of March 2016.

Double Reading in the NHSBSP

The NHSBSP has 80 screening centers in England and routinely
invites all women between age 50 and 70 years to undergo two-
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view two-dimensional digital mammography in each breast.
Digital breast tomosynthesis was not used as a screening tool
during the study period. Women over age 70 years can self-refer.
The NHSBSP has a 3-year screening interval. All mammograms
were routinely read by two readers (double reading). Readers in
the NHSBSP belong to one of three professional groups: board
certified radiologists, radiographers (technologists), and breast
clinicians. Radiologists and radiographers are 94% of readers
(6). Radiographers involved in the interpretation of screening
mammograms undergo additional postgraduate specialist train-
ing, typically to a master’s degree level, and are employed at the
grade of an advanced practitioner or consultant radiographer.
Breast clinicians, although not radiologists, are medically quali-
fied practitioners who are trained specifically in the diagnosis
and treatment of breast disease. Further information on the
NHSBSP and readers including qualifications and training can
be found in Appendix E1 (online).

Double reading is the standard of care in the NHSBSP
Double reading of an individual woman’s mammograms may
be performed by two radiologists; two nonradiologists (either a
radiographer or breast clinician); or, most commonly, one radi-
ologist and one nonradiologist, depending on screening center
staffing. Qualified readers from any professional group can act as
cither a first or second reader on any examination. Discrepancies
between readers were resolved either by arbitration, with an inde-
pendent third reader, or consensus depending on local screening
center protocols (3,13).

Exclusions

The NHSBSP requires that all readers interpret a minimum of
5000 screening or diagnostic mammograms per year, with a
minimum of 1500 screening mammograms as the first reader.
The Breast Screening Information System performance data
primarily focus on performance as a first reader. The second
reader in the double reading workflow is often not completely
blinded to the opinion of the first reader, so it is only the first
read that is the unbiased read and the most reliable perfor-
mance indicator. Readers who did not reach this minimum
reading standard were excluded from the study. Readers with
missing data were also excluded from the study. Data regard-
ing professional groups (radiologist, radiographer, or breast cli-
nician) were extracted from the PERFORMS database. Only
the performance of the two largest professional groups reading
in the NHSBSP in England were compared; breast clinicians
were excluded from the analysis because of small numbers. Par-
ticipants in the PERFORMS scheme were asked to give their
reading experience, so readers were assigned to three groups
based on their number of years of breast screening mammo-
gram reading experience for April 2015 to March 2016 (<5
years, between 5 and 10 years, and >10 years of reading experi-
ence). The flowchart (Fig 1) outlines the recruitment process
and exclusion criteria.

Statistical Analysis

The CDR, RR, and PPV of recall on the basis of biopsy-proven
pathologic findings were calculated for each individual acting as
a first reader. CDR was calculated as the number of examina-
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Breast screening readers (n=706) in
the National Health Service Breast

Screening Programme in England

Exclusions

individual performance metrics as without
the inclusion of interval cancer data in the
Breast Screening Information System, it is
not possible to calculate a truly accurate sen-

A 4

Readers (n=124) did not
consent

sitivity and specificity for each reader.
Each breast screening metric was ana-

lyzed according to reader profession (ra-

Readers (n=582) consented for their
Breast Screening Information
System performance data to he
used

diographer or radiologist), years of experi-
ence in breast screening (<5 years, >5 years
to 10 years, >10 years), and any interaction
between them using analysis of variance.

A 4

y

Readers (n=13) had missing
data

More detail regarding the statistical analysis
and analysis of variance results can be found

in Appendix El (online). The o level for

Readers (n=569) had BSIS

performance data available

A 4

Readers (n=450) had achieved the
standard of 1500 first reads in the

Readers (n=119) had not
achieved the standard of
1500 first reads (65
v radiologists and 54

radiographers)

statistical significance was set at P value less
than .05 for all analyses. Statistical calcula-
tions were performed using statistical soft-

ware (SPSS Statistics version 27.0; IBM).

Results

Characteristics of Study Sample

12-month study period

There were 706 readers in the NHSBSP in

A\ 4

A 4

Breast clinician readers
(n=22)

England. A total of 401 readers consented
and were eligible to take part in the study
(Fig 1) and double read the mammograms
in 1404395 women in the 12-month pe-

Readers (n=428) were radiologists
or radiographer readers

riod from the beginning of April 2015
to the end of March 2016. There were 224 ra-

Readers did not provide
» reading experience data
L 4 (n=27)

diologists who read 763 958 mammograms
as the first reader and 177 radiographers
who read 640437 mammograms as the first
reader. The Table shows the years of experi-

Readers (n=401) had provided
information about their number of
years of reading experience

A 4 A 4

Radiographer
readers (n=177)

Radiologist readers
(n=224)

Figure 1:
Information System.

tions at which a biopsy-proven cancer was detected by the reader
per 1000 examinations. RR was calculated as the total number
of recalled examinations as a proportion of the total number of
examinations read. PPV was calculated as the total number of
biopsy-proven cancers detected as a proportion of the total num-
ber of examinations recalled. Interval cancer data were collected
using information from the cancer registry and published for
each screening center, but individual real-life performance data
are not updated on the Breast Screening Information System
to reflect this. Therefore, CDR and PPV are based on biopsy-
proven pathologic findings at the time of the original screening
episode. The NHSBSP uses CDR, PPV, and RR as the key
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Flowchart of recruitment process, eligible readers, and exclusions. BSIS = Breast Screening

ence of readers from each professional group.
Radiologists were overrepresented in the
highest experienced band, with radiologists
making up 63% (131 0f209) of readers with
morethan 10yearsofexperience. Radiologists
accounted for 48% (93 of 192) of readers

with less than 10 years of experience.

CDR in Readers

The Table and Figure 2 show the CDR per
1000 examinations for each professional
group and the years of experience of the read-
ers. Overall, the mean CDR was 7.70 per 1000 examinations,
with a mean CDR for radiologists and radiographers of 7.84
and 7.53 per 1000 examinations, respectively (Figs 3, 4). No
variation in CDR was observed based on professional group: ra-
diologist and radiographer readers (mean, 7.84 vs 7.53 per 1000
examinations, respectively; 2 = .08). The mean CDR values for
readers with less than 5 years of experience and those with more
than 10 years of experience were 7.71 and 7.75 per 1000 exami-
nations, respectively. No variation in CDR was observed based
on years of experience for either professional group (2= .87). No
interaction between the readers’ professional group and years of
experience was observed (P = .37).
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Key Performance Metrics for Readers from Each Professional Group by Years of Experience Reading Mammography Screenings

Radiographer

Radiologist All Readers

Performance Metric and
Reading Experience

Mean

No. of Readers

Mean

No. of Readers

Mean

No. of Readers

CDR per 1000
examinations
<5y or less
>5yand <10y
>10y
Total
Interaction of profession
and experience
Effect of experience
Effect of professional
group

RR (%)
<5y or less
>5yand <10y
>10y
Total
Interaction of profession
and experience
Effect of experience
Effect of professional
group

PPV of recall (%)
<5y or less
>5yand <10y
>10y
Total
Interaction of profession
and experience
Effect of experience
Effect of professional
group

Cases read as first reader
in 2015-2016
<5y or less
>5yand <10y
>10y
Total
Effect of professional

group

7.37 +1.76
7.62 +1.55
7.51+1.73
7.53 + 1.67

5.8+2.2
5.0+1.5
5.0+ 1.6
52+1.7

14.7+7.8
16.3 +4.9
16.5 + 6.6
16.1 £+ 6.3

3974 + 2018
3532 + 1433
3535+ 1276
3618 + 1501

34 (19.2)
65 (36.7)
78 (44.1)
177

34
65
78
177

34
65
78
177

34
65
78
177

8.15+ 1.85
7.61 £1.78
7.89 +2.14
7.84 +2.01

57+1.9
5.1+1.4
4.7+ 1.6
5.0+ 1.6

152 +4.4
159+5.3
18.2 £+ 6.6
17.1 +6.1

2858 + 960

3143 + 1411
3657 + 1781
3411 + 1623

26 (11.6)

67 (29.9)
131 (58.5)
224

26
67
131
224

26
67
131
224

26
67
131
224

7.71 +1.83
7.62 + 1.66
7.75 +2.00
7.70 + 1.87

5.8+2.0
50+ 1.4
48+1.6
5.0+ 1.7

149 + 6.5
16.1 +5.1
17.5+6.6
16.7 £ 6.2

3490 + 1726
3335 + 1430
3611 + 1609
3502 + 1572

60 (15.0)

132 (32.9)

209 (52.1)

401
37
.87
.08

60

132

209

401
71
.001
.63

60

132

209

401
.32
.02
42

60

132

209

401
.01

rate.

Note.—Mean data are + SD; data in parentheses are percentages. CDR = cancer detection rate, PPV = positive predictive value, RR = recall

RR in Readers

P Value

Overall, the mean RR was 5.0%. The RR based on profes-
sional group and years of experience is shown in the Table
and Figure 5. The mean RR for radiologists was 5.0% and
5.2% for radiographers. No variation in RR was observed
based on professional group (P = .63), and no interaction
between the professional group of an individual and years
of experience was observed (P = .71). All readers, regardless
of professional group, demonstrated a lower RR with more
years of experience (P =.001). RR was highest among radiol-
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ogists and radiographers with less than 5 years of experience
(mean RR values, 5.7% and 5.8%, respectively), and mean
RRs were lower for radiologists and radiographers with more
than 10 years of experience (4.7% and 5.0%, respectively).
In pairwise post hoc comparisons, RR was higher among
readers with less than 5 years of experience (mean, 5.8% +
2.0) than for readers with between 5 and 10 years of experi-
ence (mean, 5.0% =+ 1.4; Bonferroni P = .011) and readers
with more than 10 years of experience (mean, 4.8% + 1.6;
Bonferroni P = .001).
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PPV in Readers

Overall, the mean PPV was
16.7%. Radiologists had a mean
PPV of 17.1% compared with
radiographers who had a mean

PPV of 16.1% (Table, Fig 6).

Radiographer, n=177
Al Radiologist, n=224
Total, n=401

Radiographer, n=34

.. . <5 years

No variation in PPV was ob- .
experience  Radiologist, n=26

served between the two profes-
sional groups (P = .42) and no Ttk n=60
interaction was found between
the readers profesa.onal group 5-10years Rediographer, n=65
and years of experience (P = experience  Radiologist, n=67
.32). PPV varied based on years

. Total, n=132
of experience for all readers re-
gardless of professional group
(P = .02), with improved PPV >10years Rodiographer, n=78
values from a low of 15.2% experience  Radiologist, n=131

and 14.7% for radiologists and
radiographers with less than 5

Total, n=209

years of reading experience, re-
spectively, to a high of 18.2%
and 16.5% for radiologists and
radiographers with more than
10 years of experience, respec-
tively. In pairwise post hoc com-
parisons, PPV was lower among readers with less than 5 years of
experience (mean, 14.9% + 6.5) than among readers with more
than 10 years of experience (mean, 17.5% % 6.6; Bonferroni
P=.031).

Discussion

Our study found no difference in the performance of radiolo-
gist and radiographer readers in the UK breast screening pro-
gram who were using double reading as the standard of care.
There was no evidence of a difference in cancer detection rate
(CDR) for readers who were radiologists versus radiographers
(mean, 7.84 vs 7.53 per 1000 examinations, respectively; P =
.08). No variation in CDR was observed with years of reading
experience for either professional group (readers with <5 years of
experience: mean, 7.71 per 1000 examinations; readers with >5
to 10 years of experience: mean, 7.62 per 1000 examinations;
and readers with >10 years of experience: mean, 7.75 per 1000
examinations; P = .87). No variation in recall rate (RR) was seen
based on the professional group of readers (mean, radiologists
vs radiographer readers: 5.0% and 5.2%, respectively; P = .63),
but a lower RR was observed with more reader experience for all
readers regardless of professional group (readers with <5 years
of experience: mean, 5.8%; readers with >10 years of experi-
ence: mean, 4.8%; P = .001). The third key performance metric
measured was positive predictive value (PPV), representing the
trade-off between detecting cancers and recalling women for fur-
ther investigation. Again, no variation for this metric between
radiologists and radiographers was observed (mean, 17.1% and
16.1%, respectively; P = .42). All readers showed a higher PPV
with more experience regardless of their professional group
(readers with <5 years of experience vs >10 years: mean, 14.9%
vs 17.5%; P = .02).
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S.E. = Standard error of the mean

Cancer Detection Rate per 1000 Cases, Mean * S.E.

Figure 2: Cancer detection rate (CDR) per 1000 cases read for radiologists and radiographers of different experience
levels. There was no difference in CDR and no variation with years of experience.

Previous studies have assessed the performance of radiogra-
phers interpreting mammography screening using both test sets
and real-life performance data. The study by Torres-Mejia et al
(14) showed that 15 radiographers had comparable sensitivity
to radiologists in North America. This is similar to the findings
of our study, in which the CDR can be used as a proxy for sen-
sitivity. The study by Torres-Mejia et al found that radiographer
readers had higher false-positive rates. Historical data from the
PERFORMS test-set—based scheme used by the NHSBSP to as-
sess performance in the United Kingdom have suggested that
radiographers read as well as radiologists, after accounting for
years of experience (15). This is what we observed in our current
real-life data study. However, concern has been raised that ex-
perimental conditions using test sets can influence the behavior
of readers and therefore may not be a true reflection of real life,
which is the so-called laboratory effect (16). The Dutch screen-
ing program uses radiographers to flag observed mammographic
abnormalities to the radiologist prior to reading. Geertse et al
(17) found that this was not effective, with lower RRs and higher
PPV observed when the warning system was switched off, and
no effect on cancer detection. The approach in the United King-
dom is different; radiographers undergo extensive reader train-
ing and are subjected to the same quality assurance standards as
radiologists (Appendix E1 [online]).

In a pilot study from the NHSBSP using real-life perfor-
mance data from the clinical setting, Pauli et al found that
double reading by a radiographer and radiologist led to an in-
crease in sensitivity of 6.4% compared with single reading, but
with a decrease in specificity of 0.6% (8). This was similar to
sensitivity increases achieved in contemporary studies of double
reading by two radiologists when increases of 4%—15% were ob-
served (18-20). Another pilot study of double reading by two

radiology.rsna.org = Radiology: Volume 306: Number 1—January 2023



Figure 3: Moammograms in a 50-year-old woman undergoing her first screening mam-
mographic examination. A 3-mm mass (arrow) is demonstrated in the left breast on the (A)
mediolateral oblique and the (B) craniocaudal view. It was not recalled by the radiologist
who read the mammogram first but was recalled by the radiographer who read the image
second. Because the opinions were discordant, the case was recalled for further assessment
after arbitration by a third reader. US-guided biopsy demonstrated a 3-mm histologic grade 1
ductal carcinoma.

Figure 4: Mammograms in a 54-year-old woman undergoing her second screening mammo-

graphic examination. (A) There are 15 mm of pleomorphic microcalcifications (arrowhead) in the
superior right breast on the mediolateral oblique view. (B) The microcalcifications (arrowheads)
are best observed on this magnified view. It was not recalled by the radiographer who read the
mammogram first and was recalled by the radiologist who read the image second. Stereotactic-
guided biopsy showed high-grade ductal carcinoma in situ.

Radiology: Volume 306: Number 1—January 2023 = radiology.rsna.org
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radiographers found an increase in RRs for the first
and subsequent screening rounds of 8% and 7%,
respectively, but no difference in CDRs (10). Fol-
lowing the completion of these pilot studies, the use
of radiographer reporting became more popular,
and over the last 20 years, radiographer reading has
become an established part of double reading in the
United Kingdom, with at least one read performed
by a radiographer in many centers.

In a more recent analysis from the NHSBSD, the
study by Cornford et al (21) found no difference in
CDRs between radiographers and radiologists (odds
ratio, 0.98; P = .24) but identified higher RRs (odds
ratio, 1.11; P = .01) and consequently a lower PPV
(odds ratio, 0.87; P = .002) for consultant radiog-
raphers than for consultant radiologists. As with
these previous studies, we also found no differences
in cancer detection between the two professional
groups, however, we did not identify any difference
in RR or PPV between radiologists and radiogra-
pher readers. Lower RR and higher PPV values were
observed for readers with more experience, but this
was independent of professional grouping. The dif-
ferences in real-life performance metrics such as
specificity, RR, and PPV between radiologists and
radiographers observed in previous studies are prob-
ably explained by different reader experience levels
rather than by a fundamental difference in perfor-
mance between professional groups. In our study,
radiographers were numerically overrepresented in
the two lower experience bands, confirming the im-
portance of taking years of reading experience into
account when comparing reading performance be-
tween the different professional groups.

Other solutions to radiologist shortages have
been assessed in the NHSBSP. Single reading with
computer-aided detection has been proposed as an
alternative to double reading. In 2008, the study by
Gilbert et al (22) found that the CDR for a single
reader by using a computer-aided detection system
was similar to double reading (7.02 per 1000 exam-
inations and 7.06 per 1000, respectively), but it led
to a 15% higher RR of 3.9%, up from 3.4%. Con-
sequently, the use of a single reader with computer-
aided detection as an alternative to the double read-
ing was not cost-effective and was not adopted in
the NHSBSP (23). There is much interest in the
current generation of artificial intelligence products
based on deep learning, which could potentially be
used as a replacement for one of the human readers
in the double reading workflow. Early results sug-
gest that artificial intelligence can perform at the
level of a human reader when used for mammo-
graphic interpretation, but this evidence is from a
small number of retrospective studies, with none of
these products yet ready for real-world implemen-
tation (24).
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Our study had limitations.
First, 124 readers declined
consent to have their real-life
performance data accessed and
analyzed, so this may have been
a source of bias. Second, we only
assessed first reader performance
metrics because in many centers
this is the only truly unbiased
interpretation. Therefore, we
assumed that first reader per-
formance was representative
of overall performance. The
NHSBSP requires all readers to
undertake a minimum of 1500
first reader interpretations per
annum. Third, we only analyzed
the performance of readers who
achieved this minimum first
reader standard to avoid statisti-
cal uncertainty at lower reading
volumes, but this potentially
excluded some lower-volume
readers and again may have been
a source of bias. In addition,
the findings of our study were
only likely to be generalizable
to screening programs that use
two-dimensional digital mam-
mography rather than digital
breast tomosynthesis and have
3-year screening intervals. Our
study only provided evidence
to support the participation of
nonradiologists as readers in
programs that use double read-
ing. Our findings did not sup-
port the use of nonradiologist
readers in other settings.

In conclusion, no differ-
ences were observed in the
performance of radiographers
and radiologists as readers in the
National Health Service Breast
Screening Program, where double
of two-dimensional
screening digital mammograms
is the standard of care. Readers
from each professional group

reading

showed no statistically signifi-
cant difference in the key screen-

ing performance metrics of cancer detection rate, recall rate (RR),
and positive predictive value (PPV) and demonstrated lower RR
and higher PPV with more reader experience. In our study set-
ting, trained nonradiologists performed equally well, suggesting
that reading performance is dependent on experience rather than
the broad and advanced medical education undertaken by

Radiographer‘ i =
All Radiologist, n=224

Total, n=401 .

experience  Radiologist, n=26
Total, n=60 e

experience Radiologist, n=67

Total, n=132 —

Radiographer, n=78

>10 years
experience  Radiologist, n=131 |

Total, n=209 -

T T T T T T 1
0% 1% 2% 3% 4% 5% 6% 7%

S.E. = Standard error of the mean Recall Rate, Mean * S.E.

Figure 5: Recall rate (RR) for radiologists and radiographers of different experience levels. There was no difference in
RRs between radiologists and radiographers, but lower RRs were seen with greater reading experience regardless of

professional group.
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Figure 6: Positive predictive value (PPV) of recall for radiologists and radiographers of different experience levels.

There was no difference in PPV between radiologist and radiographers, but a higher PPV was observed with greater
reading experience regardless of professional group.

radiologists. The use of trained radiographer readers in the
double-reading workflow may offer a potential solution to the
shortage of radiologists experienced by some breast screening
programs, but more studies are needed to determine whether
such physician extender roles can and should be used to read
screening mammograms independent of the radiologist.

radiology.rsna.org = Radiology: Volume 306: Number 1—January 2023
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QUESTIONNAIRE
A13(26)
Performance of Radiologists and Radiographers in Double-Reading Mammograms: The
UK National Health Service Breast Screening Program

INSTRUCTIONS

®  Read through the article and answer the multiple-choice questions provided below.

® All questions have only ONE correct answer

Introduction and Background

Question 1: What is the standard of care in the UK
NHS Breast Screening Program (NHSBSP)?

Single reading by radiologists
Double reading of mammograms
Al-assisted reading only
Radiographer-only reading

ocow>»

Question 2: Radiographers have been used as non-
radiologist readers in the NHSBSP since the mid-
1990s.

A: TRUE
B: FALSE

Question 3: Is the following statement TRUE or FALSE
regarding double reading of mammograms?

“It has been shown to improve cancer detection rates
(CDRs) by 6%—15% while keeping recall rates (RRs)
low but is labour intensive”.

A: TRUE
B: FALSE

Study Design and Methods

Question 4: What type of study was conducted?
A: Prospective randomized trial
B: Cross-sectional
C: Case-control study
D: Retrospective audit of practice

Question 5: How many readers participated in the
study?

A: 200
B: 300
C: 401
D: 500

A13(26)

Question 6: What was the minimum number of first
reads required annually by NHSBSP standards?

A: 1500
B: 1000
C: 500

D: 2000

Cancer Detection Rate (CDR)
Question 7: What was the mean CDR for radiologists?

6.5 per 1000
7.53 per 1000
7.84 per 1000
8.5 per 1000

ocow>»

Question 8: What was the mean CDR for
radiographers?

6.5 per 1000
7.53 per 1000
7.84 per 1000
8.5 per 1000

cow>»

Question 9: Which ONE of the following statement is
TRUE?

A: Variation in CDR was observed based on
professional group

B: No variation in CDR was observed based on
years of experience for either professional
group

C: Significant interaction was found between
readers’ professional group and years of
experience

D: All the above




Recall Rate (RR)

Question 10: What was the mean recall rate (RR) for
radiologists?

A: 45%
B: 5.0%
C: 5.2%
D: 6.0%

Question 11: What was the mean recall rate (RR) for
radiographers?

A: 45%
B: 5.0%
C: 5.2%
D: 6.0%

Question 12: Reader experience influenced recall
rates, with lower RR observed among those with >10
years of experience.

A: TRUE
B: FALSE

Results: Positive Predictive Value (PPV)

Question 13: What was the mean PPV for
radiologists?

A: 14.9%
B: 16.1%
C: 17.1%
D: 18.5%

Question 14: What was the mean PPV for
radiographers?

A: 14.9%
B: 16.1%
C: 17.1%
D: 18.5%

Question 15: PPV improved with reader experience,
regardless of professional group.

A: TRUE
B: FALSE

A13(26)

Conclusion and Implications
Question 16: Select the FALSE statement.

A: The so-called laboratory effect can influence
the behaviour of readers

B: The Dutch screening program uses
radiographers to flag observed
mammographic abnormalities to the
radiologist prior to reading

C: Inthe UK radiographers undergo extensive
reader training, but are not subject to the
same quality assurance standards as
radiologists

Question 17: What was the overall conclusion of the
study?

A: Radiologists outperform radiographers
significantly

B: Radiographers are unsuitable for double
reading

C: No difference in performance between
radiologists and radiographers in double
reading

D: Al should replace human readers

THE END
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