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Abstract
Objectives Quality assurance (QA) of image interpretation plays a key role in screening and diagnostic mammography, 
maintaining minimum standards and supporting continuous improvement in interpreting images. However, the QA structure 
across Europe shows considerable variation. The European Society of Breast Imaging (EUSOBI) conducted a survey among 
the members to collect information on radiologists’ preferences regarding QA measures in mammography.
Materials and methods An anonymous online survey consisting of 25 questions was distributed to all EUSOBI members and 
national breast radiology bodies in Europe. The questions were designed to collect demographic characteristics, information 
on responders’ mammography workload and data about QA measures currently used in their country. Data was analysed 
using descriptive statistical analysis, the χ2 test, linear regression, and Durbin-Watson statistic test.
Results In total, 251 breast radiologists from 34 countries completed the survey. Most respondents were providing both 
screening and symptomatic services (137/251, 54.6%), working in an academic hospital (85/251, 33.9%) and reading 1000–
4999 cases per year (109/251, 43.4%). More than half of them (133/251, 53%) had established QA measures in their work-
place. Although less than one-third (71/251, 28.3%) had to participate in regular performance testing, the vast majority 
(190/251, 75.7%) agreed that a mandatory test would be helpful to improve their skills.
Conclusion QA measures were in place for more than half of the respondents working in screening and diagnostic mam-
mography to evaluate their breast imaging performance. Although there were substantial differences between countries, the 
importance of having QA in the workplace and implemented was widely acknowledged by radiologists.
Clinical relevance statement Although several quality assurance (QA) measures of image interpretation are recommended by 
European bodies or national organisations, the QA in mammography is quite heterogenous between countries and reporting 
settings, and not always actively implemented across Europe.
Key Points 
•  The first survey that presents radiologists’ preferences regarding QA measures of image interpretation in mammography.
•  Quality assurance measures in the workplace are better-established for breast screening compared to diagnostic 

mammography.
•  Radiologists consider that performance tests would help to improve their mammography interpretation skills.
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between countries and not always actively implemented 
across Europe [12].

The European guidelines for quality assurance in breast 
cancer screening and diagnosis also recommend that all 
radiologists involved in mammography have to partici-
pate in continuing medical education, internal and exter-
nal audit procedures, formal appraisal, and performance 
benchmarking schemes as part of their QA activities [13]. 
The performance benchmarks include data such as recall 
rate, cancer detection rate, mean cancer size, cancer stage, 
sensitivity, specificity and positive predictive values from 
screening mammography, biopsy recommendation and 
biopsy performed [14]. The guidelines also outline some 
of the most important standards for maintaining or improv-
ing radiologists’ performance, including regular feedback 
on their performance, participation in training courses, 
multidisciplinary team meetings and reading a minimum 
number of mammograms per year [13].

In this context, the European Society of Breast Imaging 
(EUSOBI) conducted a survey among the members to col-
lect information on radiologists’ preferences regarding QA 
measures of image interpretation in screening and diagnostic 
mammography.

Materials and methods

Survey design and distribution

The survey was designed by two board-certified radiologists, 
each with more than 10 years of experience in breast imag-
ing, in collaboration with the PERFORMS team, an interna-
tionally well-known research group with extensive experi-
ence in assessing and improving the quality of clinicians’ 
performance in cancer screening. The aim of this survey was 
to assess the European QA status and breast radiologists’ 
preferences regarding QA measures of image interpretation 
in screening and diagnostic mammography.

The requirement for ethical approval was waived, as the 
study was classified as survey. Following approval by the 
experts of the EUSOBI executive board, the final questionnaire 
consisted of 25 questions that were split in two main sections. 
The first section requested anonymous personal information 
(such as age, gender, country of work, work setting and years 
of experience) as well as details about responders’ typical 
mammography workload. The second section covered ques-
tions relevant to quality assurance for mammography reporting 
in their country (see Supplemental Material). To ensure that 
the respondents would interpret the questions as intended, the 
survey was designed with structured questions in which they 
could select an answer from a set of multiple answers.

Abbreviations
ECIBC  European Commission Initiative on Breast 

Cancer
EUSOBI  European Society of Breast Imaging
EUSOMA  European Society of Breast Cancer Specialists
MQSA  Mammography Quality Standards Act
QA  Quality assurance

Introduction

Breast cancer is the most common cancer among Euro-
pean women with an estimated number of 576,300 patients 
diagnosed in 2020 [1]. It is estimated that approximately 
1 in 11 females will be diagnosed with invasive breast 
cancer at some point during their lifetime [1].

Regular mammography screening is the most reliable 
way for breast cancer to be detected at an early stage, 
where less radical treatment may be needed, and it is 
more likely that the cancer to be treated successfully with 
improved prognosis [2].

Many European countries have some form of screening 
for breast cancer, aiming to identify the early signs of can-
cer in asymptomatic women and lower the mortality rate 
[3]. To establish high-quality screening services, the Euro-
pean Commission Initiative on Breast Cancer (ECIBC) has 
published quality assurance guidelines, covering aspects 
such as the screening test, age range and screening inter-
vals [4].

According to these guidelines, in the context of an 
organised screening programme, all asymptomatic women 
aged 50 to 69 are invited to attend breast screening every 
2 years while the new European approach also suggests 
breast cancer screening with mammography for women 
from 45 to 74 years [5]. The interval between two rounds 
of screening is 2 years for most of the European countries 
[6]. Basic information of the population-based screening 
programmes in Europe is provided in the Supplemental 
Material [7, 8].

Quality assurance (QA) of image interpretation plays a 
key role in screening and diagnostic mammography, pro-
viding a framework for constant improvement of services 
offered to women [9–11]. Through continuous feedback 
breast radiologists can recognise and understand suboptimal 
clinical performance, determining potential image interpre-
tation problems, and identifying training needs [12].

Although several quality assurance documents are 
now available and recommended by either European bod-
ies, governmental departments, professional societies or 
national and regional organisations, the QA in screen-
ing and diagnostic mammography is quite heterogenous 
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The survey was published online and an invitation to par-
ticipate distributed to all EUSOBI members by the central 
EUSOBI office. The national breast radiology bodies across 
Europe were also contacted and invited to share the sur-
vey with their members. All responders were informed that 
participation was voluntary, and that confidentiality of their 
information would be ensured. The questionnaire was avail-
able online from April to July 2022. To maximise partici-
pation and increase the response rate, two email reminders 
were sent out during this period.

Data analysis

The online software (Google Surveys) was used to collect 
the responses and spreadsheet data were exported for statis-
tical analysis. Quantitative data was gathered using close-
ended questions, while responses to open-ended questions 
were summarised and coded. Preliminary analysis of the 
data was undertaken using descriptive statistical tests, and 
the results were reported as frequencies and percentages to 
highlight important findings. The responses between sub-
groups were compared using the χ2 test. A linear regres-
sion analysis was conducted to investigate the relationship 
between variables. The Durbin-Watson (DW) statistic was 
used to detect the presence of autocorrelation in the residuals 
of a regression. Statistical calculations were performed using 
the IBM SPSS Statistics (version 28) statistical software 
(IBM SPSS Statistics for Windows, Version 28.0. Released 
2021: IBM Corp.).

Results

A total of 251 responders completed the online question-
naire. Females were the most responsive to the survey, rep-
resenting 69.7% (175/251) of the survey population. The 
demographic characteristics are presented in Table 1.

Most responders were aged between 41 and 50 years 
(82/251, 32.7%), followed by the group of 51 to 60 years old 
(71/251, 28.3%), with the smaller proportions of responders 
being from 61 to 70 years (48/251, 19.1%) and less than or 
equal to 40 years old (50/251, 19.9%). Data from Table 1 
indicate that following completion of training in radiology, 
consultant radiologists may not choose to undertake screen-
ing in their practice until later in their career. An estimated 
26.7% (67/251) of responders reported to have more than 25 
years of experience.

In total, responses were received from 34 countries. Fig-
ure 1 presents countries where the responders were working 
at the time of the survey.

More than one-third of the responses (98/251, 39%) 
came from Italy and Germany. To account for potential 
bias introduced due to the high participation rate of these 

two countries, a linear regression test was carried out. 
Data screening did not indicate potential cause for concern 
regarding correlation of adjacent residuals (Durbin-Watson 
= 1.83). The regression equation produced a very small 
effect size (R2 = .016) indicating that country of work was 
not a significant predictor of the existence of established 
quality assurance measures in the workplace (F(1, 249) = 
3.92, p = .05). There was no significant relationship between 
the country of work and the existence (or not) of established 
quality assurance measures (t(249 =1.98, p = .05).

Workload in screening and diagnostic 
mammography

The majority of the breast imaging readers’ who partici-
pated in the survey were providing both breast screening 
and symptomatic services (137/251, 54.6%). In total, 85 
responders (33.9%) were working in an academic hospi-
tal environment, 65 (25.9%) in a private setting (i.e., pri-
vate hospital or private practice employed), 54 (21.5%) in 
a community hospital and the remaining 47 (18.7%) were 
employed in more than one setting.

Most of them devoted less than 50% of their time in 
screening (128/251, 51%) while the remainder were equal 
to or more than 50% (123/251, 49%). Most respondents 
reported to work within the national screening programmes 
(117/251, 46.6%), followed by those who work in oppor-
tunistic screening (88/251, 35.1%) or both (46/251, 18.3%).

The highest percentage of total participating respond-
ents (109/251, 43.4%) read between 1000 and 4999 screen-
ing and diagnostic cases per year. However, the major-
ity of respondents from Sweden and Poland read more 

Table 1  Demographic data of the survey responders

Demographic characteristic n %

Gender
  Female 175 69.7
  Male 75 29.9
  Prefer not to say 1 .4
Age
  < 30 1 .4
  31–40 49 19.5
  41–50 82 32.7
  51–60 71 28.3
  61–70 48 19.1
Years of experience
  < 3 13 5.2
  4 to 8 48 19.1
  9 to 14 42 16.7
  15 to 20 47 18.7
  20 to 25 34 13.5
  > 25 67 26.7
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than 20,000 cases per year and those from Greece, Czech 
Republic and UK read between 5000 and 9999 cases. 
Table 2 provides an overview of the number of cases read 
per year per country.

A chi-square test was used to confirm that there was 
a significant association between the country where the 

responders were based and the number of cases they read 
per year (χ2 (105, N=251) = 188.7, p <.001).

In addition, 33.1% (83/251) of respondents were work-
ing in a breast unit that diagnosed between 201 and 500 
breast cancers per year compared to 29.9% (75/251) whose 
breast unit diagnosed between less than 50 and 100 breast 

Table 2  Countries where the responders were based at the time of the survey and number of cases read per year

Country Number of cases read per year

Less than 999  
cases

1000 to 4999  
cases

5000 to 9999  
cases

10,000 to  
14,999 cases

15,000 to  
19,999 cases

More than  
20,000 cases

Total

Austria 0 4 (100%) 0 0 0 0 4
Belgium 0 5 (71.4%) 1 (14.3%) 0 1 (14.3%) 0 7
Bulgaria 1 (33.3%) 1 (33.3%) 0 0 0 1 (33.3%) 3
Croatia 1 (25%) 2 (50%) 1 (25%) 0 0 0 4
Czech Republic 1 (11.1%) 1 (11.1%) 5 (55.6%) 1 (11.1%) 0 1 (11.1%) 9
Denmark 0 4 (100%) 0 0 0 0 4
France 3 (23.1%) 8 (61.5%) 2 (15.4%) 0 0 0 13
Germany 5 (17.2%) 12 (41.4%) 9 (31%) 2 (6.9%) 1 (3.5%) 0 29
Greece 0 2 (40%) 3 (60%) 0 0 0 5
Italy 14 (20.2%) 26 (37.7%) 21 (30.5%) 6 (8.7%) 2 (2.9%) 0 69
Norway 0 3 (50%) 2 (33.3%) 1 (16.7%) 0 0 6
Poland 0 1 (20%) 2 (40%) 0 0 2 (40%) 5
Portugal 5 (22.7%) 13 (59.2%) 2 (9.1%) 1 (4.5%) 1 (4.5%) 0 22
North Macedonia 0 3 (75%) 1 (25%) 0 0 0 4
Serbia 1 (25%) 2 (75%) 0 0 0 0 3
Slovenia 0 4 (57.1%) 3 (42.9%) 0 0 0 7
Spain 1 (20%) 2 (40%) 2 (40%) 0 0 0 5
Sweden 0 0 0 2 (33.3%) 0 4 (66.7%) 6
Switzerland 0 2 (66.7%) 1 (33.3%) 0 0 0 3
Turkey 0 4 (50%) 4 (50%) 0 0 0 8
UK 2 (18.2%) 2 (18.2%) 4 (36.4%) 3 (27.2%) 0 0 11
Other 3 (12.5%) 8 (33.3%) 5 (20.8%) 3 (12.5%) 4 (16.7%) 1 (4.2%) 24
Total 37 109 68 19 9 9 251

Fig. 1  Countries where the 
responders were working at 
the time of the survey. *Other: 
countries in which less than 
three responders participated in 
the survey
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cancers, 23.9% (60/251) between 101 and 200 cancers and 
13.1% (33/251) more than 500 cancers in a year.

Quality assurance of image interpretation 
in workplace

a. Country guidelines on number of mammography cases 
read per year

The majority of screening readers (84/251, 33.5%) reported 
that they should read more than 5000 cases annually to com-
ply with their country’s guidelines, while for diagnostic 
readers, the most frequent answer (115/251, 45.8%) was that 
there are no guidelines on the number of cases a reader should 
examine per year. Table 3 demonstrates the breakdown of the 
responses by screening and diagnostic readers.

b. Quality assurance measures of breast imaging readers’ 
performance

Over 18.7% (47/251) of responders considered that the 
number of mammograms read per year was the quality assur-
ance measure of their breast imaging performance, followed 
by national benchmarking (46/251, 18.3%), personal bench-
marking (36/251, 14.3%) and unit benchmarking (19/251, 
7.6%). However, the majority (103/251, 41%) confirmed that 
all the aforementioned measures constitute the quality assur-
ance for their performance.

Of the 133 responders (53%) who stated that they have 
established quality assurance measures in their workplace, 
36 of them (27.1%) were working in a private setting and 97 
(72.9%) in other settings, such as academic or community 
hospitals. The quality assurance measures included national 
benchmarking (14/133, 10.5%), number of mammograms 
read per year (20/133, 15%), unit benchmarking (23/133, 
17.3%), personal benchmarking (24/133, 18%) or all the 
aforementioned measures (48/133, 36.1%). An estimated 
3% (4/133) of responders reported other quality assurance 
measures, such as following the recommendations on the 
diagnosis and treatment of breast disease, produced by the 

European Society of Breast Cancer Specialists (EUSOMA). 
Of the 251 survey respondents, 198 (78.9%) reported attend-
ance at Multidisciplinary Team (MDT) meetings on a regular 
basis.

For responders to ensure radiological-pathological corre-
lation, they review the pathology reports and biopsy results 
(109/251, 43.4%), participate in team meetings (99/251, 
39.4%), or explore other methods (43/251, 17.1%), such as 
consulting with a colleague.

 c. Performance testing as part of breast imaging read-
ers’ quality assurance

As part of their QA, 71 responders (28.3%) had to par-
ticipate in an either mandatory or voluntary performance 
test; 22 (31%) of them were working in a private setting. 
Although 71.7% (180/251) were not required to take a 
test as part of the QA, 77% (139/180) of them considered 
this would be beneficial. The main reasons given were to 
improve readers’ performance (62/139, 44.6%), service qual-
ity (62/139, 44.6%) and patient benefit (3/139, 2.2%). Other 
responses (12/139, 8.6%) included ensuring uniformity to 
certain practices, CPD (Continuing Professional Develop-
ment) accreditation or continuous learning. Table 4 presents 

Table 3  Number of cases a mammography reader considers they 
should read annually to comply with their country’s guidelines

Screening mammography Diagnostic mammography

Number of cases N (%) Number of cases N (%)

  <1000 cases 17 (6.8%) <100 cases 2 (0.8%)
  1000–2999 cases 27 (10.8%) 100–299 cases 6 (2.4%)
  3000–4999 cases 39 (15.5%) 300–499 cases 8 (3.2%)
  >5000 cases 84 (33.5%) >500 cases 71 (28.3%)
  No guidelines 35 (13.9%) No guidelines 115 (45.8%)
  Don’t know 49 (19.5%) Don’t know 49 (19.5%)

Table 4  A breakdown of the responders who either participated in a 
performance testing or not based on the country of work

Country Participation in performance test

Yes No Total

Austria 2 (50%) 2 (50%) 4
Belgium 4 (57.1%) 3 (42.9) 7
Bulgaria 1 (33.3%) 2 (66.7) 3
Croatia 1 (25%) 3 (75%) 4
Czech Republic 2 (22.2%) 7 (77.8%) 9
Denmark 0 4 (100%) 4
France 2 (15.4%) 11 (84.6%) 13
Germany 18 (62%) 11 (38%) 29
Greece 1 (20%) 4 (80%) 5
Italy 18 (26.1%) 51 (73.9%) 69
Norway 0 6 (100%) 6
Poland 0 5 (100%) 5
Portugal 0 22 (100%) 22
North Macedonia 1 (25%) 3 (75%) 4
Serbia 2 (66.7%) 1 (33.3) 3
Slovenia 0 7 (100%) 7
Spain 1 (20%) 4 (80%) 5
Sweden 1 (16.7%) 5 (83.3%) 6
Switzerland 1 (33.3%) 2 (66.7%) 3
Turkey 3 (37.5%) 5 (62.5%) 8
UK 9 (81.9%) 2 (18.1) 11
Other 4 (16.7%) 20 (83.3%) 24
Total 71 180 251
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a breakdown of the responders who either participated in a 
performance testing or not based on the country of work.

Survey responders’ attitudes towards quality 
assurance of image interpretation

The majority of respondents (142/251, 56.6%) had the opin-
ion that assessment test results do reflect their performance 
in the clinical practice, while 67.3% (169/251) considered 
that participation in regular testing would improve their 
performance.

Figure 2 demonstrates responders’ answers on testing 
plus (a) reflection on clinical practice and (b) performance 
improvement.

Over 65% (164/251) of responders felt that the most 
important way to improve their skills was by taking part 
in a performance test together with receiving feedback in 

their performance in real setting. Approximately 54.2% 
(136/251) of responders believed that a performance test 
should be compulsory, followed by 25.9% (65/251) who 
were not sure and 19.9% (50/251) who considered that 
such tests should not be mandated. However, when they 
were asked if they would be happy to take part in a man-
datory performance test, the majority (190/251, 75.7%) 
agreed that a test set every 2 years (84/190, 44.3%) or 
once a year (72/190, 37.8%) would be beneficial. Approxi-
mately 15.3% (29/190) reported that readers’ participa-
tion in such test should be dependent on the number of 
mammograms read per year and 2.6% (5/190) only at the 
beginning of their career.

Respondents were also asked to describe any issues that 
could prevent implementation of performance tests in their 
settings. Overall, the most common barriers reported were 
lack of time and willingness from readers to be tested as well 

Fig. 2  Regular performance 
testing plus (A) reflection on 
clinical practice and (B)  
performance improvement
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as lack of national/hospital funding to finance a performance 
test. Other reasons included difficulties in finding a suitable 
software that readers could use to perform the test and data 
protection issues that could arise from processing personal 
data and performance results.

Discussion

This online survey was designed to assess the European QA 
status and breast radiologists’ preferences regarding QA 
measures of image interpretation in screening and diagnostic 
mammography. There were varied responses from 34 coun-
tries reflecting the difference between those countries with 
organised population screening programmes and those with 
opportunistic screening where QA of mammography image 
interpretation was less embedded.

Most screening readers reported that they should read more 
than 5000 cases per year in the screening setting in order to 
comply with their country’s guidelines. The European Com-
mission Initiative on Breast Cancer (ECIBC) Guidelines 
Development Group suggested that mammography read-
ers read between 3500 and 11,000 mammograms annually 
[4]. A recent study in the Norwegian screening programme 
demonstrated that there is a decreasing trend in radiologists’ 
sensitivity for annual reading volumes greater than 10,000 
mammograms, a finding that could be related to their fatigue 
and time pressure at high workloads. Their analysis showed 
that optimal reader performance was achieved in radiologists 
reading between 4000 and 10,000 per annum [15].

In addition, one-third of the responders (those mainly 
from Bulgaria, Greece, Portugal, Serbia, Spain and Turkey) 
were either not aware of the breast cancer screening rec-
ommendations or did not have national guidelines in place. 
This finding remains of concern, as following screening 
recommendations is a crucial element for evidence-based 
management [16]. Such guidelines help to establish stand-
ards for the competence of personnel involved in reporting 
screening mammograms and promote continuous improve-
ment in breast screening, offering high-quality services to 
women [17].

Similarly, most of the diagnostic readers reported that 
there were no guidelines on the number of cases a reader 
should examine per year. Although there are fewer sympto-
matic breast imaging guidelines, some countries have issued 
their own recommendations for diagnostic mammography. 
In the UK diagnostic readers are required to report on a 
minimum of 500 mammograms annually in symptomatic 
patients (patients who have signs or symptoms of breast can-
cer) [18]. The Danish clinical guidelines require diagnostic 
radiologists to evaluate at least 1000 mammography cases 
annually [19].

To address these differences while continuing to increase 
the standards of care, EUSOMA has developed a voluntary 
certification scheme for diagnostic and screening units, 
signifying that the quality standards have been achieved. 
According to this scheme, breast radiologists are required to 
interpret a minimum of 1000 mammography cases annually 
whereas those who participate in an organised population-
based screening programme must have a workload of at least 
5000 cases per year [20].

Compared to the European guidelines, the USA image 
readers are required to interpret a smaller number of cases. 
According to the American College of Radiology, the Mam-
mography Quality Standards Act (MQSA) requires all per-
sonnel involved in reporting mammograms to examine at 
least 960 cases over a 24-month period [21].

More than half of the responders stated that they have 
established quality assurance measures in their workplace 
in order to work within a specialist framework. Although 
such measures are partially mandatory for private practice, 
the majority of responders working in a private sector are 
also required to follow QA practices. To comply with per-
formance indicators and targets, all breast radiologists need 
to take part in internal and external audit procedures with 
corrective action being undertaken as required to achieve 
optimum performance and interpretation of breast images. 
Benchmarking provides the quantitative evidence to assess 
and monitor their radiological performance, determine 
potential problems and understand areas for improvement 
[22]. Recording and analysing individuals’ actual data is 
important although data often needs to be accumulated over 
several years to give robust cancer detection figures.

Performance feedback to radiologists is a quality assur-
ance measure that facilitates awareness of their key perfor-
mance indicators (such as recall rate, cancer detection, inter-
val cancer rate and false-positive recall) but also highlights 
their need for further training [13]. Tailored to specific needs 
training activities and participation in continuing medical 
education improve readers’ image interpretation skills, 
reading performance and confidence in decision making 
— particularly to those who are less experienced [23]. It is 
evident that new or less experienced readers who regularly 
participate in assessment tests and receive feedback in their 
reading performance rapidly improve their cancer detection 
skills [24].

In order to maintain radiological performance and 
improve outcomes, it is also vital for readers to participate 
in regular MDT meetings with expert specialists from dif-
ferent disciplines. Attending such meetings is beneficial for 
feedback and educational purposes, as readers can discuss 
cases both pre- and post-operatively with other professional 
colleagues, access patients’ cytological and pathological 
results and better conform to evidence-based guidelines that 
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outline the standards for readers and describe methods to 
best achieve them. However, there is limited evidence on the 
effectiveness of MDT participation to improve radiologists’ 
screening performance and patient outcomes [25].

According to European Guidelines for quality assurance in 
breast cancer screening and diagnosis, all breast screening per-
sonnel involved in reporting mammograms should participate 
in recognised external quality assessment schemes to reflect on 
their performance and take remedial action if needed, therefore 
improving patient safety [14]. Although most of the responders 
were not required to take part in a performance test as part of 
the QA, the majority of the answers indicated that a mandatory 
test every 2 years would be beneficial for skills appraisal pur-
poses and service quality enhancement. Furthermore, though 
QA assessments could introduce bias as radiologists may inter-
pret mammograms differently during a test set compared to 
real-life practice [26], the respondents believed that QA test 
results would reflect their performance in clinical practice. 
Recent evidence supported this statement, reporting a strong 
relationship between test set–based assessment schemes and 
real-life mammography reading performance [22].

There are limitations within the survey. Firstly, the ques-
tionnaire was kept short to encourage breast imaging readers’ 
participation (approximately 10 min). Consequently, it was not 
possible to add further questions regarding radiology quality 
assurance and standards (i.e., reasons for differences in QA 
implementation between countries, type of corrective action 
undertaken by radiologists). Females were the most responsive 
to the survey; however, the radiologists that participated were 
invited via their respective national breast bodies and therefore 
the total number of invitees cannot be verified. The age of the 
responders was fairly evenly distributed with the proportion 
(19.9%) of readers who were less than or equal to 40 years old 
reflecting the extensive years of postgraduate training required 
to become a specialised breast radiology consultant [6]. 
Although respondents were from 34 European countries, the 
most-represented countries were Italy and Germany (a linear 
regression test confirmed this did not affect the results) while 
countries such as Albania, Cyprus, Estonia, and the Netherlands 
had only one response. The findings, therefore, may not repre-
sent the preferences regarding QA measures of all breast imag-
ing readers in Europe. A further survey could be of interest to 
analyse the points that were only raised within the current study.

Conclusion

This is the first survey carried out that collects data on QA 
status in Europe and radiologists’ preferences regarding QA 
measures of image interpretation in screening and diagnostic 
mammography. The results demonstrate that although there 
are comprehensive and well-structured national and interna-
tional guidelines in breast screening, the respective guidelines 

for readers involved in symptomatic breast imaging are not as 
well recognised and vary more substantially between differ-
ent countries. However, in both cases, the vast majority of the 
breast imaging readers are aware of how important it is to have 
QA of mammography image interpretation in place as well as 
it being implemented for the services to be as effective.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00330- 023- 09973-7.

Acknowledgements The authors would like to thank all the breast 
imaging readers who took the time to answer the survey.

Funding The authors state that this work has not received any funding.

Declarations 

Guarantor The scientific guarantor of this publication is Eleni Mich-
alopoulou.

Conflict of interest Paola Clauser is a member of the European Radiol-
ogy Scientific Editorial Board. Ritse M. Mann is a member of the Eu-
ropean Radiology Advisory Editorial Board. Neither have taken part in 
the review or selection process of this article.
The remaining authors of this manuscript declare no relationships with 
any companies, whose products or services may be related to the sub-
ject matter of the article.

Statistics and biometry No complex statistical methods were neces-
sary for this paper.

Informed consent N/A

Ethical approval Institutional Review Board approval was not required 
because the study is classified as survey.

Study subjects or cohorts overlap N/A

Methodology 
•	 retrospective
•	observational
•	multicentre study

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. European Commission (2020) Breast cancer burden in EU-27. 
European Commission, European Cancer Information System. 
Available via https:// ecis. jrc. ec. europa. eu/ pdf/ Breast_ cancer_ 
facts heet- Dec_ 2020. pdf. Accessed 8 Sept 2022

https://doi.org/10.1007/s00330-023-09973-7
http://creativecommons.org/licenses/by/4.0/
https://ecis.jrc.ec.europa.eu/pdf/Breast_cancer_factsheet-Dec_2020.pdf
https://ecis.jrc.ec.europa.eu/pdf/Breast_cancer_factsheet-Dec_2020.pdf


8111European Radiology (2023) 33:8103–8111 

1 3

 2. Centers for Disease Control and Prevention (2021) Breast cancer 
– what is breast screening? Centers for Disease Control and Pre-
vention, U.S. Department of Health & Human Services. Available 
via https:// www. cdc. gov/ cancer/ breast/ basic_ info/ scree ning. htm. 
Accessed 8 Sept 2022

 3. Zielonke N, Kregting LM, Heijnsdijk EAM et al (2020) The 
potential of breast cancer screening in Europe. Int J Cancer 
148(2):406–418

 4. European Commission (2022) European guidelines on breast can-
cer screening and diagnosis. European Commission, European 
Commission Initiative on Breast Cancer. Available via https:// 
healt hcare- quali ty. jrc. ec. europa. eu/ ecibc/ europ ean- breast- cancer- 
guide lines.  Acces sed 8 Sept 2022

 5. European Commission (2022) European Health Union: Commis-
sion welcomes adoption of new EU cancer screening recommenda-
tions, European Commission Press release. Available via https:// 
ec. europa. eu/ commi ssion/ press corner/ detail/ en/ IP_ 22_ 7548

 6. Association of European Cancer Leagues (2018) Easy guide to 
cancer screening in Europe: lay version of the cancer screening 
in the EU report, Association of European Cancer Leagues and 
European Code Against Cancer. Available via https:// www. cancer. 
eu/ wp- conte nt/ uploa ds/ ECL- Scree ning- Guide- 2018. pdf

 7. Peintinger F (2019) National breast screening programs across 
Europe. Breast Care (Basel) 14(6):354–358

 8. Giordano L, Von Karsa L, Tomatis M et al (2012) Mammographic 
screening programmes in Europe: organization, coverage and par-
ticipation. J Med Screen 19(1_suppl):72–82

 9. Geertse TD, Holland R, Timmers JMH et al (2015) Value of audits 
in breast cancer screening quality assurance programmes. Eur 
Radiol 25:3338–3347

 10. Wallwiener M, Brucker SY, Wallwiener D, Steering Committee 
(2012) Multidisciplinary breast centres in Germany: a review and 
update of quality assurance through benchmarking and certifica-
tion. Arch Gynecol Obstet 285(6):1671–1683

 11. Klabunde C, Bouchard F, Taplin S, Scharpantgen A, Ballard-Barbash 
R (2001) Quality assurance for screening mammography: an interna-
tional comparison. J Epidemiol Community Health 55:204-212

 12. Reis C, Pascoal A, Sakellaris T, Koutalonis M (2013) Quality 
assurance and quality control in mammography: a review of avail-
able guidance worldwide. Insights Imaging 4(5):539–553

 13. Rosenberg RD, Yankaskas BC, Abraham LA et al (2006) Performance 
benchmarks for screening mammography. Radiology 241(1):55–66

 14. Perry N, Broeders M, de Wolf C, Törnberg S, Holland R, von 
Karsa L (2006) European guidelines for quality assurance in 
breast cancer screening and diagnosis, 4th edn. European Com-
munities, Belgium

 15. Hoff SR, Myklebust TA, Lee CI, Hofvind S (2019) Influence of 
mammography volume on radiologists' performance: results from 
BreastScreen Norway. Radiology 292(2):289–296

 16. Darcy R (2022) The role of radiologists in screening programmes 
for lung and prostate cancer. EMJ Radiol 3(1):18–22

 17. Public Health England (2018). Screening Quality Assurance Visit 
Report. Public Health England, London. Available via https:// 
assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ 
uploa ds/ attac hment_ data/ file/ 755312/ South_ east_ london_ breast_ 
scree ning_ servi ce_ qa_ visit_ breast_ scree ning_ progr amme. pdf. 
Accessed 16 September 2022

 18. Royal College of Radiologists (2019) Guidance on screening and 
symptomatic breast imaging, 4th edn. Royal College of Radiolo-
gists, London. Available via https:// www. rcr. ac. uk/ system/ files/ 
publi cation/ field_ publi cation_ files/ bfcr1 99- guida nce- on- scree 
ning- and- sympt omatic- breast- imagi ng. pdf.  Acces sed 16 Sept 2022

 19. Vejborg I, Mikkelsen E, Garne JP et al (2011) Mammography screen-
ing in Denmark clinical guidelines. Dan Med Bull 58(6):C4287

 20. Biganzoli L, Cardoso F, Beishon M et al (2020) The requirements 
of a specialist breast centre. Breast 51:65–84

 21. US Food & Drug Administration (2001) The Mammography 
Quality Standards Act Final Regulations: Preparing for MQSA 
Inspections; Final Guidance for Industry and FDA. Center for 
Devices and Radiological Health, Office of Product Evaluation 
and Quality, Office of In Vitro Diagnostics and Radiological 
Health, Rockville. Available via https:// www. fda. gov/ media/ 
74027/ downl oad.  Acces sed 12 Oct 2022

 22. Chen Y, James JJ, Cornford EJ, Jenkins J (2020) The relation-
ship between mammography readers’ real-life performance and 
performance in a test set–based assessment scheme in a national 
breast screening program. Radiol Imaging Cancer 2(5):e200016

 23. Wright C, Reeves P (2016) RadBench: benchmarking image inter-
pretation skills. Radiography 22(2):e131–e136

 24. Chen Y, Gale AG (2018) Performance assessment using standard-
ized data sets: the PERFORMS scheme in breast screening and 
other domains. In: Samei E, Kuprinski EA (eds) The Handbook of 
Medical Image Perception and Techniques. Campridge University 
Press, pp 328–342

 25. Saini KS, Taylor C, Ramirez AJ at al (2012) Role of the mul-
tidisciplinary team in breast cancer management: results from 
a large international survey involving 39 countries. Ann Oncol 
23(4):853-859

 26. Gur D, Bandos AI, Cohen CS et al (2008) The “laboratory” effect: 
comparing radiologists’ performance and variability during pro-
spective clinical and laboratory mammography interpretations. 
Radiology 249(1):47–53

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.cdc.gov/cancer/breast/basic_info/screening.htm
https://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines.%20Accessed%208%20Sept%202022
https://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines.%20Accessed%208%20Sept%202022
https://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines.%20Accessed%208%20Sept%202022
https://ec.europa.eu/commission/presscorner/detail/en/IP_22_7548
https://ec.europa.eu/commission/presscorner/detail/en/IP_22_7548
https://www.cancer.eu/wp-content/uploads/ECL-Screening-Guide-2018.pdf
https://www.cancer.eu/wp-content/uploads/ECL-Screening-Guide-2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755312/South_east_london_breast_screening_service_qa_visit_breast_screening_programme.pdf.%20Accessed%2016%20September%202022
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755312/South_east_london_breast_screening_service_qa_visit_breast_screening_programme.pdf.%20Accessed%2016%20September%202022
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755312/South_east_london_breast_screening_service_qa_visit_breast_screening_programme.pdf.%20Accessed%2016%20September%202022
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755312/South_east_london_breast_screening_service_qa_visit_breast_screening_programme.pdf.%20Accessed%2016%20September%202022
https://www.rcr.ac.uk/system/files/publication/field_publication_files/bfcr199-guidance-on-screening-and-symptomatic-breast-imaging.pdf.%20Accessed%2016%20Sept%202022
https://www.rcr.ac.uk/system/files/publication/field_publication_files/bfcr199-guidance-on-screening-and-symptomatic-breast-imaging.pdf.%20Accessed%2016%20Sept%202022
https://www.rcr.ac.uk/system/files/publication/field_publication_files/bfcr199-guidance-on-screening-and-symptomatic-breast-imaging.pdf.%20Accessed%2016%20Sept%202022
https://www.fda.gov/media/74027/download.%20Accessed%2012%20Oct%202022
https://www.fda.gov/media/74027/download.%20Accessed%2012%20Oct%202022

	A survey by the European Society of Breast Imaging on radiologists’ preferences regarding quality assurance measures of image interpretation in screening and diagnostic mammography
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusion 
	Clinical relevance statement 
	Key Points 

	Introduction
	Materials and methods
	Survey design and distribution
	Data analysis

	Results
	Workload in screening and diagnostic mammography
	Quality assurance of image interpretation in workplace
	Survey responders’ attitudes towards quality assurance of image interpretation

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements 
	Funding 
	References


