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Abstract

Purpose Screening mammogram reading  volume
(SMRV) and total (screening and clinical) mammogram
reading volume (TMRV) per year are strongly associated
with the radiologist’s diagnostic performance in breast can-
cer screening. The current article reports the prevalence and
correlates of a SMRV and a TMRV >5000 among Italian
breast screening radiologists.

Materials and methods A questionnaire survey was car-
ried out in 2013-2014 by the Italian Group for Mammogra-
phy Screening (GISMa). The questionnaire included items
of information for radiologist’s experience-related charac-
teristics and for facility-level factors supposedly associated
with SMRV and TMRV. Multivariate analysis was per-
formed using backward stepwise multiple logistic regres-
sion models.
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Results Data for 235 radiologists from 51 local screen-
ing programmes were received. Of the 222 radiologists
who were eligible, 133 (59.9 %) reported a SMRV >5000
and 163 (73.4 %) a TMRV >5000. Multivariate factors
positively associated with both characteristics included: the
number of years of experience reading mammograms; the
percentage of total working time dedicated to breast imag-
ing and breast care; the participation in diagnostic assess-
ment; and the availability of digital tomosynthesis at facil-
ity. Full-time dedication to breast imaging and breast care
was associated with the highest odds ratio for a SMRV and
a TMRV >5000, i.e. 11.80 and 46.74, respectively, versus a
percentage of time <50 %. An early (<2000) year of imple-
mentation of the screening programme and the availability
of vacuum-assisted biopsy at facility were associated with a
SMRYV and, respectively, a TMRV >5000.
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Conclusions Increasing the proportion of radiologists
with full-time dedication to breast imaging and breast care
qualified as the most effective approach to improve SMRV
and TMRV.

Keywords Screening - Mammography - Questionnaire -
Survey - Radiologist - Mammogram reading volume

Introduction

The sensitivity of mammogram reading for early-stage
breast cancer and its specificity for the unaffected breast
are powerful factors for effectiveness, cost-effectiveness,
and acceptability of mammography screening. For this rea-
son, the often reported variability in diagnostic accuracy of
breast screening radiologists is a matter of concern. This
variability depends mostly on the radiologist’s experience
[1].

In fact, the breast screening radiologist’s experience is
difficult to define and to measure. The radiologist’s per-
formance is a process in which multiple determinants are
involved interactively [1-4]. These include several personal
characteristics [1-3, 5-11] as well as facility-level factors
(for example, the number of interpreting radiologists at
facility) [2]. However, because the volume of procedures
has been shown to be a strong determinant of quality in
numerous medical fields [12], the experience-related factor
that has received the most attention in the literature is the
annual mammogram reading volume (MRV) [1-3, 6-11].
Expectedly, most studies have consistently demonstrated a
close independent association between MRV and radiolo-
gist’s accuracy [6, 7, 11, 13].

This notion is reflected in the European guidelines for
quality assurance in breast cancer screening and diagnosis,
which state that each radiologist should: have had specific
training both in screening and in clinical mammography;
participate in a continuing medical education programme;
be involved both in basic screening and in assessment of
women with abnormal screening results; and read a mini-
mum of 5000 screening mammograms per year [14]. The
more recent European Society of Breast Cancer Specialists
(Eusoma) position paper for Specialist Breast Centre cer-
tification states that each breast radiologist working in a
Centre must read a minimum of 1000 mammography cases
per year, which rise to 5000, including both screening and
clinical mammograms, if he participates in a screening pro-
gramme [15].

In 2013-2014, the Italian Group for Mammography
Screening (Gruppo Italiano Screening Mammografico,
GISMa), the scientific society that promotes communica-
tion and dissemination of knowledge across the mammog-
raphy screening community in the country, carried out a
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questionnaire survey aimed (1) at evaluating the distribu-
tion of Italian breast screening radiologists by the main
experience-related characteristics, and (2) at acquiring a list
of screening centres offering training opportunities. In the
current study, we used data from the first part of the survey.
Our aim was to evaluate the prevalence of radiologists with
a MRV >5000 and the factors significantly associated with
it, in order to find clues to improvement in this critical indi-
cator of radiologist’s experience.

Materials and methods
Setting

In Italy, mammography screening is implemented on a
health care district basis. District screening programmes
are served by one or more mammography facilities (also
referred to as screening centres), each with or without an
assessment clinic. Detailed information on geographic
coverage, target population, performance indicators, and
impact indicators can be found elsewhere [16-19].

Questionnaire

The questionnaire was developed by two of us (DM and LB)
after consultation of the relevant literature, was amended by
a third author (LG), and was tested on a randomly selected
group of radiologists. The items were divided in two sec-
tions: one devoted to the characteristics of the screening
centre and of employed radiologists (see “Appendix”), and
the other to the offer of training opportunities.

The questionnaire was saved as a Microsoft Excel file
with locked cells and, in June 2013, was sent via e-mail
to all radiologists enrolled in the GISMa. Telephone and
email reminders were sent in October 2013. The deadline
for responding was December 31, 2013, although a small
number of questionnaires were received in early 2014.

Items of information

We used a subset of items of the questionnaire. From
among the radiologist’s experience-related characteristics
(personal characteristics), we selected the following: num-
ber of screening mammograms read per year, calculated as
the average of the last 3 years; number of clinical mammo-
grams read per year, calculated as the average of the last
3 years; years of experience in reading both screening and
clinical mammograms; percentage of total working time
dedicated to breast imaging and breast care, calculated as
the average of the last 3 years; and regular participation in
diagnostic assessment sessions for women with abnormal
screening mammography results.
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With respect to the facility-level factors supposedly
associated with the MRV, we used the following: geo-
graphic area (north, centre, south); year of implementa-
tion of the screening programme; number of interpreting
radiologists at facility (each single facility in multi-facil-
ity screening programmes); availability of digital mam-
mography; availability of digital tomosynthesis; and
availability of vacuum-assisted biopsy. The latter two
variables were assumed as proxies of a high technologi-
cal level. For reasons of quality of information, the year
of implementation of the screening programme was taken
from a set of data that the GISMa and the National Centre
for Screening Monitoring (Italian: Osservatorio Nazionale
Screening, ONS) collected in 2013 from local screening
programmes.

Data analysis

The total number of breast radiologists working in the
screening centres in Italy is unknown, because their regis-
tration with official bodies is not mandatory. Conversely,
all screening programmes should be notified to the ONS,
which acts upon a mandate of the Ministry of Health.
Under these conditions, we estimated the approximate
survey’s coverage in two alternative ways: first, as the
proportion of respondent radiologists out of the number
of radiologists enrolled in the GISMa; and, second, as the
proportion of surveyed programmes out of the number of
active programmes notified to the ONS [17]. Active pro-
grammes were defined as providing (at least) the number of
screen-detected cancers.

Continuous variables were dichotomised by the median
value. The number of screening and clinical mammograms
was rounded to the nearest multiple of 100. The problem of
missing data was dealt with using the multiple imputation
technique [20].

The endpoint of analysis was twofold. The first was the
screening MRV (SMRYV), defined according to the Euro-
pean guidelines for quality assurance in breast cancer
screening and diagnosis [14], and the second was the total
MRV (TMRV), i.e. the sum of screening and clinical mam-
mogram readings, defined according to the Eusoma posi-
tion paper [15].

Differences in proportions were tested for significance
with the Fisher’s exact test and the x test for heterogene-
ity, and trends in proportions with the x> test for trend.
Multivariate analysis was performed using two backward
stepwise multiple logistic regression models. Given the
skewed distribution of percentages of working time dedi-
cated to breast imaging and breast care, the variable was
also categorised into tertiles and both models were run
again.

Results
Response

Data for 235 radiologists from 51 health care district
screening programmes were received. Averaging over all
study variables, 3 % of them had missing information.
Thirteen radiologists reported that they participated only
in the reading of clinical mammograms and in the diagnos-
tic assessment of women with abnormal screening results.
They were excluded, leaving 222 subjects available for
analysis. These accounted for 76.6 % of the 290 radiolo-
gists enrolled in the GISMa. The 51 surveyed programmes
accounted for 46.8 % of the 109 active programmes known
to the ONS.

Characteristics of radiologists

The 222 eligible radiologists were mostly (163 or 73.4 %)
from northern Italy. The median number of interpreting
radiologists at their work facilities was four. Two hundred
and two (91.0 %) of them reported that their work facil-
ity was equipped with digital mammography. The left part
of Table 1 shows the distribution of eligible radiologists by
other study variables.

Figure 1 shows their distribution by SMRV and TMRV
categories. One hundred and thirty-three radiologists
(59.9 %) reported a SMRV >5000, and 163 (73.4 %) a
TMRYV >5000. Four (1.8 %) radiologists reached a TMRV
>25,000. The median number of clinical mammograms
read per year was 1400 (range 0-10,000).

Factors associated with a SMRYV and a TMRYV >5000

The right part of Table 1 shows the results of univariate and
multivariate analysis. Both approaches demonstrated that
the geographic area, the number of radiologists at facil-
ity, and the availability of digital mammography were not
significantly associated either with a SMRV or a TMRV
>5000.

Factors significantly associated with the probability of
a SMRV >5000 in multivariate analysis included an early
year of implementation of the screening programme, a high
number of years of experience in reading mammograms,
a percentage of working time dedicated to breast imaging
and breast care >75 %, a regular participation in diagnostic
assessment sessions, and the availability of digital tomos-
ynthesis at facility. The effect of the number of years of
experience was found only in multivariate analysis. This
was entirely explained by the fact that the variable was
strongly and positively associated (p = 0.007) with the year
of implementation of the programme (data not shown), that
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Table 1 Breast screening

: o . Factor Total no. of Radiologists with a SMRV Radiologists with a TMRV
radlologl§t s experlenc.e.—related radiologists >5000 >5000
characteristics and facility-
level factors associated with No. (%) OR (95 % CI) No. (%) OR (95 % CI)
a screening mammogram
reading volume (SMRV) and Year of implementation of the screening programme
a total (screening and clinical) 1990-1999 97 73(75.3)  1.00 (referent) 84 (86.6)  Variable removed
mammogram reading volume a o a
(TMRV) >5000 per year 2000-2012 125 . . . 60 (48.0)* 0.42(0.20-0.89) 79 (63.2)
Number of years of experience in reading mammograms
1-14 103 57 (55.3) 1.00 (referent) 72 (69.9) 1.00 (referent)
1540 119 76 (63.9)°  2.71 (1.31-5.61) 91 (76.5)° 2.58 (1.07-6.20)
Percentage of working time dedicated to breast imaging and breast care
10-74 % 110 40 (36.4) 1.00 (referent) 54 (49.1) 1.00 (referent)
75-100 % 112 93 (83.0)* 5.02(2.48-10.13) 109 (97.3)* 27.28 (7.13-104.43)

Regular participation in diagnostic assessment sessions

9(22.5) 1.00 (referent)
124 (68.1)* 7.45(2.67-20.81)

11 (27.5) 1.00 (referent)

152 (83.5)* 29.62 (7.33-119.68)
91 (54.2) 1.00 (referent) 116 (69.0)
5.07 (1.89-13.61) 47 (87.0)*

1.00 (referent)

42 (77.8)* 6.09 (1.22-30.40)

40 (46.5) Variable removed 48 (55.8) 1.00 (referent)

No 40
Yes 182

Availability of digital tomosynthesis at facility
No 168
Yes 54

Availability of vacuum-assisted biopsy at facility
No 86
Yes 136

93 (68.4)* 115 (84.6)" 3.04 (1.14-8.08)

Continuous variables were dichotomised by the median value

Odds ratios were estimated with two backward stepwise multiple logistic regression models. The variables
were removed if the likelihood ratio statistic based on the maximum likelihood estimates had a probability
>0.1. In multivariate analysis, geographic area, number of interpreting radiologists at facility, and availabil-
ity of digital mammography were not associated either with SMRV or with TMRV

OR odds ratio, CI confidence interval

4 p<0.05
® »>0.05

Number of Radiologists

225,000

<5000 509800 m,uw-‘l“m ﬁlmg.ﬂ,wl 20,000 24,900

Fig. 1 Frequency distribution of radiologists by screening mam-
mogram reading volume (SMRV) and total (screening and clinical)
mammogram reading volume (TMRV) per year. One hundred and
thirty-three radiologists (59.9 %) reported a SMRV >5000 and 163
(73.4 %) a TMRV >5000. Note: the annual number of mammograms
reported by radiologists was rounded to the nearest multiple of 100
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is, an inverse determinant of SMRV. The availability of
vacuum-assisted biopsy at facility was significantly associ-
ated with the outcome variable in univariate analysis, but
not after simultaneous adjustment for confounders.

The pattern of associations with TMRV was similar, but
not equal, to that for SMRV. The availability of vacuum-
assisted biopsy at facility emerged as a significant inde-
pendent determinant, whereas the year of implementation
of the screening programme was not retained in the multi-
variate model. More important, a high percentage of work-
ing time dedicated to breast imaging and breast care and a
regular participation in diagnostic assessment sessions had
a much stronger influence on TMRV than on SMRV.

After categorising the percentage of working time
dedicated to breast imaging and breast care into tertiles,
we ran both models again. As shown in Table 2, using
the 10 to 50 % category as a referent, the odds ratio for a
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Table 2 Association of the percentage of working time dedicated to breast imaging and breast care, categorised into tertiles, with a screening
mammogram reading volume (SMRV) and a total (screening and clinical) mammogram reading volume (TMRV) >5000 per year

Percentage of working time dedicated to breast

Total no. of radiologists Radiologists with a SMRV

Radiologists with a TMRV

imaging and breast care (tertiles) (%) >5000 >5000

No. (%) OR (95 % CI) No. (%) OR (95 % CI)
10-50 91 32(35.2) 1.00 (referent) 39 (42.9) 1.00 (referent)
51-99 43 21 (48.8) 0.79 (0.34-1.84) 38 (88.4) 6.21 (1.96-19.66)
100 88 80 (90.9)* 11.80 (4.61-30.18) 86 (97.7)* 46.74 (9.78-223.45)

Odds ratios were estimated with two backward stepwise multiple logistic regression models also including terms for year of implementation
of the screening programme, number of years of experience in reading mammograms, regular participation in diagnostic assessment sessions,
number of interpreting radiologists at facility, availability of digital mammography at facility, availability of digital tomosynthesis at facility, and
availability of vacuum-assisted biopsy at facility. These variables were removed if the likelihood ratio statistic based on the maximum likelihood

estimates had a probability >0.1
OR odds ratio, CI confidence interval
* p < 0.05 (test for trend)

SMRV >5000 was not significant for a percentage vary-
ing between 5land 99 %, while raising to above 11 among
radiologists with full-time dedication. The probability of
TMRYV being >5000 was sixfold greater and, respectively,
46-fold greater. Both indicators were above the recom-
mended threshold for more than 90 % of radiologists with
full-time dedication.

Discussion

In Italy, there never have been nationwide data on the expe-
rience-related characteristics of breast screening radiolo-
gists. This provided a strong rationale for the present study.

Since mammography screening and diagnostic breast
imaging are increasingly integrated into multidiscipli-
nary Specialist Breast Centres [15], we took both SMRV
and TMRYV as endpoints of analysis. 59.9 and 73.4 % of
respondent radiologists reported a SMRV and, respectively,
a TMRV >5000. Both figures were roughly in line with
expectations, as were most of factors found to influence
the probability of reaching either or both standards. Con-
versely, the finding that the probability of a SMRV >5000
was lower in those screening programmes that have been
implemented in the most recent years was unexpected and
disappointing. It suggests that local health care districts
where the set-up of the programme has taken longer had
a lower background level of mammography services. If so,
our observation might predict other unfavourable character-
istics of recent programmes.

SMRV and TMRV increased with increasing number
of years of experience [1, 3, 7, 10]. Because both asso-
ciations were adjusted for the working time dedicated to
breast imaging and breast care, the most likely interpreta-
tion is that the more the years of experience the greater the

reading volume per time unit. In this time of budget diffi-
culties, this finding deserves attention.

An association between the percentage of working
time dedicated to breast imaging and breast care and both
mammogram reading volumes has already been reported
by others [1]. In our data, however, the association with a
SMRV >5000 depended entirely on a markedly increased
probability among radiologists with full-time dedication.
Although screening authorities in Italy recommend that
breast radiologists spend at least half of their time reading
mammograms [21], this is not sufficient to reach the stand-
ard SMRV. The percentage of working time dedicated to
breast imaging and breast care had an even stronger effect
on TMRY, with a 47-fold increased probability of reaching
a level >5000 for full-time dedication. As many as 98 % of
full-time radiologists were in line with the Eusoma require-
ment [15].

A high percentage of working time dedicated to breast
imaging and breast care was also likely to increase the
probability for radiologists to participate in diagnostic
assessment sessions [1, 5]. The observed association of the
latter variable with SMRV and TMRYV, however, was inde-
pendent of this, because it was adjusted for working time.
The explanation we suggest is that reading volumes and
participation in diagnostic assessment were both associated
with a third radiologist’ characteristic, that is, a high degree
of commitment to breast imaging and breast care.

In screening centres equipped with digital tomosyn-
thesis, the probability of radiologists reporting a SMRV
and a TMRV >5000 was higher. Digital tomosynthesis is
an innovative imaging technique, not yet used for basic
screening, that merges digital image capture with conven-
tional radiographic tomography. A plausible interpretation
for our finding is that those radiologists who are interested
in digital tomosynthesis have high expertise and strong
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commitment to breast imaging and breast care. Availability
of vacuum-assisted biopsy, conversely, was associated only
with TMRV. This technique is used by breast radiologists
who spend much working time in the clinical mammog-
raphy setting, where they are also employed in the assess-
ment of women with abnormal screening results. The fact
that these radiologists have a higher TMRYV but not a higher
SMRYV is plausible.

Although a SMRV and a TMRV >5000 per year remain
important targets, a balanced workload allocation is also
needed on the other side of the distribution because there
could be an upper limit above which the reader’s perfor-
mance deteriorates. In our data, four radiologists—approxi-
mately 2 %—reported a SMRV and a TMRV >25,000. A
study from the UK has demonstrated a lower cancer detec-
tion rate in the group of screening radiologists who read
>25,000 mammograms in a 3-year period [9].

There are two limitations of this study that warrant men-
tion. First, although the proportion of missing values was
very low, some study variables were subject to the recall
bias and other potential sources of error associated with
self-reporting. In order to minimize the adverse effects of
related biases, we dichotomised all continuous variables.

Second, the radiologists’ participation in the survey was
limited. Moreover, we were able to determine the response
rate only in an approximate manner using two different
approaches. In fact, we do not know whether the true rate
is nearer to the proportion of respondent radiologists out
of the number of radiologists enrolled in the GISMa, i.e.
76.6 %, or to the proportion of surveyed programmes out
of the number of active Italian programmes, i.e. 46.8 %. In
any case, the latter figure provides an underestimated meas-
ure of response. The reported median number of four radi-
ologists per screening centre, which is above that expected,
indicates that the participation was higher among large-
staffed centres.

Conclusions

We performed this study with the objective of finding mod-
ifiable factors for the likelihood of a SMRV and a TMRV
>5000, that is, of finding clues to improvement in these
major indicators of radiologist’s experience. In fact, most
of the determinants we identified can be hardly translated
into meaningful actions. First, the year of implementation
of the screening programme is not modifiable; second, the
number of years of experience will inevitably decrease in
the next few years because of the projected retirement of
a substantial part of the medical workforce of the Italian
National Health Service, including numerous experienced
radiologists; and third, the complex relationships that link
SMRV and TMRV to regular participation in diagnostic
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assessment and to technical level of the screening centre
do not suggest appropriate actions in an objective man-
ner. Conversely, our results point to an increase in the pro-
portion of radiologists with full-time dedication to breast
imaging and breast care as a clear and effective way to
improve both mammogram reading volumes.
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Appendix

Items of the questionnaire. The questionnaire was divided
into two sections: one devoted to the characteristics of the
screening centre and of employed radiologists, and the
other to the offer of training opportunities. The latter was
not used for the current study, and its items are not pre-
sented here. Except for the name of the health care district
and for numerical items, the response option was yes or no.
The asterisk indicates the items of the first part that were
excluded from analysis.

Characteristics of the screening centre

— Name of the health care district

— Number of women attending the facility per year*
— Number of interpreting radiologists

— Number of radiographers*

— Availability of diagnostic assessment

— Auvailability of film-screen mammography

— Auvailability of digital mammography

— Availability of magnetic resonance imaging*

— Availability of digital tomosynthesis

— Auvailability of fine needle aspiration cytology*
— Awvailability of core biopsy*

— Auvailability of vacuum-assisted biopsy

Characteristics of the radiologist

— Number of screening mammograms read per year (as
the average of the last 3 years)

— Number of clinical mammograms read per year (as the
average of the last 3 years)
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— Number of years of experience in reading screening and
clinical mammograms

— Percentage of total working time dedicated to breast
imaging and breast care (as the average of the last
3 years)

— Regular participation in diagnostic assessment sessions
for women with abnormal screening mammography
results

— Duration of training in breast imaging (in days)*
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