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Objective: The aim of this study was to examine the sensitivity and specificity of
screening mammography as performed in Vermont, USA, and Norway.
Methods: Incident screening data from 1997 to 2003 for female patients aged
50–69 years from the Vermont Breast Cancer Surveillance System (116 996 subsequent
screening examinations) and the Norwegian Breast Cancer Screening Program (360 872
subsequent screening examinations) were compared. Sensitivity and specificity
estimates for the initial (based on screening mammogram only) and final (screening
mammogram plus any further diagnostic imaging) interpretations were directly
adjusted for age using 5-year age intervals for the combined Vermont and Norway
population, and computed for 1 and 2 years of follow-up, which ended at the time of
the next screening mammogram.
Results: For the 1-year follow-up, sensitivities for initial assessments were 82.0%,
88.2% and 92.5% for 1-, 2- and .2-year screening intervals, respectively, in Vermont
(p50.022). For final assessments, the values were 73.6%, 83.3% and 81.2% (p50.047),
respectively. For Norway, sensitivities for initial assessments were 91.0% and 91.3%
(p50.529) for 2- and .2-year intervals, and 90.7% and 91.3%, respectively, for final
assessments (p50.630). Specificity was lower in Vermont than in Norway for each
screening interval and for all screening intervals combined, for both initial (90.6% vs
97.8% for all intervals; p,0.001) and final (98.8% vs 99.5% for all intervals; p,0.001)
assessments.
Conclusion: Our study showed higher sensitivity and specificity in a biennial screening
programme with an independent double reading than in a predominantly annual
screening program with a single reading.
Advances in knowledge: This study demonstrates that higher recall rates and lower
specificity are not always associated with higher sensitivity of screening mammography.
Differences in the screening processes in Norway and Vermont suggest potential areas
for improvement in the latter.
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In a previous study in which selected early outcome
measures of mammographic screening in Vermont, USA,
and Norway were compared, higher recall and interval
cancer rates were shown for Vermont than for Norway.
The rate of screen-detected cancers did not differ [1]. The
findings were consistent with other international studies
[2–4]. Different radiological reading procedures have been
suggested as a possible reason for the findings [1, 2, 4].

Breast cancer screening involves a series of events that
begins with the screening examination (bilateral two-view
mammography), and may continue with a recall for
diagnostic work-up. The diagnostic work-up may lead to
a recommendation for a biopsy, which determines
whether the suspect lesion is benign or malignant. In
both Vermont and Norway, the decision to recall a female

patient is based on the assessment of her initial screening
mammogram. In the USA, single reading is the usual
practice, while in Norway an independent double reading
with consensus is performed, in accordance with the
European guidelines [5]. In a single reading, a radiologist
decides whether the female patient should be recalled for
diagnostic work-up, while in an independent double
reading with consensus, two radiologists discuss the
findings and a consensus is reached as to whether to recall
the patient. In both processes, a final assessment is
reached after additional breast imaging (including ultra-
sound) to determine whether to recommend a biopsy.

We surmise that the different procedures for initial
assessment will affect the sensitivity and specificity of
both the initial and the final assessments. However, this
can be difficult to ascertain when comparing countries
that also have differing screening intervals. To better
understand how differences in the interpretation proce-
dures of screening mammography may influence cancer
detection, we have taken a detailed look at the sensitivity
and specificity of initial and final assessments in our
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previously studied cohort of female patients aged
50–69 years who underwent screening mammography
in Vermont or Norway during 1997–2003. The aim of
this study was to determine and compare the sensitivity
and specificity of the initial and final assessments of
mammographic screening as practised in Vermont and
Norway.

Methods and materials

This study is based on data from the Vermont Breast
Cancer Surveillance System (VBCSS) and the Norwegian
Breast Cancer Screening Program (NBCSP). Both the
VBCSS and the NBCSP collect data describing the
assessments of the screening mammograms and any
work-up imaging, patient characteristics and cancer
outcomes. Use of the Vermont data was approved with
an alteration of consent by the Institutional Review
Board for the Protection of Human Subjects at the
University of Vermont and is compliant with the
Health Insurance Portability and Accountability Act.
Collecting information from the screening programme in
Norway was covered by the regulations on the collection
and processing of personal health data at the Cancer
Registry (Cancer Registry Regulations) [6]; because we
received only aggregated data, no ethical committee or
Data Inspectorate approval was necessary.

This study was based on the same data set used in a
previous paper describing early outcome measures for
screening mammography in Vermont and Norway [1].
Females aged 50–69 years with no history of breast
cancer at a screening examination during 1997–2003
were included in the study. Only screening mammo-
grams that took place subsequent to a previous screening
were used. The screenings were classified by intervals
(time since the previous screening) of 1 year (range, 10–
19 months), 2 years (range, 20–27 months) or .2 years
(.27 months). In the NBCSP, female patients were
invited by letter to attend every 2 years, so there were
no 1-year screenings. If a patient did not attend after her
initial invitation and a reminder was sent, the next
invitation was sent 2 years afterwards, so the interval to
her next screening was approximately 4 years.

Study population

In Vermont, 45 050 female patients contributed 141 284
subsequent screening examinations. 116 996 screenings
(83%) were performed at a 1-year interval, 13 982 (10%)
at a 2-year interval and 10 306 (7%) at a .2-year interval.
The average number of screenings for each patient was
3.1. Data from 744 subsequent screenings were available
for initial assessment only; 727 patients either did not
return for diagnostic work-up or received further care
outside Vermont, while 17 had data from a diagnostic
work-up but no final assessment was recorded. The
number of screenings with a final assessment was
therefore 140 540.

In Norway, 194 430 female patients contributed to
360 872 subsequent screening examinations, of whom
350 202 (97%) attended regularly, in response to an
invitation approximately 2 years after the last scheduled

appointment. A total of 10 670 (3%) female patients did
not respond after one or several invitations and had an
irregular interval of .2 years. The patients had an
average of 1.9 screenings during the study period.

The characteristics of the study population have been
described previously [1]. Briefly, approximately 95% of
the patients in the Vermont and Norway study popula-
tion were white. Vermont patients were younger at
screening examination and a larger proportion had a
college-level education; reached menarche at the age of
13 years or younger; and were younger than 20 years at
their first birth compared with the Norwegian patients.
The proportions of female patients in Vermont and
Norway who reported ever using hormonal therapy
were similar. The same study [1] found a significantly
higher incidence of breast cancer (screen-detected and
interval cancer) in the Vermont patients undergoing
screening (4.0 per 1000 female-years) than in the Norway
patients (3.4 per 1000 female-years).

Screening mammography in Vermont

Both the VBCSS and the NBCSP are described in detail
elsewhere [1, 7, 8]. The VBCSS is funded by the National
Cancer Institute in the USA as part of the Breast Cancer
Surveillance Consortium [9]. Since 1994, the VBCSS has
collected patient risk factors, breast imaging and breast
pathology data for all breast imaging and breast biopsies
performed in Vermont [10]. The data are combined with
the breast cancer cases identified by the Vermont Cancer
Registry and the New Hampshire Tumor Registry for
nearly complete cancer follow-up.

All mammography facilities in Vermont are accredited
by the US Food and Drug Administration, and operate
under the rules and regulations of the Mammography
Quality Standards Act [11]. Most Vermont female
patients follow the recommendations of the US
Preventive Services Task Force or the American Cancer
Society, which recommend regular screening every 1 or
2 years from the age of 40 or 50 years [12, 13].

The standard procedure for radiological interpretation
in Vermont is single reading. However, some facilities
carried out double reading during the study time period
[14], while others used computer aided detection (CAD),
but these represent very few of the total number of
mammograms (,20% were either double read or
involved CAD use). The initial and final assessments of
the screening mammograms were based on the Breast
Imaging Reporting and Data Systems (BI-RADS) of the
American College of Radiology [15].

Screening mammography in Norway

The NBCSP is a governmentally organised, govern-
mentally funded, population-based, nationwide screen-
ing programme run by the Cancer Registry of Norway
[7]. All information regarding screening examinations
and interpretations is electronically transferred to the
database at the Cancer Registry. The procedures used in
the recall examination are reported online. Breast cancers
are identified through the Cancer Registry, which is 99%
complete for solid tumours [16]. The target population is
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approximately 540 000 female patients aged 50–69 years
who are biennially invited for screening. The patients
receive a pre-scheduled time and place for the screening
examination.

The NBCSP performs independent double readings
with consensus. The procedure involves two radiologists
who read the initial screening mammograms indepen-
dently according to a five-point interpretation scale,
reflecting the probability of cancer. The final decision to
recall a patient is made in a consensus meeting in which
a third radiologist may be asked to help render a recall
decision. The NBCSP does not recommend short-term
follow-up.

Sensitivity and specificity

Sensitivity and specificity were calculated for both the
initial and the final assessments. The initial assessment
refers to the interpretation of the screening views only
(mediolateral–oblique and craniocaudal), while the final
assessment refers to the interpretation based on the
screening views as well as any diagnostic work-up that
may have been done, including additional mammo-
graphic imaging and/or ultrasound. A biopsy was not
considered to be a part of the diagnostic work-up in this
study. This definition was adopted to enable the
sensitivity and specificity of the initial interpretation of
the screening mammograms in Norway and Vermont to
be compared despite procedural differences; while a
biopsy is performed as a part of the diagnostic work-up
and performed at the same appointment as additional
imaging and ultrasound in Norway, the procedure is
usually performed at a separate visit in Vermont.

The criteria for classifying a screening mammogram as
negative or positive are standardised in the USA and
Europe [5, 15, 17]. For Vermont, BI-RADS scores of 1, 2
and 3 on an initial screening mammogram were
considered negative, while scores of 0, 4 and 5 were
considered positive. For Norway, the initial assessment
was defined as negative if the patient was not recalled
for diagnostic work-up and positive if she was called
back. A final assessment was considered negative in
Vermont if after the additional breast imaging it was
interpreted as BI-RADS Category 1, 2 or 3, and positive if
it was interpreted as BI-RADS Category 4 or 5. BI-RADS
3 classification included a repeated mammogram 6
months later which was negative. If information about
the final assessment was missing, the case was excluded.
In the NBCSP, a biopsy is normally considered as a part
of the diagnostic work-up. For this study, a negative final
assessment was defined as a diagnostic work-up without
biopsy. The final assessment was defined as positive if a
biopsy was needed to make a conclusion of the finding.
Virtually all female patients participating in the screen-
ing programme in Norway show up for diagnostic work-
up, which is provided free of charge. These definitions
were adopted to maximise comparability; referral for
additional imaging and subsequent biopsy indicates a
positive interpretation of the mammogram in Norway. In
the USA, patients with BI-RADS assessments of 4 or 5 for
the initial interpretation are invariably referred for
diagnostic imaging, while final assessments are referred
for biopsy. We did not use these subsequent procedures

to define a positive assessment in Vermont because,
unlike in Norway, not all patients return for the
recommended diagnostic work-up.

A positive initial or final assessment was defined as
true positive (TP) if it was followed by a biopsy that
confirmed breast cancer and as false positive (FP) if no
breast cancer was diagnosed within a specified follow-
up time. A negative initial or final assessment was
defined as false negative (FN) if a breast cancer was
subsequently diagnosed within a specified follow-up
time and as true negative (TN) if it was not. Sensitivity
(TP/TP+FN) and specificity (TN/TN+FP) were calcu-
lated using both 1- and 2-year follow-ups for cancer
detection. In both cases, follow-up was ended at the time
of either a breast cancer diagnosis or the next screen if it
occurred before the specified follow-up time. The latter
was done because it is impossible to know when a cancer
detected at the next screening would have been
diagnosed had the screening not occurred, as well as to
avoid overlapping follow-up periods for sequential
screenings. However, this biased the Vermont results
for the 2-year follow-up by overestimating sensitivity.

Statistical analysis

All sensitivity and specificity estimates were directly
adjusted for age using 5-year age intervals and adjusted
to the age distribution for the combined Vermont and
Norway population. The age at the time of the screening
mammogram was used for the age classification. Because
the usual screening interval differed in the two countries,
sensitivity and specificity were computed based on both
1 and 2 years of follow-up, ending at the time of the next
screening mammogram. Power calculations were based
on the number of cancers identified during 1 year of
follow-up. The results indicated that at p50.05 there was
an 80% chance of detecting a difference of 5% or more in
sensitivity of the initial screening interpretation for a
2-year screening interval, a difference of 11% for a
.2-year screening interval and a difference of 4%
overall. Statistical power was the same for detecting
differences in the final assessment and was somewhat
higher when 2 years of follow-up were used to identify
cancers. Associations between mammography outcome
(TP, FN, TN or FP) and age group were examined using
x2 tests. For each outcome, logistic regression was used to
determine whether there was an interaction between age
group and country. Logistic regression was also used to
assess differences in sensitivity and specificity between
Vermont and Norway and between screening intervals
after adjustment for age. A p-value #0.05 was considered
statistically significant. The analyses were conducted
using SAS v. 8 (SAS Institute, Inc., Cary, NC).

Results

For both initial and final assessments, the distribution
of TN, FP, TP and FN were significantly related to age
group in both Vermont and Norway (p,0.001; Table 1).
There was no significant interaction between age group
and country, indicating that the effect of age on outcome
did not differ between the two countries.
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For Vermont, age-adjusted sensitivity for initial assess-
ments was 82.0% for the 1-year interval and 1-year
follow-up, 88.2% for the 2-year interval and 92.5% for the
.2-year interval (p50.022; Table 2). For final assessments
the sensitivity was 73.6% for the 1-year interval, 83.3%
for the 2-year interval and 81.2% for the .2-year interval
(p50.047). 1-year screening intervals are not performed
in the NBCSP, but the values for initial assessment were
91.0% for the 2-year interval and 91.3% for the .2-year
interval (p50.529). For the final assessments, the sensi-
tivities were 90.7% and 91.3% for the 2- and .2-year
screening intervals, respectively.

The sensitivity of the initial assessments was statisti-
cally significantly lower in Vermont than in Norway for
all screening intervals combined (83.8% vs 91.0%,
respectively; p,0.001), but did not differ for the 2-year
screening interval (88.2% vs 91.0%, respectively; p50.328)
or for the .2-year screening interval (92.5% vs 91.3%,
respectively; p50.731). For the final assessments, sensi-
tivity was also lower in Vermont than in Norway for all
screening intervals combined (75.6% vs 90.6%, respec-
tively; p,0.001), as well as for the 2-year interval (83.3%
vs 90.7%, respectively; p50.012). Specificity was statisti-
cally significantly lower in Vermont than in Norway for
each screening interval, as well as for all screening

intervals combined, both for initial (90.6% vs 97.8% for
Vermont and Norway, respectively, for all intervals;
p,0.001) and final assessments (98.8% vs 99.5% for
Vermont and Norway, respectively, for all intervals;
p,0.001).

Sensitivity in both Vermont and Norway was lower
when it was calculated based on cancers that occurred
within 2 years following the screening if they were not
preceded by another screening (Table 3). Sensitivity of
the initial and final assessments was associated with the
length of screening interval, in both Vermont and
Norway. Sensitivity of the initial assessments was higher
in Vermont than in Norway for the .2-year screening
interval (89.2% vs 79.0%, respectively; p50.050), but did
not differ for the 2-year screening interval (p50.161) or
for all screening intervals combined (p50.367). For the
final assessments, sensitivity did not differ significantly
between Vermont and Norway for either the 2-year
screening interval (74.3% vs 74.4%, respectively; p50.804)
or the .2-year screening interval (75.2% vs 79.1%,
respectively; p50.794), but was significantly lower in
Vermont than in Norway for all intervals combined
(67.6% vs 74.6%, respectively; p,0.001). Screening inter-
val did not influence specificity in either Vermont or
Norway. The specificity of both the initial and the final

Table 1. The distribution of true-negative (TN), false-positive (FP), true-positive (TP) and false-negative (FN) findings for initial
and final assessments for 1 year of follow-up, in opportunistic screening in Vermont and organised screening in Norway, 1997–
2003, by 5-year age groups

Vermont Norway

Age at screening (years) Screens (n) TN (%) FP (%) TP (%) FN (%) Screens (n) TN (%) FP (%) TP (%) FN (%)

Initial assessment
50–54 38 012 89.6 10.0 0.28 0.07 77 022 97.1 2.5 0.41 0.06
55–59 43 098 89.8 9.6 0.46 0.09 120 898 97.1 2.3 0.52 0.04
60–64 32 894 90.4 9.0 0.53 0.08 91 309 97.4 2.0 0.55 0.05
65–69 27 280 91.0 8.4 0.49 0.10 71 643 97.5 1.9 0.56 0.05
Total 141 284 90.1 9.4 0.43 0.08 360 872 97.2 2.2 0.51 0.05

Final assessment
50–54 37 784 98.4 1.2 0.25 0.09 77 022 99.0 0.59 0.41 0.06
55–59 42 873 98.3 1.2 0.41 0.13 120 898 98.9 0.56 0.52 0.05
60–64 32 721 98.3 1.1 0.46 0.13 91 309 98.9 0.50 0.55 0.05
65–69 27 162 98.2 1.2 0.43 0.15 71 643 98.9 0.45 0.56 0.05
Total 14 054a 98.3 1.2 0.38 0.12 360 872 99.5 0.53 0.51 0.05

aInformation about the final assessment was missing for 744 screenings.

Table 2. Age-adjusted sensitivity and specificity for initial and final assessments for 1 year of follow-up, by screening interval

Screening
interval

Vermont Norwaya

Cancer (n) Sensitivity (%) No cancer (n) Specificity (%) Cancer (n) Sensitivity (%) No cancer (n) Specificity (%)

Initial assessment
1 year 545 82.0 116 451 90.8 – – – –
2 years 76 88.2 13 906 89.9 1915 91.0 348 287 97.8b

.2 years 107 92.5 10 199 89.4 111 91.3 10 559 97.2b

All intervals 728 83.8 140 556 90.6 2026 91.0b 358 846 97.8b

Final assessment
1 year 533 73.6 115 872 98.9 – – – –
2 years 73 83.3 13 824 98.6 1915 90.7b 348 287 99.5b

.2 years 104 81.2 10 134 98.5 111 91.3 10 559 99.3b

All intervals 710 75.6 139 830 98.8 2026 90.6b 358 846 99.5b

Information about the final assessment was missing for 744 screenings.
a1-year screening intervals do not take place in Norway.
bSignificantly different from Vermont: p,0.05 for a two-sided test.
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assessments with 2 years of follow-up was statistically
significantly lower in Vermont than in Norway for the 2-
year and .2-year intervals, and for all screening
intervals combined.

Discussion

This study indicates that sensitivity and specificity of
mammographic screening are influenced by screening
interval and length of follow-up. For the 1-year follow-
up, the sensitivity of initial and final assessments was
lower in Vermont than in Norway for all intervals
combined, but for the 2-year follow-up, the sensitivity for
initial assessments did not differ. Specificity was lower
for Vermont for all screening intervals, for both 1 and
2 years of follow-up.

Sensitivity was higher in Norway than in Vermont for
the 1-year follow-up across all screening intervals for
both initial and final assessments, although the differ-
ence was statistically significant only for the 2-year
screening interval and all intervals combined for the final
assessment. The lower sensitivity in Vermont may be
because most female patients in Vermont return after
1 year for a rescreen and the shorter screening interval is
known to reduce sensitivity [17]. With 2-year screening
intervals, cancers should be easier to detect because they
are larger and more clearly defined than at 1 year.
However, the mean and median tumour size for screen-
detected cancers in Vermont and Norway do not differ
[1]. The optimal screening interval has been investigated
and a study by White et al [18] found no evidence that
American female patients aged $50 years who undergo
biennial mammography screening have an increased risk
of late-stage breast cancer compared with patients who
undergo annual screening. However, results from other
studies are inconsistent regarding the relative advan-
tages of 1-year vs 2-year screening intervals [19, 20], and
a study from Finland estimated the effectiveness of
intensive screening with poor attendance to be the same
as that of infrequent screening with a high attendance
rate [21]. It is obvious that finding an optimal screening
interval in an organised screening setting is a complex
issue, owing to individual characteristics and social
conditions.

For the 2-year follow-up for cancer, Vermont had a
similar or higher sensitivity to Norway for the initial
assessment. Sensitivity for the final assessments for the
2-year screening interval was almost the same as in
Norway. Although this implies that both Vermont and
Norway achieved similar sensitivity despite differences
in their processes for interpreting mammograms, this
may not be the case. When a female patient returns for
another screening, follow-up on her previous mammo-
gram ceases and there is no further opportunity for it to
be classified as an FN. Because most Vermont patients
return after 1 year, there are limited data for 2 years of
follow-up. Results from our previous study comparing
cancer detection rates in Vermont and Norway showed
that interval cancer rates are higher in Vermont at all
time points during 2 years of follow-up [1] . This implies
that sensitivity in Vermont would be lower than in
Norway if all mammograms had 2 years of follow-up.
The lower specificity in Vermont than in Norway did not
improve sensitivity in the final assessment. Rather, the
overall sensitivity of the final assessments was signifi-
cantly lower in Vermont than in Norway, primarily
owing to the lower sensitivity with 1-year screening
intervals. This difference in sensitivity was more
pronounced when only 1 year of follow-up was used
because most interval cancers in Norway are detected
during the second year following screening.

The high number of FN screening examinations in
Vermont produced a statistically lower specificity than in
Norway for initial assessments for all screening intervals.
Even after the additional imaging was completed and a
final assessment was rendered, Vermont still had a
significantly lower proportion of TN examinations than
Norway. This leads to a higher proportion of recom-
mendations for biopsy and a higher proportion of
biopsies for benign lesions in Vermont than in Norway.

The lower recall rate and higher specificity in Norway
may be due to two programmatic differences. In Norway
all screening mammograms are independently double
read, resolving disagreements through consensus.
Studies have shown that independent double reading
may reduce or increase recall rate depending on how
disputes are resolved [14, 22, 23]. Resolution with a
consensus meeting tends to reduce recall rates because
both radiologists need to agree that the finding is

Table 3. Age-adjusted sensitivity and specificity for initial and final assessments for 2 years of follow-up, by screening interval

Screening
interval

Vermont Norwaya

Cancer (n) Sensitivity (%) No cancer (n) Specificity (%) Cancer (n) Sensitivity (%) No cancer (n) Specificity (%)

Initial assessment
1 year 623 74.9 116 373 90.8 – – – –
2 years 87 82.5 13 895 89.9 2340 75.7 347 862 97.8b

.2 years 119 89.2 10 187 89.4 129 79.0b 10 541 97.2b

All intervals 829 77.3 140 455 90.6 2469 75.8 358 403 97.8b

Final assessment
1 year 610 65.4 115 795 98.9 – – – –
2 years 84 74.3 13 813 98.6 2340 74.4 347 862 99.5b

.2 years 115 75.2 10 123 98.5 129 79.1 10 541 99.3b

All intervals 809 67.6 139 731 98.8 2469 74.6b 358 403 99.5b

Information about the final assessment was missing for 744 screenings.
a1-year screening intervals do not take place in Norway.
bSignificantly different from Vermont: p,0.05 for a two-sided test.
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important enough to request additional imaging.
Another reason for the higher specificity in Norway
may be because the desirable goal for recall is ,3% for
subsequent screenings, while in the USA the BI-RADS
desirable goal is 5–10% for recall and .90% for
specificity [5, 15]. Currently, Norway does not have a
defined goal for specificity for initial and final assess-
ments. The lower sensitivity of the final vs the initial
assessments in Vermont suggests that the Vermont
radiologists err on the side of caution by sending patients
for additional imaging, which may be because of
concerns about missing cancers or about medical mal-
practice. This inflates the sensitivity of the initial
assessment. The final assessment is therefore a better
measure of the radiologists’ accuracy.

Several studies have also shown that double reading
increases the sensitivity of mammography screening by 5–
15%, depending on the method used to resolve disputes
and the skill of the reading radiologists [5]. If double
reading were used in Vermont it might not improve the
final assessment sensitivity because the sensitivity drops
from the initial to the final assessment, the point in the
process where double reading is not used. Anecdotally,
however, radiologists who double read with consensus
say that the process is educational and therefore improves
their accuracy. Also, if there were fewer recalled cases the
proportion of cancers among the recalled cases would
presumably increase and the number of cancers that are
dismissed after additional imaging (FPs) may be reduced.
The European guidelines recommend independent dou-
ble reading with consensus, or arbitration from a third
radiologist [5], which is how the initial assessment is
performed in Norway.

Both the initial and final assessments provide valuable
insight into how to improve mammography accuracy. At
the initial screening views, cancers may be missed because
of inaccurate visual perception or misinterpretation of a
finding [10], and a study from Norway found that 24% of
the screen-detected cases were interpreted as positive by
only one of the two readers [24]. Generally, after additional
imaging, cancers are missed because of misinterpretation.
Therefore, calculating outcome audits with both the initial
and the final assessment helps to identify which part of the
screening process may need improvement. This is the
recommendation of both the American College of
Radiology’s Breast Imaging Reporting and Data Systems
Atlas [15] and the European guidelines [5].

Because there are many differences between the way
screening is carried out in Vermont and Norway, in
addition to single and double reading, it is difficult to
deduce what may be responsible for Norway’s better
interpretative performance. In Norway, it is recom-
mended that radiologists read 5000 screening mammo-
grams per year, while the Mammography Quality
Standards Act in the USA requires radiologists to read
only 960 mammograms every 2 years. It is known
that only 40% of the radiologists in Norway reach
that standard [20], but the radiologists there are
salaried, while most US radiologists are reimbursed per
procedure [25]. The USA has a high rate of malpractice
suits for missing breast cancer [26], while this is likely to
be low in Norway. Independent double readings have
been shown to improve performance [27, 28], while
results from studies about reading volume and sensitivity

are inconsistent [29, 30]. As far as we know, there are no
studies regarding type of payment and accuracy.

There were several challenges in making a comparison
between the two different healthcare delivery systems.
However, our study was able to address most of these
challenges. To make valid comparisons of sensitivity and
specificity in this study, we used the same definition of
TP, FN, TN and FP for both sites. In addition, because
both sensitivity and specificity are influenced by whether
a prevalent or subsequent mammogram is being eval-
uated and by a personal history of breast cancer, we
defined our study population as only subsequent
screenings in female patients with no history of breast
cancer. All the estimates are age-adjusted and calculated
for screens performed at equal intervals and with the
same follow-up time.

There are several limitations to our study.
Mammographic density decreases sensitivity [31], but
because Norway routinely collects breast density mea-
sures in only recalled female patients, we were unable to
adjust for this factor. However, we have no reason to
believe that the mammographic densities of comparably
aged patients in Norway and Vermont are different.

Our comparisons are limited by the different screening
intervals in the two countries: most of the Vermont
patients return annually for screening mammograms,
whereas none of the Norwegian patients is invited for
annual mammograms. Also, the defined follow-up
periods are somewhat artificial for both countries,
because patients return for screening at different inter-
vals. The European guidelines have a slightly different
definition for sensitivity than the one we used in this
study, so we caution European investigators to be aware
of this difference when comparing our results with their
own [5]. The European guidelines include biopsy
procedures as a part of the final assessment ([5], page
52), so they will have a slightly higher number of FN
examinations if the biopsy procedure is an FN. This is a
rare occurrence, so this should not decrease the
sensitivity very much. Lastly, the multiple comparisons
that have been made between the two data sets in this
study increased the probability of observing a difference
between the programmes by chance.

In summary, the goal of mammographic screening is
to recall as few female patients as possible while missing
as few cancers as possible, yielding a high specificity and
a high sensitivity. Accuracy of mammography depends
on visually perceiving an abnormality on the screening
mammogram and interpreting that finding as either
potentially malignant or not. In our study, the
Norwegian programme was more likely to discriminate
between cancer and no-cancer findings from the initial
screening examination, and after two independent read-
ings and a consensus conference. Future research could
focus on whether it is the individual radiologist’s skills,
which may be enhanced by increased volume and
training, or the process of independent double reading
with consensus that leads to improved accuracy.
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