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Summary

Aim: We aimed to determine the inter- and intra-
observer variabilities between breast radiologists and
a general radiologist in categorizing mammographic
lesions using the Breast Imaging Reporting and Data
System (BI-RADS), and to evaluate the effects of the
histopathologic results on the variability. Methods:
Mammograms from 142 women who underwent biopsy
were evaluated. 3 breast radiologists (2 with >10 years
experience and 1 with 1 year experience) and 1 general
radiologist retrospectively reviewed mammograms
twice within an 8-week interval. Inter- and intra-observer
variabilities were assessed with Cohen’s kappa statistic,
and the positive predictive value for final assessments
was calculated. Results: The intra-observer variability
for mass and calcification assessments was moderate to
almost perfect (kappa values: 0.41-1) for breast imagers
and was fair to substantial for the general radiologist
(kappa values: 0.21-0.8). Inter-observer agreement be-
tween the breast imagers was higher than between the
breast and general radiologists. There was no apparent
difference in agreement between observers for malig-
nant and benign subgroups. Conclusions: The differ-
ences in intra- and inter-observer agreement between
the breast imagers and the general radiologist affirm the
utility of the BI-RADS lexicon. The histopathologic re-
sults of the lesions do not affect the agreement. BI-RADS
is a simple and adequate tool for assessing mammo-
grams, even after only 1 year of training.

Schliisselworter
Inter-Observer-Variabilitat - Intra-Observer-Variabilitat -
BI-RADS-Lexikon - Mammographie

Zusammenfassung

Ziel: Ziel der Studie war es, die Inter- und Intra-Observer-
Variabilitat zwischen mehreren Brustradiologen und
einem Allgemeinradiologen bei der Einordnung von
mammografisch festgestellten Lasionen mithilfe des
Systems zur Erfassung und Datenverarbeitung von Bild-
gebungsmethoden der Brust (BI-RADS) zu bestimmen.
AuBBerdem sollte der Einfluss der histopathologischen
Ergebnisse auf die Variabilitat festgestellt werden. Me-
thoden: Die Mammogramme von 142 Frauen, die sich
einer Biopsie unterzogen hatten, wurden evaluiert. Drei
Brustradiologen (2 mit mehr als 10-jahriger Erfahrung
und 1 mit 1-jahriger Erfahrung) und 1 Allgemeinradio-
loge fiihrten in einem Abstand von 8 Wochen eine zwei-
malige retrospektive Begutachtung der Mammogramme
durch. Die Inter- und Intra-Observer-Variabilitdt wurde
mit Cohens Kappa-Statistik bestimmt. Der positive Vor-
hersagewert fiir die abschlieende Beurteilung wurde
berechnet. Ergebnisse: Die Intra-Observer-Variabilitat
war bei der Einschatzung von Tumoren und Kalzifizie-
rungen fiir die Brustradiologen gut bis nahezu perfekt
(Kappa-Werte: 0,41-1) und fiir den Allgemeinradiologen
ausreichend bis gut (Kappa-Werte: 0,21-0,8). Die Inter-
Observer-Ubereinstimmung unter den Brustradiologen
war hoher als die zwischen den Brustradiologen und
dem Allgemeinradiologen. Fir die malignen und benig-
nen Untergruppen gab es keinen deutlichen Unterschied
in der Ubereinstimmung zwischen den Observern.
Schlussfolgerung: Die Unterschiede in der Intra- und In-
ter-Observer-Variabilitat zwischen den Brustradiologen
und dem Allgemeinradiologen bestatigen die Nutzlich-
keit des BI-RADS-Lexikons. Die histopathologischen Er-
gebnisse der Lasionen beeinflussen die Ubereinstim-
mung nicht. BI-RADS ist ein einfaches und adaquates
Werkzeug fiir die Einschatzung von Mammogrammen,
sogar nach nur 1-jahriger Ausbildung.
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Introduction

The American College of Radiology (ACR) has developed the
Breast Imaging Reporting and Data System (BI-RADS®) lexi-
con in mammography for standardizing mammographic report-
ing [1]. Regarding the development of large mammographic
databases, the ACR provides information for auditing mammo-
graphy practices and facilities of research [2, 3]. According to
the ACR guidelines, 5 main reporting categories are recom-
mended for final assessment purposes: R1 (negative) and R2
(definitely benign) require no further assessment; R3 (probably
benign, with a positive predictive value (PPV) < 2%) warrants
early reassessment (3-6 months); R4 (suspicious, > 2-95%
PPV) warrants histopathological confirmation; and RS (malig-
nant, > 95% PPV) warrants immediate treatment. BI-RADS
has evolved over time, with the 4th edition issued in 2003 and
extended to apply to both breast ultrasonography (US) and
magnetic resonance imaging (MRI). One other major addition
in the 4th edition involves the subcategorization of category 4
lesions. Dividing category 4 lesions into those with a low (cate-
gory 4a), intermediate (category 4b) or moderate (category 4c)
possibility of malignancy better informs the physicians and
patients about the lesion and aids in making final decisions
regarding biopsies or the potential need for follow-up.

The purpose of this study was to retrospectively evaluate
inter-observer and intra-observer variability in describing
breast density, lesion features and final assessments between
breast and general radiologists, and to evaluate effects of the
histopathologic results of lesions on the variability.

Methods

Institutional Review Board approval was obtained prior to commence-
ment of the study. Individual-patient informed consent for this retrospec-
tive study was not required. Four radiologists were used in this study: 3
breast radiologists and 1 general radiologist. 2 of the breast radiologists
(observers 1 and 2) have been interpreting breast images for more than 10
years, and observer 1 has been the chief of the mammography unit. The
other breast radiologist (observer 3) was a last-year assistant who got her
thesis on mammography, and has worked at the mammography unit for 1
year. These 3 breast radiologists practiced within the same group. The
other radiologist (observer 4) has been a general radiologist for 7 years,
and has less experience on breast imaging and more on MRI. Before the
study, all observers received oral instructions and a summary of the BI-
RADS lexicon, 4th edition.

Mammography was performed using a Senographe 700 T (General
Electric Medical Systems, Milwaukee, USA). Screen-film mammograms
of 142 women were evaluated over a 2-week period (approximately 15
patients” mammograms per day). To assess intra-observer variability, the
observers reviewed all of the cases again 8 weeks later. During the study,
we realized that 2 or 3 US images of a lesion were not enough to describe
that lesion using the terminology of the 4th edition of the BI-RADS lexi-
con; therefore, only mammographic images were evaluated, and evalua-
tions of US images were excluded from the study.

Each observer described each lesion by using the terminology of the
4th edition of the BI-RADS lexicon. Specifically, the following issues
were evaluated: calcification description, distribution, and number; mass
shape, margin, and density; architectural distortion, breast density, associ-
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Table 1. Kappa values for intra-observer variability
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Kappa values are interpreted as follows: 0.81-1.00, almost perfect agreement; 0.61-0.80, substantial agreement; 0.41-0.60, moderate agreement; 0.21-0.40, fair agreement; 0.00-0.20, slight agreement.

Groups are as follows: malignant cases (n
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=142).

82); total cases (both benign and malignant, n

60); benign cases (n =

Observers 1 and 2 have been interpreting breast images for more than 10 years; observer 3 has been interpreting breast images for 1 year; observer 4 is a general radiologist.




Table 2. Kappa values for inter-observer

variability Malignant cases Benign cases Total cases
Observer 1 Observer 1 Observer 1

Calcification description

Observer 2 0.75 0.62 0.83

Observer 3 0.70 0.56 0.77

Observer 4 0.65 0.50 0.73
Calcification distribution

Observer 2 0.63 0.56 0.66

Observer 3 0.57 0.50 0.62

Observer 4 0.54 0.45 0.60
Calcification number

Observer 2 0.82 0.74 0.85

Observer 3 0.73 0.73 0.70

Observer 4 0.67 0.63 0.68
Mass shape

Observer 2 0.62 0.69 0.53

Observer 3 0.54 0.47 0.52

Observer 4 0.59 0.67 0.50
Mass margin

Observer 2 0.65 0.63 0.62

Observer 3 0.51 047 047

Observer 4 0.54 0.51 0.50
Mass density

Observer 2 0.56 0.58 0.53

Observer 3 0.33 0.31 0.34

Observer 4 0.50 0.49 0.50
Architectural distortion

Observer 2 0.60 0.48 0.75

Observer 3 0.58 0.31 1.00

Observer 4 0.47 0.32 0.63
Associated findings and special cases

Observer 2 0.28 0.18 0.37

Observer 3 0.21 0.02 0.29

Observer 4 0.24 0.04 0.42
Breast density

Observer 2 0.50 0.36 0.58

Observer 3 0.41 0.14 0.53

Observer 4 0.40 0.19 0.50
BI-RADS (4th edition)

Observer 2 0.27 0.15 0.23

Observer 3 0.17 0.00 0.11

Observer 4 0.18 0.14 0.08
BI-RADS (3rd edition)

Observer 2 0.42 0.24 0.44

Observer 3 0.25 0.07 0.25

Observer 4 0.23 0.17 0.15

Kappa values are interpreted as follows: A = 0.81-1.00, almost perfect agreement; B = 0.61-0.80,

substantial agreement;

C =0.41-0.60, moderate agreement; D = 0.21-0.40, fair agreement; E = 0.00-0.20, slight agreement.
Groups are as follows: malignant cases (n = 60); benign cases (n = 82); total cases (both benign and

malignant, n = 142).

Observers 1 and 2 have been interpreting breast images for more than 10 years; observer 3 has
been interpreting breast images for 1 year; observer 4 is a general radiologist.

ated findings and special cases; and final BI-RADS assessments. Each
observer assigned 2 final assessment BI-RADS categories. First, the ob-
servers assigned a final assessment by using the 4th edition of the BI-
RADS lexicon including subcategories for category 4 and then they as-

Observer Variability of BI-RADS

signed another final assessment BI-RADS category by using the 3rd edi-
tion of the BI-RADS lexicon without including subcategories for category
4. The following BI-RADS categories for breast density were used: 1
(fatty, < 25% glandular), 2 (scattered fibroglandular densities, approxi-
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Table 3. Number of malignancies, lesions,

and PPVs according to the BI-RADS lexicon BI_RA],)S Malignancies/lesions

categories

Observer 1 Observer 2 Observer 3 Observer 4
BI-RADS 2 0/3 (0%) 0/3 (0%) 0/6 (0%) 3/13 (23%)
BI-RADS 3 1/37 (3%) 1/25 (4%) 1/26 (4%) 4/30 (13%)
BI-RADS 4a 15/49 (31%) 6/33 (18%) 37/43 (86%) 8/32 (25%)
BI-RADS 4b 8/13 (62%) 2/5 (40%) 6/12 (50%) 1/4 (25%)
BI-RADS 4c 18/19 (95%) 12/32 (38%) 11/15 (73%) 4/12 (33%)
BI-RADS 5 18/21 (86%) 39/44 (89%) 36/40 (90%) 40/50 (80%)

Data are presented as number of malignancies/number of lesions, with positive predictive value

(PPV) in parentheses.

mately 25-50% glandular), 3 (heterogeneously dense, approximately 51—
75% glandular), and 4 (extremely dense, > 75% glandular) [1].

The lesions were evaluated on original mammograms without prior
mammograms for comparison. Lesions were marked on both craniocau-
dal and mediolateral oblique views so that all observers would examine
the same lesions. Spot and magnification views were also available to
evaluate for some cases. The observers evaluated the mammograms alone
and were instructed to select the most appropriate descriptors for each
lesion and document their assessments on a sheet that was provided for
each day’s cases. After the evaluation, the observers gave this sheet to a
supervisor who was independent of the study.

Pathologic diagnosis was available for all 142 lesions. Pathologic findings
were evaluated with results from image-guided fine-needle aspiration (FNA)
biopsy, core needle biopsy and excisional biopsy, in cases referred for needle
biopsy because of atypia, positivity for malignancy or discordance.

In order to understand the effect of histopathological results on the
variability, we divided the patients into subgroups based on the patholo-
gical diagnoses: (a) group 1: malignant cases (60 patients, 42%), (b) group
2: benign cases (82 patients, 58%), (c) group 3: total cases (142 patients,
100%). Kappa was calculated for each of these subgroups to understand
whether malignant or benign lesions would decrease kappa or not.

Cohen’s kappa statistic was used to assess inter- and intra-observer agree-
ment for all descriptor variables, and kappa values were calculated using
Stata software (Stata Press, College Station, TX, USA, Stata Release 10), to
assess the proportion of inter-observer agreement between all pairs of observ-
ers. In the case of multiple observers and multiple categories, the guidelines
of Landis and Koch were followed in interpreting kappa values: 0.81-1.00,
almost perfect agreement; 0.61-0.80, substantial agreement; 0.41-0.60, mode-
rate agreement; 0.21-0.40, fair agreement; 0.00-0.20, slight agreement [4].

Results

One-hundred-forty-two consecutive non-palpable lesions in
142 women (mean age = 52 years, range = 38-71 years) who
underwent image-guided biopsy between January 1999 and
December 2008 were evaluated in the study. The pathological
diagnoses of this series were malignant in 60 cases (42%)
(group 1) and benign in 82 cases (58% ) (group 2). Group 3 rep-
resented the total patient population (142 cases). The distribu-
tion of histopathological results was as follows: invasive carci-
noma (n = 50, 35%), in situ carcinoma (n = 10, 7%), fibrocystic
changes and/or dysplasias (n = 42, 30%), fibroadenoma (n = 30,
21%), and other benign pathologies (including sclerosing ade-
nosis, radial scar, intraductal papillamatosis, etc.) (n = 10, 7%).

When cases were reassessed by the same observer, substan-
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tial agreement was achieved in describing microcalcifications
while substantial or moderate agreement was achieved in de-
scribing mass shape, margin and density. In describing breast
density and associated findings, moderate or fair agreement was
seen among the breast radiologists (observers 1-3), while fair or
slight agreement was found for the general radiologist (observer
4). For the final BI-RADS assessements, fair to moderate
agreement was found for the breast radiologists and slight
agreement was found for the general radiologist. The intra-ob-
server variability for each observer is summarized in table 1.

Inter-observer variability was examined by comparing ob-
server 1, who was an experienced breast radiologist, to ob-
server 2 (another experienced breast radiologist), to observer
3 (new breast radiologist), and to observer 4 (the general radi-
ologist). The inter-observer variability for these comparisons
are described below for the various lesion assessments based
on the kappa values presented in table 2.

Pathologic correlations for all lesions were available. PPV
of lesions categorized as BI-RADS 2, 3, 4 or 5 for all of the
readers are presented in table 3. In general, the PPV increased
accordingly as the BI-RADS category increased from 2 (defi-
nitely benign) to 5 (malignant).

Discussion

The ACR has developed BI-RADS to standardize mammo-
graphic reporting [1, 5]. However, even with the BI-RADS
lexicon, variability in mammographic interpretation can still
be observed and may be attributed both to differences in de-
tection of lesions and variation in lesion characterization and
subsequent management.

Perfect to moderate intra-observer agreement was achieved
for the breast radiologists in describing microcalcifications and
mass while moderate to fair agreement was achieved for the gen-
eral radiologist (table 1). This suggests that each breast radiolo-
gists has a clear concept of the BI-RADS descriptors for mass
and calcifications, and the high degree of intra-observer agree-
ment in our study also affirms the utility of the BI-RADS lexicon
for interpreting mammography. Furthermore, these results reveal
an apparent difference between the breast imagers and the gen-
eral radiologist. In contrast, the intra-observer variability of the
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BI-RADS descriptors for architectural distortion, associated
findings, special cases, and breast density was substantial to slight
for all patients (group 3) for all of the observers (both breast and
general radiologists). This suggests that the observers did not
have a clear concept about these descriptors. Intra-observer vari-
ability of the general radiologist was slight for the final BI-RADS
assessments, whereas intra-observer variability of the experi-
enced and new breast imagers was fair to substantial. Intra-ob-
server agreement of the breast radiologists was slightly lower
when the BI-RADS 4th edition (categories 4a, 4b, 4c) was used
compared to the 3rd edition (category 4). Furthermore, there was
an apparent difference between the breast radiologists (even be-
tween experienced and new) and the general radiologist for the
final BI-RADS assessment. This suggests that the general radiol-
ogist, even after receiving oral instructions and a summary of the
BI-RADS lexicon, could not apply the BI-RADS lexicon as well
as the breast imager who had 1 year experience.

Inter-observer agreements between experienced breast im-
agers and between experienced and new breast imagers were
as high as in prior studies for calcification description, distri-
bution and number [6-8]. In assessing the differences between
malignant and benign cases (groups 1 and 2), the kappa values
were slightly higher in the benign cases, which may be be-
cause it is easier to identify the typical benign calcifications
(table 2). Inter-observer agreement between the experienced
breast imagers for mass shape, margin and density was not as
high as the agreement for calcifications, but was similar to
previous studies [6-8], and there was no apparent difference
between the malignant, benign, and total patients cases (table
2). The lower rate of agreement for mass density on mammo-
grams suggests that the observers had difficulties in making
up their minds about this categorization. Inter-observer
agreement for interpreting mass and calcification among the
breast radiologists (including 1 and 10 years experience) was
apparently higher than the inter-observer agreement between
one breast radiologist and one general radiologist. This shows
that being experienced in breast imaging makes the agree-
ment value higher with respect to interpreting mammograms.

Fair to moderate inter-observer variability was seen be-
tween breast imagers for breast density in our study. This was
much different (and lower) from that reported by Ooms et al.
[9] and Ciatto et al. [10]. In our practice, the use of BI-RADS
breast density categorization like BI-RADS 3 or 5 led to some
confusion for clinicians as to whether the numbers repre-
sented density-of-lesion categorization; as a result, we no
longer use breast density categorization in our reports.

Fair to moderate inter-observer agreement between expe-
rienced breast imagers for overall BI-RADS 4th edition’s cat-
egories in our study was very similar to the studies reported
by Lazarus et al. [6] and Ciatto et al. [11]. However, the kappa
values in our study for the BI-RADS 3rd edition were much
higher than for the BI-RADS 4th edition, and this fact may be
explained by a greater number of categories offered (i.e., in-
clusion of the 4a, 4b, and 4c subcategories in the 4th edition).

Observer Variability of BI-RADS

The PPV of BI-RADS 2 for the new and experienced breast
imagers was 0%, but it was 23% for the general radiologist
(table 3). Moreover, PPVs of BI-RADS 4a, 4b and 4c for breast
imagers were similar to or slightly higher than previously re-
ported values [6, 7, 12]. However, PPVs of final BI-RADS as-
sessments from the general radiologist were apparently differ-
ent and lower compared to those from the experienced breast
imagers in our study and from prior studies [6, 7, 12, 13]. Sick-
les et al. [14] reported that specialist radiologists detected more
cancer, recommended more biopsies and had lower recall rates
than general radiologists. But in our study there was a higher
rate of false-negative cases (BI-RADS 2 and 3) for the general
radiologist (observer 4) than in previous studies and we dis-
cussed that this high rate was caused by the relatively short oral
instructions and summary of the BI-RADS given before the
study. Berg et al. [15] said that training in BI-RADS feature
analysis and assessment resulted in improved consistency and,
in their study, the benefit of such training were retained after
2-3 months in a subgroup of participants.

There are several limitations in our study. First, we studied
non-palpable lesions that were referred for biopsy; so we had
only few descriptors typically associated with benign disease.
Because of this, there were few lesions that could be charac-
terized as special cases. On the other hand, in trying to de-
scribe the lesions, sometimes the ‘associated findings’ were
not described or noted. Also, as mentioned in the methods, it
was stated that the 3 breast imagers all worked in the same
practice. These imagers may have had more agreement in in-
terpreting mammograms because of their training and proc-
esses within their practice; therefore, there is a possibility that
such high inter-observer agreement might not have been ob-
tained using independent breast imagers. And also the short
oral instructions and summary of the BI-RADS given before
the study was another limitation in our study that may have
caused a high rate of false-negative cases for the general radi-
ologist. Intensified training of the general radiologist with the
BI-RADS lexicon might improve characterizations.

In conclusion, an apparent difference in intra-observer
agreement and a moderate difference of inter-observer agree-
ment between breast imagers and a general radiologist, even
after receiving oral instructions and a summary of the BI-
RADS lexicon, were observed. However, the nearly same
intra- and inter-observer agreement of the breast imagers (re-
gardless of the years of experience) affirms the utility of the
BI-RADS lexicon for interpreting mammography. We also
found that the histopathologic results of the lesions do not af-
fect the agreement. Thus, BI-RADS appears to be a simple
and adequate tool for assessing mammograms, even after only
1 year of experience in breast imaging.
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