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Purpose: Through this nationwide survey on ACR BI-RADS including ultrasound images
of 10 selected breast lesions, we aimed to learn about consistency in feature interpretation
and assessment categories and to identify factors that might contribute to inconsistencies,
thereby promoting the application of BI-RADS in China.

Materials and Methods: The survey was delivered through a self-developed website about
blinded image interpretation and was released to the public through online platforms and
social media. A total of 10 representative lesions were selected by an experienced radiologist
to gather information about the general practice of BI-RADS lexicons and categories. The
Kappa statistic, the chi-squared test, and descriptive statistics were used for data analysis.
Results: Nine hundred ultrasound workers completed the questionnaire, coming from all
provinces and major cities in China. They had different positions, grades of work organiza-
tion, and seniority. The interrater agreement of BI-RADS features was fair to substantial
(kappa value: 0.37-0.66). For BI-RADS categories, the highest agreement was observed in
the typical benign group (average constituent rate = 74.78%), and generally lower agreement
was observed in the typical malignant (average constituent rate = 36.03%) and suspicious
groups (average constituent rate = 39.02%).

Conclusion: We found inconsistencies in BI-RADS applications, providing direction for
image feature research using big data. Therefore, we call for more efforts to improve the
consistency of BI-RADS application and provide an evidence-based basis for identifying
benign and malignant lesions by sonographic features.
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Introduction

Breast cancer, with approximately 2.26 million new cases in 2020, has become the
most common malignancy in humans and the leading cause of cancer death in
women worldwide.! Breast cancer is a heterogeneous group of tumors with over 20
histological types and various biological features, making it challenging to accu-
rately diagnose. Imaging techniques play a critical role in beast screening and
diagnosis, especially mammography and ultrasonography. While mammography
detects up to 98% of carcinomas in fatty breasts, its sensitivity declines to as low
as 48% in extremely dense breasts.” Higher-density breast tissue has been asso-
ciated with a higher risk of breast cancer,” and the incidence of dense breast cancer
in Asians is higher than that in women from other ethnic groups.* Ultrasonography
is a low-cost imaging modality that increases the sensitivity and detection rates of
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cancers in dense breast populations. China has a relatively
higher proportion of dense breast lesions than other
countries,” which explains the popularity and importance
of ultrasound for Chinese breast screening.

The Breast Imaging Reporting and Data System (BI-
RADS) was developed by the American College of
Radiology to standardize the sonographic feature interpre-
tation and comprehensive risk assessment of breast lesions
identified on images and provide corresponding manage-
ment recommendations for different BI-RADS categories.
The emergence of BI-RADS significantly improved the
management of breast abnormalities and made both lesion
reporting and clinical recommendations more consistent.
The first edition of BI-RADS, created in 1992,° mainly
introduced the practice of standardized reporting in mam-
mography, and the fourth (2003)” edition introduced ultra-
sound and MRI standardized reporting. The latest, 5th
edition of BI-RADS,® revised in 2013 and published in
2014, harmonized the terminology across imaging modal-
ities and has been widely recognized in China and all over
the world. The ultrasound-related content in BI-RADS has
also been interpreted by Chinese ultrasound experts
through various academic conferences or articles.
However, the popularity of BI-RADS is still restricted in
China by the inconsistencies in sonographic feature inter-
pretation by hospitals and doctors of different levels.

To promote the application of BI-RADS, a breast ultra-
sound training system and a related website for blind
ultrasound image interpretation were developed with the
support of big data and artificial intelligence technology.
A national survey based on the system was released to the
public online. The aim of this nationwide survey was to
learn about the consistency of BI-RADS application,
including feature interpretation and risk assessment, and
to identify factors that account for the inconsistencies.

Materials and Methods

Survey Implementation

This prospective cross-sectional study was approved by
the institutional review board (West China Hospital,
Sichuan University). Informed consent was obtained
from all the survey participants when they completed
the online questionnaire. The survey was filled out
through a self-developed website about blinded ultra-
sound image interpretation and was released to the public
through online platforms and social media (WeChat etc.)

from December 17, 2019, to December 20, 2020

(Supplementary Figure 1). The survey collected informa-

tion about the agreement and disagreement on breast
ultrasound according to ACR BI-RADS 5th Edition,’
including shape (round, oral and irregular), orientation
(parallel or not), margin (circumscribed or not), echo
pattern (anechoic, hyperechoic, complex cystic and
solid, hypoechoic, isoechoic and heterogeneous), poster-
ior features (no posterior features, enhancement, shadow-
ing, or combined pattern), and calcification (yes or no),
and the final assessment based on sonographic features.
All respondents were instructed to choose the most
appropriate term to describe each lesion, without
a clinical history or histopathologic report. Pathology
diagnoses were made based on image-guided core-
needle biopsy and surgical specimens. Associated fea-
tures and surrounding tissue were not included because
only static images were provided.

The lesions included in this survey were selected by an
experienced radiologist specializing in breast ultrasound to
ensure representativeness. A total of 10 breast lesions with
pathology results were selected (Supplementary Figures 2—

11), consisting of 3 typical benign tumors, 3 typical malig-
nant tumors, 4 suspicious lesions according to the BI-
RADS risk assessment based on expert consensus.
Typical benign tumors were originally diagnosed as BI-
RADS 3 or 2 masses with benign pathology results; typi-
cal malignant tumors were diagnosed as BI-RADS 5
masses with malignant pathology results; and suspicious
tumors were diagnosed as BI-RADS 4 masses with benign
or malignant pathology results. After localizing the target
breast mass by using ultrasound, representative B-mode
scans of the mass were obtained, and color Doppler ima-
ging was performed in all cases. The names of the respon-
dents were deidentified when analyzing the data.

Data Analysis

All statistical and graphical analyses were conducted with
SPSS system (Version 21, IBM SPSS Statistics) and
R (Version 4.0.3). Kappa statistics were calculated to assess
interrater reliability in BI-RADS descriptors. The method
for estimating the kappa value in the case of multiple obser-
vers and multiple categories is based on the work of Fleiss.'”
A value of k = 1.0 corresponds to complete agreement, 0 to
no agreement, and less than O to disagreement. Landis and
Koch'' suggested that a kappa value (k) of equal to or less
than 0.20 indicates slight agreement; 0.21-0.40, fair agree-
ment; 0.41-0.60, moderate agreement; 0.61-0.80, substan-
tial agreement; and 0.81-1.00, almost perfect agreement.
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Additionally, the agreement of each lesion and BI-RADS
lexicons was analyzed by descriptive statistics. To measure
the agreement of each BI-RADS lexicon in each lesion, we
defined a new statistical term, “constituent rate”, as the
percentage of most selected options in every question
when doing statistical analysis. The chi-squared test was
used to compare differences in agreement between sonogra-

phers and ultrasound doctors.

Results
Respondent Characteristics

In this survey, a total of 930 ultrasound workers completed the
online questionnaire. After excluding the respondents without
complete basic information, 900 answers were included in our
analysis of agreement and disagreement on BI-RADS descrip-
tors and classifications. The respondents came from 31 pro-
vinces and 219 cities, covering all the provinces and major
cities of mainland China (Figure 1A and B). The basic char-
acteristics of the respondents are listed in Table 1. Some 225
(25%) were male and 675 (75%) were female, which is prob-
ably consistent with the sex ratio of ultrasound workers in
China. According to the three-tier system of hospitals in
China, the organizations the respondents worked for covered
all grades of medical centers in China (511 from tertiary
hospitals, 253 from secondary hospitals, and 136 from primary
hospitals). As for working seniority, the respondents had three
levels: 120 senior workers (experience in ultrasound >10
years), 334 middle-seniority workers (experience in ultrasound
>5 years), and 446 junior workers (experience in ultrasound >2
years). Ultrasound doctors (736) and sonographers (164)
answered the questionnaire based on their understanding of BI-
RADS when the survey was available. Therefore, the results
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Figure | (A) Response rate (provinces); (B) response rate (cities).

from the survey were representative of the overall application
of BI-RADS in China.

BI-RADS Features

The interrater reliability of the individual BI-RADS lex-
icons was evaluated. We saw substantial agreement about
the margins of tumor masses (Fleiss’s kappa = 0.66).
Moderate agreement among the respondents was observed
for the description of calcification (Fleiss’s kappa = 0.60),
shape (Fleiss’s kappa = 0.58), and posterior acoustic
changes (Fleiss’s kappa = 0.43), whereas fair agreement
was obtained for orientation (Fleiss’s kappa = 0.38) and
echo pattern (Fleiss’s kappa = 0.37).

The descriptor “margin” proved to be the most consis-
tent feature among all relevant sonographic features in this
survey, with the highest average constituent rate (89.10%,
Figure 2). Lower constituent rates were observed for
lesion 5 and lesion 10 (constituent rate = 72.11% and
89.10%, respectively, Figure 2). The percentage of respon-
dents believing that lesion 5 (Figure 3A and B) was not
circumscribed was 72% (n = 649). In addition, 63% of
respondents considered lesion 10 (Figure 3C and D) to
have circumscribed margins, while 37% did not.

Sonographers and ultrasound doctors did not show
significant differences when assessing the margins of
lesions. The survey showed that the constituent rates of
most lesions were higher than 60% (average 84.42%)
when describing the shape of the breast mass, except
lesion in 10 (constituent rate = 46.44%). For the shape of
lesion 10 (Figure 3C and D), 46% of respondents (n = 418)
answered that it was a round mass, whereas 38% of
respondents (n = 346) thought it was oval and 15% of
respondents (n = 136) thought it was irregular. Regarding
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Table | Respondents Characteristics

Characteristics No. of Count
Respondents (%)
Gender Male 225 25.00%
Female 675 75.00%
Position Doctor 736 81.78%
Sonographer 164 18.22%
Grades of Hospital | Tertiary 511 56.78%
Secondary 253 28.11%
Primary 136 15.11%
Seniority Senior (>10 years) 120 13.33%
Middle (>5 years) 334 37.11%
Junior (>2 years) 446 49.56%

Abbreviations: ACR, American College of Radiology; BI-RADS, Breast Imaging
Reporting and Data System.

the comparison of sonographers and ultrasound doctors, no
significant difference was found in these BI-RADS
descriptors.

For calcification, the constituent rates of lesions 3 and
10 were lower than 75% when evaluating calcification
(constituent rate = 51.44% and 65.56%, respectively). In
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Figure 2 Constituent rate of each lesion and BI-RADS lexicon.

detail, 51% of respondents (n = 463) did not find calcifica-
tion in lesion 3, whereas the others found macrocalcifica-
tion and microcalcification (n = 57, 6% and n = 384, 43%,
respectively). For lesion 10, 523 respondents (58%) recog-
nized microcalcification, 310 respondents (34%) did not,
and 96 respondents (11%) found macrocalcification inside.
Divergence between the sonographer and ultrasound
worker groups was seen in the image interpretation of
lesions 2 and 3 (p < 0.05).

The interpretation of posterior acoustic changes had the
lowest mean constituent rate (73.30%), lesions 1 and 9
showing extremely low agreement. Similar numbers of
respondents believed that there were no acoustic changes
and that there was enhancement in the posterior area (n =
415, 46% and n = 428, 48%, respectively) of lesion 1.
Assessments of lesion 9 were divergent because only 46%
of respondents did not find acoustic changes, while the
others did, especially posterior shadowing (n = 319, 35%).

Fair agreement was observed for the orientation and
echo pattern of breast lesions in interrater reliability ana-
lysis. Regarding the assessment of orientation, the lowest

calcification

lesion
lesion 1
lesion 2
lesion 3

lesion 4

echo

pattern lesion 5

lesion 6
lesion 7
lesion 8
lesion 9

lesion 10

margin
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Figure 3 (A) Long-axis plane of lesion 5; (B) plane perpendicular to the long-axis plane of lesion 5; (C) long-axis plane of lesion 10; (D) plane perpendicular to the long-axis

plane of lesion 10.

agreement was obtained in lesion 3 (constituent rate =
54.89%), 494 respondents (55%) thinking it was parallel
and the others (n = 406, 45%) not. Of the echo pattern
estimates, “heterogeneous” was the most controversial
selection, accounting for low constituent rates in lesion 7
and lesion 10 (n = 352, 39% and n = 389, 43%,

respectively).

BI-RADS Assessment

The agreement of the final BI-RADS assessment is shown
in Figure 4. Of the 10 lesions, 5 were malignant and 5
were benign according to the pathology diagnoses (5 inva-
sive ductal carcinomas, 2 fibroadenomas, 1 fibroadenoma
with adenosis, 1 fibroepithelial tumor, and 1 cyst). The
lesions were divided into three groups according to their
original BI-RADS assessment: typical benign (lesions 1, 6,
and 8), typical malignant (lesions 3, 7, and 9), and suspi-
cious (lesions 2, 4, 5, and 10). The typical benign group
had higher agreement than other groups (constituent rates
= 76.11%, 63.67%, and 84.56%, respectively), but a few
respondents had problems evaluating category 3 or 4a
lesions, especially in lesion 6 (n = 260, 29%, for category
4a). However, a generally lower constituent rate was
observed in the evaluation of the typical malignant and
suspicious groups. For suspicious lesions, controversy

mainly arose in differentiating the subcategorization of BI-
RADS 4, the majority of respondents evaluating lesion 2
as BI-RADS 4a (n = 332, 37%), lesion 4 as BI-RADS 4b
(n =298, 33%), lesion 5 as BI-RADS 4a (n = 431, 48%),
and lesion 10 as 4a (n = 344, 38%). The final risk assess-
ment of lesion 9 obtained the lowest constituent rate
(29.78%) in the typical malignant group, the numbers of
respondents classifying it as BI-RADS 4a, 4b, and 4c were
similar (n = 267, 30%; n = 268, 30%; and n = 202, 22%,
respectively).

Discussion

As a structural reporting platform and data tracking sys-
tem, BI-RADS provides standard sonographic feature
descriptions, assessment categories, and management
recommendations. A lexicon is a list of standardization
terms used to describe imaging findings concisely and
reproducibly,'? and harmonization of terminology was
reached across imaging modalities in the 5th Edition of
BI-RADS. Consistent use of the BI-RADS lexicon termi-
nology and assessment categories allows result communi-
cation, accurate risk evaluation of malignancies, and
appropriate recommendations to patients and clinicians.
Several studies have reported the intrarater and interrater
reliability between two observers with similar ultrasound
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Figure 4 Constituent rate of the final BI-RADS assessment categories of each lesion.

experience and education backgrounds, in which the kappa
value was relatively higher in all descriptors.'> '
However, the interrater reliability of most important fea-
tures and assessment categories was at most moderate in
a recent study.'® Perfect agreement was not seen in our
study (Kappa value ranges from 0.37 to 0.66) when we
assessed the interrater reliability of BI-RADS lexicons. In
addition, distinguishing between BI-RADS 3 and 4a,
between BI-RADS 4c and 5, and between subcategories
of BI-RADS 4 were the main points that confused ultra-
sound workers, clinicians, and patients in the survey.
Malignancy descriptors are more useful for predicting
malignancy when combined than when used alone.*® 2
Some rules have been suggested to make consistent assess-

ments according to sonographic features,'®?

and they
have excellent diagnostic performance and variability.
Therefore, the standardization of BI-RADS lexicons
seems necessary because it can not only reduce operator
dependency and enhance the consistency of image inter-
pretation but also improve diagnostic accuracy of breast
cancer. In the current survey, several disagreements that
may contribute to the divergence were revealed and should
be further discussed and researched.

A mass is a three-dimensional object, and BI-RADS
stipulates that it should be seen in two different planes on

two-dimensional ultrasound.” It is hard to make a decision
when the observer cannot see the same features are seen in
different planes, especially when evaluating the shape,
margin, and orientation of breast lesions. This could
explain the lower agreement for these features of lesions
5 and 10 (Figure 3). In BI-RADS, the long axis of the
lesion that is parallel to the skin surface is defined as the
parallel orientation.” We assumed that the insufficient
understanding of BI-RADS by the respondents might
lead to the misidentification of orientation, which periodic
BI-RADS training of Chinese ultrasound workers with
different seniority could overcome. Berg et al** demon-
strated that BI-RADS training improved agreement even
among experienced breast observers. To raise consistency,
we suggest evaluating orientation in the long-axis planes,
but studies on nonparallel planes should be conducted to
determine whether they are associated with malignancy.
Unlike for orientation, there is no suggestion about which
plane is standard for evaluating and reporting sonographic
features. Some descriptors — nonparallel orientation of
the mass, spiculated margins, angular margins, microcal-
cifications, or posterior shadowing — have been asso-
192527 To  address the

disagreements about these features, we suggested that

ciated with malignancy.

malignant descriptors might probably be considered first
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when more than one descriptor of BI-RADS lexicons
simultaneously exists, whereas the recommendation is
not evidence-based until the diagnostic performance of
these adjustments is further studied by ultrasound
scholars.

Slight local changes may exist in certain planes when
evaluating some lexicons, which leads to different features
existing in one plane. We suppose that partly irregular
changes and indistinct margins may account for the lower
agreement of shape and margin in lesion 10 (Figure 3C and
D), and partly posterior shadowing may explain the lower
agreement of posterior acoustic changes in lesion 9
(Supplementary Figure 10). Indistinct margins are defined

as no clear demarcation between a mass and the surrounding
tissue anywhere on the margin.” Thus, we suggest that
lesions with partial changes in margin be interpreted as
their
Regarding other lexicons that might give rise to partial

uncircumscribed, following original definition.
changes in interpretation, such as shape and posterior acous-
tic changes, we think that importance should be attached to
probably malignant sonographic features. More clinical and
imaging studies are needed to confirm the diagnostic perfor-
mance and effectiveness of this principle.

Orientation is an important descriptor in differentiating
benign from malignant lesions, as parallel orientation is
highly correlated with malignancy,'®*>% but only quali-
tative criteria for judgment are regulated in BI-RADS.
Compared to the agreement obtained in studies with
kappa values of 0.56-0.70,">'77 fair agreement on orien-
tation was found in this study. In addition to the interfer-
ence of different planes, the long axis of the lesion was
neither parallel nor perpendicular to the skin line in some
lesions, and there was a certain angle between the long
axis and the surface of the skin. Thus, quantitative indices
such as angles or aspect ratios would seem helpful for
improving the consistency of orientation. Certainly, further
research should be conducted to identify the diagnostic
performance and reproducibility of these indices.
A relevant project on artificial intelligence and computer-
aided evaluation of orientation is underway by our team.

Heterogeneous echogenicity of a solid mass was added to
the ACR BI-RADS 5th Edition, and although it has had little
diagnostic value in differentiating between benign and malig-
nant lesions, it may elevate the suspicion for malignancy,
especially when seen with noncircumscribed margins and
irregular shapes.” With several studies reporting low varia-
bility for echogenicity (kappa 0.26-0.58),'®%*3° the echo

pattern was the most inconsistent descriptor in this study.

However, we found that “heterogeneous” was the selection
that mostly interfered with the choices of observers when
analyzing all selections in echo patterns. Heterogeneous
echogenicity is actually not mutually exclusive with other
options in a single-choice matter such as the echo pattern.
Yang et al found no significant difference between homoge-
nous and heterogeneous echo patterns in malignant lesions.”’
Thus, we believe that eliminating “heterogeneous” echo pat-
terns and adding “internal echogenic homogeneity of solid
mass” to the BI-RADS lexicon would make for a good new
descriptor of heterogeneous masses that would let observers
describe masses more reproducibly.

The respondents differed from the expert consensus
when describing the margin of lesion 5 (Figure 3A and
B). That is, 649 (72%) respondents believed it was uncir-
cumscribed, a majority selecting microlobular, whereas
thought it
The misidentification between

experts in the research team was
a macrolobulated mass.
micro- and macrolobules might lead to different interpre-
tations of margin and shape and even different evaluations
of malignant risk. Microlobules are defined as margins
characterized by short-cycle undulations, and gently lobu-
lated or macrolobulated margins are not clearly defined in
BI-RADS. Confusion in distinguishing them might result
in difficulty in interpreting shape and margin: lesions with
microlobular shapes are uncircumscribed, and lesions with
macrolobular shapes are circumscribed with oval or irre-
gular shapes. We hope this question will be discussed
more to enhance the consistency of interpretation and
diagnosis in the future.

This study has several limitations. First, the number
of lesions in the survey was small, which may affect the
interrater reliability analysis. Second, as the products of
a real-time scanning method, only static images were
included. This will affect the confidence of interpretation
and diagnosis and indirectly affect the results of BI-
RADS lexicons and assessment categories. To maintain
a high response rate, 10 representative lesions were
selected by experts in breast imaging, and the total
number of questions was kept to be less than 100,
which is why only a small number of lesions and static
images were included in the questionnaire. Additionally,
we intended to reveal some disagreements deserving
discussion found through this survey, rather than finding
all the reasons for all inconsistencies. Third, we offer
some suggestions on how to improve the consistency of
image interpretation, without data supporting them. The

prospective study design and online questionnaire
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modality did not allow retests in the same population to
control for all variables that could influence the out-
comes. We call for larger prospective studies on feature
interpretation and risk assessment to improve the consis-
tency of BI-RADS application, including studies that
cover the disagreements we mentioned above.

Conclusion

Although BI-RADS has been highly accepted worldwide,
the authority of a popular guideline comes largely from its
stability. More than an application guideline, it should
become a model for this field. This survey reflects some
disagreement deserving further attention in BI-RADS lex-
icon descriptions, and we call for more participation in
scientific studies and education to overcome the challenges
of reducing operator dependency during ultrasound exam-
inations and raising the integral consistency of breast
ultrasound evaluations in the future, including discussion
and research on the inconsistencies mentioned above.
These disagreements provide some directions for image
feature research on big data, and we hope that further
feature-related big data research can provide an empirical
basis for identifying both benign and malignant features.
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