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Purpose: To assess whether radiologist needs to rescan the breast lesion to validate the ﬁnal
American College of Radiology (ACR) Breast Imaging Reporting and Data System (BIRADS) ultrasonography (US) assessment made on the static images in the diagnostic setting.
Patients and methods: Image data on 1,070 patients with 1,070 category 3–5 breast lesions with
a pathological diagnosis scanned between January and June 2016 were included. Both real-time and
static image assessments were acquired for each lesion. The diagnostic performance was evaluated
by receiver operating characteristic (ROC) curves. The positive predictive values (PPVs) of each
category in the two groups were calculated according to the ACR BI-RADS manual and compared.
Kappas were determined for agreement on two assessment approaches.
Results: The sensitivity, speciﬁcity, PPV, and negative predictive value for real-time US were
98.9%, 58.2%, 44.8% and 99.4%, and for static images were 98.9%, 57.1%, 44.1% and 99.3%,
respectively. The performance of the two groups was not signiﬁcantly different (areas under ROCs:
0.786 vs 0.780, P=0.566) if the ﬁnal assessment was only dichotomized as negative (category 3) and
positive (categories 4 and 5). All PPVs of each category for each assessment were within the
reference range provided by the ACR in 2013 except subcategory 4B (reference range: >10% and
≤50%) of static image evaluation, which was also signiﬁcantly higher than that of real-time
assessment (54.8% vs 40.7%, P=0.037). The overall agreement of the two approaches was
moderate (κ=0.43–0.56 according to different detailed assessment).
Conclusion: Both static image and real-time assessment had similar diagnostic performance
if only the treatment recommendations were considered, that is, follow-up or biopsy.
However, as for subcategory 4B lesions without obviously benign or malignant US features,
real-time scanning by the interpreter is recommended to obtain a more accurate BI-RADS
assessment after assessing static images.
Keywords: Breast Imaging Reporting and Data System, ultrasonography, diagnosis, realtime scanning

Introduction
Ultrasonography (US) is playing an increasingly important role in both breast
disease screening and diagnosis,1–3 especially in Asian women with higher breast
density and younger age at diagnosis of breast cancer (BC).4–6 The use of US in
breast diagnostic imaging has expanded from primary differentiation of cystic from
solid lesions to accurate characterization of benign and malignant lesions.7–9
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As with other breast imaging modalities like mammography (MG) and magnetic resonance imaging, proper US diagnosis of breast lesions requires both successful identiﬁcation
and accurate feature analysis. In some countries, technologists perform the diagnostic breast US examination and
acquire static images for interpreting physicians.10 The ability
of technologists to detect lesions have been proved, several
studies have reported that representative static images of
breast lesions can be obtained successfully by well-trained
technologists in BC screening.11–13 However, the accuracy of
interpreting static images by radiologists is unknown comparing with the real-time assessment. Because breast lesions
are three-dimensional, even representative orthogonal static
images may miss some detailed diagnostic features, especially for lesions with vague US features. From this point of
view, real-time scanning by the interpreter may give extra
information for accurate assessment of breast lesions.
Thus, the purpose of our study was to retrospectively assess
whether the radiologist needs to rescan the breast lesion to
validate the ﬁnal American College of Radiology (ACR)
Breast Imaging Reporting and Data System (BI-RADS)
assessment made on the static images in the diagnostic setting.

Material and methods
Patients and biopsy
The institutional ethics committee of Sun Yat-Sen Memorial
hospital approved this retrospective study. The requirement
for informed consent was waived by the ethics committee due
to the nature of the study, and no personal information was
disclosed. This study strictly abides the principles of the
World Medical Association Declaration of Helsinki. Using
the diagnostic breast US database of our institution from
January 2016 to June 2016, we reviewed female patients
who underwent breast US examination because of palpable
abnormalities, or for symptoms such as breast pain and nipple
discharge. For patients with more than one breast lesion, only
the one with the highest score was analyzed to guarantee
statistical independence of each observation. In total, 1,070
breast lesions in 1,070 subjects scored as BI-RADS category
3–5 were biopsied and diagnosed histologically.
Although an interventional procedure was usually recommended for lesions of subcategories ≥4A, some patients with
lesions of category 3 underwent a biopsy in consideration of
other factors after clinical consultation with referring physicians. Pathological results were obtained by US-guided core
needle biopsy, vacuum-assisted biopsy, or excisional biopsy.
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Real-time ultrasonography examination
and image documentation
Examinations were performed with a high-resolution US
unit (S2000 or S1000; Siemens Medical Solutions,
Erlangen, Germany; or MyLab 30; Esaote, Genoa, Italy)
with a high-frequency linear transducer. Three radiologists
who specialized in breast US diagnosis with 5–10 years of
experience performed a bilateral whole-breast US examination. A ﬁnal US score (category 0–6, including subcategory 4A–4C) was assigned by the same radiologist
immediately after scanning according to the second edition
of BI-RADS US.9 Our radiologists assessed the US ﬁndings without referring to MG, because US and MG are
usually in different departments in China and few radiologists routinely interpret both of them.14,15
Static images of lesions were saved by the radiologists
during real-time scanning according to the ACR
guidelines.10 For each lesion, at least two representative
B-mode images with and without calipers were obtained
in orthogonal planes. Additionally, at least one image of
color/power Doppler was acquired to assess the vascularity.

Static image evaluation
The 1,070 sets of static US images were retrospectively
evaluated by the same three radiologists who performed
the examinations at least 1 year after data collection.
Images were anonymized and in random order. During
the review, the radiologists were blinded to the previous
real-time assessments and pathological results, but they
were informed of the relevant clinical information including patient age, chief complaint, breast disease history, and
physical examination results, which was also known to
radiologists during the real-time assessment. They were
asked to record a ﬁnal BI-RADS category (category 3,
4A–C, 5) for each case.

Statistical analysis
According to biopsy recommendations described in BIRADS, we set a cutoff point between category 3 and 4A/
4. The sensitivity, speciﬁcity, positive predictive values
(PPV) and negative predictive value (NPV) of the realtime and static image groups were calculated, respectively.
Receiver operating characteristic (ROC) curves were constructed, and areas under the ROC curves (AUC) were
calculated.
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We calculated the PPV for each category of the two
groups according to the ACR BI-RADS manual. PPV was
deﬁned as the percentage of BC cases within the total
number of biopsies. Then, we compared the differences
in PPVs of each category between the two groups, of
which Pearson’s chi-squared statistic was used for subcategories 4A–4C, and Fisher’s exact test was used for
categories 3 and 5.
Kappa statistics were used to calculate the degree of
agreement between the ﬁnal assessment of the two groups.
A kappa value (κ) 0–0.20 corresponds to slight agreement;
0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, substantial agreement; and 0.81–1.00,
almost perfect agreement.16
SPSS 22 (IBM Corp., Armonk NY, USA) and Medcalc
software version 11.4 (Medcalc Software, Mariakerke,
Belgium) were used for the statistical analyses. All Pvalues were two-tailed, and P<0.05 was considered statistically signiﬁcant.

Results
Of the 1,070 patients (age range 12–80 years, mean age 39.8
±12.3 years) with 1,070 lesions 273 (273/1,070, 25.5%)
lesions were malignant. The most common histological
type was invasive ductal carcinoma (IDC) (220/273,
80.6%). A total of 797 (797/1,070, 74.5%) lesions were
benign. Fibroadenoma (501/797, 62.9%) was the most common diagnosis. Table 1 describes the pathological results.
The sensitivity, speciﬁcity, PPV, and NPV for real-time
group were 98.9%, 58.2%, 44.8% and 99.4%, respectively,
and for the static image group were 98.9%, 57.1%, 44.1%
and 99.3% (Table S1), respectively. Discordant treatment
decisions (either follow-up or biopsy) appeared in 231
cases. Among them, 111 lesions were assessed as positive
in real-time scanning but negative in static image evaluation, and one of these lesions was IDC. A total of 120
lesions were assessed as negative in real-time scanning but
positive in static image evaluation, and one of them was
ductal carcinoma in situ (Figure 1). The other 229 lesions
were all proven to be benign.
ROC curves showed that the diagnostic performance
of real-time analysis and static image evaluation was not
statistically different (0.786 vs 0.780, P=0.566) if the
ﬁnal assessment was only dichotomized as negative
(category 3) and positive (categories 4 and 5). The performance of the two groups was statistically different if
calculated as category 3–5 no matter with or without
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Table 1 Final pathological results of 1,070 breast lesions
Pathological results

No. of lesions (%)

Benign
Fibroadenoma

501 (62.9)

Fibrocystic change

70 (8.8)

Intraductal papilloma
Sclerosing adenosis

66 (8.3)
39 (4.9)

Inﬂammation

36 (4.5)

Phyllodes tumor
Radial scar

35 (4.4)
20 (2.5)

Hamartoma
Postoperative change

4 (0.5)
3 (0.4)

Fibromatosis

3 (0.4)

Others
Total

20 (2.5)
797

Malignant
IDC

220 (80.6)

ILC

14 (5.1)

DCIS
Papillary carcinoma

13 (4.8)
10 (3.7)

Mucinous carcinoma

3 (1.1)

Invasive micropapillary carcinoma
Mixed invasive carcinoma

2 (0.7)
2 (0.7)

Metaplastic carcinoma

2 (0.7)

Neuroendocrine carcinoma
Others

2 (0.7)
5 (1.8)

Total

273

Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma;
DCIS, ductal carcinoma in situ.

subcategory 4A–4C (0.969 vs 0.955, P=0.011; 0.915 vs
0.855, P<0.001, respectively) (Figure 2).
The distribution of BI-RADS US categories in the two
groups is shown in Table 2. In the real-time group, the PPVs
for categories 3–5 were 0.6% (3/467), 23.1% (99/429) and
98.3% (171/174), respectively. PPVs for subcategories 4A–
4C were 5.9% (17/288), 40.7% (37/91) and 90.0% (45/50),
respectively. In static image group, the PPVs for categories
3–5 were 0.7% (3/458), 33.8% (174/515) and 99.0% (96/97),
respectively; that for subcategories 4A–4C were 8.3%
(25/301), 54.8% (74/135) and 94.9% (75/79), respectively.
The PPVs of each BI-RADS US category/subcategory were
all within the reference range provided by the ACR, except
subcategory 4B (54.8%, 74/135) in the static image group,
which exceeded the reference range (10–50%). The PPV of
subcategory 4B in the static image group was signiﬁcantly
higher than that in the real-time group (54.8% vs 40.7%,
P=0.037). There were no signiﬁcant differences in the PPVs
of the other categories/subcategories (3, 4A, 4C, 5) between
the two groups.
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Figure 1 (A) A solid hypo-echoic breast lesion categorized as BI-RADS-US 4A in real-time scanning and BI-RADS-US 3 in static image evaluation. The pathologic diagnosis was
IDC. (B) A solid hypo-echoic breast lesion categorized as BI-RADS-US 3 in real-time scanning and BI-RADS-US 4A in static image evaluation. The pathologic diagnosis was DCIS.
Abbreviations: IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ.
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Figure 2 Receiver operating characteristic curves. (A) Lesions were assigned to negative (category 3) or positive (category 4 and 5) in each group. The AUC for real-time and static
image group was 0.786 vs 0.780, respectively. (B) Lesions were assigned to 3, 4 or 5 categories in each group. The AUC for real-time and static image group was 0.915 vs 0.855,
respectively. (C) Lesions were assigned to 3, 4A–4C or 5 subcategories/categories in each group. The AUC for real-time and static image group was 0.969 vs 0.955, respectively.
Abbreviation: AUC, Area under the ROC curve.

According to Cohen’s κ statistic, the overall degree of
agreement between the ﬁnal assessments of the two groups
was always moderate according to different detailed assessment (category 3–5 with or without subcategory 4A–4C:
κ=0.43 and 0.48; assessment dichotomized as negative or
positive: κ=0.56) (Table S2). In addition, the agreement of
the two groups was fair for category 4 (κ=0.37), but moderate for categories 3 and 5 (both κ=0.56).
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Discussion
US is indispensable in the diagnostic evaluation of breast
lesions. Physician-performed real-time scanning is the
optimal model for breast US examination because of its
high operator dependence.7,17,18 However, breast US scanning is time-consuming; the reported average time to complete a bilateral whole-breast US examination is 10–31
mins.11,17,19
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Malignant
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(59.3%)

(5.9%)

(94.1%)

(0.6%)

Abbreviations: BI-RADS US, Breast Imaging Reporting and Data System for Ultrasonography; PPV, positive predictive value; ACR, American College of Radiology.
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Table 2 BI-RADS US of real-time and static image evaluation correlate with pathology
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In many countries, especially in high-volume clinical
practices, radiologists usually render a ﬁnal interpretation directly by reviewing static images obtained by
trained technologists, although real-time scanning by
the interpreter is encouraged.10 This division of labor
may make up the shortage of physicians to perform the
examination. However, this workﬂow may lead to some
unavailability of signiﬁcant dynamic US information for
the interpreters and thus inﬂuences their interpretive
performance. To our knowledge, our study is the ﬁrst
to compare the diagnostic efﬁciency of real-time analysis and retrospective static image evaluation of breast
lesions, based on the second edition of ACR BI-RADS
US published in 2013.
In this study, both methods performed well in the
diagnosis of breast lesions no matter how many classiﬁcations of assessment were given, although real-time
analysis performed much better than static images
except for the dichotomized assessment. Youk et al
and Foldi et al did not ﬁnd overall signiﬁcant differences in diagnostic performance between video and
static image evaluation (assessment based on the second
edition of ACR BI-RADS US,20,21 categories 2–5 with
subcategory, AUC =0.830 vs 0.800, P=0.08; assessment
based on the ﬁrst edition of ACR BI-RADS US, categories 2–5 without subcategory, AUC =0.719 vs 0.762,
respectively). Our study did not show a signiﬁcantly
better diagnostic performance of real-time US when
lesions were assessed as negative or positive
(P=0.566), which implies that treatment recommendation (follow-up or biopsy) would not be inﬂuenced by
interpretations of static vs real-time images.
The PPVs of each category in the real-time group
were all within the reference ranges provided by the
ACR in 2013. The PPVs of subcategory 4B in the static
image group exceeded the reference value, and also was
signiﬁcantly higher than that of the real-time group. In
addition, most malignant lesions of subcategory 4B in
the static image group had been previously assigned to a
higher category (4C or 5) based on real-time US ﬁndings, while only 21.6% (8/37) malignant lesions of subcategory 4B assessed by the real-time US were assigned
to a higher category by retrospective static image
evaluation.
Unlike lesions of other categories/subcategories,
category 4B has the vaguest US features, which may
cause a lack of conﬁdence for the likelihood of benign
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or malignant diagnosis. Zou et al found that when
malignancy was not obvious, most radiologists chose a
relatively lower category to ease patients’ concern.22
The PPV of subcategory 4B by static image evaluation
in their study was 70.8% (74/135), which is signiﬁcantly
higher than the reference value. In dynamic real-time
scanning, the examiner can scrutinize every part of the
lesion and acquire supplementary information for more
accurate diagnosis, which accounts for the difference
from static image evaluation in subcategory 4B.
However, for lesions with more obvious benign or
malignant US features, ﬁnal assessment can be made
by static images as accurately as real-time analysis.
Similar ﬁndings were reported by Van Holsbeke et al
in the assessment of adnexal masses by real-time versus
static image evaluation.23
The overall degree of agreement between the ﬁnal
assessments of real-time and static images remained
moderate, whether or not subcategories were assigned,
and even when the assessment was only dichotomized
as negative and positive. Category 4 was divided into
three subcategories by the ACR because of its wideranging likelihood of malignancy (>2 to <95%).9
However, these subcategories were assigned subjectively
by radiologists in clinical practice. Previous studies have
reported some unsatisfactory results in subdividing category 4, but they focused on the interobserver agreement
of static image evaluation.14,22 In our study, category 4
(fair agreement, κ=0.37) had the lowest agreement compared with categories 3 and 5 (moderate agreement,
both κ=0.56) between real-time and static images.
The present study has several limitations. First, the
ACR management recommendation for category 3 was
not strictly followed in our institution, with a high
biopsy rate of 34.3% (472/1,376 of real-time assessment cases). Other authors have also reported high
biopsy rates for category 3 lesions. The biopsy rates
reported by Raza et al and Berg et al were 22.5% and
71.0%, respectively.24,25 Second, elastography was not
involved in the study, which has been conﬁrmed to
improve the speciﬁcity of breast US interpretation and
was added to the second edition of ACR BI-RADS
US.9,25 Third, there were some biases and limitations
because of the real situation of breast imaging in
China. For example, few radiologists routinely interpret both breast US and MG because they are in different departments; there are no breast US
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technologists, radiologists need to scan and interpret all
patients simultaneously, therefore static images of this
study were saved by the radiologists instead of technologists. Finally, this was a single-institution retrospective study; multi-institutional prospective studies
with greater numbers of patients are needed to conﬁrm
our ﬁndings.

Conclusion
In conclusion, the diagnostic performance of static image
evaluation was similar to real-time assessment if only the
treatment recommendations were considered, that is, follow-up or biopsy. However, real-time scanning by the
interpreter is recommended for lesions of subcategory 4B
assessed through static images to obtain a more accurate
BI-RADS assessment. Considering the limitations, further
veriﬁcation should be needed before extrapolating this
study to everyday breast US diagnosis.

Abbreviation list
US, ultrasonography; BC, breast cancer; MG, mammography; ACR, American College of Radiology; BI-RADS,
Breast Imaging Reporting and Data System; CNB, core
needle biopsy; VAB, vacuum-assisted biopsy; PPV, positive predictive value; NPV, negative predictive value;
ROC, receiver operating characteristic; AUC, area under
the ROC curve; IDC, invasive ductal carcinoma.
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Table S1 Sensitivity, speciﬁcity, PPV and NPV of real-time and static image ultrasonography
Group

Sensitivity (%)

Speciﬁcity (%)

PPV (%)

NPV (%)

Real-time US

98.9

58.2

44.8

99.4

Static image US

98.9

57.1

44.1

99.3

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; US, ultrasonography.

Table S2 Agreement for category/subcategory of real-time and static image ultrasonography
BI-RADS

ASE

κ value

95% conﬁdence limits
Upper

Lower

Subcategory (3, 4A-4C and 5)

0.020

0.43

0.39

0.47

Category (3, 4 and 5)

0.023

0.48

0.44

0.53

Dichotomy (3 and 4/5)

0.026

0.56

0.51

0.61

Abbreviation: ASE, asymptotic standard error.

Dovepress

Cancer Management and Research

Publish your work in this journal
Cancer Management and Research is an international, peer-reviewed
open access journal focusing on cancer research and the optimal use of
preventative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Cancer Management and Research 2019:11

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

4615

