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Introduction

Radial ultrasound (r-US) or ductosonography is usually applied as an adjunct to meander-
like ultrasound (m-US) but rarely as the sole scanning method. Here we compare r-US and
m-US with regard to breast lesions detected and interpreted as BI-RADS 3, i.e. probably
benign.

Materials and Methods
Eligible patients received a meander-like and a radial breast ultrasound in random order on
the same day by two different examiners. The same type of ultrasound equipment was used
but with specific probes.

Results

We performed 1984 dual ultrasound examinations. In 121 BI-RADS 3 lesions, a breast
biopsy was performed and the histology of two (1.7%) BI-RADS 3 lesions turned out to be
malignant. The specificity for m-US was 95.0%, and 96.6% for r-US. One (0.8%) benign
lesion was missed by m-US, whereas r-US missed 2 (1.7%) benign lesions. Each missed
lesion was identified by the other scanning method. The mean maximal lesion diameter (ICC
0.82), the mean lesion volume (ICC 0.87), the clock-face localization (k 0.82) and the mean
distance to the skin (ICC 0.77) show excellent, and the mean distance from the lesion to the
mammilla (ICC 0.65) good agreement between m-US and r-US. The agreement between m-
US and r-US in regard to sonomorphologic criteria ranged from excellent to poor. In 71.9%
the lesion was classified as BI-RADS 3 by m-US as well as r-US. The examination time for
r-UsS was significantly shorter than for m-US.

Conclusion

For BI-RADS 3 breast lesions, radial breast ultrasound is an alternative to meander-like
ultrasound since the diagnostic accuracy of the two scanning methods is comparable.
Notably, patients benefit from a significantly shorter examination time.

Keywords: Agreement, BI-RADS 3, Diagnostic accuracy, Ductosonography, Examination
time, Radial breast ultrasound
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Introduction

For the evaluation and management of breast
lesions, detected by ultrasound (US),
mammography or palpation, sonographic
characterization is indicated. The
characterization of breast lesions and the
classification into assessment categories are
described in the BI-RADS Atlas (1). The
latter also defines how to manage lesions of
each BI-RADS category. Accordingly, breast
biopsy is mandatory in BI-RADS 5 lesions
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which are considered to be highly suggestive
of malignancy and in BI-RADS 4 lesions
considered to be suspicious for malignancy.
BI-RADS 3 lesions are usually described as
oval, well circumscribed solid mass and
considered probably benign. Sonographic
follow up is proposed since in the BI-RADS
Atlas the likelihood of malignancy is
acknowledged to range from >0% to <2% (1).
However, cancer rates up to 11.4% (2) have
been reported for BI-RADS 3 lesions detected
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by US. Although the BI-RADS Atlas
suggests a follow up of BI-RADS 3 lesions,
immediate breast biopsy was performed in
9.8% (3) to 22.7% (4) of the BI-RADS 3
lesions reported in the respective study. In
addition, biopsy is indicated in patients at
increased risk for breast cancer, symptomatic
patients (i.e. new breast lump in patients older
than 40 years) and is performed upon patient
or physician request (4-7).

Most clinicians perform a meander-like
breast ultrasound (m-US), i.e. move the probe
in two orthogonal planes in a meander-like
manner. Radial breast ultrasound (r-US), also
called ductosonography, is usually used as a
complementary method in case of nipple
discharge and ductal pathologies (8-11).
Besides Rosensweig et al (12), who in 1982
introduced r-US for the first time, we and
others consider r-US an alternative to m-US
(13-16). Notably, it has been shown that the
diagnostic accuracy of m-US and r-US are
similar (13). Nevertheless, only a handful of
publications can be found where breast
ultrasound was performed by r-US and not by
m-US (7, 17-20).

Our study is based on data from real time
scanning rather than the  retrospective
interpretation of static images since this
allows the evaluation and analysis of breast
lesions during the ultrasound examination
(16).

Here we present our data comparing real time
meander-like and real time radial breast
ultrasound of lesions classified as BI-RADS
3 by m-US, r-US or by both methods, in
regard to diagnostic accuracy, examination
time, and agreement in lesion size, location
and BI-RADS classification.

Materials and Methods

This single center study was conducted from
August 2011 to August 2014 at the
Department of Gynecology and Obstetrics at
the University Hospital Switzerland and
approved by the local ethical committee. We
recruited women from a consecutive,
unselected, mixed collective. Eligible women
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were either symptomatic with palpable breast
lesions or mastodynia, asymptomatic with
dense breast tissue or increased risk for breast
cancer, or a personal history of breast cancer.
Exclusion criteria were as follows: male
gender, patients aged <18 years, and patients
scheduled for a breast biopsy. The informed
consent form was signed by all participating
women.

The examiners first obtained the patient's
personal and family history and then
performed a bilateral physical breast
examination. Bilateral dual breast US, i.e. r-
US and m-US were conducted by two
different examiners in random order. Physical
examination findings and mammography
where available were open to all examiners.
However, to avoid bias, findings of the
examiner applying r-US were not available to
the examiner performing m-US and vice
versa.

A research fellow with limited experience in
breast US received a theoretical and practical
training in r-US at the onset of the study and
subsequently carried out all r-US. As it is
common in teaching hospitals, m-US was
performed by experts or beginners supervised
by an expert. All examiners were encouraged
to attend a yearly training in breast US.

For r-US and m-US we used the same
ultrasound machine (EUB-7500 V 16-53 Step
3.5, Hitachi Medical Systems Europe
Holding AG, Zug, Switzerland) equipped
with different transducers. M-US was carried
out with a 50mm wideband, high frequency
(13-5 MH2z) linear transducer (EUP-L74M)
while for r-US a 92mm wideband (10-5 MHz)
linear transducer (EUP-L53L) with a water
standoff (a water-filled latex cover) was used
according to the manufacturer’s instructions.
We determined the duration of r-US and m-
US based on timestamps on the images taken
at the beginning and at the end of each
examination.

R-US and m-US were performed as described
in Jaggi et al (13). In brief, the woman was
placed in an oblique supine position and her
ipsilateral arm was raised behind her head to
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flatten the breast. In case of r-US, the
transducer was moved clockwise around the
mammilla first in a radial and then in an anti-
radial fashion, followed by a radial and anti-
radial sweep of the upper outer quadrant to
examine the axillary tail. For m-US, the
transducer was moved in a meander-like
pattern in vertical and transverse direction.
The scanning of the axilla was routinely
performed for both r-US and m-US.

All examiners assessed the location, the
dimensions, the morphologic characteristics
and the BI-RADS category (21) of each
sonographic lesion, and documented this
information in the electronic patient record
(ViewPoint®, Version 5; GE Healthcare
GmbH, Munich, Germany). Breast biopsy
was performed for final histologic diagnosis
(core needle biopsy, vacuum biopsy of fine
needle aspiration). All data on patient and
lesion characteristics extracted from the
electronic patient records were entered into R
(R Core Team (2019). R: A language and
environment for statistical computing. R
Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-
project.org) for further analysis.

Statistical methods

We summarized patient and lesion
characteristics and presented categorical data
as frequencies and percentages. For
continuous  variables, mean, standard
deviation and range are given.

The examination time between m-US and r-
US was compared by using a Wilcoxon
signed rank test with continuity correction.
The histology (benign versus malignant)
served as gold standard for the assessment of
the diagnostic accuracy. Where lesions were
missed by m-US or by r-US, they were
considered normal breast tissue and
interpreted  accordingly  for  statistical
analysis. The sensitivity, specificity, and
accuracy were calculated with  95%
confidence intervals (CIs) for both methods.
The Cls were estimated according to Blaker
(22) and p-values were calculated using the
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exact McNemar’s test (23). Positive and
negative predictive values were calculated
with the corresponding 95% Cls, and the
respective p-values (23). The proportion of
true negative and false positive, and missed
lesions were calculated for lesions confirmed
as benign by pathology. An exact McNemar’s
test was used to compare the data between the
two scanning methods.

If one patient had more than 1 lesion, they
were considered independent. All analyses
were performed by R. No correction for
multiple testing was performed.

The agreement of categorical variables
between m-US and r-US was quantified using
k-values with quadratic weights. However,
for the endpoint “clock-face location” the
cyclicity was taken into account by choosing
weights according to the distance on the clock
rather than absolute timepoints, meaning that
the distance between "0" and "1" and between
"11" and "0" is 1 hour in both cases.
Weighted  «k-values were interpreted
according to Landis et al. (24): <0.20 poor
agreement, 0.21-0.40 fair agreement, 0.41-
0.60 moderate agreement, 0.61-0.80
substantial agreement, and 0.81-1.00
excellent agreement.

The agreement for continuous variables was
quantified using intraclass-correlation (ICC)
(25). The ICC is calculated based on analysis
of variance. To this end, a mixed model is
fitted to the data with scanning procedure and
patient as random factors, and a fixed
intercept was fitted. By dividing the variation
related to the patient-to-patient difference by
the total variance in the data the ICC was
estimated. Therefore, ICC ranged from 0 to 1
and can be interpreted as the proportion of the
variation of the data, which can be attributed
to patient-to-patient variability. An ICC of 1
indicates a perfect agreement between r-US
and m-US and that all differences in the
ratings are due to differences in the patients.
For the variable “mean volume”, the data was
cube-root transformed prior to fitting the
model since the volume was estimated from
the main axes and thus, any errors when
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measuring these axes were inflated, leading to
outliers not acceptable in the mixed model.

ICC-values were interpreted as suggested by
Cicchetti (26): <0.40 poor agreement, 0.40-

0.59 fair agreement, 0.60-0.74 good
agreement, and  0.75-1.00  excellent
agreement.
Results

We compared meander-like ultrasound and
radial ultrasound with regard to diagnostic
accuracy and agreement in lesion size,
location and morphologic characteristics, and
examination time for sonographic BI-RADS
3 lesions.

In the course of the study period, 1984 dual
breast ultrasounds (m-US and r-US) were
performed and only lesions classified as BI-
RADS 3 by m-US, r-US or by both methods
and biopsied for final diagnosis were included

Table 1: Patient and lesion characteristics
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in the analysis study. In total, we analyzed
121 breast lesions in 108 patients.

A positive family history was documented in
35.2% (n=38) of patients and one patient
(0.9%) had a history of breast cancer (Table
1). The patients had a mean age of 43.1 (19-
86 years) years. Of all breast lesions, 48
(39.7%) were palpable. The breast lesions
were diagnosed by core biopsy in  83.5 %
(n=101), by vacuum assisted biopsy in 9.1
% (n=11) or by fine needle aspiration in 7.4
% (n=9). The majority (n=119, 98.3%) of the
breast lesions had a benign histology but two
(1.7%) BI-RADS 3 lesions, turned out to be
malignant. Patients with a benign lesion were
on average 42.9 (19-86) years old. The two
patients with a malignant lesion were 49 and
61 years old and thus were significantly older
than the average age of patients with a benign
lesion (p=0.032).

Patient characteristics Lesion characteristics
Number of patients 108 (100%) Number of lesions 121 (100%)
Positive personal history 1 (0.9%) Benign lesions 109 (98.3%)
Positive family history 38 (35.2%) Fibroadenoma 48

Breast cancer 29 Fibrosis/sclerosis 34

Ovarian cancer 2 Other B2 lesions 32

Breast and ovarian cancer | 1 B3 lesions 5

Endometrial cancer 6 Malignant lesions 2 (1.7%)
Mean age in years 43.1 DCIS 1

(min,max) [SD] (19-86) [+13.6] Triple neg. inv. ductal | 1

cancer

The specificity for BI-RADS 3 lesions was
95.0% for m-US and 96.6% for r-US (Table
2). Out of 121 BI-RADS 3 breast lesions, 2
malignancies (1.6%) (one DCIS and one
invasive ductal cancer) were diagnosed. The
two malignancies characterized as BI-RADS
3 (false negative) were falsely classified by
both m-US and by r-US. In m-US, the true
negative rate was 94.1% (n=112) and the false
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positive rate 5.0% (n=6). In r-US, 113
(95.0%) benign lesions were correctly
classified as BI-RADS 3 and 4 (3.4%) lesions
were falsely classified as BI-RADS 4 or 5.
One (0.8%) benign lesion was missed by m-
US but identified by r-US, while r-US missed
2 (1.7%) benign lesions which were identified
by m-US.
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Table 2. Diagnostic accuracy of m-US and r-US in BI-RADS 3 breast lesions
Meander-Like Ultrasound Radial Ultrasound p-Value
n % Cl n % Cl Cl

Malignant lesions 2 100 2 100

Cancers identified 2 100 2 100

True positive 0 0 0 0 NA

(BI-RADS 4 or 5)

Cancers missed 0 0 0 0 NA

False negative (BI-RADS 3) 2 100 2 100 NA
Benign lesions 119 | 100 119 100

Benign lesions identified 118 | 99.2 117 98.3

True negative (BI-RADS 3) 112 | 94.1 | [88.5; 97.3] 113 95.0 |[89.4;,97.8] |1 [0.2; 3.0]

Benign lesions missed 1 0.8 [0.0; 4.3] 2 1.7 [0.3; 5.7] 1 [0.0; 9.6]

False positive (BI-RADS 40r5) | 6 5.0 [2.2; 10.6] 4 3.4 [1.2;8.1] 0.75 [0.4; 7.2]
Diagnostic Accuracy

Sensitivity 0 0 NA

Specificity 95.0 | [89.4;97.8] 96.6 | [91.9;98.8] | 0.75 [0.1; 2.8]

Accuracy 93.4 | [87.5;97.1] 95.0 | [89.6;97.8] | 0.75 [0.1; 2.8]

PPV 0.0 0.0 NA

NPV 98.3 | [94.2;99.7] 98.3 |[94.3;99.7] |1 [-3.4; 3.3]

PPV, positive predictive value; NPV, negative predictive value; NA, not applicable

Of each lesion, all three dimensions were
measured in two orthogonal planes and the
volume of the lesion calculated for m-US and
r-US. The mean maximal lesion diameter
(1CC 0.82) and the mean lesion volume (ICC
0.87) are presented in Table 3 and show
excellent agreement for the two scanning
methods. The clock-face localization, the
distance to the mammilla and the distance to
the skin was used to describe the location of
each lesion in m-US and r-US (Table 3). The
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agreement of the clock-face localization (k
0.85) and the mean distance to the skin (ICC
0.77) are excellent. The ICC value of the
mean distance from the lesion to the
mammilla was 0.65, indicating good
agreement between m-US and r-US. While in
r-US the width of the probe allowed us to
measure the distance from the lesion to the
mamilla, the distances in m-US had to be
estimated.
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Table 3. Agreement between m-US and r-US in BI-RADS 3 lesions with regard to lesion size and

location
Radial US Meander-like US ICC | Weighted | Agreement
kappa
Size
Mean max. lesion diameter (mm) | 14.5 14.4 0.82 Excellent
(min, max) [SD] (4.1,47.3) [£8.3] | (3.4, 47.3) [+8.6]
Mean volume 14 1.5 0.87 Excellent
(min, max) [SD] (0.01, 14.3) [+2.5] | (0.01, 20.0) [+2.8]
Location
Clock-face localization 0.85 Excellent
Mean distance to mammilla (mm) | 29.3 33.4* 0.65 Good
(min, max) [SD] (0.0, 86.0) [+21.0] | (0.0, 100.0) [+23.2]
Mean distance to skin (mm) 8.0 6.8 0.77 Excellent
(min, max) [SD] (1.0, 26.0) [+4.8] | (1.0, 20.0) [+4.1]

*estimated values

Each examiner described the sonographic
lesion according to the morphologic criteria
of the BI-RADS atlas (21) and determined the
BI-RADS classification. The weighted kappa
values for the different morphologic criteria
are listed in Table 4. Echo pattern, quality of
assessment, lesion margin, posterior acoustic
features and tissue composition showed
moderate to fair agreement, while lesion
shape and orientation showed poor
agreement. The assessment of breast density
shows a substantial agreement. Surprisingly,
the agreement of the BI-RADS classification
between m-US and r-US was poor. However,
as presented in the cross tabulation (Table 5),
71.9% (n=87) of all breast lesions were
classified as BI-RADS 3 by m-US as well as
r-us. 21 lesions (17.4%) were classified as
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BI-RADS 3 (probably benign) by one method
but as BI-RADS 2 (benign) by the other. Only
12 lesions (9.9%) classified as BI-RADS 3 by
one method were classified as BI-RADS 4
(suspicious for malignancy) or 5 (highly
suggestive of malignancy) by the other
method. Because the analysis included only
lesions initially classified as BI-RADS 3,
already a low number of disagreements will
have a strong statistical impact on the
agreement in  BI-RADS classification
between m-US and r-US, which explains the
low kappa value and thus, the poor
agreement.

Furthermore, the mean examination time for
m-US was 21.3 minutes and for r-US 14.7
minutes, demonstrating a significantly shorter
examination time for r-US (Table 6).
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Table 4. Agreement between m-US and r-US with regard to morphologic description of BI-RADS

3 lesions

Weighted kappa | Agreement
Shape 0.10 Poor
Orientation 0.19 Poor
Margin 0.40 Fair
Echo pattern 0.42 Moderate
Posterior acoustic features 0.32 Fair
Tissue composition 0.30 Fair
Breast density* 0.80 Substantial
Quality of assessment* 0.53 Moderate
BI-RADS classification <0.05 Poor

*According to Madjar et al (27)

Table 5. Cross tabulation of BI-RADS 3 classification in m-US versus r-US

Radial ultrasound

BI-RADS 2 | BI-RADS 3 | BI-RADS 4 | BI-RADS 5 | Missing Total
n (%) n (%) n (%) n (%) n (%) n (%)
g BI-RADS 2 |- 8 (6.6) - - - 8 (6.6)
2 BI-RADS 3 | 13(10.7) |87%71.9) |3(2.5) 1(0.8) 2 (1.7) 106 (87.6)
o
=) BI-RADS 4 | - 6 (5.0) - - - 6 (5.0)
(5]
= [BI-RADS5 |- - - - - -
P
S | Missing - 1(0.8) - - - 1(0.8)
[38]
S | Totl 13(10.7) | 102(84.3) [3(25) 1(0.8) 2(1.7) | 121(100)
* Two lesions had a malignant histology
Table 6. Examination time for m-US and r-US in BI-RADS 3 lesions
Meander-like Ultrasound | Radial Ultrasound | p-Value
Mean examination duration 20.8 15.0 <0.01
(min, max) [+SD] (4.8; 68.5) [+9.6] (5.2; 47.0) [+8.3]
Discussion 71.9% of the lesions. In addition, the
Comparison of meander-like and radial examination time using r-US was

ultrasound in regard to sonographic BI-
RADS 3 lesions revealed similar diagnostic
accuracy, and good to excellent agreement for
lesion size and lesion location. Both scanning
methods led to a BI-RADS 3 classification in
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significantly shorter compared to m-US in
patients with BI-RADS 3 lesions.

Although a  follow-up is usually
recommended for BI-RADS 3 lesions (1), a
number of reasons warrant a biopsy. For
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example, in case of an elevated risk for breast
cancer, a histologic verification might be
indicated (28) since a delayed diagnosis
negatively influences the prognosis of the
individual patient. Additionally, patients may
choose clarification by biopsy rather than
follow-up (4). Patients with biopsied BI-
RADS 3 lesions had an average age of 43.1
years and 35.2% had a positive family
history. In line with previous reports, these
findings reflect the fact that patient
characteristics such as age and family history
have an impact on whether a biopsy is
performed in the case of BI-RADS 3 lesions
(5, 29).

Among the 121 probably benign breast
lesions, two lesions (1.7%) proved to be
malignant, which is within the range required
for BIRADS 3 classification by the BI-RADS
Atlas (1). Others (3) report 4% breast cancer
in biopsied BI-RADS 3 lesions. In our study
population, the two lesions were falsely
classified as BI-RADS 3 by m-US as well as
by r-US. The histology of these lesion was a
DCIS and a triple negative invasive ductal
cancer. 5.5% to 15.8% triple negative breast
cancers are misinterpreted as being probably
benign because malignant features are absent
in their sonographic appearance (30-33).

We report a NPV m-US and r-US, which is
consistent with NPVs reported for m-US that
range from 92.3% (34) to 99.3 (6). The PPV
in our study was 0% for m-US and r-US. PPV
values for m-US from 0% to 3% were
published (35, 36).

M-US missed one (0.8%) benign BI-RADS 3
lesion which was identified by r-US whereas
r-us missed 2 (1.7%) benign lesions which
were identified by m-US. Therefore, r-US
detected 98.3% and m-US 99.2% BI-RADS 3
lesions. This detection rate is higher than the
93.9%, published by Kim et al (37) who
investigated only m-US and included all BI-
RADS categories.

To the best of our knowledge, data on the
agreement of morphologic criteria, lesion size
and/or lesion location in BI-RADS 3 lesions
have not yet been published. As shown in
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Table 4, the agreement between m-US and r-
US of different morphologic criteria ranges
from poor to excellent. In particular, lesion
size and location showed excellent
agreement. It should be noted that real time
scanning is prerequisite for investigating
agreement of lesion size and lesion location.
We observed a high percentage of BI-RADS
classification agreement (71.9%). Usually,
studies on agreement in BI-RADS
classification do not focus on BI-RADS 3
lesions only.

Accordingly, we are not aware of any
published study that focuses on the
examination time of BI-RADS 3 lesions. Our
data reveal a mean examination time of 14.7
minutes for r-US which is significantly
shorter than for m-US (21.3 minutes).
Overall, these examination times are in line
with the ones published by Rosensweig (12)
who reported 28 minutes for m-US and 14
minutes  for r-US  albeit  without
distinguishing between BI-RADS categories.
The study protocol required that m-US and r-
US were performed by two different
examiners in order to avoid bias by knowing
the outcome of the first US examination. This
can be considered a possible limitation of this
study. Moreover, the wider transducer used in
r-US which allows for an efficient radial
scanning might shorten the examination time.
While minor technical improvements have
been made since data collection, our study is
comparative and, except for the probes, the
same equipment was used for radial and
meander-like ultrasound. Thus, any technical
improvement in the ultrasound equipment is
likely to equally affect both scanning
procedures. Another limitation of this study is
that shear wave, elastography and/or
vascularity as modalities for further BI-
RADS 3 breast lesion characterization were
not part of the study protocol. The two
scanning procedures were carried out in real
time, namely all patients were scanned by m-
US and r-US in random order on the same day
using the same type of US equipment, which
we consider a major advantage of this work.
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Conclusion

Radial breast ultrasound is an alternative to
meander-like ultrasound in the sonographic
examination of BI-RADS 3 breast lesions.
The diagnostic accuracy of the two scanning
methods is comparable. However, radial
breast ultrasound takes less time which is
beneficial for patients and health care
providers.
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