
Abstract
!

Introduction: This study aimed to compare the
accuracy of sonography versus digital breast to-
mosynthesis to locate intramammary marker
clips placed under ultrasound guidance.
Patients and Methods: Fifty patients with suspi-
cion of breast cancer (lesion diameter less than
2 cm [cT1]) had ultrasound-guided core needle
biopsy with placement of a marker clip in the cen-
ter of the tumor. Intramammary marker clips
were subsequently located with both sonography
and digital breast tomosynthesis.
Results: Sonography detected no dislocation of
intrammammarymarker clips in 42 of 50 patients
(84%); dislocation was reported in 8 patients
(16%) with a maximum dislocation of 7mm along
the x-, y- or z-axis. Digital breast tomosynthesis
showed accurate placement without dislocation
of the intramammary marker clip in 48 patients
(96%); 2 patients (4%) had a maximum clip dislo-
cation of 3mm along the x-, y- or z-axis (p < 0.05).
Conclusion: The use of digital breast tomosynthe-
sis could improve the accuracy when locating in-
tramammary marker clips compared to sonogra-
phy and could, in future, be used to complement
or even completely replace sonography.

Zusammenfassung
!

Einleitung: In dieser Untersuchung sollte die Ge-
nauigkeit der Lokalisationsbestimmung der intra-
mammären, sonografiegesteuerten Clipmarkie-
rung sowohl durch Sonografie als auch durch di-
gitale Brusttomosynthese verglichen werden.
Patientinnen und Methoden: Bei 50 Patientin-
nenwurde bei Verdacht auf ein Mammakarzinom
mit einem Durchmesser von kleiner 2 cm (cT1),
eine sonografisch gesteuerte Stanzbiopsie mit
gleichzeitiger adaptierter Clipmarkierung in das
Tumorzentrum durchgeführt. Anschließend wur-
de eine Lokalisationsbestimmung der intramam-
mären Clipmarkierung sowohl durch Sonografie
als auch durch eine digitale Brusttomosynthese
durchgeführt.
Ergebnisse: Bei 42 der 50 Patientinnenwar sono-
grafisch keine Dislokation der intramammären
Clipmarkierung diagnostizierbar (84%), bei 8 Pa-
tientinnen (16%) ergab sich eine Dislokation von
max. 7mm in x-, y- bzw. z-Achse. Die digitale
Brusttomosynthese zeigte eine exakte Platzie-
rung ohne Dislokation der intramammären Clip-
markierung bei 48 Patientinnen (96%), und hier
stellte sich im Unterschied nur bei 2 Patientinnen
(4%) eine Dislokation von max. 3mm in x-, y-
bzw. z-Achse dar (p < 0,05).
Schlussfolgerung: Der Einsatz der digitalen
Brusttomosynthese könnte die Genauigkeit der
Lokalisationsbestimmung einer intramammären
Clipmarkierung im Vergleich zur Sonografie ver-
bessern und diese in Zukunft ergänzen bzw. ab-
lösen.
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Introduction
!

Around 55000 women develop breast cancer and
20000 women die of it in Germany every year [1].
The individual prognosis of patients with breast
cancer depends in the first instance on the extent
n of Sonography… Geburtsh Frauenheilk 2015; 75: 72–76
of disease at the time of diagnosis and on the im-
plemented treatment plan [2–4].
According to both European treatment recom-
mendations and the German interdisciplinary S3
Guideline for the Diagnosis, Treatment and Fol-
low-up of Breast Cancer, at least 70% of all breast
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lesions suspicious for malignancy (BI-RADS™ 4/5) should be veri-
fied histologically prior to surgery; the ideal would be to verify
90% [5,6]. The goal of preoperative investigation of suspected
malignant processes is to ensure that only one surgical procedure
will be required subsequently. In addition, all non-palpable
breast lesions should be marked prior to the actual surgical pro-
cedure (e.g. with ultrasound-guided wire marking) [5,6].
Accurate preoperative ultrasound-guided wire marking is partic-
ularly tricky in smaller focal findings with diameters of less than
1 cm. Neoadjuvant therapy concepts represent new challenges
for breast surgeons, radiologists and pathologists, as there is no
target for preoperative, ultrasound-guided wire marking in pa-
tients in complete pathological remission (pCR).
This difficulty can be remedied using a marker clip to locate the
primary breast tumor during ultrasound-guided core needle bi-
opsy prior to surgical therapy or neoadjuvant chemotherapy. Clip
marking of the primary tumor should be done together with the
ultrasound-guided core needle biopsy to reduce re-excision rates
[7–10].
Based on the findings of our previous studies and using a clip
marking system we helped to develop and establish [11,12], we
investigated the accuracy of an innovative clip marking method
in patients with breast cancer (cT2) scheduled to undergo neoad-
juvant chemotherapy [13]. Our results confirmed that the inno-
vation we had developed had precisely adapted the stylet length
of the marking system to the single-use breast biopsy system
(HistoCore™). Previously, when using the O-Twist Marker™ clip
system, a pre-fabricated sliding spacer was placed directly
around the stylet, and the notch length of the spacer used during
marker clip placement (pushed forward through the coaxial bi-
opsy needle in situ) had to be varied for every intervention, de-
pending on the respective length of the biopsy needle. This ap-
proach was imprecise and semi-subjective because it was not
possible to adjust the fitted spacer precisely using only the mark-
ing ring engraved at intervals of one centimeter. Our innovation
offered the possibility of placing a precise marker clip for every
biopsy needle length without requiring a spacer. This creates a
target point for preoperative ultrasound-guided wire marking,
which is particularly useful in patients in pathological complete
remission (pCR) after neoadjuvant chemotherapy [7–10].
If standard control mammography (two orthogonal planes, cra-
nio-caudal and medio-lateral oblique views) is done after stereo-
tactic vacuum biopsy with clip marking [9], the question arises
whether it is possible to detect dislocation of an intramammary
marker clip after ultrasound-guided core needle biopsy with clip
placement. Based on our previous experience [11–14] with intra-
mammary clip marking systems, the aim of our current study
was to investigate the accuracy of sonography and digital breast
tomosynthesis to determine the location of intramammary
marker clips placed in small breast cancers with diameters of less
than 2 cm (cT1).
Material and Methods
!

Patient population
Between June 2013 and November 2013 50 patients with a suspi-
cion of invasive breast cancer and focal findings with diameters
of less than 2 cm (cT1, BI-RADS™ 4/5) were investigated at the
Schulz-Wendtla
University Breast Center Franconia, using complementary breast
diagnostics consisting of clinical examination, mammography
(Selenia Dimensions3D™ [Hologic™]) and sonography (2-D,
Acuson Antares, 13MHz [Siemens™]). Lesion diameters ranged
from 0.4 to 1.6 cm (median 0.9 cm) and patient age range was
31–77 years (median 54 years).

Ultrasound-guided core needle biopsy and clip marking
Invasive breast cancer was confirmed histologically in all 50 pa-
tients by ultrasound-guided core needle biopsy using a single-
use breast biopsy system (HistoCore™, BIP™ Biomedizinische In-
strumente & Produkte GmbH, Germany) [11]. Patients then
underwent breast-conserving surgery without prior neoadju-
vant chemotherapy. Intramammary clip marking was additional-
ly done using a directly adapted clip system based on the estab-
lished O-Twist Marker™ system (BIP™ Biomedizinische Instru-
mente & Produkte GmbH, Germany) [12,13]. All ultrasound-
guided core needle biopsies and clip markings were performed
by the same two experienced investigators (RSW, BB) to exclude
potential inter-investigator variability.
A single-use breast biopsy system (HistoCore™) was used with a
12-gauge, 10-cm outer cannula and a needle advance of 18 or
25mm. After careful disinfection of the skin and administration
of a local anesthetic, the single-use breast biopsy system (combi-
nation of a coaxial cannula [11 gauge] and the core biopsy needle
[12 gauge]) was placed over the focal tumor. Core needle biopsy
was carried out under ultrasound control tangentially to the lin-
ear 13.0-MHz transducer. The length of the needle was docu-
mented before and after the intervention on pictures and on vid-
eo. Four or more core needle biopsy specimens were obtained to
secure sufficient material for histological diagnosis and molecu-
lar-genetic testing. Using the coaxial needle (11 gauge) and the
adapted clip system (O-Twist Marker™), a clip was placed di-
rectly in the puncture site, i.e. in the middle of the tumorous le-
sion, under “real-time” ultrasound guidance for subsequent con-
trol investigations of clip localization.

Location control of marker clips using sonography
and digital breast tomosynthesis
Location of the intramammary marker clip was controlled by so-
nography (2-D, Acuson Antares, 13MHz [Siemens™]) and digital
breast tomosynthesis (Selenia Dimensions 3D™ [Hologic™]) ap-
proximately 30 minutes after the intervention. A compression
bandage was used in all patients to minimize hematoma forma-
tion. As part of our study, digital breast tomosynthesis with the
same radiation dose was performed in each patient (after in-
formed consent) instead of control mammography (two orthog-
onal planes, cranio-caudal and medio-lateral oblique view), as
recommended in the German interdisciplinary S3 Guideline for
the Diagnosis, Therapy and Follow-up Care of Breast Cancer [6,
15]. Measurements were also carried out by the same two inves-
tigators (RSW, BB) to reduce inter-investigator variability.

Statistical analysis
SPSS 18.0 was used for statistical analysis. Data were initially an-
alyzed descriptively and subsequently assessed for statistically
relevant differences between investigated groups. The level of
significance was p < 0.05.
nd R et al. Comparison of Sonography… Geburtsh Frauenheilk 2015; 75: 72–76



Fig. 1a and b a Ultrasound-guided core needle biopsy of a breast cancer
lesion (cT1). The biopsy needle is precisely in the center of the focal tumor
(red arrow) (2D, Acuson Antares, 13MHz (Siemens™), magnification: 3×).
b Ultrasound localization of the intramammary marker clip. The biopsy nee-
dle tip is sited directly above the focal tumor (red arrows) (2D, Acuson An-
tares, 13MHz [Siemens™], magnification: 3×) after placement of the marker

clip (red circle). Virtual extension of the direction of dislocation of the marker
clip (light blue arrow); position of the marker clip (purple circle); dislocation
of the marker clip (3D reconstruction) by 2mm along the x-axis (white ar-
row), by 1mm along the y-axis (yellow arrow), by 3mm along the z-axis
(green arrows) (dislocation).

Fig. 2 Localization of the intramammary marker clip using digital breast
tomosynthesis in the same patient as in l" Fig. 1. The sharply delineated
marker clip (circle) is located directly in the center of the lesion; no dis-
location has occurred (Selenia Dimensions 3D™ [Hologic™] with CAD™
[R2™]). Secondary findings include three areas with micro-calcifications
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Results
!

Comparison of sonography versus digital breast
tomosynthesis to locate intramammary marker clips
After placing the marker clip in the center of each tumor, the lo-
cation of the marker clip was controlled using both ultrasound
and digital breast tomosynthesis (l" Figs. 1 and 2). No dislocation
of the marker clip after removal of the clip applicator was ob-
served during ultrasound monitoring.
In 42 of 50 patients (84%), ultrasound (measurement of the tu-
mor without the echo-rich margin) detected no dislocation of
the marker clip. In eight patients (16%) ultrasound control indi-
cated a maximum dislocation of 7mm along the x-, y- or z-axis
(l" Table 1).
Digital breast tomosynthesis showed precise placement without
dislocation of the marker clip in 48 patients (96%); a maximum
dislocation of 3mm along the x-, y- or z-axis was found in two
patients (4%) (l" Table 1). In six patients (12%) ultrasound
wrongly indicated dislocation of the marker clip. The reason for
this was probably that the tumor size in these patients was be-
tween 0.4 and 0.7 cm (median 0.6 cm).
The difference in the accuracy of the two imaging techniques to
locate marker clips was statistically significant (p < 0.05). The in-
tratumorous location of the marker clip was confirmed both by
specimen x-ray done intraoperatively and by the subsequent his-
topathological examination of the tumor. All patients underwent
breast-conserving therapy, and specimen x-rays were correlated
with findings of digital breast tomosynthesis and histopathologi-
cal examination of the specimens.
(dotted lines).
Discussion
!

The aim of this study was to investigate the accuracy of different
imaging techniques when determining the precise position of
marker clips placed directly in the center of intramammary le-
sions with diameters of less than 2 cm (cT1). Our recent develop-
Schulz-Wendtland R et al. Comparison of Sonography… Geburtsh Frauenheilk 2015
ment, which combines a single-use core biopsy needle with a
precisely adapted clip marker system for the placement of
marker clips through a coaxial needle in situ, allows clips to be
placed accurately even in small lesions (cT1). Control imaging us-
; 75: 72–76



Table 1 Measured dislocation of the intramammary marker clip in mm (along the x-, y- and z-axis); dislocation was observed in 8 patients using ultrasound and in
2 patients using digital breast tomosynthesis (DBT). The intratumorous location of the marker clip was confirmed by specimen x-ray (SX) and histopathological
examination (Histo.) (out of a total of 50 examined patients).

Patient no. Ultrasound DBT SX Histo.

X Y Z X y z

1 1 2 3 0 0 0 ✓ ✓

2 5 3 3 0 0 0 ✓ ✓

3 4 6 5 0 0 0 ✓ ✓

4 5 7 6 0 0 0 ✓ ✓

5 1 2 2 0 0 0 ✓ ✓

6 1 3 5 0 0 0 ✓ ✓

7 7 1 2 0 0 0 ✓ ✓

8 1 6 4 0 1 3 ✓ ✓

9 0 0 0 1 1 2 ✓ ✓
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ing ultrasound and digital breast tomosynthesis to verify the po-
sition of themarker clip additionally confirmed the high diagnos-
tic accuracy of digital breast tomosynthesis.
Ultrasound-guided core needle biopsy is currently the standard
approach for the diagnostic workup of unclear lesions in the
breast. Several studies have shown that an identical or higher de-
gree of diagnostic certainty can be achieved with ultrasound-
guided core needle biopsy compared to open biopsy of palpable
and non-palpable findings, as the latter are associated with
false-negative rates of between 0.3 and 8.2% [16,17]. Other stud-
ies have shown that local rates of recurrence and the intervals to
tumor recurrence did not differ between patients diagnosed us-
ing ultrasound-guided core needle biopsy and those diagnosed
by primary surgical intervention [18–21].
The advantages of ultrasound-guided core needle biopsy, which
can be carried out with little expenditure of time, are its limited
invasiveness and lower costs [22,23]. Knowledge of the tumorʼs
histological characteristics allows better planning of surgical op-
erations, if surgery is required, and a more targeted intervention,
particularly with regard to axillary sentinel lymph node biopsy.
This is reflected in the lower rates of follow-up surgeries for in-
complete tumor resection [24]. As around three quarters of
masses detected on imaging are benign, this can prevent un-
necessary surgical interventions, provided that the assessment
of the images of the lesion concurs with the histological findings.
Although ultrasound is a well-established diagnostic method, the
range of indications and the value of digital breast tomosynthesis
has not yet been precisely determined [15,25–27].
Digital image acquisition, image processing and image reproduc-
tion allows many sequences of images to be acquired within a
short time. The compilation of sequentially acquired tomograms
is used to create three-dimensional images of the breast, so-
called digital breast tomosynthesis [25]. The radiation exposure
parameters for every plane are selected to ensure that total radi-
ation exposure corresponds to the radiation dose of two-plane
mammography. Various reconstruction algorithms are used to
display the breast as a series of slices at different depths or as a
freely rotatable 3-dimensional image. Digital breast tomosynthe-
sis thus redresses one of the limitations of mammography,
namely, the reduction of the three-dimensional breast to a two-
dimensional image [25]. Digital breast tomosynthesis should
therefore be able to avoid false-positive or false-negative findings
which are the result of superimpositions created with mammog-
raphy. This should improve detection rates inmammographically
denser breasts [15]. Digital breast tomosynthesis also appears to
Schulz-Wendtla
be superior to both sonography and mammography for the de-
termination of the size of breast tumors [15]. Other authors have
shown that the recall rate for mammography screening was re-
duced when mammography was combined with tomosynthesis
[28–31].
Our findings show that determination of the location of marker
clips placed after ultrasound-guided core needle biopsy is signifi-
cantly more precise using digital breast tomosynthesis compared
to ultrasound. One reason for this could be because digital breast
tomosynthesis is standardized compared to elastography or ul-
trasound, where the application is semi-subjective, irrespective
of whether it is 2-D, 3-D, or 4-D imaging [32,33]. It remains to
be seen whether modern three-dimensional ultrasound systems
such as the Automated Breast Ultrasound Scanner (ABVS) will
improve the results of conventional two-dimensional ultrasound
even more [34,35].
Conclusion
!

Digital breast tomosynthesis is a good example of recent devel-
opments in breast imaging techniques. These developments con-
tinue to improve the quality of diagnostics and the therapy of
breast cancer while reducing the rate of surgical re-excisions,
particularly for small breast cancer tumors or after neoadjuvant
chemotherapy with subsequent pathological complete remission
(pCR). The findings of our study on locating intramammary
marker clips has expanded the range of indications for digital
breast tomosynthesis.
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