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Abstract

Purpose Clip-marking of axillary lymph nodes with initial biopsy-confirmed metastasis is required for targeted axillary
dissection (TAD), which includes sentinel lymph node dissection (SLND) and selective localization and removal of the
clipped targeted lymph node. There have been several studies which examined the feasibility of TAD in routine clinical use.
In this context, the optimal clip visualisation was noted as one of the crucial limiting factors. We, therefore, evaluated the
sonographic detectability of 10 different commercially available markers within an in vitro model simulating the anatomical
composition of the axilla.

Methods In this standardised model consisting of porcine fat with 30 mm thickness, the visibility of a total of ten markers was
analysed in all 3 planes (parallel, diagonal, orthograde) with wire guidance and then classified into either “visibility good”,
“visibility moderate” or “visibility poor” with regard to the alignment of the transducer. Additionally, “real-life conditions”
were simulated, in which the markers were searched without any wires guidance.

Results It was observed that, while not all markers are detectable in fatty tissue, markers with spherical shape (non-embedded
Inconel or Nitinol) or rectangular-shaped Titanium markers with embedded material have a clear advantage. 3D-shaped
markers can always be detected in all three axes, which is of particular importance in the axilla with its pyramid shape and
fatty tissue.

Conclusion The shape and the embedding of the material play a crucial role for visibility and efficacy of the marker, as reli-
able marking of suspicious and pathological axillary lymph nodes is essential for TAD.
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Introduction over the past decades [1, 2]. This is because radical axil-

lary dissection is associated with a higher risk of complica-

The involvement of the lymphatic system and its manage-
ment has played an important part in the treatment of breast
cancer over the last 100 years. From radical axillary dissec-
tion as favoured by Halsted up to sentinel lymph node biopsy
(SLNB), we have seen a significant surgical de-escalation
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tions such as lymphoedema, pain, paraesthesia, and shoulder
dysfunction and, therefore, lacks benefit, when compared to
SLNB [2].

Recently, several studies evaluated the different surgi-
cal approaches with regard to morbidity as well as false-
negative rates (FNRs) of SLNB and axillary lymph node
dissection (ALND). It should be noted that cN + patients,
namely patients with lymph nodes suspicious of metastases
confirmed by biopsy, who received primary systemic ther-
apy, showed a complete remission of the metastatic disease
(ypNO) in 40-74% of the cases [2—4].

The ACOSOG Z1071 and SENTINA trials pre-
sented FNRs higher than 10% in these ypNO patients,
who received SLNB [3, 5]. However, when the initially
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suspicious lymph node was clipped, the FNR was reduced
to 6, 8%. Caudle et al. demonstrated that a targeted axillary
dissection (TAD), which consists of SLNB and marking
of the targeted lymph node with iodine 125 seeds, reduces
the FNR to 2% [6]. The MARI study also used radioactive
iodine seeds to mark the axillary lymph nodes [7]. Since
utilisation of radioactive iodine seeds is not authorised in
Germany, Hartmann et al. conducted a feasibility study for
wire localisation of clip-marked axillary lymph nodes, in
which they concluded that this method was not appropriate
for routine clinical use and optimal clip visualisation was
one of the crucial limiting factors [2]. Superparamagnetic
iron oxide (SPIO) or sterile carbon suspension (Spot) are
further tracers for lymph node detection. In case of tat-
tooing suspicious lymph nodes with sterile carbon sus-
pension before neoadjuvant chemotherapy intraoperative
visual inspection of the lymph nodes is imperative [8]. As
a result of these limitations, a consensus regarding TAD
and the number of lymph nodes that should be marked
before neoadjuvant chemotherapy is not yet reached.
Consequently, German Gynaecological Oncology Group
recommends TAD at the moment only in medical studies
and not as a standard of care [9]. Although there have
been several studies comparing biopsy marker visibility in
breast tissue, due to the novelty of clip-marking the axil-
lary lymph nodes, further studies are required to determine
the optimum marker for axilla. Therefore, we evaluated
the sonographic detectability of different markers within
a simulation model of the axilla.

Materials and methods

We developed an in vitro simulation model of the axilla to
analyse the sonographic detectability of different markers
in the axilla.

Therefore, we built up a model consisting of porcine fat
with 30 mm thickness, to simulate the anatomical composi-
tion of axillary tissue. It was approximately 40 cm long and
20 cm wide. In this setting depth, consistency as well as the
composition of axillary fatty tissue was taken into account.

Ten different commercially available markers that are in
general clinical use were placed into the model with a stand-
ardised distance to the surface of 20 mm at room tempera-
ture. The markers were then searched in all three dimensions
(parallel, diagonal and orthograde to the transducer) using a
12 MHz ultrasound transducer (Phillips EPIG 7Q) by three
independent examiners (SG, UH, MH). All examiners were
physicians specialised in breast diagnostics with the differ-
ent qualification of DEGUM levels by the German Society
of Ultrasound in Medicine (MH with DEGUM Level III,
UH with DEGUM Level II and SG with DEGUM Level I).
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In the first part of the study, a wire was placed next to the
markers to eliminate possible false-positive results and ensure
correct localization.

The markers included CorMARK®, HydroMARK®
Shapes 3 and 4 and BiomarC® (Mammotome, Leica Bio-
systems, Wetzlar, Germany), MReye® Coil Marker (Cook
Medical, Bloomington, Indiana, USA), UltraClip® Dual Trig-
ger (BARD Biopsy, Arizona, USA), o-Twist-Marker® (BIP
Medical, Germany) and several Tumark® clips (SOMATEX
Medical Technologies, Germany) (Table 1; Figs. 1,2, 3,4, 5,
6,7,8,9, 10). Co- MARK® and HydroMARK® clips were
also examined after removal of collagen and hydrogel embed-
ding material (Figs. 1b, 2b, 3b) to evaluate detectability of the
radiopaque marker material. The visibility of the markers was
examined in all 3 planes with and without wire guidance and
then classified into either “visibility good”, “visibility moder-
ate” or “visibility poor” with regard to the alignment of the
transducer (Table 2). Markers that were detectable in all three
planes without any wire guidance were classified as “easy to
detect” (visibility good), markers that were only detectable in
one or two planes without any wire guidance were classified
as “difficult to detect” (visibility moderate). If a marker could
not be seen and its placement was only detectable as a result of
wire guidance, it was classified as “not detectable” (visibility
poor), as wire guidance should be avoided in real-life applica-
tions .After all markers were examined with wire in all three
planes, the wire was then discarded.

Since the examiner is not aware of the placement of the
marker in real-time clinical conditions, in the second part
of the study, the markers were then discarded into the same
standardised simulation model in approximately 20 mm dis-
tance to the surface by an assistant and afterwards searched
by an examiner without wire guidance to imitate the clini-
cal situation. The detectability of the markers in regard to
the alignment of the ultrasound transducer was then classi-
fied into either “easy to detect”, “difficult to detect” or “not
detectable” (Table 2) within the classification mentioned
above. This procedure was repeated by the different exam-
iners (SG, UH, MH). The results of the evaluation were
anonymous.

A total of 10 markers were evaluated. The visibility of
markers with embedding material was also separately exam-
ined after the collagen material was stripped. The shape of
the marker, presence of embedding material, alignment of
the marker, transducer as well as the radiopaque material of
the marker were crucial for the detectability of the markers.

Results

It was observed that markers with round or spherical
shapes such as Tumark® Vision, O-Twist Marker®, and
MReye® Coil Marker were easily detectable regardless of
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Table 1 Overview of examined breast tissue biopsy markers
Clip type Biopsy Marker Manufacturer Radiopaque marker Embedding Marker shape Price per marker
material Bioresorbable mate- (approximately)
rial
Type-1  CorMARK ® Mammotome, Leica  Titanium Collagen Rectangular $37
Biosystems
Type-2  MReye ® Coil Marker Cook Medical Inconel None Round/spherical $ 108
Type-3 ~ HydroMARK ® Titan Mammotome, Leica  Titanium Polyethylene glycol-  Rectangular $30
Shape 3 (open coil) Biosystems based hydrogel
(PEG)
Type-4  HydroMARK ® Titan Mammotome, Leica  Titanium Polyethylene glycol-  Rectangular $ 30
Shape 4 (butterfly) Biosystems based hydrogel
(PEG)
Type-5  BiomarC ® Mammotome, Leica ~ Carbon coated None Rectangular $25
Biosystems ceramic
Type-6  UltraClip ® DualTrig- BARD Biopsy Titanium None Twisting $39
ger
Type-7  O-Twist-Marker ® BIP Nitinol (Nickel tita- None Round/spherical $ 120
nium alloy)
Type-8  Tumark ® Profes- SOMATEX Medical  Nitinol (Nickel tita- None Twisting $85
sional Q-Shape Technologies nium alloy)
Type-9  Tumark ® Profes- SOMATEX Medical  Nitinol (Nickel tita- None Twisting $85
sional Q-shape Technologies nium alloy)
Type-10  Tumark ®Vision SOMATEX Medical  Nitinol (Nickel tita- None Round/spherical $ 120
Technologies nium alloy)

Fig.1 CorMARK® with (a) and without (b) its embedding material*

Fig.2 HydroMARK® Shape 3 with (a) and without (b) its embed-
ding material*

the alignment of the marker and the transducer. This trend
was also reflected in the simulation of the “real-life” condi-
tions regarding the detectability of the markers, in which

Fig.3 HydroMARK® Shape 4 with (a) and without (b) its embed-
ding material*

the markers were searched for and found easily in all three
axes (Table 2).

CorMARK® and HydroMARK® clips with embedding
material were in all cases—independent of the positioned
axes—easily detected. Furthermore, they proved to be easily
visible during the search test. However, it was observed that,
after these clips were stripped of their embedding material,
detectability was very difficult or not possible.

It was also observed that rectangular markers with-
out any embedding material, such as BiomarC® and,
CorMARK® and HydroMARK® markers without their
embedding material, were nearly impossible to detect
in any of the axes and could not be found during the
search test. Markers with twisting shapes such as Ultra-
Clip® DualTrigger, Tumark® Professional Q-Shape and
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Fig.4 MReye® Coil Marker*

Fig.5 BiomarC®*

Tumark® Professional also proved difficult to detect in the
fatty tissue. Although Tumark® Professional Q-Shape and
Tumark® Professional were easily visible in parallel and
diagonal axes, in the third dimension, the orthograde axis,
they were barely seen (Table 2).

It was observed that marker and transducer alignment
affected marker visibility. Differentiation the marker from
the surrounding tissue was especially diminished in the
orthograde axis. This effect was particularly notable in
markers with rectangular shapes.

@ Springer

Fig.6 UltraClip® DualTrigger*

Fig.7 O-Twist-Marker ® *

The radiopaque marker material was influential in
distinguishing the marker from the surrounding tissue.
Markers made of nitinol, a nickel titanium alloy, were
more easily detected. Titanium markers were only visible
with the help of the embedding material. Inconel® coil,
which is a superalloy of nickel, chromium and iron, could
be easily found using ultrasound.
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Fig.8 Tumark® Professionel

Fig.9 Tumark® Professional* Q-Shape*

Fig. 10 Tumark® Vision*. *All photographs taken by SG

Discussion

After it was proven in the ACOSOG Z1071 trial that place-
ment of a clip marker in the lymph node during initial
biopsy and localization of the marker during the SNB
caused the FNR rate to drop from 12, 6% to 6, 8%, the
concept of targeted axillary dissection (which combines
SNB with removal of the clipped node) gained importance
[3]. Caudle et al. observed an even lower FNR rate of 2%
[6]. However, while many studies [5-8, 10] agree with
the possible benefits of a TAD approach for the patient,
such as less invasive surgery and a decrease in possible
complications as a result, namely lymphoedema, pain, par-
aesthesia and shoulder dysfunction, the question of which
type of marker should be used in the axilla remained open.
In many trials [2, 6, 10, 11], which have investigated the
efficacy and feasibility of the clipped lymph nodes, vis-
ibility and preoperative localization of the used markers
played a crucial role. Therefore, missed nodes and markers
may cause undertreatment and, thus, may affect regional
recurrence.

Since the implementation of markers for breast lesions
was introduced in the 1990s, many different markers have
been developed and evaluated in breast tissue [11-13].
However, the sonoanatomy of the breast and axilla is dras-
tically different, as the axilla consists mainly of fatty tis-
sue. Therefore, we used a model equivalent to the axillary
tissue to investigate if alignment of the different markers
to the transducer influenced marker visibility. Congruent
to the dominantly fatty tissue of the axilla our model was
composed of porcine fat. Our results indicate that position-
ing of the markers diagonal or parallel to the transducer,
did not affect their visibility. However, the detectability of
some markers was affected in the orthograde axis. Rueland
et al. found that 3D markers such as Tumark® Vision were
easily detectable in both axes [13]. Though, this study con-
sisted of investigation of a sole marker and a third axis was
not included. There are no further studies up to now which
compare marker positioning.

In our study, the orthograde axis proved a particular
challenge. As a result of its pyramid shape, the axilla
requires markers which are not only visible in two axes,
but in all three. Furthermore, markers with rectangular
shapes without embedding material were not distinguish-
able from the surrounding tissue (Table 2). While it was
observed that the spherical-round markers were particu-
larly visible, as discussed later, the rectangular makers
showed a particular increase in visibility when surrounded
by an embedding material. When this material was
removed, as seen in examples of HydroMARK ® Shapes
3 and 4 and CorMARK®, the visibility of the marker was
diminished (Figs. 1, 3, 11, 12, 13, 14).
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Table 2 Comparison of detectability of examined markers

Marker type Embedded Alignment of the marker to the transducer Search test
Clip type Marker Embedding Parallel Diagonal Orthograde Visibility
material
Type-1 CorMARK ® Collagen Visibility good Visibility good Visibility good Good
(detectable)
Type-la CorMARK ® None Visibility moderate  Visibility poor Visibility poor Poor
(not detectable)
Type-2 MReye ® Coil Marker None Visibility good Visibility good Visibility good Good
(detectable)
Type-3 HydroMARK ® Shape 3 Polyethylene  Visibility good Visibility good Visibility good Good
glycol-based (detectable)
hydrogel
(PEG)
Type-3a  HydroMARK ® Shape 3 None Visibility moderate  Visibility moderate  Visibility poor Poor
(not detectable)
Type-4 HydroMARK ® Shape 4 Polyethylene  Visibility good Visibility good Visibility good Good
glycol-based (detectable)
hydrogel
(PEG)
Type-4a  HydroMARK ® Shape 4 None Visibility moderate  Visibility poor Visibility poor Poor
(not detectable)
Type-5 BiomarC ® None Visibility moderate  Visibility Visibility poor Poor
poor (not detectable)
Type-6 UltraClip ® DualTrigger None Visibility moderate  Visibility moderate  Visibility poor Moderate
(detectable)
Type-7 O-Twist-Marker ® None Visibility good Visibility good Visibility good Good
(detectable)
Type-8 Tumark ® Professional Q-Shape None Visibility good Visibility good Visibility moderate Moderate
(detectable)
Type-9 Tumark ® Professional None Visibility good Visibility good Visibility moderate Moderate
(detectable)
Type-10  Tumark ®Vision None Visibility good Visibility good Visibility good Good
(detectable)

The detectability of the marker with ultrasound is espe-
cially important to evaluate the clinical response during
neoadjuvant chemotherapy. Pinkney et al. noted that the
sonographic visibility of the different breast makers (Gel-
mark UltraCor™, HydroMARK®, SenoMark™ Ultra-
Cor™, UltraClip® Enchanced Coil, SecurMark®) changes
over time. While the visibility of other markers diminished

significantly over time, HydroMARK® remained visible
during all 12 weeks of the trial. This was due to physical and
chemical properties of polyethylene glycol hydrogel, which
attracted water molecules and increased visibility [14]. The
efficacy of such embedding materials was observed in our
study with Co-rMARK ® and HydroMARK ® with their
embedding material remaining detectable in all three axes.

Fig. 11 CorMARK ® with embedding material seen in parallel (a), diagonal (b) and orthograde axes (c)
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Fig. 14 HydroMARK® Shape 4 without the embedding material seen in parallel (a), but not seen in diagonal (b) and orthograde axes (c)

As a result of self-expanding material in the biopsy cavity,
hyperechoic material was easily in detected in fatty tissue.
However, as Banys-Paluchowski and Gruber et al. noted in
their publication, the hydrogel may lead to cavity forma-
tion containing mucoid material and pseudocysts and these
changes may be reported falsely as a positive lymph node
[15].

A further challenge of the detectability of the marker
is tissue quality [15, 16]. Fibrosis of the lymph nodes and
the surrounding tissue after neoadjuvant chemotherapy can
make sentinel node biopsy relatively unreliable [3], and sec-
ondary dislocation of the marker may occur. Migration of
the clip marker in the biopsy track, floating due to haema-
toma and change in clip site due to the resorption of air in
the biopsy cavity are also sources of error which may result
in secondary dislocation. Preoperative ultrasound localiza-
tion of the marker after neoadjuvant chemotherapy may fail

in up to 28% of cases [11, 15]. If the marker is undetect-
able with ultrasound before planned TAD, mammography
of the axilla is not a feasible option, since axilla cannot be
accurately scanned with a mammography. MRI or CT scan
are then required to locate the marker, which results in addi-
tional costs and additional radioactive exposure in the case
of CT scan. The patient may require a second invasive pro-
cedure, reducing patient comfort and work flow efficacy as
well as increasing costs [12].

As noted above, the shape of the marker influences vis-
ibility. Spherical markers such as MReye ® Coil Marker
(Cook Medical), o-Twist-Marker ® (BIP) and especially
Tumark ® Vision (SOMATEK) (Figs. 4, 7, 10) retained
their visibility in our standardised simulator. While lacking
embedding material, these markers showed a distinct advan-
tage in comparison to UltraClip ® or BiomarC®, which are
rectangular markers without any embedding material in fatty
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Fig. 18 UltraClip® DualTrigger seen in parallel (a), diagonal (b), but not in orthogonal (c)

tissue (Figs. 15, 16, 17, 18). Detecting markers with twisting
shapes such as UltraClip ® DualTrigger, Tumark ® Profes-
sional Q-Shape, Tumark ® Professional and HydroMARK
® without their embedding material is difficult (Table 2). It
can be hypothesised that the greater volume and the three-
dimensional shape of the marker contribute to the visibility.
Rueland et al. observed in their study that 3D shapes showed
stability in breast tissue [13]. The self-expansion of these

@ Springer

markers contributes to this phenomenon, which is under-
lined with lower displacement rates [14]. While Nguyen
et al. have argued that spherical shapes such as Tumark®
Vision without embedding gel retain their visibility follow-
ing neoadjuvant chemotherapy, Pinkney and Shah showed
that HydroMARK ® clips with embedding material retain
and improve their visibility during 12 weeks of follow-up
[11, 14]. To determine the effect of the embedding material
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Fig. 19 Comparison of Tumark® Vision (a) and Tumark® Professional (b) in parallel axis

on the visibility of the coil, we stripped the gel from coil
manually and examined the visibility of the marker. We
determined that markers without a spherical shape and with-
out embedding material are clearly disadvantageous.

Another factor in the detectability of the marker was
the radiopaque marker material. Markers which contained
nickel-titanium alloys were much easier to detect than mere
titanium markers. However, this may result in a rare compli-
cation with an allergic reaction to the nickel component [17].
Patients with nickel allergy should be informed beforehand
of possible complications. It should also be noted that, as can
be seen in the examples from the Tumark family (Figs. 8, 9,
10), which were all made up of nitinol, although the radio-
paque material shows a fairly good visibility, only Tumark
Vision ® with its spherical shape was seen in all three axes
(Table 2; Fig. 15). Ergo, it can be surmised that, when it
comes to the factors determining the visibility, the shape
of the marker plays a more decisive role than the material.

Although we examined different markers to determine the
best possible options for TAD, it should be noted that our
study was performed in a simulation model and not in vivo.
The possible anatomical differences amongst the axilla of
the patients, such as muscles, nerves, thoracodorsal bun-
dle and the lymph nodes varying in structure and depth,
could not be taken into account in our study. To make the
ultrasound images comparable, all markers were placed in
approximately the same depth. Utilisation of one simulation
model with possible puncture channels may have influenced
the visibility of some markers. Additionally, the wire that
was placed to ensure correct localisation of the marker is
not practicable in real-life conditions. Therefore, only clearly
visible markers are suitable for TAD Fig. 19.

Further studies that focus on the issue of possible migra-
tion of the markers during neoadjuvant chemotherapy are of
interest. Although primarily placed correctly in the targeted
lymph node (TLN), downstaging of the metastatic lymph
node with its morphological changes such as nodal shrink-
age and fibrosis may lead to clip dislocation dependent on
the used clip material [3].

Results in prospective and multicentric studies, such as
the ongoing AXSANA trial of EUBREAST group, which
examines the feasibility and performance as well as the
mortality and morbidity of TAD, will contribute to the
path of de-escalation in axilla surgery [18].

Conclusion

While not all markers are detectable in fatty tissue, mark-
ers with spherical shape and rectangular-shaped markers
with embedded material have a clear advantage. The mate-
rial of the radiopaque material plays a lesser role in vis-
ibility. 3D-shaped markers can always be detected in all
three axes, which is of particular importance in the axilla
with its pyramid shape and fatty tissue.

Since the significance of TAD is increasing due to low
FNR and less possible complications and, thus, increased
patient comfort, physicians should be informed about the
detectability of the marker they use.

Author contributions SG: project development, data collection, data
analysis, manuscript writing. UH: project development, data collection,
data analysis. CR: project development; manuscript editing. BB: data
collection, manuscript editing. RF data analysis, manuscript editing.
GH: data analysis, manuscript editing, AS: data analysis, manuscript
editing, MM: project development, manuscript editing. EO data anal-
ysis, manuscript editing, AH: data analysis, manuscript editing. HP:
manuscript editing. SB: manuscript editing. DW: manuscript editing.
IVG: project development, data collection, data analysis, manuscript
writing.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflicts of interest There is no conflict of interest or competing inter-
est.

@ Springer



848

Archives of Gynecology and Obstetrics (2021) 304:839-848

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Halsted WS (1898) A clinical and histological study of certain
adenocarcinomata of the breast: and a brief consideration of the
supraclavicular operation and of the results of operations for can-
cer of the breast from 1889 to 1898 at the Johns Hopkins Hospital.
Ann Surg 28(5):557-576

2. Hartmann S, Reimer T, Gerber B, Stubert J, Stangel B, Stachs A
(2018) Wire localization of clip-markes axiallry Imyphnodes in
breast cancer patients treated with primary systemic therapy. Eur J
Surg Oncol 44(9):1307-1311. https://doi.org/10.1016/j.ejs0.2018.
05.035

3. Boughey JC, Suman VIJ, Mittendorf EA et al (2013) Alliance
for clinical trials in oncology: sentinel lymph node surgery after
neoadjuvant chemotherapy in patients with node-positive breast
cancer: The ACOSOG Z1071 (Alliance) clinical trial. JAMA
310(14):1455-1461. https://doi.org/10.1001/jama.2013.278932

4. Diego EJ, McAuliffe PF, Soran A, McGuire KP, Johnson RR,
Bonaventura M et al (2016) Axillary staging after neoadjuvant
chemotherapy for breast cancer: a pilot study combining sentinel
lymph node biopsy with radiactive seed localization of pretreat-
ment positive axillary lymph nodes. Ann Surg Oncol 23(5):1549-
1553. https://doi.org/10.1245/s10434-015-5052-8.b

5. Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms
G, Lebeau A, Liedtke C, von Minckwitz G, Nekljudova V,
Schmatloch S, Schrenk P, Staebler A, Untch M (2013) Sentinel-
lymph-node biopsy in patients with breast cancer before and after
neoadjuvant chemotherapy (SENTINA): a prospective, multicen-
tre cohort study. Lancet Oncol 14(7):609-618. https://doi.org/10.
1016/S1470-2045(13)70166-9

6. Caudle AS, Yang WT, Krishnamurthy S, Mittendorf EA, Black
DM, Gilcrease MZ, Bedrosian I, Hobbs BP, DeSnyder SM,
Hwang RF, Adrada BE, Shaitelman SF, Chavez-MacGregor M,
Smith BD, Candelaria RP, Babiera GV, Dogan BE, Santiago L,
Hunt KK, Kuerer HM (2016) Improved axillary evaluation fol-
lowing neoadjuvant therapy for patients with node-positive breast
cancer using selective evaluation of clipped nodes: implementa-
tion of targeted axillary dissection. J Clin Oncol 34(10):1072-
1078. https://doi.org/10.1200/JC0O.2015.64.0094

7. Straver ME, Loo CE, Alderliesten T, Rutgers EJ, Vrancken
Peeters MT (2010) Marking the axilla with radioactive iodine
seeds (MARI procedure) may reduce the need for axillary dissec-
tion after neoadjuvant chemotherapy for breast cancer. Br J Surg
97(8):1226-1231. https://doi.org/10.1002/bjs.7073

8. Natsiopoulos I, Intzes S, Liappis T, Zarampoukas K, Zarampoukas
T, Zacharopoulou V, Papazisis K. Axillary lymph node tattooing
and targeted axillary dissection in breast cancer patients who pre-
sented as cN+ before neoadjuvant chemotherapy and became cNO
after treatment. Clin Breast Cancer. 2019;19(3):208-215. https://
doi.org/10.1016/j.clbc.2019.01.013

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

Die Arbeitsgemeinschaft Gynikologische Onkologie (2020)
Breast cancer surgery - oncological aspects. https://www.ago-
online.de/fileadmin/ago-online/downloads/_leitlinien/kommi
ssion_mamma/2020/PDF_EN/2020E%2008_Breast%20Can
cer%20Surgery%20-%200ncological %20Aspects.pdf, last visited
23.03.2021

Kuemmel S, Heil J, Rueland A, Seiberling C et al (2020) A pro-
spective, multicenter registry study to evaluate the clinical feasi-
bility of targeted axillary dissection (TAD) in node-positive breast
cancer patients. Ann Surg https://doi.org/10.1097/SLA.00000
00000004572

Nguyen TT, Hieken TJ, Glazebrook KN, Boughey JC (2017)
Localizing the clipped node in patients with node-positive breast
cancer treated with neoadjuvant chemotherapy: early learning
experience and challenges. Ann Surg Oncol 24(10):3011-3016.
https://doi.org/10.1245/s10434-017-6023-z

Carmon M, Olsha O, Gekhtman D, Nikitin I, Cohen Y, Messing
M, Lioubashevsky N, Abu Dalo R, Hadar T, Golomb E (2017)
Detectability of hygroscopic clips used in breast cancer surgery. J
Ultrasound Med 36(2):401-408. https://doi.org/10.7863/ultra.16.
02053

Riiland AM, Hagemann F, Reinisch M, Holtschmidt J, Kiimmel
A, Dittmer-Grabowski C, Stoblen F, Rotthaus H, Dreesmann V,
Blohmer JU, Kiimmel S (2018) Using a new marker clip system in
breast cancer: tumark vision® clip - feasibility testing in everyday
clinical practice. Breast Care (Basel) 13(2):116-120. https://doi.
org/10.1159/000486388

Pinkney DM, Mychajlowycz M, Shah BA (2016) A prospec-
tive comparative study to evaluate the displacement of four
commercially available breast biopsy markers. Br J Radiol
89(1065):20160149. https://doi.org/10.1259/bjr.20160149
Banys-Paluchowski M, Gruber IV, Hartkopf A, Paluchowski
P, Krawczyk N, Marx M, Brucker S, Hahn M (2020) Axillary
ultrasound for prediction of response to neoadjuvant therapy in
the context of surgical strategies to axillary dissection in pri-
mary breast cancer: a systematic review of the current literature.
Arch Gynecol Obstet 301(2):341-353. https://doi.org/10.1007/
500404-019-05428-x

Plecha D, Bai S, Patterson H, Thompson C, Shenk R (2015)
Improving the accuracy of axillary lymph node surgery in breast
cancer with ultrasound-guided wire localization of biopsy proven
metastatic lymph nodes. Ann Surg Oncol 22(13):4241-4246.
https://doi.org/10.1245/s10434-015-4527-y

. Tamai K, Mitsumori M, Fujishiro S, Kokubo M, Ooya N, Nagata

Y, Sasai K, Hiraoka M, Inamoto T (2001) A case of allergic reac-
tion to surgical metal clips inserted for postoperative boost irra-
diation in a patient undergoing Breast-conserving therapy. Breast
Cancer 8(1):90-92. https://doi.org/10.1007/BF02967485
Banys-Paluchowski M, Stickeler E, de Boniface J (2020)
AXSANA (AXillary Surgery After NeoAdjuvant Treatment): A
European prospective multicenter cohort study to evaluate dif-
ferent surgical methods of axillary staging (sentinel lymph node
biopsy, targeted axillary dissection, axillary dissection) in clini-
cally node-positive breast cancer patients treated with neoadju-
vant chemotherapy. Senologie 17(02): 2 https://doi.org/10.1055/s-
0040-1710600

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejso.2018.05.035
https://doi.org/10.1016/j.ejso.2018.05.035
https://doi.org/10.1001/jama.2013.278932
https://doi.org/10.1245/s10434-015-5052-8.b
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1016/S1470-2045(13)70166-9
https://doi.org/10.1200/JCO.2015.64.0094
https://doi.org/10.1002/bjs.7073
https://doi.org/10.1016/j.clbc.2019.01.013
https://doi.org/10.1016/j.clbc.2019.01.013
https://www.ago-online.de/fileadmin/ago-online/downloads/_leitlinien/kommission_mamma/2020/PDF_EN/2020E%2008_Breast%20Cancer%20Surgery%20-%20Oncological%20Aspects.pdf
https://www.ago-online.de/fileadmin/ago-online/downloads/_leitlinien/kommission_mamma/2020/PDF_EN/2020E%2008_Breast%20Cancer%20Surgery%20-%20Oncological%20Aspects.pdf
https://www.ago-online.de/fileadmin/ago-online/downloads/_leitlinien/kommission_mamma/2020/PDF_EN/2020E%2008_Breast%20Cancer%20Surgery%20-%20Oncological%20Aspects.pdf
https://www.ago-online.de/fileadmin/ago-online/downloads/_leitlinien/kommission_mamma/2020/PDF_EN/2020E%2008_Breast%20Cancer%20Surgery%20-%20Oncological%20Aspects.pdf
https://doi.org/10.1097/SLA.0000000000004572
https://doi.org/10.1097/SLA.0000000000004572
https://doi.org/10.1245/s10434-017-6023-z
https://doi.org/10.7863/ultra.16.02053
https://doi.org/10.7863/ultra.16.02053
https://doi.org/10.1159/000486388
https://doi.org/10.1159/000486388
https://doi.org/10.1259/bjr.20160149
https://doi.org/10.1007/s00404-019-05428-x
https://doi.org/10.1007/s00404-019-05428-x
https://doi.org/10.1245/s10434-015-4527-y
https://doi.org/10.1007/BF02967485
https://doi.org/10.1055/s-0040-1710600
https://doi.org/10.1055/s-0040-1710600

	Evaluation of sonographic detectability of different markers within an in vitro simulation model of the axilla
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




