
Abstract. Background: Wire-guided localisation (WGL)
remains the most widely used technique to guide surgical
excision of non-palpable breast lesions worldwide. However,
recent technological advances have led to the advent of less
invasive radiation-free localisation methods to overcome the
limitations of WGL. Patients and Methods: This study
prospectively evaluated the role of two radiation-free non-
wire localisation methods. Magnetic seeds (n=16) and
radiofrequency tags (n=6) were deployed under imaging
guidance to guide the surgical excision in 19 consecutive
patients. Results: The identification/retrieval and migration
rates were 100% and 4.5%, respectively. Twenty-one out of
22 (95.5%) cases had clear surgical margins and no
complications were observed. All radiologists and the
surgeon rated these methods as being much better than wire
localisation. Patient satisfaction data were recorded using a
linear visual analogue scale (n=10/19). The mean score was
9.7/10 (range=8-10). Conclusion: Our study provides further
evidence that radiation-free wireless breast localisation is an
effective alternative to WGL.

The number of patients with non-palpable breast lesions has
increased due to the widespread improvement and use of
screening mammography (1). The advent of vacuum-assisted
tissue sampling has led to a reduction in the number of patients
requiring open diagnostic surgical excision for indeterminate
radiological abnormalities (2). However, in addition to patients
with non-palpable breast cancer at initial diagnosis or after
neoadjuvant chemotherapy (NACT), open surgical excision is
still required in a significant number of patients for accurate

diagnosis. Therefore, accurate preoperative localisation of these
lesions is essential to guide precise surgical excision.

In addition to traditional wire-guided localisation (WGL)
devices, there are now many alternatives, such as: Radioactive
seed localisation (RSL) (3), a reflector that uses micro impulse
radar (4) (SAVI SCOUT; Cianna Medical Inc, Aliso Viejo,
CA, USA), magnetic markers (5) (Magseed; Endomagnetics
Inc, Austin, TX, USA), and radiofrequency identification
(RFID) tags (6) (LOCalizer, Hologic, Santa Carla, CA, USA).

Although on a global scale WGL is currently the most
widely used technique, the technique has several
disadvantages: In addition to inflexible scheduling with the
wire insertion being usually performed on the day of surgery
thus affecting the radiology suite and operating theatre
efficiency, the protruding wire can be bothersome for the
patient, causing discomfort and anxiety, and has the risk of
dislodgement, the wire can be transected or displaced during
surgery leading to fragment retention, the insertion of the
radiological wire can be challenging in patients with very
dense breasts, and there are limitations in surgical incision
and dissection route with a potential impact on cosmesis and
potential injury to other organs such as the pleura causing
pneumothorax (7). Another potential limitation of WGL that
is under-reported in the literature is the risk of needle stick
injury to surgical staff caused by the sharp end of the wire. 

Therefore, other alternatives have been evolving to
overcome these limitations. Since Gray and colleagues first
described RSL as an alternative to WGL in 2001 (3), several
studies have compared RSL with wire localisation and
demonstrated that the former is a safe and effective
alternative. RSL can be carried out entirely within the breast
at any time within 5 days of surgery. However, handling
radioactive materials requires special licensing and carries
strict regulatory requirements, with implications for cost-
effectiveness and staff training (6). 

Non-radioactive non-wire devices are passive and contain
no energy source. The Magseed is a nonradioactive metal
marker which contains iron particles. The dedicated
Sentimag probe generates an alternating magnetic field that
transiently magnetizes the iron in the Magseed. The tiny
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magnetic signature generated by the Magseed is then
detected by the Sentimag probe. The Magseed device is 5
mm in length and can be deployed under mammography,
ultrasound, or computed tomographic guidance using a
preloaded sterile 18-gauge needle and can be detected within
4 cm depth from the skin surface (8). An RFID tag can
communicate a range of information from one serial number
to several pages of data. It contains a ferrite rod wrapped
with copper and a microprocessor. The 10.5 mm LOCalizer
RFID tag can be deployed through a preloaded sterile 12-
gauge needle. When the patient is in the supine surgical
position, the tag can be detected within 6 cm depth of the
handheld loop probe at the skin surface and 4 cm depth of
the intraoperative surgical dedicated pencil probe (6, 8). The
Scout device is 12 mm in size and can be deployed via a 16-
gauge needle and be detected by radar to 4.5 cm depth. Its
technical design makes it resistant to migration.

The aim of this prospective evaluation was to explore the
use of magnetic seeds and RFID tags as non-inferior wireless
and radiation-free alternatives to standard WGL. 

Patients and Methods 
Patients. Female patients (aged 18 or older) with non-palpable
breast lesions requiring surgical excision were enrolled in this study.
The indications for surgery included screen-detected non-palpable
malignancy, malignant lesions rendered non-palpable post NACT,
and pathologically intermediate (B3) non-palpable lesions which
required diagnostic surgical excision. One patient with screen-
detected breast cancer also requested the surgical excision of a small
fibroadenoma deeply located in the contralateral breast. This was
an observational clinical evaluation; hence formal ethical approval
was not required. However, the use of these technologies was
approved by the Multidisciplinary Breast Cancer Board of the
London Breast Institute and subsequently by the clinical governance
team of The Princess Grace Hospital. All participants give their
informed written consent. Detailed patient information leaflets
regarding both techniques were made available.

Procedure. Magseeds (Endomagnetics) and RFID tags (LOCalizer,
Hologic) were investigated. Image-guided deployment was performed
up to 30 days prior to surgery to guide the surgical excision of non-
palpable breast lesions. After deployment of Magseed/RFID tag, its
position was checked using a post procedure mammogram. 

Following informed written consent, 22 lesions in 19 patients
were operated upon consecutively by the same surgeon. Sixteen
cases employed Magseed technology and six cases utilised RFID
tag technology with LOCalizer. Magseeds and RFID tags were
deployed in an image-guided manner, for which 21 cases were
deployed under ultrasound guidance and one case was deployed
under stereotactic digital mammography guidance. Ultrasound-
guided deployment was performed in the supine position under local
anaesthesia (n=21). One patient with ductal carcinoma in situ
(DCIS) underwent stereotactic Magseed deployment. Stereotactic
imaging was performed with the patient lying left in a lateral
decubitus position and the Magseed was inserted using a lateral-
medial approach. 

Surgery was performed within 30 days of deployment. Following
identification and surgical excision, the magnetic or RFID probe was
used to confirm retrieval and to assess the distance between the
Magseed (relative signal intensity) or RFID tag (distance in mm
displayed on the reader) and the surgical margin (Figures 1 and 2).
Specimen mammography was subsequently performed after excision
to confirm the retrieval and position of the marker (Figures 3 and 4). 

Endpoints. The primary endpoint was to assess the extent of successful
Magseed/RFID tag deployment and retrieval. Secondary endpoints
encompassed: Radial surgical margins, the need for re-operation, the
weight of the surgical specimen in addition to the retrieval, migration
rate (>5 mm) of the seed or tag, and the perspectives of patients,
radiologists and the surgeon on the experience of using
Magseeds/RFID tags compared to WGL. After the initial learning
curve, the duration of Magseed/RFID tag deployment/surgical excision
was recorded in the last seven cases of the series.

Results

The mean patient age was 56 years (range=26-77 years).
Results are illustrated in Table I. 

Disease characteristics. As expected, most lesions were the
result of screen-detected non-palpable malignancy (n=11/22).
Nine of these patients had invasive malignancy and two had
DCIS. The remaining lesions were malignant and rendered
non-palpable following NACT (n=6/22), three of which
achieved a pathological complete response on final pathology,
or preoperatively indeterminate non-palpable lesions which
required surgical excision for diagnostic purposes (n=5/22;
final pathology confirmed the diagnosis of one papilloma and
two complex sclerosing lesions, one fibroadenoma and one
lobular carcinoma in situ/atypical lobular hyperplasia). The
final pathology details are shown in Table I.

Deployment, retrieval and migration. All patients experienced
successful deployment and retrieval of both Magseeds and
RFID tags (100% and 100%, respectively). The mean time
required to deploy the Magseed/RFID tag under ultrasound
guidance was 3.4 min (median of 3.5 min, range=2-5 min).
The mean time taken to identify and surgically excise the
lesion using Magseed/RFID tag retrieval was 8.8 min (median
of 8.5 min, range=6-15 min). The recorded operating times
excluded haemostasis, wound repair, and closure. 

In all 22 cases, the mean distance between Magseed/RFID
tag and the target lesion was 1.1 mm (median=0 mm,
range=0-10 mm). Migration of the marker was observed in
one case where the Magseed migrated by 1 cm due to the
presence of haematoma caused by the stereotactic vacuum
biopsy, yielding a mean migration rate of 4.5% overall. The
depth of lesions from the surface of the skin was determined
using preoperative imaging and ranged from 5 to 36 mm as
measured. The deepest lesion was excised using RFID tag
and LOCalizer (36 mm).
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Surgical margins and specimen weight. Twenty-one cases
(95%) had clear surgical margins (≥2 mm for DCIS and ≥1
mm for other lesions). For malignancy, the margin positivity
rate was 5.9%. Only one patient had positive surgical
margins because the size and multifocality of the invasive
lobular carcinoma had been underestimated by the pre-
operative magnetic resonance imaging (MRI). Following

repeat surgical excision, clear surgical margins were
achieved for this patient. No patients experienced any pre-,
intra- or post-operative complications. 

The mean weight of resected specimens for malignancy
was 16.7 g (median=10.5, range=6.6-62 g). Based on
historical controls, this was lower than the expected weight
for WGL for malignancy. The correlation between margin
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Figure 4. A specimen radiograph demonstrating the radiofrequency
identification tag in the centre of the tumour.

Figure 1. The use of a magnetic probe to assess proximity to the Magseed.

Figure 2. The use of a LOCalizer device to assess the distance in
millimetres between the radiofrequency identification tag and the
surgical margin after excision.

Figure 3. The use of a LOCalizer device to assess the distance in
millimetres between the radiofrequency identification tag and the
surgical margin after excision.



width and pathological margins, to a degree of 1 mm, was
100% for the four tumours surgically resected using the
LOCalizer.

Surgical and radiological perspectives. Both the surgeon and
radiologists rated both techniques as being much better than
wire localisation. The mean time for imaging-guided
deployment was 3.4 min (median=3.5, range=2-5 min). The
mean duration for surgical resection was 8.8 min
(median=8.5, range=6-15 min). 

The radiologists preferred Magseed due to the smaller
deployment needle (18-gauge) and smaller seed size (5 mm).
The 12-gauge introducer needle for LOCalizer was more
difficult to use especially in dense breasts and potentially
increased the risk of haematoma formation and tag migration
through the needle track.

However, the surgeon preferred the LOCalizer, commenting
that in addition to being lighter and easier to handle than the
Sentimag probe, the LOCalizer facilitated more precise
navigation and accurate estimation of distance from the probe
to the tag. The need to remove metal instruments from the
surgical field was identified as an intraoperative disadvantage
for use of the Magseed technology.

Patient perspectives. Patient satisfaction data were recorded
using a linear visual analogue scale (n=10/19). The mean

score was 9.7/10 (range=8-10). Two patients (one Magseed
and one RFID) had previously undergone wire localisation and
rated the new techniques as much better than that with wires.

Discussion 

To our knowledge, this is the first report to prospectively
evaluate the effectiveness of two wireless radiation-free
localisation techniques (Magseed and LOCalizer) in the same
clinical practice. Both technologies are Food and Drug
Administration-approved and Council of Europe-marked. All
patients underwent successful deployment and retrieval
marker, with an overall migration rate of 4.5%. Furthermore,
radiologists, patients, and the surgeon considered Magseed
and LOCalizer superior to WGL. Our observations are
consistent with recent studies evaluating radiation-free non
wire-localisation techniques in terms of successful
placement, identification, migration and retrieval of marker
(6, 8-10, 15-20). Such studies have demonstrated that these
techniques are non-inferior to WGL while overcoming many
of the limitations of the latter. The Savi Scout device that
utilizes infrared and electromagnetic principles has been used
in over 5,000 procedures in the USA (8), whereas Magseed
has been used in over 30,000 procedures. The LOCalizer was
approved by the Food and Drug Administration more
recently and its use is currently on the rise.
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Table I. Pathological characteristics and localisation details. 

Case                  Age                     Distance of seed             Localisation               Specimen              Pathology/pathological                    Margins
                       (years)                     to target (mm)*                                                 weight (g)                        TNM stage

1                  44 Lesion 1                           1.9                           Magseed                        7.3                                 ypT0N0                                   Clear
                      Lesion 2                             3.3                           Magseed                        7.6                                 ypT0N0                                   Clear
2                         47                                   2.8                           Magseed                        62                                 ypTisN0                                   Clear
3                         49                                    1                             Magseed                       10.5                                ypT0N0                                   Clear
4                         75                                    0                             Magseed                       37.5                                  T1N0                                     Clear
5                         56                                   10                            Magseed                        19                                     pTis                                      Clear
6                         26                                    0                             Magseed                        2.9                               Papilloma                                 Clear
7                         77                                    0                             Magseed                       10.5                                pT1bN0                                   Clear
8                         48                                    0                             Magseed                        18                                 ypTisN0                                   Clear
9                         75                                    0                             Magseed                        14                                 pT1bN0                                   Clear
10                       47                                    0                             Magseed                       11.8                                   CSL                                      Clear
11                       57                                    1                             Magseed                         7                                   pT2N1                         Positive (0.5 mm)
12                       65                                    0                             Magseed                        6.6                                 pT1bN0                                   Clear
13                       53                                    0                             Magseed                       12.7                                pT1bN0                                   Clear
14                       61                                    0                             Localizer                         9                                  ypTisN0                                   Clear
15                       68                                    0                             Magseed                         7                                   pT1cN0                                   Clear
16                       43                                    0                             Localizer                      12.5                                   CSL                                      Clear
17               68 Lesion 1                            0                             Localizer                       9.5                                 pT1bN0                                   Clear
                      Lesion 2                               0                             Magseed                       17.5                             LCIS/ALH                                Clear
18                       62                                    2                             Localizer                        17                                     pTis                                      Clear
19               48 Lesion 1                            0                             Localizer                        28                                  pT1cN0                                   Clear
                      Lesion 2                               0                             Localizer                       3.5                            Fibroadenoma                              Clear

CSL: Complex sclerosing lesion; LCIS: lobular carcinoma in situ; ALH: atypical lobular hyperplasia. *By mammography.



The mean time for successful deployment in our study
was 3.4 min, which was significantly shorter than that
reported for wire localisation (10 min) (21) thus resulting in
time efficiency in the radiology suite, with potential cost-
effectiveness implications.

The mean specimen weight of the excised malignant
lesions in our analysis was 16.7 g, which was lower than that
reported in a similar cohort (9). Moreover, the margin
positivity and reoperation rates observed in our study (5.9%
for malignant lesions) were lower than those reported for
WGL (13-21%) (7, 8). The real-time constant navigation
facilitates centring of the lesion within the resection
specimen thus leading potentially to a smaller volume of
resected tissue and a higher probability of achieving clear
surgical margins.

Although our observations can be primarily attributed to
more precise radiological deployment and surgical excision in
a high-volume academic breast institution in addition to early
tumour stage of screen-detected malignancy, other potential
contributing factors include the administration of NACT,
which resulted in pathological complete response in three
cases, the use of cavity shavings and local practice guidelines
regarding the definition of clear surgical margins. Other
investigators reported no significant difference in positive
margins and reoperation rates, volume of resection specimens
or operating time between RFID localisation (n=147) and
WGL (n=356) (10). Similarly, no significant difference was
observed between Magseed or reflector-guided localisation
and WGL in terms of resection margins and specimen weight
(9, 12). It is worth noting, however, none of these studies was
a randomized controlled trial, thus limiting the robustness of
their conclusions. The procedures in our series were
performed by dedicated breast radiologists and a senior breast
surgeon at an academic breast care facility and our results are
therefore not generalizable to other institutions. Other
limitations of our study include the small sample size and lack
of a direct comparison with WGL. 

Unlike Savi Scout, magnetic seeds and RFID technology
create signal void artefacts that may limit the diagnostic
accuracy of breast MRI when the marker is in place (8). The
MRI phantom is approximately 2 cm for the RFID tag and 4
cm for the Magseed, but ongoing technical developments aim
to reduce the signal void artefacts of these technologies on
MRI. Furthermore, there is a need to compare these techniques
at various breast depths since lesions deeper in the breast have
been linked to increased difficulty in detecting signals (5). 

The current licence in the European Union permits
deployment of these markers within 30 days of surgery,
however, this period has been extended to 1 year in the
United States, thus permitting deployment at the time of
diagnostic core biopsy in patients requiring NACT. However,
if MRI is deemed to be the optimal imaging modality for
monitoring response to treatment then the use of alternative

techniques that lack any significant MRI artefacts such as the
Savi Scout system would be preferable (4). Contrast-
enhanced mammography could be considered as an effective
alternative to MRI in monitoring response to NACT when
Magseeds or RFID tags are used (22). 

Magseeds and RFID tags were used simultaneously in one
patient in our series to remove two lesions, which avoided
signal overlap. This principle can be also used for bracketing
large DCIS lesions. Furthermore, Magseed and RFID tags can
be deployed at the time of the diagnostic biopsy, which
reduces the need for another procedure to place a marker clip
prior to neoadjuvant chemotherapy. The 5-mm Magseed can
also be used to mark a biopsy-proven lymph node prior to
neoadjuvant chemotherapy in order to facilitate targeted
axillary dissection (23). In this context, ultrasonography rather
than MRI can be used to monitor the radiological response of
clipped pathological lymph nodes to NACT (24). In contrast,
the 10.5-mm RFID tag is not currently licensed to be used for
this purpose due to its larger size (8). This limitation also
applies to the Scout device, which measures 12 mm in
diameter, despite the fact that the Food and Drug
Administration recently expanded the indication for the Scout
device to include soft tissue localisation such as lymph nodes.
Hologic Inc. is currently refining its RFID tag to reduce its
size in order to obtain a license for placement in lymph nodes.
Magseeds can be also combined with superparamagnetic iron
oxide nanoparticles used for sentinel node identification
through a dorsal injection, and this appears to amplify the
transcutaneous magnetic signal emanating from the tumour
(12). However, superparamagnetic iron oxide has also been
linked to artefacts and subsequently impaired MRI and should
be used with caution in combination with Magseeds (13).

A distinct advantage of Magseed, RFID tag and Savi
Scout localisation is the short learning curve and our report
describes our initial experience. We also recorded faster
radiological deployment of markers and shorter operating
time compared with historical controls. In order to
implement these new procedures globally, it is important to
demonstrate cost-effectiveness in addition to oncological
non-inferiority compared with the current standard of care,
namely WGL. Although the initial purchase cost for the
RFID tag or Magseed is higher than that for a guidewire,
however, it is likely that the improved time efficiency in both
the radiology suite and the operating room will lead to cost
savings that can easily offset the apparent difference in cost.
Furthermore, these markers can be deployed in suitable
patients at the time of diagnostic biopsy thus avoiding a
second localisation procedure with further reduction in cost.
A recent study demonstrated that radioactive seed-
localisation was more cost-effective than WGL, and these
savings may be comparable for Magseed and RFID (11).
Moreover, specimen orientation with metal clips might be
unnecessary since the distance to the target can be measured
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by the probe, resulting in further cost savings, provided that
the marker is accurately deployed in the centre of the target
lesion as demonstrated in Figure 4. This specimen
radiograph demonstrates the RFID tag (a 10.5 mm rod) in
contact with a ring metallic marker which was deployed at
the time of diagnostic biopsy prior to neoadjuvant
chemotherapy. The final pathology revealed residual DCIS
which was excised by at least 2 mm (radial margins).
Metallic clips were not used to orientate the specimen as the
LOCalizer was used to assess the distance between the
surgical margins and the tag. Additional savings can result
from the potential omission of specimen radiography,
especially with the use of the LOCalizer which can
accurately estimate the distance between the specimen
margin and the RFID tag. 

These evolving technologies are likely to replace WGL
in the near future in view of some clear advantages over
WGL and preference by radiologists, surgeons and patients.
No single wireless technique is perfect for all clinical
scenarios and each method has certain advantages and
disadvantages. High-volume breast surgery centres may
consider having access to all three technologies and select
the best technique for each patient. Technical failure seems
to be rare with RFID tags and Magseeds, however, a failure
rate of 3% has been reported for the Savi Scout device and
this has been attributed to excessive depth of the target
lesion, obscuration by a hematoma, or faulty reflectors
(25). Alternative methods can be used in such cases of
technical failure.

Future technological research should focus on the
development of MRI-compatible introducer needles and the
potential addition of energy to these markers to locally ablate
tumours. Quantitative cost-effectiveness analysis and
potential improvement of the aesthetic outcome should be
included in future studies.

Conclusion

Our study further supports the concept that non-wire
radiation-free localisation methods are effective and reliable
alternatives to WGL, with time efficiency improvement in
both the radiology suite and operating room. Magseed and
RFID tags are novel tools which facilitate accurate surgical
excision of non-palpable breast lesions and are associated
with acceptably low margin positivity rates and high
acceptance by patients, radiologists and surgeons. 
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