
Abstract. Background/Aim: Wire-guided localisation (WGL)
remains the most widely used technique for the localisation of
non-palpable breast lesions; however, recent technological
advances have resulted in non-wire, non-radioactive
alternatives, such as magnetic seeds (Magseeds). The aim of
this pooled analysis was to determine whether Magseeds are
an effective tool for localising non-palpable breast lesions.
Materials and Methods: Various databases were searched for
publications which reported data on the localisation and
placement rates of Magseed. Data on re-excision rates under
use of Magseed and WGL were also collected. Results: Sixteen
studies, spanning the insertion of 1,559 Magseeds, were
analysed. The pooled analysis showed a successful placement
rate of 94.42% and a successful localisation rate of 99.86%.
Four studies were analysed in a separate pooled analysis and
showed no statistically significant difference between re-
excision rates using Magseeds and WGL. Conclusion: The use
of Magseeds is an effective, non-inferior alternative to WGL
that overcomes many of the limitations of the latter. 

The pre-operative localisation of non-palpable breast cancer
traditionally employs wire-guided localisation (WGL) (1).
However, several limitations are associated with WGL. The
localisation wire can cause manifold complications, such as
diathermy burns, pericardial injury and wire dislocation/
transection (2, 3). Furthermore, wire migration and surgical
difficulties in accurately assessing the position of the wire tip
intraoperatively can pose significant difficulty for the

operating surgeon (4). WGL is performed on the day of
surgery, and inter-departmental coordination with radiology
for localisation in addition to everyday scheduling difficulties
may lead to a prolonged surgical waiting time. An under-
reported limitation of the flexible wire used in WGL is that it
increases the risk of needle-stick injury for the surgeon and
the pathologist. Furthermore, it protrudes from the breast and
is uncomfortable for the patient. The prospect of an additional
procedure on the day of major breast surgery can also be very
stressful for patients in whom anxiety level is already high (2). 

Widespread use of screening methods has led to an
increased incidence of non-palpable breast cancer. It is
therefore imperative that localisation methods with high
patient, radiologist and surgical satisfaction rates are developed. 

Radioactive seed localisation (RSL) is a feasible
alternative to WGL. RSL can occur up to 5 days prior to the
surgery and the seeds can be accurately detected with a
hand-held gamma probe (5). Furthermore, recent evidence
suggests that RSL would be more cost-effective than WGL
(6) and would improve the oncological outcomes of image-
guided surgery (7). However, handling of radioactive
material requires special licensing and is associated with
strict regulatory requirements. Hence, the optimal solution
would be a non-wire non-radioactive localisation method
which contains no energy source. This has led to the
emergence of Savi Scout (Cianna Medical Inc., Aliso Viejo,
CA, USA) (8) – a Food and Drug Administration-approved
and CounciI of Europe-marked reflector that uses micro
impulse radar; magnetic seeds (Magseed; Endomagnetics
Inc., Cambridge, UK) (9); and radiofrequency identification
(RFID) tags (10) (LOCalizer; Hologic, Santa Carla CA,
USA). In addition to overcoming many of the limitations of
WGL and allowing flexible scheduling by decoupling
surgery and radiology, these wireless options allow marker
deployment at the time of biopsy and can be very useful in
patients undergoing neoadjuvant systemic therapy. The
limitations of these wireless options compared with WGL
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include the inability to adjust the position of the marker once
deployed and lack of magnetic resonance imaging (MRI)-
compatible introducer needles.

The Magseed technique is the focus of this article. A
Magseed is an inducible non-wire non-radioactive
paramagnetic seed which is made of surgical grade stainless
steel (Figure 1). The seed is introduced through a sterile
needle using ultrasound or mammography guidance. The
detector probe magnetizes the iron within the seed and
transiently creates a magnetic field. The probe then detects
the magnetization produced by the seed to provide real-time
localization. Although detection is reliable within 4 cm depth
from the skin surface, the manufacturer reported detection at
up to 12 cm through palpation in the supine position. The
seed can be placed inside the breast lesion at any time prior
to surgery (Figure 2). The Sentimag probe induces and
detects the magnetic field of a Magseed with audio signals
and numerical values that correlate with distance of the seed
from the probe, thus allowing continuous reorientation (11)
(Figure 3). However, during the use of the probe, metal
instruments containing iron need to be moved away from the
tip of the detection probe and this represents a disadvantage
of this technique. We recently demonstrated that use of
Magseed, is an effective alternative to WGL with a high
acceptance rate among patients, radiologists and surgeons
(9). The use of Magseed technology for lesion localisation
gained US Food and Drug Administration approval in 2016
and was CounciI of Europe marked in 2017. Moreover, it
was recently approved by regulators for long-term
deployment at any time before surgery and for deployment
within axillary lymph nodes.

The aim of this systematic review and pooled analysis was
to assess the effectiveness of Magseeds for lesion localisation
in non-palpable breast cancer and investigate whether their use
was a non-inferior alternative to WGL. This analysis focused
on three variables: Successful placement of Magseeds,
successful identification and retrieval of Magseeds, and lesion
margin positivity/re-excision rates. 

Materials and Methods 

Data sources and searches. A complete search of the PubMed,
Ovid, Google Scholar, and Cochrane databases was undertaken to
identify relevant publications. The search terms differed depending
on the database. The PubMed search was carried out on 11th August
2019 with the search criteria ‘magnetic seed AND breast’. The Ovid
search used the AMED, Embase, and Ovid MEDLINE(R) and Epub
Ahead of Print, In-Process and Other Non-Indexed Citations, Daily
and Versions[R] databases on 1st September 2019 to isolate texts
which matched the search term ‘magnetic seeds’. The Google
Scholar search, which was performed on 18th August 2019, used the
search term ‘Magseed localisation’ to find relevant publications.
Finally, the Cochrane search used the term ‘magnetic seed breast
cancer’ on 16th August 2019 to identify appropriate texts. 

Inclusion and exclusion criteria. Prospective clinical trials and
retrospective studies were included. In the abstract, the publication
needed to have summarised the findings of their centre when
exploring the localisation of non-palpable breast lesions using
Magseed technology. In the full-text, the following raw data had to
be included: Total number of patients undergoing Magseed
localisation, successful placement/localisation of the Magseed, and
successful identification/retrieval of the Magseed. Data regarding
re-excision rates were also extracted and analysed when available.
When an article detailed margin positivity, we assumed this
indicated re-excision, hence margin positivity rates were also used
for calculating re-excision rates. Previously published systematic
reviews were thoroughly examined for any relevant publications
which might be added to our search results. Abstracts and full texts
were included in this analysis, and abstracts from conferences were
also sent to us by colleagues.  

Abstracts were excluded for the overall pooled analysis when
they did not clearly examine the use of Magseeds to localise non-
palpable breast lesions. Abstract/full-text publications were excluded
from the overall pooled analysis when data regarding the successful
placement/localisation or identification/retrieval of the Magseeds
were unavailable. However, when publications directly compared
WGL with Magseeds, they were included in a separate pooled
analysis. Where possible, we attempted to contact the lead author
to request missing data. 

Data management. Data were extracted independently by the
Authors and combined to calculate the overall rates of successful
placement/localisation and successful identification/retrieval using
data sets from included studies. Where no extra data were provided,
it was assumed that the number of patients was equal to the number
of Magseeds placed. Data sets from each included study were
combined to calculate mean values for the rates of successful
placement, localisation and re-excision. The localisation rate was
calculated using only Magseeds which had successfully been placed. 

Results 

Literature search results and characteristics of the included
studies. A total of 179 studies were initially assessed (58
from PubMed, 49 from Ovid, five from the Cochrane
Library, and 67 from Google Scholar). A total of 161 were
immediately excluded when the abstracts were screened.
Many were reviews; hence they were thoroughly examined
for any pertinent randomized controlled or retrospective trial
which had not been found in our initial search and could be
included in the pooled analysis. Two abstracts and one full
text were also added to our analysis through an external
source. 

We then proceeded to screen the full texts, when available,
for the 21 abstracts which initially met the criteria for
analysing Magseed localisation efficacy (9, 11-30). Five
studies were excluded from the localisation/identification
rate calculation because these data was not provided or were
unclear (12, 15, 21) or because the total number of Magseeds
used was unclear (13, 22). Hence, 16 studies were used to
calculate the rates of successful localisation and placement
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in the pooled analysis (9, 11, 14, 16-20, 23-30). Twelve
studies were used to calculate the overall re-excision rate (9,
11, 14, 18, 20, 23-30). 

Four studies were included in a smaller pooled analysis
which selectively examined the use of Magseeds in direct
comparison to WGL (12, 13, 22, 30). This analysis included
some studies excluded from the larger pooled analysis because
relevant data were found directly comparing the two methods.  

These results are summarised in a PRISMA flow chart
(Figure 4). 

Results of the pooled analysis. Across the 16 studies included
in the overall pooled analysis, 1,559 Magseeds were inserted,
from which 1,470 Magseeds were successfully deployed and

1,468 Magseeds were successfully localised. Hence, the
successful placement rate was 94.42% and the successful
localisation rate was 99.86%. In publications which included
data on re-excision rates, 1,483 Magseeds were inserted and
166 re-excisions were recorded. Hence, the re-excision rate
was 11.19%. 

Finally, across the four studies directly comparing WGL
to Magseeds, 319 Magseeds were inserted and 507 WGLs
were performed. In these studies, 59 Magseeds had to be re-
excised compared to 82 WGLs. Hence, the Magseed re-
excision rate was 18.50% and the WGL re-excision rate was
16.17%. A chi-square test determined that this difference was
not statistically significant (chi-square statistic with Yates’
correction=0.5906, p=0.442192). 

Discussion 

The high successful localisation and retrieval rate of 99.86%
and relatively low re-excision rate of 11.25% support the
effective utilization of Magseed as a valid safe alternative to
WGL while overcoming many of the limitations of the latter.
The lack of adequately powered randomised clinical trials
prompted this pooled analysis, which included data on 1,559
Magseed cases. The results reflected favourably on the use
of Magseed technology for the effective localisation of non-
palpable breast lesions. 

We initially aimed to include data from publications which
defined successful localisation/placement as within 1 cm of
the lesion. However, most publications did not provide
clarification on their definition of successful
localisation/placement. Hence, a significant limitation of our
pooled analysis is that we included data sets with
heterogeneous measurements of technically successful
deployments and localisations. Furthermore, surgeons and
radiologists across different institutions have variable levels
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Figure 1. An illustration of the size and scale of the Magseed relative
to a raspberry. The Magseed measures 5 mm in size. 

Figure 2. Example of a lesion that was excised after Magseed
localisation. Specimen mammography demonstrating the Magseed in
the centre of screening-detected breast cancer. The peripheral metal
clips were deployed in order to orientate the specimen. The final
margins were tumour-free in this case. 

Figure 3. Example of a Sentimag probe. 



of expertise and participate in the care of heterogeneous
patient groups, hence many factors may have confounded the
data sets used for this pooled analysis. Lack of
standardization across studies precluded the performance of
a pooled analysis regarding other important variables such
the migration rate, depth of lesions, or specimen weight.
However, individual studies reported minimal migration of
magnetic seeds (9) and no difference in specimen size
compared with WGL (28).

The re-excision rate of 11.25% found in our analysis
seems to be lower than that reported in large series for WGL,
where the margin positivity rate ranged from 16.4% to 20%
(31-33). This difference might be partially attributed to the
fact that centres reporting Magseed experience are more
likely to be academic with a high volume of cases and have
greater radiological and surgical expertise than others.
However, we found no significant difference in the re-
excision rates between Magseed and WGL in the separate
pooled analysis of four suitable studies (12, 13, 22, 30).

Since the use of Magseeds is a new technique, it is feasible
that the learning curve may have adversely affected the re-
excision rates in these initial evaluation studies. 

Compared to WGL, the use of Magseeds has many
discernible benefits. Seed deployment in advance of surgery
increases scheduling flexibility and possibly reduces overall
cost due to more efficient theatre and radiology suite
utilisation. Although Magseed use is more expensive than
WGL (30), the cost-effectiveness demonstrated with use of
radioactive seeds is likely to translate to that with Magseeds
(6) and further research is required to confirm this.
Furthermore, a feasibility study comparing magnetic markers
to radioactive seeds reported positive findings in support of
the technology as a viable non-radioactive alternative to
current techniques (19). 

Although Magseeds are detectable in all breast sizes,
seeds which were placed closer to the skin surface were
more likely to be detected, and a significant correlation was
found between breast weight and recorded probe count. This
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Figure 4. A PRISMA flowchart summarising the results of data collection. WGL: Wire-guided localisation.



indicates that the use of Magseeds may have some
limitations in patients with deep (>6 cm) non-palpable
lesions (16). Furthermore, stainless steel surgical instruments
can interfere with detection of magnetic seeds, and using
non-magnetisable (titanium, polymer) alternatives may
increase operating costs and time (34). 

Another non-wire non-radioactive localisation alternative is
that of RFID tags. A ferrite rod covered with copper and
wrapped by a microprocessor and glass casing (34), the RFID
tag can also be deployed prior to breast-conserving surgery
and is safe and effective for non-palpable lesion localisation
(35). However, although re-excision rates between RFID tags
and WGL were generally similar, there was a significantly
higher re-excision rate and greater specimen size for bracketed
ductal carcinoma in situ lesions when using an RFID tag (36).
The RFID tags used with LOCalizer are larger than Magseeds
(12 vs. 5 mm) and are currently deployed through a wider
introducer needle (12-gauge vs. 8-gauge) (10). However, the
detection equipment is lighter and more compact than
Sentimag and measures the distance between the probe and
marker (with an accuracy of ±7 mm according to the
premarket notification for LOCalizer) during real time
navigation.

A significant limitation impeding the use of both RFID
tags and Magseeds as localisation techniques is that both can
result in signal void artefacts (2 and 4 cm, respectively)
during follow-up MRI scans (37); depending on the MRI
sequence, the Magseed can create a bloom artefact which
measures up to 4 cm. This may hamper the detection of
residual disease after neoadjuvant systemic therapy if MRI is
required for monitoring response to treatment. Nevertheless,
contrast-enhanced mammography is an effective alternative
imaging modality which may be considered if signal void
artefacts pose a significant issue (38). 

The Savi Scout system is another non-wire non-
radioactive alternative. A reflector which uses a micro-
impulse infrared radar for lesion localisation (39), the Savi
Scout system does not generate MRI phantoms and
therefore can be deployed at the time of biopsy in patients
undergoing neoadjuvant systemic therapy that requires MRI
monitoring (40). However, the Savi Scout system may fail
to generate an audible signal when used for the localisation
of lesions at an excessive depth within the breast or
associated with a haematoma (40, 41). In comparison with
Magseeds, the Savi Scout utilizes a 16-gauge introducer
needle (versus 18-gauge for Magseeds) and the current
reflector is larger in size (12×1.6 mm versus 5×0.9 mm).
Therefore, Magseeds might be preferred for small
superficial lesions close to the skin. Furthermore, the
Magseed introducer needle is appropriately calibrated for
immediate deployment during stereotactic vacuum-assisted
biopsy, whereas the current introducer needle for Savi Scout
was not designed for this purpose.

Two publications focused specifically on clinician
satisfaction and patient anxiety outcomes for Magseeds
compared to WGL (13, 21). A prospective interim analysis
evaluating clinical outcome and clinician satisfaction with
Magseeds compared to WGL reported statistically significant
and favourable outcomes for Magseeds: 84.9% of clinicians
found Magseeds to be easy/very easy to localise as opposed
to 64.5% for WGL. Furthermore, transcutaneous localisation
was easy/very easy for 80.4% of the cases using Magseeds
compared to 59.2% of the wire-guided cases, and intra-
operative localisation was easy/very easy at 80% compared
with 64.7% of cases, respectively. Our more recently
reported observations (9) are consistent with these findings.
Interestingly, although the study radiologists and surgeons
overwhelmingly preferred the use of Magseeds as their
localisation technique of choice, there was no difference in
patient satisfaction between the two (13). 

However, a separate analysis of patient anxiety related to
Magseeds and WGL used standardised state trait anxiety
questionnaires to investigate any patterns of the association
between localisation method and subsequent patient anxiety
(21). Although significance values were not calculated, scale-
based average scores were 36 for Magseeds and 41 for
WGL, suggesting lower pre-operative anxiety when patients
were faced with the Magseed as their localisation technique.
This study was not included in the pooled analysis because
no data were provided regarding the rates of re-excision. 

Future Directions

It would be interesting to further investigate the localisation
and placement rate of Magseeds when combined with
superparamagnetic iron oxide (SPIO) particles for sentinel
lymph node detection. In tumours located deep in the breast,
SPIO particles seem to amplify the transcutaneous magnetic
signal (17), which might aid the use of Magseeds in patients
with larger breasts or deeper lesions (16). However, SPIO has
been linked to artefact generation in MRIs, hence its use in
combination with the Magseed system should be investigated
with caution (42). As MRI-void signals pose a significant
problem for Magseed use, there is a need for their reduction
and for the development of MRI-compatible introducer
needles. Furthermore, according to the manufacturer, the next
generation of the Magseed-Sentimag device utilizes a lighter
and slimmer probe that also measures the distance of the
magnetic seed from the probe, thus facilitating a more
accurate excision. Second-generation magnetic seeds are
expected to generate smaller void signals on MRI.

Future studies should include a quantitative cost-effective
analysis to determine whether the use of Magseeds is fiscally
superior to WGL in the long term. Improvement of the
aesthetic outcome is an important consideration for the
patient and should also be further investigated.
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Conclusion 

There is a growing body of evidence that Magseeds are a
non-inferior, reliable and effective radiation-free localisation
alternative to WGL. They are widely accepted by surgeons,
radiologists and patients, and facilitate increased operating
efficiency due to the decoupling of radiology and surgery
schedules. There is currently no evidence that the use of
Magseeds is associated with lower re-excision rates and
specimen size compared with WGL.
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