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Abstract
Background: We retrospectively evaluated safety and performance of magnetic seed localisation of nonpalpable
breast lesions.
Methods: We reviewed records of patients with nonpalpable breast lesions preoperative localised by placing
magnetic Magseed® marker between February 2019 and December 2020. During surgery, Sentimag® magnetic
probe was used to localise the marker and guide surgery. Safety, lesion identification and excision with tumour
with free margins and re-excision rate were assessed.
Results: A total of 77 Magseed® devices were placed into the breasts of 73 patients, 44 under ultrasound and 33
under stereotactic guidance (4 bilateral). All devices were retrieved as were the target lesions. Magnetic marker
placement was successful in all cases without any adverse event. Intraoperative identification and excision of the
localised lesion were successful in 77 of 77 of cases (100%). In three cases (all of them calcifications with the seed
placed under stereotactic guidance), the seed did not reach the exact target position of the biopsy clip; thus, larger
excision was needed, with localisation failure attributed to incorrect clip insertion (n = 1) or to clip dislocation (n = 2).
Migration of the marker was negligible in all patients. Complete excision after the initial procedure with at least 1-mm
disease-free margins was obtained in 74 out of 77 (96.1%) lesions. The re-excision rate was 3 out of 77 (4%).
Conclusions: Magnetic marker localisation for nonpalpable breast lesions was safe, reliable, and effective in terms of
lesion identification, excision with tumour-free margins and re-excision rate.
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Key points
 Preoperative magnetic marker placement was

successful without any adverse event.
 Preoperative magnetic marker localisation for

nonpalpable breast cancer is feasible and safe.
 Preoperative magnetic marker localisation was
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effective in terms of lesion identification, tumourfree margins and re-excision rate.
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Background
The number of patients with nonpalpable breast lesions
has increased due to the widespread improvement and
use of screening mammography. The advent of vacuumassisted tissue sampling has led to a dramatic reduction
in the number of patients requiring open diagnostic surgical excision for indeterminate radiological abnormalities [1]. However, in addition to patients with
nonpalpable breast cancer at initial diagnosis or after
neoadjuvant therapy (NAT), open surgical excision is
still required in a non-negligible number of patients for
accurate diagnosis [2]. Therefore, accurate preoperative
localisation of these lesions is essential to guide precise
surgical excision.
Among preoperative localisation techniques, traditional wire-guided localisation (WGL) has been the
most common method to localise the tumour before
surgery. However, this procedure has drawbacks such as
logistical challenges, migration issues (migration occur
in up to 3% of patients), patient discomfort, and the risks
of wire fracture while transferring the patient from the
radiology department to the operating room [3]. In order
to minimise patients’ discomfort and the risk of dislocation, wire localisation is usually performed on the day of
surgery. The localisation wire can cause manifold complications, such as diathermy burns, pericardial injury,
and wire dislocation/ transection [4]. Despite its limitations, WGL remains the standard method of localisation
in most breast units, given the long-term data supporting its effectiveness.
Radioactive seed localisation (RSL) is a feasible alternative to WGL [5]. In contrast, RLS is an easy, accurate
and safe technique that has been rapidly gaining acceptance among radiologists and oncology surgeons [5]. The
procedure involves placing a 125I seed with a half-life of
60 days in the breast lesion area, which will be removed
during surgery. RSL has been associated with a lower
rate of positive surgical margins, as well as a lower rate
of local recurrence and re-excision [5]. Furthermore, recent evidence suggests that RSL would be more costeffective 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
and high administrative burden.
We report herein the feasibility, safety and performance
finding of a different technology that aims to overcome
disadvantages of WGL and RLS by using a magnetic
marker and a magnetic detection probe. Magnetic seed,
also known as Magseed® needle with magnetic marker system, was first approved by Health Canada in April 2014
and used to localise nonpalpable breast lesions [8–10]. It
consists of a magnetic marker, 5 mm in length and 2 mm
in diameter, which can be detected using the Sentimag®
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probe during surgery [8]. Sentimag® probe generates an alternating magnetic field to transiently magnetise the ironcontaining seed, and this signal is then detected by the
probe. The magnetic seeds can be inserted up to 30 days
prior to surgery using a needle, under either ultrasound or
stereotactic guidance. In addition, to overcome many of
the limitations of WGL and allowing flexible scheduling
by decoupling surgery and radiology, this wireless option
allows for marker deployment at the time of biopsy and
can be very useful in patients undergoing NAT.
The primary outcome of our study was successful localisation of the lesion (removal of the index lesion)
using the predetermined localisation technique. Secondary outcomes were successful and excision of the lesion
and re-excision rate.

Methods
Ethics and patient characteristics

Our institutional ethical committee approved the procedure. Each patient signed the informed consent. The
study was executed according to up-to-date Declaration
of Helsinki version and to International Conference on
Harmonisation of Good Clinical Practice Guidelines.
We reviewed the records of patients who underwent
preoperative breast lesion localisation through concurrent placement of the magnetic Magseed® marker (Endomagnetics, Cambridge, UK) from February 2019 to
December 2020. This is a small single-use metal device
(seed) of 5 × 2 mm, made of surgical grade stainless
steel, nonradioactive, with a low nickel content, approved for use by the US Food and Drug Administration
in 2016 for breast localisation. During surgery, the Sentimag® magnetic probe was used to localise the marker
and guide surgery.
The exclusion criteria for Magseed® location were the
presence of a pacemaker or device implanted in the
chest wall and nickel allergy. Table 1 reports the patient
characteristics.
The primary outcome of our study was successful localisation of the lesion (removal of the index lesion)
using the predetermined localisation technique. Secondary outcomes were successful and excision of the lesion
and re-excision rate. Any surgical margin < 1 mm was
deemed positive, and patients underwent re-excision as
appropriate.
Localisation technique

Magseed® was inserted within the core of the target lesions under ultrasound guidance or mammography
stereotactic guidance, a minimum of 0 day and a maximum of 14 days prior to surgery. For the two patients
subjected to NAT, the Magseed® was inserted at the end
of therapy on target lesion again visible. Ipsilateral twoview mammography (mediolateral oblique and
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Table 1 Characteristics of patients (n = 73) and breast lesions (n = 77) and performance of Magseed® preoperative localisation
according to ultrasound or stereotactic guidance
Ultrasound guidance
(n = 44)

Stereotactic guidance
(n = 33)

p-value

Median

52.5

56

0.34

Range

32−66

39−82

Right

20

21

Left

24

22

Median value

10

10

Range

5−17

2−22

Benign (n = 18)

16

10

Malignant (n = 33)

28

23

Successful intraoperative identification and
excision of the lesion

44/44 (100.0%)

33/33 (100.0%)

1

Complete excision after the initial procedure
with at least 1 mm of disease-free margins

41/44 (93.2%)

33/33 (100.0%)

0.13

Re-excision rates

3/44 (6.8%)

0/33 (0.0%)

0.13

Characteristics
Age of patients

Side
0.75

Lesion size (mm)
0.45

Histology

craniocaudal views) was performed immediately after
the procedure to confirm the seed insertion (Fig. 1).
A handheld magnetometer detector, called Sentimag® probe, was used to check whether the seed was
detectable in the breast. The probe generates an alternating magnetic field that transiently magnetises the
iron oxide within the Magseed®. The magnetic signature from the seed is detected by the Sentimag®, and
a numerical count is displayed by the probe unit
along with an audio tone. Nonmagnetic surgical tool
(polymer) was used to avoid interferences with the
seed. The frequency varies according to the intensity
of the magnetic field produced by the Magseed®, thus
allowing the surgeon to gauge the distance of the
seed from the probe and accurately localise the lesion
(Fig. 2).

0.58

Histopathological examination

Histopathological examination was performed on surgical
specimens. Tumour was classified according to the latest
8th American Joint Committee on Cancer staging system
[10]. Ductal carcinoma in situ (DCIS) and invasive cancers
were counted as malignant lesions. All other results, including lobular carcinoma in situ, fibroadenoma, atypical
ductal hyperplasia, and radial scar, were considered nonmalignant lesions.
Statistical analysis

Continuous data were expressed as median value and
range. Categorical data are expressed as counts and percentages. Mann-Whitney U-test was used to verify differences between groups of continuous variables. χ2 test
was used to assess differences between percentage rates

Fig. 1 Examples of specimen radiographs showing the identification target in the centre of the lesion
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Fig. 2 Small periareolar incision performed with preoperative lesion localisation using Magseed® and Sentimag® (a). Monitor showing magnetic
field (b). Specimen containing Magseed® (c)

among groups. p-values < 0.05 were considered significant for all tests. All analyses were performed using Statistics Toolbox of MATLAB R2007a (the MathWorks
Inc., Natick, MA, USA).

Results
Seventy-three patients underwent Magseed® placement
for 77 lesions, 44 under ultrasound guidance and 33
under stereotactic guidance. Four out of 73 patients had
bilateral seed placed (Table 1). Median size of the lesions
was 7.5 mm ranging from 2 to 22 mm. All Magseed® devices were retrieved as were the target lesions. This finding was confirmed by specimen radiography. The two
lesions undergoing NAT were still visible at the end of
therapy.
Magnetic marker placement was successful in all cases,
and no adverse events or complications were recorded,
no infections, no preoperative haematomas after seed
placement, and no wound dehiscences. A single postoperative haematoma was found in a patient treated with
an antiplatelet agent suspended 7 days before surgery
and replaced with low-molecular-weight heparin, considered not related to the device.
Intraoperative identification of Magseed® and excision
of the localised lesion were successful in 100% of lesions
(77 of 77) by different breast surgeons with different
years of experience (Table 1). In three cases, the seed
did not reach the exact position of the target. In those
three cases, seed had been placed under stereotactic
guidance for the presence of calcifications, and the positioning was difficult. The marker was found placed 2 to
3 cm distant to stereotactic vacuum assisted breast

biopsy clip; thus, larger excision was needed to get the
target because specimen x-ray did not reveal the calcifications. Two of these cases were proven to pure DCIS at
histopathological analysis, and one had undergone NAT.
The localisation failure of these three cases was attributed to incorrect insertion of the clip (n = 1) or to the
clip dislocation (n = 3). Migration of the magnetic
marker was negligible in all patients.
Complete excision after the initial procedure with at
least 1-mm disease-free margins was verified in 74 out
of 77 lesions (96.1%). Final pathology report showed
close margins < 1 mm; thus, all underwent margin reexcision. Reoperation rate was of 4% (3 out of 77
patient).

Discussion
The aim of this study was to evaluate the preoperative
magnetic seed (Magseed®) placement and intraoperative
localisation by Sentimag® probe in nonpalpable breast lesions in terms of feasibility, safety and performance. We
demonstrated a high successful localisation and retrieval
rate of 100%, positive margins < 1 mm only in three patients and a very low re-excision rate (4%). No migration
of the marker was observed. In only three cases, the seed
did not reach the exact position of the target; all of them
performed under stereotactic guidance, due to clip dislocation (n = 2) or incorrect insertion (n = 1). These
findings support the effective utilisation of the Magseed®
magnetic marker and the Sentimag® probe as a valid and
safe alternative to WGL and RSL and confirm the results
of previous studies.
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Harvey et al. [5] reported no magnetic marker migration comparing mammograms performed after Magseed
placement, 29 of 29 Magseed® being within 10 mm, with
27 of 29 seed placed at the target lesion and the other
two seeds at 2 mm and 3 mm from the target. The magnetic seeds were placed with a median of 5 days prior to
surgery (range 1 to 15 days), and no complications or
adverse events were observed due to magnetic seed
placement of the surgery. Lamb et al. [11] reported a
technical success (i.e., the placement of magnetic seed
within 1 cm from the target) for 206 of 213 markers
(96.7%), 7 (3.3%) being beyond 1 cm from the target. All
magnetic seeds (213 of 213) were removed successfully
at surgery, and no complications were observed. In the
study by Pohlodek et al. [12], localisation and detection
of all magnetic seeds were reported, and neither migration nor complications were observed. Price et al. [13]
reported a successful procedure for localisation of 73
out of 73 (100%) nonpalpable breast lesions within 1 cm
from the target, but only 70% of all magnetic seeds were
within 1 mm from the target. All magnetic seeds were
successfully retrieved, and three complications (4%) were
reported including postoperative haematoma, postoperative infection and pneumothorax, which was likely due
to difficulty in finding the magnetic seed. One small
study [14] had all magnetic seeds localised within a median of submillimetre distance from the target and successful marker identification in 15 out of 15 cases. The
study also assessed surgeon’s satisfaction with the magnetic seed technology, and all surgeons were strongly
satisfied and reported that they are able to adopt this
new technology.
Several advantages of the use of magnetic seed for preoperative localisation of breast lesions can be
highlighted. First, this magnetic technique is radiationfree and spares both patients and clinicians from radiation exposure. Second, the possibility to insert the seed
several days before surgery (a single appointment
localisation in daily workflow) helps to schedule operating theatre avoiding waste of time and delayed breast
surgery, whilst wires suffered from the risk of dislocation. In fact, since February 2020, Magseed® has received
an extended indication in Europe for long-term use before neoadjuvant chemotherapy; so far, they can be
placed several months before surgery. Third, the time
needed per procedure could be relatively short, at least if
compared with that needed for RSL. A small nonrandomised study done in Germany found that time
spent in preoperative care using the Magseed®-Sentimag®
system (5.4 ± 1.3 min, mean ± standard deviation) was
significantly lower than for the 99Tc-based RSL group
(82 ± 20 min) (p < 0.0001) [14]. The authors mentioned
that being the system nonradioactive, no need for special
precautions are needed [14, 15]. Lastly, cosmetic
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outcome is well improved by small incisions that are
commonly allowed by the magnetic seed technique, thus
increasing patient satisfaction and quality of life. At our
institution, both radiologists and surgeons confirmed to
feel safe and comfortable with the magnetic seed technique and highlighted the fast learning curve they
needed to perform magnetic-guided insertion and
surgery.
An important aspect of the Magseed® preoperative localisation is a signal void artefact on magnetic resonance
images [16, 17], crucial in assessing response to NAT,
considering that contrast-enhanced magnetic resonance
imaging is the best recommended imaging method in
this setting to assess therapy response [17–23]. 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 [18, 19].
Finally, the cost of the procedure should be considered. The cost of the Sentimag®-Magseed® system was estimated in the UK at £226 per procedure, while the cost
of standard care using isotope and blue dye in combination is £194 per procedure [16]. So, while standard
WGL is certainly cheaper than magnetic seed localisation, the cost of this new approach could be lower than
that of RLS.
Limitations of our study are the small size of the sample, the monocentric nature, of the study and the absence of a control group. Anyway, we add some more
evidence to the safety and good performance of magnetic markers for preoperative breast lesion localisation.
In conclusion, our study confirmed the positive experience with the magnetic preoperative localisation of nonpalpable breast lesions. This approach showed to be safe,
reliable and effective in terms of lesion identification, excision with tumour-free margins and re-excision rate.
Abbreviations
DCIS: Ductal carcinoma in situ; NAT: Neoadjuvant therapy; RSL: Radioactive
seed localisation; WGL: Wire-guided localisation
Availability of data and materials
Data are reported in the manuscript. Moreover, images data are available at
https://zenodo.org/record/6507783#.Ymz3ndNBxEY.
Funding
The work received no funding.
Authors’ contributions
The authors confirm that the article is not under consideration for
publication elsewhere. Each author has participated sufficiently to take public
responsibility for the manuscript content. All authors read and approved the
final manuscript.

Petrillo et al. European Radiology Experimental

(2022) 6:28

Decalarations
Ethics approval and consent to participate
Our institutional ethical committee approved the procedure.
Consent for publication
Each patient signed the informed consent. The study was executed
according to up-to-date Declaration of Helsinki version and to International
Conference on Harmonisation of Good Clinical Practice Guidelines.
Competing interests
Roberta Fusco is an employee of Igea SpA. The remaining authors declare
that they have no competing interests.
Author details
1
Radiology Division, “Istituto Nazionale Tumori-IRCCS Fondazione G. Pascale”,
Naples, Italy. 2Breast Surgery Division, “Istituto Nazionale Tumori-IRCC
S-Fondazione G. Pascale”, Naples, Italy. 3Division of Radiology - Presidio
Ospedaliero di Marcianise, Caserta, Italy. 4Pathology Division, “Istituto
Nazionale Tumori-IRCCS-Fondazione G. Pascale”, Naples, Italy. 5Medical
Oncology Division, Igea SpA, Naples, Italy.
Received: 15 December 2021 Accepted: 19 April 2022

References
1. Park HL, Kim LS (2011) The current role of vacuum assisted breast biopsy
system in breast disease. J Breast Cancer 14:1–7. https://doi.org/10.4048/
jbc.2011.14.1.1
2. Rahusen FD, Bremers AJ, Fabry HF, van Amerongen AH, Boom RP, Meijer S
(2002) Ultrasound-guided lumpectomy of nonpalpable breast cancer versus
wire-guided resection: a randomized clinical trial. Ann Surg Oncol 9:994–
998. https://doi.org/10.1007/BF02574518
3. DeSantis CE, Fedewa SA, Goding Sauer A, Kramer JL, Smith RA, Jemal A
(2016) Breast cancer statistics, 2015: convergence of incidence rates
between black and white women. CA Cancer J Clin 66:31–42. https://doi.
org/10.3322/caac.21320
4. Seifi A, Axelrod H, Nascimento T, et al (2009) Migration of guidewire after
surgical breast biopsy: an unusual case report. Cardiovasc Intervent Radiol
32:1087–1090. https://doi.org/10.1007/S00270-009-9620-9
5. Harvey JR, Lim Y, Murphy J, et al (2008) Safety and feasibility of breast lesion
localization using magnetic seeds (Magseed): a multi-centre, open-label
cohort study. Breast Cancer Res Treat 169:531–536. https://doi.org/10.1007/
s10549-018-4709-y
6. Thill M, Kurylcio A, Welter R, et al (2014) The Central-European SentiMag
study: sentinel lymph node biopsy with superparamagnetic iron oxide
(SPIO) vs. radioisotope. Breast 23:175–179. https://doi.org/10.1016/j.breast.2
014.01.004
7. Welch HG, Prorok PC, O'Malley AJ, Kramer BS (2016) Breast-cancer tumor
size, overdiagnosis, and mammography screening effectiveness. N Engl J
Med 375:1438–1147. https://doi.org/10.1056/NEJMoa1600249
8. Government of Canada. Manufacturer: Endomagnetics Ltd. Medical Devices
Active Licence Listing 2019; https://health-products.canada.ca/mdalllimh/
information.do?companyId_idCompanie=139243&lang=eng, Accessed 22
May 2019.
9. Endomag+. Magseed. 2015; http://www.endomag.com/magseed, Accessed
2019 May 22.
10. Liao X, Zhang D (2021) The 8th edition American Joint Committee on Cancer
staging for hepato-pancreato-biliary cancer: a review and update. Arch Pathol
Lab Med 145:543–553. https://doi.org/10.5858/arpa.2020-0032-RA
11. Lamb LR, Bahl M, Specht MC, D'Alessandro HA, Lehman CD (2018) Evaluation
of a nonradioactive magnetic marker wireless localization program. AJR Am J
Roentgenol 211:940–945. https://doi.org/10.2214/AJR.18.19637
12. Pohlodek K, Foltin M, Meciarova I, Ondrias F (2018) Simultaneous use of
magnetic method in localization of impalpable breast cancer and sentinel
lymph nodes detection: initial experience. Nanomedicine 13:3075–3081.
https://doi.org/10.2217/nnm-2018-0220
13. Price ER, Khoury AL, Esserman LJ, Joe BN, Alvarado MD (2018) Initial clinical
experience with an inducible magnetic seed system for preoperative breast
lesion localization. AJR Am J Roentgenol. 210:913–917. https://doi.org/1
0.2214/AJR.17.18345

Page 6 of 6

14. Schermers B, van der Hage JA, Loo CE, et al (2017) Feasibility of magnetic
marker localisation for non-palpable breast cancer. Breast 33:50–56. https://
doi.org/10.1016/j.breast.2017.03.003
15. Shams S, Lippold K, Blohmer JU, Röhle R, Kühn F, Karsten MM (2021) A pilot
study evaluating the effects of Magtrace® for sentinel node biopsy in breast
cancer patients regarding care process optimization, reimbursement,
surgical time, and patient comfort compared with standard technetium99.
Ann Surg Oncol 28:3232–3240
16. https://www.nice.org.uk/advice/mib263/resources/magtrace-and-sentimagfor-locating-sentinel-lymph-nodes-pdf-2285965752199621 Accessed 22 May
2019.
17. Gera R, Tayeh S, Al-Reefy S, Mokbel K (2020) Evolving role of Magseed in
wireless localization of breast lesions: systematic review and pooled analysis
of 1,559 procedures. Anticancer Res 40:1809–1815. https://doi.org/10.21
873/anticanres.14135
18. Hayes MK (2017) Update on preoperative breast localization. Radiol Clin
North Am 55:591–603. https://doi.org/10.1016/j.rcl.2016.12.012
19. Barra FR, Sobrinho AB, Barra RR, et al (2018) Contrast-enhanced
mammography (CEM) for detecting residual disease after neoadjuvant
chemotherapy: a comparison with breast magnetic resonance imaging
(MRI). Biomed Res Int 2018:8531916 https://doi.org/10.1155/2018/8531916
20. Winter A, Engels S, Goos P, et al (2019) Accuracy of magnetometer-guided
sentinel lymphadenectomy after intraprostatic injection of
superparamagnetic iron oxide nanoparticles in prostate cancer: the
SentiMag Pro II study. Cancers (Basel) 12:32. https://doi.org/10.3390/ca
ncers12010032
21. Pediconi F, Galati F, Bernardi D, et al (2020) Breast imaging and cancer
diagnosis during the COVID-19 pandemic: recommendations from the
Italian College of Breast Radiologists by SIRM. Radiol Med 125(10):926–930.
https://doi.org/10.1007/s11547-020-01254-3
22. Dua SM, Gray RJ, Keshtgar M (2011) Strategies for localisation of impalpable
breast lesions. Breast 20:246–253. https://doi.org/10.1016/j.breast.2011.01.007
23. D'Angelo A, Orlandi A, Bufi E, Mercogliano S, Belli P, Manfredi R (2021)
Automated breast volume scanner (ABVS) compared to handheld
ultrasound (HHUS) and contrast-enhanced magnetic resonance imaging
(CE-MRI) in the early assessment of breast cancer during neoadjuvant
chemotherapy: an emerging role to monitoring tumor response? Radiol
Med 126(4):517–526. https://doi.org/10.1007/s11547-020-01319-3

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

