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ABSTRACT

Background. As an alternative to traditional wire local-
ization, an inducible magnetic seed system can be used to
identify and remove nonpalpable breast lesions and axillary
lymph nodes intraoperatively. We report the largest single-
institution experience of magnetic seed placement for
operative localization to date, including feasibility and
short-term outcomes.

Methods. Patients who underwent placement of a mag-
netic seed in the breast or lymph node were identified from
July 2017 to March 2019. Imaging findings, core needle
biopsy, surgical pathology results, and type of surgery were
collected. Outcomes included procedural complications,
magnetic seed and biopsy clip retrieval rates, and need for
additional surgery.

Results. A total of 842 magnetic seeds were placed by
nine radiologists in 673 patients and retrieved by six sur-
geons at six operative locations. The majority of breast
lesions were malignant (395/659, 59.9%); 136 seeds were
placed for lymph node localization. The overall magnetic
seed retrieval rate was 98.6%, whereas the biopsy clip
retrieval rate was 90.9%. Only six patients (0.7%) experi-
enced a complication from magnetic seed placement.
Reexcision was performed in 15.2% of patients with breast
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cancer; 9.6% of benign/high risk lesions were upgraded to
malignancy at surgical excision.

Conclusions. The magnetic seed technique is safe, effec-
tive, and accurate for localization of breast lesions and
lymph nodes, and importantly uncouples surgery from the
localization procedure. The high magnetic seed retrieval
rate and low reexcision rate may reflect the accuracy of
magnetic marker placement as a “second chance” local-
ization procedure, especially in cases with biopsy clip
migration.

Wire localization is the most commonly used method for
operative localization of nonpalpable breast lesions and has
been considered the standard care for decades. However,
this technique can limit the surgical approach, including
incision placement. Also, the wire itself can migrate or
become dislodged or transected.'” Wire placement must be
performed the day of surgery and depends on coordination
with radiology schedules, which limits operative efficiency
and requires patients to be fasting for the localization
procedure.* The combination of fasting, anxiety, and
multiple procedures on the day of surgery can result in a
poor patient experience and complications, including
vasovagal response during wire localization.

Alternative methods for localization have more recently
been introduced and variably adopted. Radioactive seed
localization (RSL) uses an iodine-125 containing seed and
handheld gamma probe for detection. Available studies
have yielded similar results to wire localization for volume
of tissue excised, margin status, and rates of
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reoperation.®”'? However, mandatory isotope tracking and
regulatory constraints have prevented widespread imple-
mentation of radioactive seed programs.”'!

Other wireless localization systems use radiofrequency
or electromagnetic technology to detect reflectors or tags
implanted within breast lesions. Results from a multi-in-
stitutional trial of the SAVI-SCOUT® (Cianna Medical,
Inc.), which uses radar impulses, reported high success
rates of reflector placement and retrieval, reexcision rates
comparable to other localization methods, and positive
feedback regarding workflow efficiency compared with
wires.'” Notably, lesions deeper than 5 cm or obscured by
hematoma may be more difficult to detect using this sys-
tem, halogen lights in the operating room can interfere with
the infrared technology, and electrocautery can disable the
localization mechanism if dissection is too close to the
marker.'*"?

Magseed® (Endomagnetics, Inc.) is a 5- x l-mm
stainless steel marker placed under mammographic or
ultrasound guidance from several months up to immedi-
ately before surgery.">'* It is detected intraoperatively
with a probe which generates a magnetic field to identify
the magnetized seed. Using both auditory and visual
feedback, the surgeon uses the probe to detect the magnetic
seed location and thereby retrieve the lesion. This study
reports the largest single-institution experience of magnetic
seed placement for operative localization of nonpalpable
breast lesions and axillary lymph nodes to date in the
United States. Our goal was to demonstrate feasibility and
short-term outcomes in our hospital system, which for this
study included four dedicated breast centers and six oper-
ative sites.

METHODS

Following Institutional Review Board approval, all
patients who underwent placement of a magnetic seed in
the breast or lymph node were identified from a prospec-
tively maintained database of breast surgery patients
treated at University Hospitals (UH) from July 2017 to
March 2019. Before July 2017, wires were used as the
standard localization method. The adoption of magnetic
seeds was a practice shift for the breast team, with very few
wire localizations performed after the initial implementa-
tion period. All magnetic seeds were placed by one of nine
breast radiologists, and all patients underwent surgery with
one of six breast surgeons. When possible, a titanium
marker with gel covering was used as the biopsy clip so
that the magnetic seed could be placed under ultrasound
guidance. Once biopsy pathology returned and surgery was
planned, the Magseed localization procedure often was
scheduled the same day as surgical consultation to

minimize multiple visits for the patient. A post-procedure
mammogram was obtained to confirm accurate lesion
localization with the magnetic seed; the seed was used as
the target for intraoperative lesion excision, especially in
cases with known biopsy clip migration. Intraoperative
specimen x-ray confirmed retrieval of the lesion, magnetic
seed, and biopsy clip. The combination of magnetic probe
and pathology confirmation rather than x-ray was used in
some instances to confirm removal of localized lymph
nodes, especially when sent for frozen section. Core needle
and surgical specimens were examined by UH pathologists,
including review of outside specimens if indicated.

Clinical factors were collected, including patient age at
diagnosis and procedure type. Breast surgery was classified
as excisional biopsy, partial mastectomy, or mastectomy.
Axillary surgery was categorized as sentinel lymph node
biopsy (SLNB), axillary lymph node dissection (ALND),
or both. Radiologic data included initial imaging modality
(mammogram or ultrasound), findings warranting core
needle biopsy (calcifications, asymmetry/distortion, mass,
abnormal lymph node, other), and technique used for
magnetic seed placement (stereotactic or ultrasound guid-
ance). The number of biopsy clips and magnetic seeds
placed and subsequently retrieved at surgery were recorded
based on radiology report, operative report, pathology
report, and intraoperative specimen imaging. Complica-
tions from magnetic marker placement were identified as
hematoma, infection, vasovagal response, and other.
Pathology information included diagnosis at core needle
biopsy and after surgery. Breast results were classified as
malignant, high risk, or benign. Lymph nodes were cate-
gorized as malignant or benign. For malignant breast
lesions, the use of shave cavity margins (yes, no), margin
status (negative, positive, DCIS > 2 mm, DCIS < 2 mm),
and receipt of additional surgery (reexcision, mastectomy,
or axillary surgery) were recorded.

Each breast and lymph node lesion in which a magnetic
seed was placed was considered separately due to its
unique clinicopathologic factors. Standard statistical anal-
ysis was performed using SAS Enterprise Guide, Version
7.1 (SAS Institute, Cary, NC).

RESULTS

During a 20-month period, 842 magnetic markers were
placed in 673 patients for intraoperative localization of
breast lesions and axillary lymph nodes (Figs. 1 and 2).
Median patient age at diagnosis was 58 (range 17-92)
years. Patients with breast cancer were significantly older
than those presenting with benign/high risk pathology (62
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FIG. 1 Pathology results at
core needle biopsy and surgery 659 Lesions
for patients undergoing excision (599 Patients)*
of magnetic seed localized
breast lesions. *59 patients
had > 1 breast lesion; 3 lesions CORE BIOPSY
did not undergo core needle
biopsy before surgical excision

395 (59.9%) 261 (39.6%)

Malignant Benign/High Risk
SURGICAL SURGICAL
PATHOLOGY PATHOLOGY
A
365 (92.4%) 30 (7.6%) 25 (9.6%) 236 (90.4%)
Malignant Benign/High Risk Malignant Benign/High Risk

FIG. 2 Pathology results at
core needle biopsy and surgery 136 Le;ions
for patients undergoing excision (134 Patients)*
of magnetic seed localized
axillary lymph nodes. *One
patient did not undergo core CORE BIOPSY
needle biopsy before surgery;
two patients had bilateral lymph
nodes biopsied and removed 89 (65.4%) 46 (33.8%)

Malignant Benign

SURGICAL SURGICAL

PATHOLOGY PATHOLOGY
A
62 (69.7%) 27 (30.3%) 8 (17.4%) 38 (82.6%)
Malignant Benign/High Risk Malignant Benign

vs. 52 years, p < 0.001). A total of 131 patients underwent
neoadjuvant chemotherapy, including 116 (88.5%) with
positive lymph nodes at core needle biopsy.

For the 659 breast lesions, the most common radiologic
find warranting core needle biopsy was a mass (N = 408,
61.9%), followed by calcifications (N = 164, 24.9%;
Table 1). Among the breast lesions localized with magnetic
seeds in this study, 39.6% (N = 261) were for benign/high-
risk and 59.9% (N = 395) were for malignant preoperative
core needle biopsy diagnosis (Fig. 1). For malignant breast

TABLE 1 Imaging characteristics of breast lesions warranting core
needle biopsy

Radiologic findings Breast lesions n = 659*

Calcifications 164 (24.9%)
Mass 408 (61.9%)
Distortion/asymmetry 92 (14.0%)

*More than one imaging finding was present in some cases

lesions, the most common diagnosis was invasive ductal
carcinoma (N = 235, 59.3%), followed by ductal carci-
noma in situ (DCIS) (N = 72, 18.2%; Table 2). Of the 178
patients with high-risk results, 36.5% were atypical ductal
hyperplasia and 15.7% were atypical lobular hyperplasia.
For benign lesions, the most common diagnosis warranting
excision was intraductal papilloma (N = 45, 54.2%). Three
patients did not undergo core needle biopsy of the breast
lesion before surgery. In two cases, the patient was planned
to undergo excision of another breast lesion previously
biopsied, and magnetic seeds were placed for intraopera-
tive removal of suspicious calcifications or mass.

Partial mastectomy was performed for 375 (56.9%) of
breast lesions, whereas excisional biopsy was completed in
267 (40.5%) cases. A small number of patients (N =9)
underwent mastectomy and were included due to place-
ment of a magnetic marker for axillary lymph node
localization.
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TABLE 2 Core needle biopsy pathology for breast lesions

N %o

Malignant (N = 395)

Ductal carcinoma in situ 72 18.2
Invasive ductal carcinoma 235 59.3
Invasive lobular carcinoma 36 9.1
Invasive mammary or NOS 25 6.3
Mucinous carcinoma 4 1.0
Papillary carcinoma 5 1.3
Invasive carcinoma (not otherwise specified) 17 4.3
Other 2 0.5
High risk (N = 178)

Atypical ductal hyperplasia 65 36.5
Atypical lobular hyperplasia 28 15.7
Lobular carcinoma in situ 10 5.6
Radial scar/complex sclerosing lesion 50 28.1
Flat epithelial atypia 15 8.4
Papillary lesion with atypia 6 34
Other atypia 4 2.3
Benign (N = 83)

Fibroadenoma 13 15.7
Fibroepithelial lesion 4 4.8
Fibroadenomatoid change 4 4.8
Intraductal papilloma 45 542
Pseudoangiomatous stromal hyperplasia 4 4.8
Other benign lesion 13 15.6

Of the 261 breast lesions with benign/high risk pathol-
ogy at core needle biopsy, the vast majority remained
benign or high risk at surgical excision (Fig. 1). However,
upgrade to malignancy was found in 25 cases (9.6%). The
majority of these represented DCIS (12 cases, 48.0%) and
invasive ductal carcinoma (6 cases, 24.0%).

Magnetic seed localization was used to identify 136
axillary lymph nodes targeted for surgical removal (Fig. 2).
Two-thirds (65.4%) of these yielded malignant results at
core needle biopsy. The single lymph node not biopsied
before excision was enlarged by imaging characteristics in
a patient with known malignant melanoma and excised at
the time of surgery for the primary site. Eighty-nine
(65.4%) patients underwent magnetic seed localized
SLNB, 9 (6.6%) underwent planned ALND, and 38
(27.9%) were treated with SLNB and ALND. Of the ini-
tially malignant lymph nodes, 30% converted to negative
pathology at surgical excision, representing a favorable
response to neoadjuvant chemotherapy. Eight of the 46
lymph nodes benign at core needle biopsy were malignant
at excision, yielding a false-negative rate of 17.4% for the
core needle biopsy procedure.

For the 395 patients undergoing magnetic seed localized
breast surgery for malignant lesions, additional and/or
shave cavity margins were obtained in 272 (68.9%) of
cases. Positive margins were found in 7.6% (30/395) of
patients and DCIS < 2 mm from the margin in 9.6% (38/
395). Reexcision was performed in 60 of 395 (15.2%) of
patients with breast cancer. Only five patients (1.3%)
underwent more than one reexcision, and seven (1.8%)
converted to mastectomy. Seventeen patients returned to
the operating room for additional axillary surgery; eight
SLNB were completed for lesions upgraded to invasive
malignancy, and nine ALND were performed following
permanent section surgical pathology review and multi-
disciplinary breast team discussion. Of the 261 patients
with benign/high risk pathology at core biopsy, 16 (6.5%)
underwent additional surgery due to upgrade at surgical
excision.

Of the 659 magnetic seeds used for intraoperative
localization of breast lesions, the majority were placed via
ultrasound guidance (N = 453, 68.7%), although one-third
(N =198, 30.0%) were placed stereotactically. Ultrasound
was used to place nearly all magnetic markers for lymph
node localization (N = 129, 94.8%). While most breast
lesions were localized with one magnetic seed, a “brack-
eting” technique was used with two or more markers in 52
cases (8.0%; Fig. 3).

Clinical complications were experienced following
magnetic seed placement in only six cases, yielding a
complication rate of 0.7%. Of these, two were hematomas
treated with compression, one was an infection treated with
antibiotics, and one patient reported pain during deploy-
ment. In two cases, the magnetic marker was noted to have
migrated on post-placement mammogram. A second
magnetic seed or wire was inserted into the biopsied lesion
during the same localization procedure and retrieved with
the intended lesion at surgery.

The overall magnetic seed retrieval rate was 98.6%. The
retrieval rate for breast lesions was slightly higher than for
lymph nodes: 99.5% vs. 94.1% (Fig. 4). There were only
three cases in which the magnetic marker was not con-
tained within the breast specimen. In the first, the seed was
visibly dislodged during dissection, and intraoperative
ultrasound was used to localize the lesion. In the second
(one of the complications noted above), the magnetic seed
was not within the biopsied calcifications, so a wire was
used for localization, and the seed was left in situ per
patient preference. In the third case, the marker was likely
inadvertently aspirated via suction during specimen
removal.

The biopsy clip retrieval rate was somewhat lower for
both breast and lymph node lesions, 93.1% and 80.1%,
respectively (Fig. 4). This is largely attributed to docu-
mented clip migration or to gel clip dislodgement during
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FIG. 3 Magnetic seed
localization and excision of two
biopsied breast lesions using
bracketing technique. Blue stars
denote magnetic seeds; yellow
arrows denote biopsy clips

2 Magnetic seeds bracketing
calcifications

99.5%

0,
100% 94.1% 93.1%

90%
80%
70%
60%
50%
40%
30%
20%

10%
0%

Mageed Retrieval Rate Biopsy Clip Retrieval Rate

B Breast m Lymph Node

FIG. 4 Magnetic seed and biopsy clip retrieval rates for breast
lesions and axillary lymph nodes

dissection, and the use of the magnetic seed as a more
accurate marker to ensure removal of the biopsied lesion
intraoperatively (Fig. 5). Pathology review confirmed
concordance of the core needle biopsy and surgical diag-
nosis. Biopsy-related changes were documented in the vast
majority of these cases, indicating that the intended lesion
was retrieved using the Magseed as the target rather than
the biopsy clip. Seventeen of the 26 cases in which biopsy
clips were not documented within localized lymph nodes
were classified “unknown,” meaning that the clip was not
mentioned in radiology, pathology, and surgery reports
rather than actually not retrieved. In all of these cases, the
intended lesion was retrieved using the seed for localiza-
tion. No unplanned axillary dissections or returns to the
operating room for reexcision were performed due to
localization failure.

Specimen X-ray

Residual calcifications

FIG. 5 Magnetic seed localization following biopsy clip migration
DISCUSSION

We report the largest experience in the United States of
842 breast lesions and axillary lymph nodes localized and
excised using a nonradioactive inducible magnetized seed
system. Despite the expected learning curve for a novel
technique by nine radiologists, six surgeons, and staff at six
operative locations, 98.6% of magnetic seeds were
retrieved within the specimen, demonstrating a high
accuracy rate for localization.

Before implementing this practice change, our breast
team carefully considered the costs and benefits of a
magnetic seed program and several localization techniques
were trialed. Magnetic seeds were preferred over radioac-
tive seeds due to fewer regulatory issues, especially in a
hospital system with multiple radiology and surgery sites.
During the initial trial, radiologists noted the ease of
magnetic seed placement compared with wires. Surgeons
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preferred this technique to facilitate cosmetic incision
placement and direct dissection trajectory. The cost of the
magnetic seeds and probe system was offset by the antic-
ipated value of shorter procedure times for radiologists,
increased OR efficiency for first-start cases, and the ability
to schedule the localization procedure days to weeks in
advance of surgery. Magnetic seeds also avoided technical
problems encountered with other wireless techniques,
including interference with OR lights and electrocautery,
and limitations of lesion depth within the breast and axilla.
Finally, the improvement in patient experience with a more
streamlined and comfortable process, both before and the
day of surgery that we noted with magnetic seeds instead of
wires, was important to our breast team and helped ensure
buy-in from institutional leadership.

Unlike wires, magnetic seeds can be placed days to
months before surgery, allowing the localization procedure
to be uncoupled from the morning of surgery. Our low
magnetic marker placement complication rate (< 1%) may
be attributable to the lack of patient restrictions for this
separate procedure, as opposed to day-of-surgery wire
placement, which occurs while patients are fasting, and
may contribute to vasovagal reactions. Antecedent marker
placement also facilitates first-start operative cases and
allows independence of radiology and surgery sched-
ules,"** improving the experience for both patients and
providers. In addition, magnetic seed use allows breast
surgery cases to be performed at ambulatory surgery cen-
ters without onsite radiologists, potentially decreasing
personnel resource utilization and cost.

In our series, reexcision was performed in 15.2% of
patients with breast cancer. This aligns with reexcision
rates of 8.7-23% reported in studies using radioactive
seeds and SAVI-SCOUT® and compares favorably with
reexcision rates of 20-70% using traditional wire local-
ization.*®'>'>  Another potential benefit of seed
localization is improved cosmetic outcomes, because this
technique allows for incision placement remote from the
lesion site and removal of smaller volumes of breast
tissue.'™

We also used magnetic seeds to localize and remove
previously biopsied axillary lymph nodes, with a seed
retrieval rate of 90.4%. The somewhat lower biopsy clip
retrieval rate of 80.1% may reflect clip migration or dis-
lodgement, in particular due to nodal response to
neoadjuvant chemotherapy, which the majority of patients
undergoing lymph node localization received. Although
biopsy clips with gel casings were preferred to facilitate
magnetic marker placement under ultrasound guidance due
to their visibility, they can easily become dislodged during
surgical dissection as the gel has less tissue traction than an
uncovered clip. In fact, our early experience placing the
magnetic seed within the gel surrounding the clip resulted

in extrusion of both clip and seed on occasion and was
quickly replaced by deploying the seed adjacent to the clip
but firmly within the lesion. This recognized dislodgement
issue decreased our biopsy clip retrieval rate, particularly
because we included “unknown” clips (i.e., not docu-
mented) as “not retrieved” rather than excluding them
from analysis. However, because the magnetic seed was
intentionally used as the target to identify the lymph node
or breast lesion rather than the biopsy clip, the lower clip
retrieval rate did not result in a low lesion retrieval rate.

Interestingly, 17.4% of lymph nodes benign at core
needle biopsy were malignant on surgical pathology. In
addition to the known benefits of localizing initially posi-
tive lymph nodes to improve the accuracy of sentinel
lymph node biopsy following neoadjuvant chemother-
apy,'®'® the use of magnetic markers to remove initially
negative lymph nodes in our study provided -critical
information that upstaged pathology and informed adjuvant
treatment decisions. In light of this data, it is our current
practice to localize and remove all previously biopsied
lymph nodes, whether positive or negative at core needle
biopsy.

Our study included a wide variety of benign, high risk,
and malignant breast lesions with diverse presentations on
imaging studies, demonstrating the versatility of the mag-
netized seed system. The participation of our entire breast
radiology and breast surgery faculty at six geographically
distinct sites, including breast centers, inpatient hospitals,
and ambulatory surgery centers suggests generalizability of
our results to other hospital systems. However, our study is
a single-institution experience and subject to inherent
limitations. Regarding reported complications, in the two
cases in which magnetic seed migration occurred, a second
magnetic marker or wire was placed during the same
localization procedure, allowing surgery to proceed as
planned. One drawback noted intraoperatively is occa-
sional difficulty detecting the magnetic seed signal in very
posterior lesions, particularly when breast tissue is extre-
mely dense. This can usually be overcome by making the
incision based on the known location of the lesion on
preoperative mammogram, and subsequently the signal
becomes audible with less tissue between the probe and the
seed itself. Nonmetal instruments must be used to avoid
interference with the magnetic probe. While this probe is
different than the detection system for Technetium sulfur
colloid radiotracer frequently used in SLNB, it does detect
magnetic iron oxide nanoparticle tracer which can also be
used for SLNB. However, the cost of a second probe sys-
tem and special instruments should be considered when
starting a magnetic seed program. Another limitation of
magnetic marker localization is the significant artifact it
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produces on MRI; we recommend seed placement fol-
lowing MRI if used for initial breast cancer staging or
surgical planning following neoadjuvant therapy.”

CONCLUSIONS

Magnetic seed localization is a safe, effective, and
accurate method to identify and remove nonpalpable breast
lesions and axillary lymph nodes. Advantages over wire
localization include uncoupling surgery from the localiza-
tion procedure, leading to fewer complications and
improved workflow. The lack of regulatory issues with
magnetic markers compared with radioactive seeds may be
preferable in hospital systems with multiple radiology and
surgery sites. While further studies are needed to document
long-term outcomes, our results support the routine use of
the magnetic seed localization system for benign and
malignant breast disease. In our experience, the benefits of
this wireless system—including operative efficiency, sur-
geon and radiologist approval, and patient satisfaction—
outweigh the costs of implementation and add value for our
breast team, our patients, and our hospital system.

DISCLOSURES This study was presented in poster format at the
American Society of Breast Surgeons 20th Annual Meeting, April
30-May 5, 2019, Dallas, TX. The authors have no conflicts of interest
to declare.
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