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Abstract...

Introduction: Wire-Guided Localisation (WGL) is the most widely used technique for surgical ex-
cision of non-palpable breast lesions. However this method has limitations including wire transec-
tion/migration and inflexible scheduling. To combat this, recent technological advances have created 
wireless, radiation-free localization methods, like the LOCalizer™, based on Radio-Frequency Identifi-
cation (RFID) technology. In this prospective study, we evaluated the role of RFID and compared it to 
WGL in our District General hospital.

Methods: We prospectively evaluated 10 cases of RFID as a clinical evaluation of this technique. 
We compared the results to the wire guided cases done during the same study period (from Novem-
ber 2021 to September 2022).

The evaluation focused on:

·	 Successful localizations.

·	 Identification and retrieval.

·	 Status of surgical margins, need for re-operation.

·	 Resected specimen weight.

Results: 10 RFID tags (6 malignant, 4 benign cases) were deployed under Ultrasound guidance, 
and 24 wires were deployed (20 cancer, 4 benign cases) under Ultrasound or Mammogram guidance, 
to localize non-palpable breast lesions. All tags and wires (except 1 wire case) were deployed and 
localized successfully, and all target lesions were retrieved successfully.

The average number of days between tag/wire insertion and surgery was 0 for wires, and 18.9 (6-
55) days for tags. The reoperation rate for positive margins was 30% (6/20) for wires and 16.7% (1/6) 
for tags. The average number of shaves taken per case was 2 for wires, and 1.5 for tags. The average 
specimen weight (for cancer cases only) was 51g for wires, and 57g for tags.

Conclusion: Our study demonstrates that radiofrequency localization technology is an effective 
and comparable alternative to wire-guided localization, with the added advantage of decoupling 
surgery and radiology scheduling.
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Introduction

Breast cancer is common, forming 11.7% of all cancers diag-
nosed globally in 2020 [1], making it the most common cancer 
worldwide. There has also been an increase in non-palpable 
breast cancers/lesions due to the national UK mammographic 
screening programme and the use of neoadjuvant chemother-
apy, resulting in down-sizing of the palpable tumors. Non pal-
pable lesions are often small, occult lesions that are amenable 
to Breast Conserving Surgery (BCS). These non-palpable lesions 
need to be localized before surgery in order to aid surgical re-
moval.

Wire Guided Localization (WGL) has been the gold standard 
for localizing non-palpable breast lesions since the 70s [2], and 
involves the insertion of a hook into the lesion (under radio-
logical guidance) which is connected to a wire through the skin. 
However this method has limitations; it can be painful for the 
patient, and introduce a possible risk of sharps injury to the 
surgeon. Furthermore, logistical difficulties in scheduling wire 
insertion mean wires need to be inserted on the same day as 
surgery, causing additional anxiety for the patient and schedul-
ing difficulties for the operating team. There is also a risk of wire 
migration, which can reduce the chance of successful lesion lo-
calization, and possible need for re-operation in the future.

Thus alternative techniques have been developed for local-
ization of non-palpable lesions. Examples of these techniques 
are: Radiofrequency ID tags (RFID), SAVI SCOUT and Magseed.

In this study, we have examined the performance of a wire-
less localization technology that uses glass-enclosed Radio Fre-
quency Identification (RFID) tags, LOCalizerTM, and compared it 
to wire-guided localization.

Materials and methods

Female patients aged 18 years or older with nonpalpable 
breast lesions necessitating surgical excision were enrolled in 
this observational clinical evaluation conducted at Homerton 
Hospital (London, UK). The study spanned from November 2021 
to September 2022. A total of 10 patients were recruited for 
the RFID arm of the study, while 24 patients underwent Wire-
Guided Localisation (WGL) during the same period. The indica-
tions for surgery included non-palpable malignancy, malignant 
lesions rendered non-palpable post Neoadjuvant Chemother-
apy (NACT), and pathologically intermediate (B3) nonpalpable 
lesions requiring diagnostic surgical excision. All participants 
provided informed consent, and the use of RFID technology was 
approved by the institutional review board.

For the RFID arm of the study, the Localizer (Hologic) RFID 
system was utilized. Image-guided deployment of RFID tags was 
performed up to 60 days prior to surgery. Under image guid-
ance, RFID tags were percutaneously inserted into the breast 
tissue through a delivery needle. Post-procedure mammog-
raphy was employed to confirm the position of the RFID tags. 
Surgery was conducted within the designated timeframe fol-
lowing tag deployment. The tags and wires were deployed and 
retrieved by the same radiology and surgery teams.

The primary endpoint of this study was to evaluate the ex-
tent of successful RFID tag deployment and retrieval. Secondary 
endpoints included assessing radial surgical margins, the need 

for re-operation, specimen weight, and the number of shaves 
for malignant cases. Additionally, logistical ease was measured 
by recording the number of days between RFID tag insertion 
and the date of surgery.

Results

10 RFID tags (6 malignant, 4 benign cases) were deployed 
under Ultrasound guidance, and 24 wires were deployed (20 
cancer, 4 benign cases) under Ultrasound or Mammogram guid-
ance, to localize non-palpable breast lesions. All tags and wires 
(except 1 wire case) were deployed and localized successfully, 
and all target lesions were retrieved successfully.

Table 1 demonstrates our results as shown for wires and 
tags. As shown, the average number of days between wire in-
sertion and surgery was zero (as the preop insertion of the wire 
had to be done near to surgery to avoid wire migration/dis-
placement). However, the average number of days between tag 
insertion and surgery was 18.9 days (ranging from 6 to 55). Thus 
tags can be inserted completely separately to the date of sur-
gery, allowing for greater flexibility in preoperative scheduling. 
The reoperation rate for positive margins for wires was 30%, 
compared to 16.7% for tags. The average number of shaves for 
wire cases was 2, whereas it was 1.5 for tag cases. Finally, the 
average specimen weight for wire cases was 51g, compared to 
57g for tag cases.

Table 1: Comparison between wires and tags.

Wires Tags

Total number of breast lesions 24 10

Number of benign lesions 4 4

Number of malignant lesions 20 6

The average number of days 
between tag/wire insertion and 
surgery

0
19 days  

(6-55 range)

Reoperation rate for positive 
margins

6/20 (30%) 1/6 (16.7%)

Average number shaves for 
malignant cases

2 (Range 0-5) 1.5 (Range 0-5)

The average distance between the 
wire/tag and the marker/lesion (for 
all cases benign and cancer)

7.1 mm 
(Range 0-17)

3.1 mm  
(Range 0-11)

Average specimen weight (Only 
cancer cases)

51 g 
(range 3.5-235 g)

57 g  
(Range 28.2-129 g)

Successful retrieval of the wire/tags 100% 100%

Successful insertion rate

23/24 (95.8%) 
(In one case, the 
wire was inserted 
24 mm away from 

the marker, prompt-
ing the insertion of 

another wire).

100%

A chi-squared test was performed to compare the ‘Reopera-
tion rate’ for wires and tags, which did NOT demonstrate a sig-
nificant difference (p=0.51).
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Discussion

Wire guided localization has been the standard technique in 
localizing breast lesions for decades. Wire guided localization 
involves the insertion of a wire into the breast with radiologi-
cal skin markings. The advantage of wire guided localization is 
that the majority of breast surgeons across the world are well 
experienced in this technique and it has been the standardized 
technique across the world for many years, with a vast range of 
research published on its uses and outcomes. It is an inexpen-
sive localization method and does not require any special ra-
diofrequency or magnetic equipment, thus also allowing its use 
in patients with pacemakers or cardiac devices. However, wire 
insertion and surgery need to be done on the same day, which 
causes difficulties when surgeries are rescheduled. The wire is 
uncomfortable for patients and poses a risk of needle stick in-
jury to surgeons. Furthermore, there is a risk of wire migration 
[3], leading to inaccurate lesion localization.

In order to overcome the challenges created by wire guided 
localization, a number of wire-free technologies have been tri-
alled. We have discussed 3 methods: Radiofrequency ID tags 
(RFID), SAVI SCOUT and Magseed.

Radiofrequency ID (RFID) devices offer a wire-free approach 
to non-palpable lesion localization [4]. A Radiofrequency ID tag 
with a unique ID number is deployed into the breast using a 12 
G introducer. A handheld surgical probe detects the RFID tag 
and displays the distance to the tag in millimetres as well as 
the tag’s unique ID number. This technique is illustrated in Fig-
ure 1 below. The LOCalizerTM is able to accurately and quickly 
estimate the distance from the probe to the tag, enabling for a 
precise excision, but this range is limited to 6cm, which is prob-
lematic in larger breasts or deeper lesions. The RFID tags also 
cause artefact on MRI scans, and patients with cardiac pace-
makers and defibrillators are excluded from RFID tag insertion 
as the radiofrequency field may interfere with the functioning 
of these devices.However, more data is needed on the long-
term outcomes of these RFID devices as the long-term implica-
tions of these non-wire devices are not well understood. 

Figure 1: LOCalizer™ handheld reader device being used 
intraoperatively to locate RFID tag implanted in tumour site of the 
breast during surgery.

Figures 2 and 3 demonstrate the appearance of RFID tag on 
mammogram (Figure 2) and on Xray (Figure 3). 

Figure 2: RFID tags in situ on post-procedure mammogram 
Image on the left-Craniocaudal Mammogram showing RFID tag 
Image on the right- MLO Mammogram view showing RFID tag.

Figure 3: Appearance of RFID tag in the specimen X-ray.

Figures 4 and 5 below demonstrate the appearance of RFID 
tag on ultrasound, with the lesion and RFID tag in situ.

Figure 4: Axial Ultrasound image post deployment of the RIF 
tag, with the lesion and RIF tag in situ. The distance measured is 
the distance between the lesion and the RIF tag.

Figure 5: Labelled ultrasound image depicting RIF tag and 
lesion.

SAVI SCOUT technology involves the insertion of an elec-
tromagnetic wave reflector into the breast under image guid-
ance [5]. A handheld probe generates infrared impulses which 
activate the reflector and this causes an electromagnetic wave 
signal to be reflected back, guiding the surgeon to the lesion 
that needs to be removed. The reflectors used are not radioac-
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tive, and provide an accurate detection range up to 6 cm, again 
posing a problem in bigger, more dense breast tissue [6].SAVI 
SCOUT offers a large advantage in that it causes significantly less 
artefact on MRI than that of RFID tags and Magseeds, giving it 
more viability in terms of long-term surveillance and monitor-
ing scans [6].

The Magseed technique [7] involves deploying a 5mm para-
magnetic steel seed under image guidance into the breast. The 
handheld probe magnetizes the seed and creates a magnetic 
field, allowing for real time localization of the seed and lesion. 
The seed can be inserted into the breast at any time, and has 
been shown to aid localization for lesions reliably at 4 cm depth 
(with some further lesions being detected up to 12 cm depth). 
A big drawback to the Magseed technique is that it causes sig-
nificant artefact on MRI, making its use limited in assessing a 
patient’s response to neoadjuvant chemotherapy. A systematic 
review conducted by Gera et al [7] analyzed 1559 magseeds 
cases in 16 studies and showed successful placement rate of 
94.42% and a successful localization rate of 99.86%. Four stud-
ies were analyzed in a separate pooled analysis and showed no 
statistically significant difference between re-excision rates us-
ing Magseeds and WGL.

Figure 6 below demonstrates a Magseed introducer and de-
vice.

Figure 6: Magseed introducer + device [8].

In this paper, we compared the use of wires to Radiofre-
quency (RFID) tags in the localization of non-palpable breast 
lesions. As shown in our results Table 1, the wire cases had to 
have wire inserted on the same day as surgery, whereas the 
RFID tags were inserted anywhere from 6 to 55 days before 
surgery, allowing for greater preoperative flexibility and sched-
uling. A large part of patient anxiety is avoided by scheduling 
these procedures separately rather than adding to the stress on 
the day of surgery. The RFID tags provide an alternative localiza-
tion technique compared to the wires, demonstrating accurate 
localization of lesions. Finally, the average specimen weight for 
wire cases was 51 g, compared to 57 g for tag cases, showing 
roughly similar specimen sizes.

A systematic review conducted by Tayeh et al [9] examines 
1151 patients and the use of 1344 tags, and found re-excision 
rate to be 13.9% amongst these cases. Two studies compared 
RFID with WGL (128 vs. 282 patients respectively), and for both 
of these techniques the re-excision rate was 15.6% (20/128 vs. 
44/282 respectively, p value is 0.995).

We have found in our study that radiofrequency localization 
technology offers an effective alternative to localization meth-
ods for non-palpable breast lesions when compared to wire 
guided localization. RFID tags offer increased accuracy of exci-
sion, with the probe guiding exact distance to the lesion, but 
it causes problems with MRI imaging and patients with pace-
makers. WGL is more well known amongst surgeons, requiring 
less equipment and training, but we would recommend the in-
creased use and training into alternative wire free localization 
methods to overcome this.

Another important aspect to consider when comparing these 
alternative localization methods is the relative cost of each 
technology. NICE guidance [10] published in 2020 states that 
each Magseed unit costs £250 per single-use Magseed (with an 
additional cost of £25000 per reusable Sentimag probe), com-
pared to the £35-£50 cost for wire guided technology. The main 
barrier to the use of Magseed has thus far been quoted as the 
cost of each seed and the probe, however, a service evaluation 
[10] done has shown a cost saving of £34,457 with Magseed 
compared to traditional wire guided localization, with improved 
efficiency of clinics, and reduced number of re-excision cases. 
With regards to the cost of RFID, there is general anecdotal 
evidence that the cost of RFID technology is more expensive 
than wire guided localization, but further studies are needed 
to evaluate the cost-effectiveness of these alternative technolo-
gies as this will be of paramount importance when considering 
the implementation of these technologies into the NHS system.

Finally we have reviewed a large meta-analysis study that 
evaluated Non Wired Non-Ionising (NWNI) preoperative local-
izations techniques for non-palpable breast cancers [11]. This 
study found that the positive margin rate was lower for NWNI 
techniques and it offered a lower re-excision rate when com-
pared to WGL but these results were not statistically significant. 
For future research, we need larger multicenter studies with 
bigger patient numbers to draw more conclusions from these 
data sets. There is also a lack of randomized studies reporting 
on these outcomes, which limits the conclusions that can be 
drawn about the efficacy of these methods.

Conclusion

Our study demonstrates that radiofrequency localizations 
technology is an effective and comparable alternative to wire-
guided localizations, with the added advantage of decoupling 
surgery and radiology scheduling.
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