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Abstract
Purpose of Review Obtaining negative margins in breast conservation surgery continues to be a challenge. Re-excisions 
are difficult for patients and expensive for the health systems. This paper reviews the literature on current strategies and 
intraoperative clinical trials to reduce positive margin rates.
Recent Findings The best available data demonstrate that intraoperative imaging with ultrasound, intraoperative pathologic 
assessment such as frozen section, and cavity margins have been the most successful intraoperative strategies to reduce 
positive margins. Emerging technologies such as optical coherence tomography and fluorescent imaging need further study 
but may be important adjuncts.
Summary There are several proven strategies to reduce positive margin rates to < 10%. Surgeons should utilize best available 
resources within their institutions to produce the best outcomes for their patients.

Keywords Breast cancer surgical margins · Intraoperative imaging · Lumpectomy · Emerging technology · Optical 
coherence tomography · Fluorescence guided surgery

Introduction

Breast conservation surgery (BCS) has been the standard of 
care for early-stage breast cancer for over 20 years. When the 
original randomized controlled trials (RCTs) comparing BCS 
to mastectomy were performed, there was no survival differ-
ence between patients undergoing mastectomy compared to 
either BCS with no tumor on ink or BCS that did not assess 
margin status. However, the optimal width of the surgical mar-
gin to prevent in-breast recurrence has been debated given re-
excision rates often exceeding 20% [1]. In 2013, the Society 
of Surgical Oncology (SSO) and the American Society for 
Radiation Oncology (ASTRO) guidelines defined the opti-
mal margin width to be no tumor on ink for invasive cancers 
and 2 mm for ductal carcinoma in situ (DCIS) [2]. Subse-
quently, re-excision rates declined with a recent meta-analysis 
demonstrating a 35% decrease after the publication of these 
guidelines. Nevertheless, the literature still shows greater than 

10% re-excision rates [3]. In this review, we will evaluate the 
literature on the standard and emerging methods for margin 
assessment to decrease the rate of positive margins.

Tumor Localization

There are a variety of tumor localization methods performed 
prior to surgery, especially to ensure identification of non-
palpable tumors, that aim to achieve complete resection 
with adequate margins in BCS (Table 1). These include wire 
localization (WL), radioactive seed localization (RSL), and 
wireless devices.

Wire Localization

Wire localization has been the standard method of tumor 
localization for decades. First utilized in 1979, a wire with a 
hooked end was fashioned such that it could be inserted into 
the region of interest in the breast without dislodging. For 
localizing large areas of disease, multiple wires are placed 
to bracket the area of interest so that all the abnormal tissue 
within the boundaries of the wires can be surgically excised. 
The main disadvantage with wire localization is the need for 
placement within a short interval prior to surgery given that 
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the wire protrudes from the skin. This also results in risk of 
migration and discomfort for the patient.

Radioactive Seed

Beyond WL, there are a variety of wireless tumor localiza-
tion techniques. Like wire localization, one device may be 
placed if a small area is to be removed, or multiple devices 
can be placed to bracket a large area of disease requiring 
excision. One such technique, RSL, was first proposed by 
Gray et al. in 2001 and involves the placement of a small 
titanium seed containing radioactive iodine-125 within the 
non-palpable tumor so that it can be identified using a hand-
held gamma detector [4]. Benefits of RSL over WL include 
a long half-life that allows for placement to occur days prior 
to surgery, making it more convenient for both the patient 
and the surgical team. Internal placement avoids extrusion 
of wire from the skin which mitigates risk of migration and 
improves patient experience [5, 6]. In the largest available 
randomized trial, RSL and WL did not significantly differ 
in positive margin rates. This trial had a low rate of positive 
margins in the WL group, and the RSL group had a signifi-
cantly higher incidence of multifocal disease. No significant 
difference in positive margin rates was found for RSL (11%) 
and WL (12%, p = 0.99), or for positive or close margins 
(RSL 19% and WL 22%; p = 0.61). Mean operative time 
(min) was shorter for RSL (19 vs 22; p < 0.001). Specimen 
volume, weight, reoperation, and localization times were 
similar [7]. Downsides of RSL compared to WL include a 
small amount of radiation exposure and inability to adjust 
improperly placed seeds [8].

Savi Scout Radar

More recently, a nonradioactive localization device called 
the Savi Scout Radar (Cianna Medical, Inc., Aliso Viejo, 
CA, USA) was FDA approved. This technique involves 
placement of a reflector within the breast mass that can be 
detected by a handheld radar-emitting device. Like RLS, 
the Savi Scout technology avoids the inconvenience and 

discomforts associated with WL but has the advantage of 
also avoiding radiation exposure [9]. Patel and colleagues 
compared surgical outcomes of Scout localizations to WL 
in 42 matched patients and found no significant difference in 
median specimen volume, margin positivity rate, close mar-
gin rate, and re-excision rate [10]. A Savi Scout pilot study 
performed by Cox et al. observed similar re-excision rates as 
RSL (7%) and improved re-excision rates compared to WL 
(12–60%) [11]. The authors’ subsequent multi-center, pro-
spective study, however, demonstrated a slightly higher re-
excision rate with Savi Scout (16.8%) than in the pilot study, 
yet still within acceptable limits as compared to WL [12]. 
A recent retrospective review of 512 patients reported 5.6% 
positive margins and 5.3% patients required re-excision with 
Savi Scout [13]. Therefore, overall, the Savi Scout localiza-
tion system is equivalent in terms of margin outcomes to 
other localization methods.

One disadvantage of this system is that the reflector can 
be deactivated by electrocautery. Another potential disad-
vantage is signal interference when multiple Savi Scout 
reflectors are placed to bracket a lesion, although several 
studies have shown the feasibility of using multiple reflec-
tors without technical difficulties.

MAGSEED

The MAGSEED (Endomagnetics, Cambridge, UK) is 
another FDA-approved nonradioactive non-wire device. 
Current knowledge about this magnetic marker is limited, 
but early clinical experience suggests that the MAGSEED 
device improved scheduling efficiency and patient comfort 
but is limited in depth of detection to 4 cm and cannot meas-
ure marker distance. Also, the signals from multiple seeds 
placed in close proximity (< 2 cm) can be challenging to 
separate [14]. Magnetic seed marker deployment is also not 
advised in a patient who may undergo future breast MRI 
prior to surgery due to its void artifact of 4 to 6 cm distance, 
which influences the MRI diagnostic accuracy [15]. A retro-
spective study performed by Puneet reported a 9% positive 

Table 1  Summary of advantages and disadvantages of localization systems

Inexpensive No depth 
imitation

No minimal 
bracket spac-
ing

Internal place-
ment of device

Can be implanted sev-
eral days before surgery

No radiation Small size

Wire localization X X X X
Radioactive seed localization X X X X
Radar X X X
Magnetic seeds X X X X
MOLLI X X X X
RFID tag X X X

66 Current Breast Cancer Reports (2022) 14:65–74



1 3

margins rate and 7.2% underwent a second procedure for 
margin re-excision [16].

MOLLI

The Magnetic Occult Lesion Localization Instrument 
(MOLLI Surgical Inc., Toronto, ON, Canada) is another 
wireless, nonradioactive alternative that was recently 
approved by the FDA. The system implants a small magnetic 
marker into the lesion to guide localization using a handheld 
probe [17]. The main benefit is it allows a depth of detec-
tion of up to 53 mm and can be used with metal instruments 
unlike other magnetic systems [18]. Twenty patients with 
non-palpable breast lesions at a single institution received a 
lumpectomy using the MOLLI guidance system. Negative 
margins were achieved in all cases with no patients requir-
ing re-excision.

LOCalizer

Another promising technology is the LOCalizer™ (Hologic, 
Santa Clara, CA, USA) which is designed to mark breast 
lesions using a miniature radiofrequency identification 
(RFID) tag. Each tag has a unique identification number that 
is displayed on the reader and can be placed in the breast any 
time prior to or on the day of surgery. Limited data is avail-
able on this device, although small prospective trials have 
shown its efficacy [19]. The RFID tag produces artifact on 
MRI and thus may limit diagnostic accuracy of breast MRI 
when the RFID is in place. The FDA is not aware of any 
adverse events associated with RFID to date. The tags have 
a long history of use similar to those embedded in livestock 
and pets as a form of identification [20].

Two studies that compared LOCalizer™ with WL found 
that both modalities had comparable positive margin rates 
and rates of re-excision (15.6%).

Intraoperative Imaging

Besides procedures performed prior to surgery for tumor 
localization, intraoperative imaging is often used to help 
decrease positive margin and re-excision rates in BCS.

Intraoperative Ultrasound

Intraoperative US (IOUS) has several attractive advantages 
for localization and resection of the primary breast mass. 
These advantages include availability, portability, high 
safety profile, and real-time assessment of the target includ-
ing depth from the closest skin surface [21]. Studies show 
IOUS can also be used to decrease positive margin rates in 
the setting of palpable breast masses. The COBALT trial 

was a RCT comparing palpation guidance alone to palpation 
guidance with IOUS. The IOUS group not only required 
less additional treatments such as re-excision or radio-
therapy boost but also achieved these results with smaller 
excision volumes [22]. A similar study conducted in 2019 
corroborated these findings, again demonstrating superiority 
in achieving negative margins while avoiding excess tissue 
resection.

The benefit of IOUS has been less clear in the case of 
non-palpable breast lesions. When compared to WL, the cur-
rent standard of care, the major benefit of IOUS is that it is 
performed in the operating room, thus avoiding the discom-
fort and inconvenience to the patient as well as the possible 
scheduling conflicts among departments associated with pre-
operative WL placement [23]. However, it is important to 
ensure that convenience does not supersede adequate resec-
tion. Several studies, including systematic reviews and meta-
analyses, have demonstrated superiority or non-inferiority 
of IOUS over WL [24–26]. Of note, IOUS in such cases did 
not replace preoperative radiologic characterization of the 
tumor, which investigators acknowledge is still an essential 
part of perioperative planning. IOUS serves as an important 
adjunct to ensure appropriate resection. Recently, a RCT of 
520 women with non-palpable breast cancer demonstrated 
that patients randomized to IOUS had significantly lower 
positive margins and re-excision rates [27]. Additionally, a 
recent single-institution study looked at the costs of IOUS 
with preoperative US visible clip (UVC) compared to WL 
and found that IOUS is the more cost-effective approach 
[28].

Specimen Radiography

While previous reviews have not found decreased reopera-
tion rates for positive margins using specimen radiography 
(SR), the technique is still important in order to document 
the removal of calcifications (and to verify the removal of 
the tumor and/or localization devices) [23, 29–32]. Benefits 
of specimen radiography for margin assessment include rela-
tively accessible and portable devices and, when compared 
to pathology, smaller economic impact and faster results 
(15–20 min) [29, 33]. However, the method has a more lim-
ited utility in patients with small lesions or high density 
breast tissue. Another important disadvantage is the “pan-
cake phenomena” which describes the change in specimen 
shape when manipulated by the imaging machines [34].

Micro‑computed Tomography

While SR provides 2 dimensional images, computed tomog-
raphy (CT) has the advantage of providing 3 dimensional 
images. Some groups utilize micro-CT scanners which can 
be present in the operating room similar to SR. Several 
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studies show that micro-CT is a feasible tool for tumor eval-
uation during BCS that is relatively time efficient (< 30 min) 
[35–40]. However, these studies are limited by small sample 
size and only one study found a reduction in positive margin 
rates [39]. Otherwise, most agree that while 3D images are 
visually interesting, there were no significant advantages 
compared to SR. Other limitations of micro-CT included 
significant inter-observer variation and its use of gray scale 
which makes fibroglandular tissue difficult to distinguish 
from tumor. Given the novelty of the systems and therefore 
lack of consistent training, together with the small sample 
size in these studies, more research is needed to determine 
the utility of micro-CT for intraoperative margin assessment.

Optical Coherence Tomography

Optical imaging uses light and reflection of light (or optical 
scattering) to obtain detailed images based on tissue char-
acteristics. This offers a minimally or virtually non-invasive 
method for intraoperative imaging and does not include the 
same radiation risks as X-ray or CT [41–49].

Optical coherence tomography (OCT) has been utilized 
for imaging in other specialties including ophthalmology, 
dermatology, and gastroenterology. Its potential use in breast 
surgery for intraoperative surgical margin assessment was 
first suggested by Boppart et al. who described OCT use in 
rat mammary tissue [42]. While multiple groups identified 
features that allowed them to distinguish between normal 
breast tissue, benign lesions, and malignant lesions, the 
tool is limited by penetration depth and the specific training 
required. Solutions for the limitation of penetration depth 
are being explored, including insertion of a needle probe and 
other handheld probes to display subsurface architecture [43, 
49]. Zysk et al. conducted a multi-institution blinded study 
which included 46 patients undergoing BCT. OCT analysis 
was performed ex vivo on the cavity margins. For patients 
with a preoperative diagnosis of DCIS alone, positive mar-
gins were detected with 80% sensitivity and 69% specificity. 
It is a challenge to obtain negative margins in patients with 
DCIS because the disease can be more diffuse than shown 
by imaging, and guidelines recommend a 2 mm margin. 
While specialized training is required to interpret the OCT 
images, Ha et al. describe effective multidisciplinary train-
ing that takes an average of 3.4 h. Future larger studies will 
be needed to confirm its utility in reducing re-excision rates 
after BCS.

Marginprobe Device

The Marginprobe device, which is approved for use in the 
USA, utilizes radiofrequency spectroscopy and has been 
shown to be effective at assessing breast surgical margins 
intraoperatively. Marginprobe use was associated with 

significant reductions in positive margin rates in one ran-
domized trial (control arm rate of re-excision = 42%), and 
even lower in another (< 20%). Marginprobe specificity, 
however, has been reported less than 70% [50]. In the larg-
est randomized trial using Marginprobe, use of the device 
more than tripled the rate of false-positive findings to > 50% 
of patients, resulting in a higher mean volume of resected 
tissue. Due to the high false-positive rate, Marginprobe may 
not be beneficial for routine use unless the rates of positive 
margins are exceedingly high. Given that re-excision rates 
have significantly decreased to < 20% nationally since the 
implementation of the SSO/ASTRO guidelines, the Margin-
probe may be of less benefit [3].

ClearEdge

ClearEdge is a battery-powered, handheld device that can 
complete a full scan on resected tissue in less than 5 min 
using bioimpedance spectroscopy. A scan of the patient’s 
normal breast tissue acts as a baseline for specific breast 
tissue features. This device has been studied in a two-phase 
trial [51]. The first phase validated the safety and accuracy of 
the imaging device when used ex vivo and the second phase 
assessed the reoperation rate when used intraoperatively. 
Results of this study demonstrated a sensitivity of 84.3% and 
87.3% and a specificity of 81.9% and 75.6%. The re-excision 
rate in the second phase was 37%; however, had all images 
been interpreted appropriately and margins detected as 
abnormal re-excised, the adjusted rate of re-excision would 
have been 7%. While ClearEdge offers impressive speed and 
portability, its lack of sensitivity and specificity currently 
limits application in the clinical setting.

Pathology

Frozen Section Analysis

Like intraoperative imaging, intraoperative pathology can 
be used to decrease positive margin rates. Most surgeons do 
not use intraoperative frozen section analysis due to slow 
turnaround times (e.g., average increase of 30 min for frozen 
section), disruption to surgical workflow, interdepartmental 
logistical challenges, and resource requirements. Although 
there have been no RCTs performed on frozen section analy-
sis, systematic review and meta-analyses have shown that 
this method is associated with a lower rate of reoperation for 
positive margins [52]. The most recent meta-analysis found 
pooled sensitivity was 0.86 (95% CI 0.78–0.91) and pooled 
specificity was 0.96 (95% CI 0.92–0.98) [53]. Because fro-
zen section analysis involves added cost, its cost-effective-
ness depends on the rate of positive margins and the subse-
quent need for re-excision without its use. Frozen section 
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analysis has been shown to be cost-effective for hospital and 
insurance payors when positive margin rates are > 25% [54]. 
Although it may decrease re-excision rates at the time of 
first surgery, it may not be of added value during subsequent 
surgeries for patients undergoing reoperation for positive 
margins [55].

Imprint Cytology

Another intraoperative technique utilized by a minority of 
surgeons is imprint cytology [52]. It is a technique where 
pathologist will imprint cells from the margins on slides. 
It requires expertise in cytology but is less labor intensive 
than frozen section. There are limited studies and no RCTs 
on the application of imprint cytology for real-time margin 
assessment. The most recent meta-analysis showed eleven 
studies reported on diagnostic accuracy data for imprint 
cytology. Pooled sensitivity was 0.91 (95% CI 0.71–0.97) 
and a pooled specificity of 0.95 (95% CI 0.90–0.98). Both 
meta-analyses suggested that imprint cytology and frozen 
section analysis are superior techniques in achieving nega-
tive excision margins when compared to no intraoperative 
pathologic assessment [53]. When appropriate expertise is 
available, imprint cytology can be considered for intraopera-
tive margin management and appears to be at least as reliable 
as intraoperative frozen section analysis.

Cavity Margins

In addition to real-time intraoperative margin assess-
ment, the excision of circumferential cavity margins may 
decrease positive margin rates. Chagpar et al. conducted a 
RCT to determine the effect of routine excision of circum-
ferential cavity shave margins versus standard partial mas-
tectomy, which included excision of selective margins, on 
outcomes after BCS [56]. 235 patients were randomized 
to each group. Surgeons were only made aware of which 
group each patient had been randomized to after first per-
forming a partial mastectomy according to their usual 
practice. For those in the shave margins group, shave mar-
gins encompassing the entire cavity were removed. These 
included superior, inferior, medial, and lateral margins for 
all patients, and anterior and posterior margins in patients 
if the lumpectomy did not extend to the dermis and pec-
toralis fascia, respectively. The volume of shave margins 
was not standardized, and pathologists were blinded to 
the randomization. Patients assigned to the shave margins 
group initially had a positive margin rate of 36%, but more 
than half of these patients had the tumor cleared with addi-
tional cavity shaving, resulting in an overall positive mar-
gin rate of 19%, as compared to 34% in the standard partial 

mastectomy group (p = 0.01). Within the standard partial 
mastectomy group, 27% had resection of selective margins 
based on surgeon discretion. There was a much lower re-
excision rate in the shave margin groups as compared to 
the standard partial mastectomy group (10% versus 21%, 
p = 0.02). Importantly, despite a significantly larger vol-
ume of tissue excised in the shave margins group, there 
was no significant difference between the two groups in 
the patients’ perception of cosmetic outcomes.

Several retrospective studies have shown similar find-
ings. Hequet et al. showed that 25.3% of patients avoided 
re-excision for positive margins when additional shave 
margins were excised [57]. Corsi et al. found that 98.3% of 
patients in the shave margins group had negative margins 
as compared to 74.4% in the standard lumpectomy group 
(p < 0.001), with re-excision necessary in only 1.9% of 
patients in the shave margin groups versus 18.9% in the 
standard group (p < 0.001) [58]. Although shave margins 
increased operating time and pathological costs, reduced 
re-excisions mitigated this impact so that overall costs 
were similar between the two groups.

In another RCT, Chen et al. did not find a significant 
difference in positive margin rates with shave margins. 181 
patients were randomized to either shave margins or stand-
ard partial mastectomy [59]. Similar to Chagpar et al., sur-
geons in this trial performed a partial mastectomy in their 
usual manner with additional selective margins prior to 
knowing the randomization group of each patient. Shave 
margins encompassed the entire excision cavity. However, 
results showed a 4.3% reduction in positive margin rates, 
which was not statistically significant. The authors sug-
gested that smaller volumes of shave margins when com-
pared to Chagpar et al. may have contributed to the differ-
ences in findings. Similarly, in a retrospective study, Vetter 
et al. found no statistical significance in positive margin or 
re-excision rates when comparing the shave margin group 
to the standard partial mastectomy group [60]. This may 
be due to the fact that an increased volume of tissue was 
not excised as compared to the standard BCS group.

Based on these studies, shave cavity margins can be 
considered to decrease positive margin rates if larger 
margins are taken, increasing the overall volume of tissue 
taken as compared to a standard partial mastectomy.

Emerging Technologies

Because current methods used to assess intraoperative 
margins are limited by cost, time, and personnel require-
ments, researchers are attempting to develop new diagnos-
tic modalities to improve the speed, cost, reliability, and 
accuracy of these techniques.
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Fluorescent Imaging

Fluorescent imaging probes including methylene blue (MB) 
and indocyanine green (ICG) have been used for decades for 
a variety of medical applications (Fig. 1). Recently, these 
probes have been gaining momentum as a method for assess-
ing tumor margins intraoperatively with multiple progress-
ing onto clinical trials (Table 2) [66]. Lui et al. found that 
using fluorescent guidance with ICG, a probe that rapidly 

binds to plasma proteins, yields a 100% positive predic-
tive value for lesions with no false-positive localization and 
94.6% satisfactory margins [67]. Similarly, Kedrzychki et al. 
demonstrated impressive diagnostic accuracy using an ICG 
fluorescent probe [68]. By administering 0.25 mg/kg of ICG 
25 min prior to tumor excision, researchers were able to 
achieve a tumor detection sensitivity and specificity of 0.82 
and 0.93, respectively. MB, another non-targeted dye, has 
also been studied as a marker for detecting intraoperative 

Fig. 1  Categories of fluorescent imaging probes

Table 2  Clinical trials assessing fluorescent imaging in breast cancer surgery

5-ALA, 5-aminolevulinic acid hydrochloride; ICG-F, indocyanine green fluorescence; TUM, Technical University Munich; VEGF-A, vascular 
endothelial growth factor A

Agent Target/activating protease Imaging system Patients Trial type References

LUM015 Cathepsin LUM imaging system 15 Phase 1 Whitley et al. [61]
Bevacizumab-

IRDye800CW
VEGF-A TUM optical imaging system 20 Phase 1 Lamberts et al. [62]

AVB-620 Matrix metalloproteinases Avelas imaging system 27 Phase 1 Unkart et al. [63]
5-ALA Intra-cellular heme biosynthesis PRODIGI 54 Phase 2 Ottolino-Perry et al. [64]
ICG-F Non-targeted Ultrasound 414 Phase 2 Lee et al. [65]
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tumor margins. Zhang et al. reported a sensitivity and posi-
tive predictive value of 0.63 and 0.79 respectively after 
injection of 1 mg/kg of MB 3 h prior to surgery [69]. How-
ever, concern has been raised that the uptake of MB in older 
patients or patients who have previously received chemo-
therapy may not be sufficient to reliably identify positive 
tumor margins [70].

ICG and MB take advantage of generalized properties 
of cancers, but ideally, the fluorescent agent would accu-
mulate exclusively in or around tumor tissue, providing 
excellent contrast between the tumor or affected lymph 
node and healthy tissue. Such a probe would exhibit high 
selectivity for tumors with high tumor to background ratios. 
To achieve this, researchers are working to develop probes 
that target tumor-specific antigens and are attempting to 
utilize fluorescent agents that capitalize on tumor-specific 
enzymatic activation. Bevacizumab-800CW is a fluores-
cent probe based on monoclonal antibodies targeting vas-
cular endothelial growth factor (VEGF) that has progressed 
into clinical testing [71]. Other targeted dyes include EC17 
which binds to the Folate receptor alpha and Tozuleristide, 
which binds to matrix metalloproteases and AnnexinA2 [72, 
73]. To further enhance tumor margin detection, research-
ers have designed more advanced probes that do not emit a 
signal until engaging with their unique target. The Lumi-
cell system uses LUM015, a protease-activated fluorescent 
probe that exists in a fluorescently inert, quenched state 
until it reacts with cathepsin secreted by breast cancer cells 
[71]. Other “switch on” probes currently being studied are 
target matrix metalloproteinase, beta-galactosidase, and 
γ-glutamyltransferase enzymes, all of which are upregulated 
by tumor cells. Another targeted probe under development 
detects the presence of acrolein, a biomarker associated with 
oxidative stress that is overproduced by most cancer cells. 
This method exhibits fluorescence that is proportional to the 
acrolein concentration generated by the cells and enables the 
visualization of cancer morphology allowing discrimination 
between subtypes of tumors [74]. While promising, the clini-
cal utility of many of these probes is currently limited due to 
cost and issues surrounding their timing of administration.

Deep Learning and Artificial Intelligence

Efforts to incorporate automatic deep learning and artifi-
cial intelligence algorithms have also been made to increase 
the efficiency and reliability of intraoperative tumor margin 
detection and reduce the reliance on well-trained patholo-
gists. The CAMELYON16 international competition showed 
the effectiveness of automated deep learning algorithms in 
diagnosing the H&E sections of axillary lymph node metas-
tasis [75]. The best algorithms performed comparably to 

pathologists without time constraints and significantly bet-
ter than pathologists when there was a time constraint, a 
more realistic representation of standard workflow. There are 
additional reports that show the feasibility of combining new 
imaging technology with algorithms to interpret informa-
tion for margin assessment, but larger validation datasets are 
necessary to demonstrate efficacy [76]. The incorporation of 
emerging artificial intelligence algorithms has promise, with 
studies indicating their clinical feasibility and supporting 
future exploration.

Conclusion

BCS is the standard of care for early-stage breast cancer, 
and re-excision is recommended for positive margins for 
invasive breast cancer and less than 2 mm margins for DCIS 
based on current guidelines. Re-excision rates vary widely 
in the literature and are not affected by type of localiza-
tion device. Intraoperative modalities that have been shown 
to reduce positive margins with high quality data include 
IOUS, intraoperative pathologic margin assessment [of any 
type other than margin devices], and routine planned shave 
cavity margins. These findings are consistent with prior 
RCTs, meta-analyses, and observational studies. None of 
these methods is standard of care, but rather the selection 
of which to adopt depends on patient factors, surgeon set-
ting, resource availability, and facility-specific barriers. If 
re-excision rates are not at or below target goals with cur-
rent practices, then adopting new processes may add value. 
Emerging technologies such as OCT, micro-CT, and fluo-
rescent guided surgery are exciting but further data is needed 
to assess their benefit.
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