
UCLA
UCLA Previously Published Works

Title
Does Surgeon-Performed Intraoperative Wire Localization Allow for Lower Margin 
Positivity Rates Compared to Radiologist-Performed Preoperative Localization in Early 
Breast Cancer?

Permalink
https://escholarship.org/uc/item/3rt7r8r9

Authors
Asmai, Reeta
Huy, Tess
Baker, Jennifer L
et al.

Publication Date
2024-09-01

DOI
10.1016/j.amjsurg.2024.115986

Copyright Information
This work is made available under the terms of a Creative Commons Attribution 
License, available at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3rt7r8r9
https://escholarship.org/uc/item/3rt7r8r9#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


The American Journal of Surgery xxx (xxxx) xxx
Contents lists available at ScienceDirect

The American Journal of Surgery

journal homepage: www.americanjournalofsurgery.com
Original Research Article
Does surgeon-performed intraoperative wire localization allow for lower
margin positivity rates compared to radiologist-performed preoperative
localization in early breast cancer?

Reeta Asmai , Tess Huy , Jennifer L. Baker , Hong-Ho Yang , Carlie K. Thompson , Nimmi
S. Kapoor *

University of California Los Angeles, David Geffen School of Medicine, Department of Surgery, United States
A B S T R A C T

Background: This study compares positive margin rates in breast conserving surgery (BCS) for early breast cancer using two localization techniques: surgeon-performed
intraoperative ultrasound-guided wire localization (IOWL) versus radiologist-performed preoperative wire localization (POWL).
Methods: Patients with unifocal breast cancer undergoing BCS with follow-up at a single institution were retrospectively identified. Factors associated with positive
margins were identified.
Results: 177 patients underwent IOWL (N ¼ 85) or POWL (N ¼ 92). There was a significantly lower rate of positive margins for IOWL vs. POWL (7.1 % vs. 23.9 %, p ¼
0.002) and a corresponding lower rate of re-excision for IOWL vs. POWL (5.9 % vs. 18.5 %, p ¼ 0.011). Presence of DCIS was associated with positive margins (p ¼
0.015). After adjusting for presence of DCIS, tumor size, and volume of tissue removed, the positive margin rate was significantly lower in the IOWL group compared to
the POWL group (aOR 0.34, 95 % CI 0.13–0.93).
Conclusions: In this study, adjusted analysis favored IOWL in achieving negative tumor margins. Prospective studies are needed to further explore the impact of IOWL
on quality, cost-effectiveness, and patient experience.
1. Introduction

Breast cancer is a substantial public health burden, with an estimated
281,550 new cases expected in the United States in 2024.1,2 Early-stage
breast cancer accounts for a majority of disease burden, with its preva-
lence reported at 88.4 per 100,000 women in the United States in 2022.2

Breast-conserving surgery (BCS), also known as a lumpectomy or partial
mastectomy, is the most common treatment option for early-stage breast
cancer.3 A critical determinant of successful BCS is achieving clear sur-
gical margins, which reduces the need for re-excision and improves
long-term outcomes for patients.4

In the majority of screen-detected breast cancers, the lesion cannot be
palpated and thus requires that the imaging abnormality is localized for
surgical excision. The localization procedure involves placing a wire or
other localizing device into the lesion using image guidance with either
ultrasound, mammogram, or magnetic resonance imaging (MRI). This
localization procedure is most commonly performed pre-operatively by a
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radiologist. A meta-analysis of 10 studies with 591 cases of wire-guided
localization for breast-conserving surgery reported an average positive
margin rate of 35.1%, with studies in the analysis ranging from 0% to
47.7%.5 Several studies have evaluated the benefit of surgeon-performed
intraoperative ultrasound guidance (IOUS) for breast tumor localization
showing lower rates of margin positivity and re-excision as well as being
more cost efficient.6,7,8

Recently, our group described the use of surgeon-performed intra-
operative ultrasound-guided wire localization (IOWL) as an alternative to
IOUS for tumor localizationwith a margin positivity rate of 7.3%.9 Before
implementing the IOWL technique as a standard localization method
across multiple surgeons at our institution, we sought to gather addi-
tional comparative data. The goal of this study is to compare the positive
margin and re-excision rates between surgeon-performed intraoperative
ultrasound-guided wire localization (IOWL) and radiologist-performed
preoperative wire localization (POWL) in patients undergoing upfront
BCS for early breast cancer.
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2. Methods

2.1. Study design

Patients with unifocal biopsy-proven breast cancer and planned BCS
were retrospectively identified from a single institution who had post-
operative follow-up for BCS between 2022 and 2023. Patients who un-
derwent IOWL underwent surgery with a single surgeon (NSK) at
multiple facilities, while those who underwent POWL were limited to
those who had surgery with four surgeons at a single facility, in order to
identify a similar number of patients. Patients with multifocal or bilateral
tumors (n ¼ 79) and those receiving neoadjuvant therapy (n ¼ 12) were
excluded to eliminate confounding factors that could impact margin
positivity. Those undergoing BCS without any localization method (e.g.,
palpation-guided resection only) (n ¼ 12) or wire-free localization de-
vices, such as Savi Scout (n ¼ 20) were excluded in order to minimize
additional variability between the two groups. In addition, patients with
lumpectomy volumes over 100g were also excluded to prevent over-
estimation of negative margin rates (n ¼ 8). This included exclusion of
8 patients in the IOWL group, while no patients in the POWL group
needed to be excluded.

2.2. Localization techniques

IOWL is performed after the patient is sedated by anesthesia and prior
to the usual surgical preparation. A linear-array ultrasound transducer
probe is employed to locate the target breast lesion of either an
ultrasound-visible mass, ultrasound-visible biopsy clip, or hematoma
cavity. The area of skin next to the probe is sterilized, and a 22-gauge
needle containing a 5 cm wire is inserted into the lesion. The needle is
oriented parallel to the probe to ensure continuous visualization of its tip
throughout the process. Once the needle is correctly positioned within
the lesion, the wire is advanced by 1cm and the needle is withdrawn. The
patient then undergoes the standard surgical sterile preparation and
draping. After the wire is in place, the ultrasound is generally not needed
again during the surgery.

POWL localization is completed by radiologists and performed prior
to surgery with the awake patient in the Radiology department. Lesions
are identified with one of three imaging modalities: mammography, ul-
trasound, or MRI. After sterile skin preparation, local anesthesia with 2 %
lidocaine is administered then a 20-gauge 5cm needle-wire localization
device is advanced toward the target with appropriate positioning
confirmed in the orthogonal projection. The hook wire is deployed and
0.5 cc of methylene blue is injected. Post-localization mammographic
images are taken to show the path of the wire. The patient is then
transferred back to the preoperative waiting area.

2.3. Margin and postoperative assessments

Positive margins for invasive cancer were defined as no tumor on ink
per final pathology report. Positive margins for ductal carcinoma in situ
(DCIS) without presence of invasive disease were defined as no tumor
within�2 mm of margin. All surgeons routinely performed shaved cavity
margin excisions from around the perimeter of the lumpectomy cavity.
Volume of tissue excised was recorded from the pathology report and
collected for all excisions greater than or equal to 10g. For smaller vol-
umes, including margin specimens, volume was calculated by measured
tissue dimensions (length x width x height) when provided for best ac-
curacy. Post-operative complications up to 30 days following initial BCS
were recorded, including seroma formation, hematoma formation and
infections requiring antibiotic treatment.

2.4. Data collection and statistical analysis

Patient demographics, clinical characteristics, and pathology results
were collected. Patients were identified using the hospital's electronic
2

medical records system. All eligible patients within the specified time-
frame who met the inclusion and exclusion criteria were included in the
study. The study was found exempt by our institutional review board
(IRB 23–000376).

Univariate analyses using Pearson's Chi-Square were used to compare
patient, tumor and treatment characteristics across treatment groups,
IOWL v. POWL, and across margin outcomes, positive v. negative.
Multivariate logistic regression analysis was performed to adjust for
potential confounding variables. Statistical analysis was conducted using
SPSS statistics software, version 28.

3. Results

A total of 177 patients were included in the study, 85 patients had
IOWL, and 92 patients had POWL. Patient and tumor characteristics for
both groups are shown in Table I. The median patient age was 69 years
and mean tumor size was 1.2 cm. Preoperative magnetic resonance im-
aging (MRI) was performed in 61.6 % of patients. Invasive cancer was
present in 75.1 % of patients, of which 62.1 % had associated DCIS. 23.7
% of patients had DCIS only and 1.1 % of patients had benign findings on
final pathology. Between IOWL and POWL groups, there were no sig-
nificant differences between tumor palpability, use of preoperative MRI,
final tumor size, volume of tissue excised, or ratio of tumor size to volume
of tissue excised (Table I). However, more patients in the POWL group
underwent stereotactic-guided needle biopsy compared to the IOWL
group, (41.3 % vs 15.3 %, respectively, p ¼ 0.000) and more patients in
the POWL group had DCIS on final pathology compared to the IOWL
group (79.3 % vs 60.0 %. respectively, p ¼ 0.005).

In total, 28 patients (15.5 %) had positive margins and positive
margin rates were significantly lower in the IOWL group compared to the
POWL group (7.1 % vs 23.9 % respectively, p ¼ 0.002) on univariate
analysis. Within the POWL group, there was no significant difference in
margin positivity rates between surgeons (mean and median positivity
rates 25.0 % and 18.5 %, respectively, p ¼ 0.795). Additionally, fewer
patients in the IOWL group underwent re-excision (5.9 % vs. 18.5 %, p ¼
0.011). Compared to patients with negative margins, patients with pos-
itive margins were more likely to have any DCIS on pathology, 89.3 % vs
66.4 %, respectively, p ¼ 0.015 (Table 2). On regression analysis,
adjusting for the presence of DCIS, tumor size, and volume of tissue
removed, the positive margin rate remained lower in the IOWL group
compared to the POWL group (aOR) of 0.34, 95% confidence interval
[CI] 0.13–0.93, p ¼ 0.036) (Table 3).

4. Discussion

In this retrospective analysis, we evaluated the rate of margin posi-
tivity after wire localization with two distinct methods: standard pre-
operative radiologist performed localization (POWL) and surgeon
performed intraoperative localization (IOWL). We identified a signifi-
cantly higher rate of positive margins in the POWL group at 23.9 %
compared to the IOWL group at 7.1 %. Even after adjusting for DCIS,
tumor size, and volume of excision, the positive margin rate was signif-
icantly lower in the IOWL group compared to the POWL group (aOR 0.34,
95 % confidence interval [CI] 0.13–0.93, p ¼ 0.036).

Clinically, reduced positive margin rates are associated with fewer re-
excision surgeries, as demonstrated by our findings, with re-excision
rates of 5.9 % in the IOWL group vs 18.5 % in the POWL group. Elimi-
nating the need for re-excision procedures can allow for accelerated re-
covery times and potentially earlier initiation of crucial adjuvant
therapies factors that are pivotal in improving overall patient outcomes
in the management of early-stage breast cancer.1,10 Of note, margin
positivity does not always translate to margin re-excision as was the case
for 6 patients in this study, including 1 of 6 patients with technically
“positive” margins in the IOWL group and 5 of 22 patients in the POWL
group. This is often due to several reasons including: surgeon consider-
ation of location of positive margin such as anterior location at or



Table 1
Characteristics by treatment group.

IOWL POWL Overall p-value

N ¼ 85 N ¼ 92 N ¼ 177

Age (yr); Median (Range) 70
(39–92)

65
(40–90)

69
(39–92)

p ¼
0.060

Race; % (N) p ¼
0.000

Asian/Pacific Islander 10.6 %9 17.4 %16 14.1 %25

Black/African American 2.4 %2 6.5 %6 4.5 %8

White/Caucasian 60.0 %
(51)

39.1 %
(36)

49.2 %
(87)

Other 2.4 %2 27.2 %25 15.3 %27

Unknown 24.7 %21 9.8 %9 16.9 %
(30)

Ethnicity; % (N) p ¼
0.000

Hispanic/Latinx 2.4 %2 10.9 %10 6.8 %12

Non Hispanic/Latinx 65.9 %
(56)

80.4 %
(74)

73.4 %
(130)

Unknown 31.8 %27 8.7 %8 19.8 %
(35)

Palpable; % (N) p ¼
0.408

No 77.6 %
(66)

82.6 %
(76)

80.2 %
(142)

Yes 22.4 %19 17.4 %16 19.8 %
(35)

Preoperative MRI; % (N) p ¼
0.677

No 40.0 %
(34)

37.0 %
(34)

38.4 %
(68)

Yes 60.0 %
(51)

63.0 %
(58)

61.6 %
(109)

Localization for Core Needle
Biopsy; % (N)

p ¼
0.000

Mammographic/Stereotactic 15.3 %13 41.3 %
(38)

28.8 %
(51)

US-guided 83.5 %
(71)

51.1 %
(47)

66.7 %
(118)

MRI 1.2 %1 7.6 %7 4.5 %8

Pathology on Core Needle
Biopsy; % (N)

p ¼
0.000

DCIS Only 15.3 %13 35.9 %
(33)

26.0 %
(46)

Invasive Tumors 84.7 %
(72)

64.2 %
(59)

73.9 %
(131)

IDC 70.6 %
(60)

50.0 %
(46)

59.9 %
(106)

ILC 10.6 %9 3.3 %3 6.8 %12

Other 3.5 %3 10.9 %10 7.2 %13

CNB: Presence of DCIS on
Pathology; % (N)

p ¼
0.000

Not Present 74.1 %
(63)

37.0 %
(34)

54.8 %
(97)

Present 25.9 %22 63.0 %
(58)

45.2 %
(80)

Tumor Size (mm); Median
(Range)

12 (0–50) 11 (0–43) 12 (0–50) p ¼
0.319

Pathology on Final Surgical
Excision; % (N)

p ¼
0.055

Benign 1.2 %1 1.1 %1 1.1 %2

DCIS Only 14.1 %12 32.6 %
(30)

23.7 %
(42)

Invasive Tumors 84.7 %
(72)

66.3 %
(61)

75.1 %
(133)

IDC 71.8 %
(61)

53.3 %
(49)

62.1 %
(110)

ILC 8.2 %7 6.5 %6 7.3 %13

Other 4.7 %4 6.5 %6 5.6 %10

Presence of DCIS on Final
Pathology; % (N)

p ¼
0.005

Not Present 40.0 %
(34)

20.7 %19 29.9 %
(53)

Present 60.0 %
(51)

79.3 %
(73)

70.1 %
(126)

(39) (44) (83)

Table 1 (continued )

IOWL POWL Overall p-value

N ¼ 85 N ¼ 92 N ¼ 177

Present with Associated
Invasive Tumors

Invasive Tumors Pathology:
Nuclear Grade; % (N)

N ¼ 72 N ¼ 61 N ¼ 133 p ¼
0.397

0 0.0 % (0) 1.6 %1 0.8 %1

1 22.2 %16 31.1 %19 26.3 %
(35)

2 65.3 %
(47)

59.0 %
(36)

62.4 %
(83)

3 12.5 %9 8.2 %5 10.5 %14

DCIS Pathology: Nuclear
Grade; % (N)

N ¼ 51 N ¼ 73 N ¼ 124 p ¼
0.478

1 21.6 %11 13.7 %10 16.9 %21

2 58.8 %
(30)

61.6 %
(45)

60.5 %
(75)

3 19.6 %10 24.7 %18 22.6 %
(28)

Localization for Surgical
Excision; % (N)

p ¼
0.000

Mammographic/Stereotactic 0.0 % (0) 62.0 %
(57)

32.2 %
(57)

MRI 0.0 % (0) 2.2 %2 1.1 %2

US-guided 100 %
(85)

35.9 %
(33)

66.7 %
(118)

Invasive Tumors: Estrogen
Receptor; % (N)

N ¼ 72 N¼ 61 N ¼ 133 p ¼
0.624

Negative 6.9 %5 4.9 %3 6.0 %8

Positive 93.1 %
(67)

95.1 %
(58)

90.4 %
(125)

Invasive Tumors:
Progesterone Receptor; %
(N)

N ¼ 72 N¼ 61 N ¼ 133 p ¼
0.801

Negative 18.1 %13 16.4 %10 17.3 %23

Positive 81.9 %
(59)

83.6 %
(51)

82.7 %
(110)

Invasive Tumors: HER2
Receptor; % (N)

N ¼ 72 N ¼ 61 N ¼ 133 p ¼
0.152

Negative 87.5 %
(63)

85.2 %
(52)

86.5 %
(115)

Positive 12.5 %9 9.8 %6 11.3 %15

Not Available 0.0 % (0) 4.9 %3 2.3 %3

Excised Volume (g); Median
(Range)

19
(7.5–83)

16 (3–87) 17.92
(3–87)

p ¼
0.407

Ratio of Volume: Size;
Median (Range)

1.76
(0–30)

1.64
(0–25.7)

1.67
(0–30)

p ¼
0.368

Margins; % (N) p ¼
0.002

Negative 92.9 %
(79)

76.1 %
(70)

84.2 %
(149)

Positive 7.1 %6 23.9 %22 15.5 %
(28)

Margin pathology: Invasive
Disease; % (N)

p ¼
0.780

Negative 96.5 %
(82)

95.7 %
(88)

96.0 %
(170)

Positive 3.5 %3 4.3 %4 4.0 %7

Margins pathology: DCIS; %
(N)

N ¼ 52 N ¼ 73 N ¼ 125 p ¼
0.001

Negative 56.5 %
(48)

58.7 %
(54)

57.6 %
(102)

Positive 4.7 %4 20.7 %19 13.0 %23

Re-excision; % (N) p ¼
0.011

No 94.1 %
(80)

81.5 %
(75)

87.6 %
(155)

Yes 5.9 %5 18.5 %17 12.4 %22
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including the skin margin, posterior location when including fascia
overlying pectoralis fascia; patient consideration and plan for
post-operative radiation; as well as type and amount of disease at the
margin such as a focal site of DCIS within 1–2 mm. For these reasons, it is
important to identify both margin positivity and margin re-excision rates
to understand clinical consequences and downstream implications of



Table 2
Characteristics by margin outcome

Negative
Margins

Positive
Margins

Overall p-value

N ¼ 149 N ¼ 28 N ¼ 177

Age (yr); Median
(Range)

69 (39–92) 68 (42–88) 69
(39–92)

p ¼
0.525

Palpable; % (N) p ¼
0.811

No 80.5 %
(120)

78.6 %22 80.2 %
(142)

Yes 19.5 % (29) 21.4 %6 19.8 %
(35)

Preoperative MRI; % (N) p ¼
0.749

No 38.9 % (58) 35.7 %10 38.4 %
(68)

Yes 61.1 % (91) 64.3 %18 61.6 %
(109)

CNB: Localization Type;
% (N)

p ¼
0.269

Mammographic/
Stereotactic

26.8 % (40) 39.3 %11 28.8 %
(51)

MRI 4.0 %6 7.1 %2 4.5 %8

US-guided 69.1 %
(103)

53.6 %15 66.7 %
(118)

Final Pathology; % (N) p ¼
0.126

Benign 1.3 %2 0.0 % (0) 1.1 %2

DCIS Only 20.1 % (30) 42.9 %12 23.7 %
(42)

Invasive Tumors 78.50 %
(117)

57.2 %16 75.0 %
(133)

IDC 64.4 % (96) 50.0 %14 62.1 %
(110)

ILC 8.1 %12 3.6 %1 7.3 %13

Other 6.0 %9 3.6 %1 5.6 %10

Presence of any DCIS on
Pathology; % (N)

p ¼
0.015

Not Present 33.6 % (50) 10.7 %3 29.9 %
(53)

Present 66.4 % (99) 89.3 %25 70.1 %
(126)

Final Pathology Size
(mm); Median (Range)

12 (0–43) 12.5 (1–50) 12
(0–50)

p ¼
0.454

Excised Volume (g);
Median (Range)

18 (3–87) 15
(4.54–43.3)

17.92
(3–87)

p ¼
0.297

Ratio of Volume: Size;
Median (Range)

1.71 (0–30) 1.033
(0.34–16)

1.67
(0–30)

p ¼
0.343

Treatment Group; % (N) p ¼
0.002

IOWL 53 % (79) 21.4 %6 48.0 %
(85)

POWL 47 % (70) 78.6 %22 52.0 %
(92)

Table 3
Regression analysis.

Odds
Ratio

95 % CI p-value

Crude Model for Positive Margins across
Treatment Groups (IOWL v POWL)

0.242 (0.09–0.63) p ¼
0.004

AdjustedModel for PositiveMargins across
Treatment Groups (IOWL v POWL)

0.342 (0.13–0.93) p ¼
0.036

Variables: Volume of tissue excised (g), Final pathology size (mm), Presence of
any DCIS, r2 ¼ 0.110.
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margin positivity.
Factors known to be associated with positive margins include accu-

racy of tumor size on preoperative imaging, volume of tissue excised,
presence of DCIS, and routine use of cavity shave margins.11–16 In the
current study, 61.6 % of patients underwent preoperative MRI and this
was similar between both POWL and IOWL groups. Use of preoperative
4

MRI was not associated with positive margins. While all surgeons in this
study employed routine use of cavity shave margins, there can be vari-
ability of this technique so to further attempt to control for this variable,
volumes of margin excisions were calculated and included in final vol-
umes. Furthermore, comparison of margin positivity between surgeons
who utilized POWL in this study did not differ significantly. Additionally,
to further control for volume of tissue excised, we compared tumor size to
volume ratio and excluded patients with large volume excisions (>100g).
Even after adjusting for these potential confounding factors, our analysis
revealed a significant odds ratio favoring the IOWL technique over
POWL.

In our study, we did identify a significant association between any
DCIS on pathology and positive margin outcomes (p ¼ 0.015), corre-
lating with previous research on the impact of DCIS on surgical margins
in early-stage breast cancer.11 Indeed, more patients undergoing POWL
underwent stereotactic guidance for both biopsy and localization, how-
ever, 14 patients in the IOWL group underwent either core needle biopsy
with either stereotactic guidance (13/85, 15.3%) orMRI-guidance (1/85,
1.2%). Furthermore, there was no difference in margin positivity be-
tween method of core biopsy diagnosis. Nonetheless, presence of DCIS is
a critical feature of positive margins and selection of appropriate patient
candidates for IOWL must take this into consideration.

To date, only one other study to our knowledge has compared surgical
outcomes between POWL and IOWL.6 In this retrospective study out of
Korea, patients undergoing IOWL had shorter operation times and
smaller volume:tumor size ratios than those undergoing POWL, but no
difference in margin positivity rates between the groups was identified.
This is likely due to the fact that, unlike the current study, the Korean
study excluded patients with DCIS and required that all patients under-
went US-guided imaging biopsy and localization. The decision to include
such patients in the current study is important to note as, while method of
localization for biopsy was not a factor related to positive margins, 16.5
% of patients underwent IOWL who had non-ultrasound-guided biopsy
but could still have an intraoperative ultrasound localization procedure
performed due to the visibility of either a biopsy clip or hematoma cavity.
Furthermore, even though 51.1 % of patients in the POWL group un-
derwent US-guided core needle biopsy, only 35.9 % of patients in this
group underwent US-guided POWL at time of surgery. These differences
are possibly related to scheduling or radiology preferences and
technique.

Technically, IOWL provides the operating surgeon with real-time
ultrasound imaging guidance, enhancing the precision of tumor locali-
zation and subsequent surgical excision.10 Unlike POWL, which requires
time between wire placement and surgical excision, IOWL ensures im-
mediate and accurate localization. This eliminates the potential risks
associated with prolonged time intervals, such as patient discomfort,
migration of the wire during patient transport, and logistical challenges
for surgery scheduling.8,10,17

Additionally, intraoperative localization techniques have demon-
strated a substantial cost benefit by avoiding an extra preoperative pro-
cedure with radiology.8,9 Other studies have shown reducing re-excision
surgeries through more precise initial excision, as facilitated by IOWL,
results in significant financial savings for healthcare institutions.18,19

These savings include not only direct medical costs, but also indirect
expenses incurred by patients, such as lost productivity and trans-
portation expenses related to additional hospital visits.20,21 Thus the
adoption of IOWL in breast-conserving surgery has economic potential
for improving healthcare resource utilization.

Cost should also be considered with the more recent adoption of wire-
free localization methods such as Savi Scouts and Magseed that have
gained popularity due to advantages in convenience and accuracy
compared to traditional wire localization methods.22,23 Wire-free local-
ization has advantages over POWL in providing potentially better oper-
ative experience by decoupling localization from surgery and an
improved patient experience, but similar positive margin outcomes of 18
% or more have been reported for these groups in contemporary
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studies.23,24 Despite the routine use of wire-free localization at our
institution, wire localization continues to be used with regularity either
due to more streamlined patient care the day-of surgery for those who
need to travel long distances to receive care at our institution, or due to
surgeon preference of POWL over wireless localization methods.
Wire-free techniques also face unique complications not found with
IOWL, such as device migration, inactivation, or displacement.25 In
contrast, intraoperative localization offers other patient experience ad-
vantages by allowing patients to forgo the pain and anxiety associated
with the awake device insertion procedure and by eliminating the burden
of a separate preoperative visit, especially for patients who face social
barriers such as those having to travel long distances and those with
limited post-operative support at home. Intraoperative localization also
benefits the healthcare facility by reducing procedural logistics for hos-
pital staff and management. Further research is needed to directly
compare IOWL with wire-free localization techniques.
4.1. Strengths and limitations

This retrospective study is limited by potential patient selection bias
by inadvertently excluding patients in the IOWL group due to need for
localization of calcifications or other non-visible lesions with POWL or
other radiology-performed localization. IOWL cannot be applied to these
patients routinely, so IOWL as a technique is limited by this factor.
Additionally, at the time of the current study, only one surgeon at our
institution was routinely employing IOWL, limiting the overall general-
izability of results. Despite these limitations and the small sample size,
the study's strengths include the similarity of patient populations and a
significant difference in margin positivity rates, even after controlling for
confounding factors. Prospective studies controlling for patient, tumor,
facility, and surgeon variability will be needed to further understand the
benefit and uses of IOWL. In addition, an inherent limitation in the broad
applicability of IOWL is surgeon training and access to ultrasound. To
that point, we have published recommendations for developing and
establishing a breast ultrasound program that incorporates stakeholder
engagement, surgeon champions, standard operating procedures, and
quality assurance metrics to enable surgeons a pathway to attaining and
utilizing ultrasound in their practice.26
4.2. Future directions

At the time of this study, only one faculty member who recently
joined our institution was routinely performing IOWL. Since our trainees
and other faculty were motivated to incorporate IOWL into their skillset
more routinely, the current study provides baseline evidence to continue
to incorporate this technique. Both our faculty and our trainees have now
had opportunity for additional training in IOWL to facilitate the uptake of
this skillset into practice.27 Planned future studies include prospective
analysis of feasibility of IOWL for multiple surgeons and ultimately a
randomized study to assess margin positivity differences and patient
reported outcomes between various localization techniques.

5. Conclusion

In conclusion, surgeon-performed intraoperative wire localization
demonstrates promising outcomes with low margin positivity rates
compared to POWL for patients undergoing BCS. As a result of our
research on IOWL, we have started to integrate IOWL training into our
surgical education program to expand its use amongst our breast sur-
geons so as to evaluate its impact on broader surgical practices and pa-
tient outcomes. When properly applied, IOWL could potentially be more
cost effective and more accurate in achieving negative margins for BCS.
Prospective trials of IOWL are needed.
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