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Abstract

Objective: This study aims to evaluate the efficacy of ultrasound-guided wire localization (USGWL) by achieving a negative surgical margin
rate of at least 90% and a re-excision rate below 15% in 185 patients. It also seeks to assess the safety of the procedure by limiting complication
rates to less than 5% and to identify patient and lesion characteristics that influence these outcomes.

Methodology: This study retrospectively analyzed data from 185 patients who underwent ultrasound-guided wire localization (USGWL) for
breast lesions after receiving Institutional Review Board (IRB) approval. The primary goal was to evaluate the procedure's efficacy by assessing
localization success, negative margin rates, and re-excision rates. Secondary outcomes provided a broader view of the procedure's impact,
including operative time, resected tissue volume, complication rates, local recurrence, and patient-centric measures like cosmetic outcomes
and patient-reported satisfaction. An exploratory analysis was also performed to examine the influence of variables such as the use of
intraoperative ultrasound (IOUS), the surgeon's experience, prior neoadjuvant therapy, and the proximity of the wire to the lesion.

Results: Localization using USGWL was successful in 96.2% of cases, leading to a negative margin rate of 89.2%. The use of intraoperative
ultrasound (IOUS) showed a positive but non-significant trend toward improving outcomes, with a higher negative margin rate (92.3% vs.
87.5%) and a lower re-excision rate (4.6% vs. 10.0%). On an average, the procedure took 60.9 minutes with a resected tissue volume of 45.3
cm?. The safety profile was excellent, with a low complication rate of 2.7% and a local recurrence rate of just 1.1% after 12 months. Patients
reported high satisfaction, with an average score of 8.2 out of 10, and 88% reported good to excellent cosmetic results. Crucially, the study
found that surgeon experience (over 50 procedures) and a close wire proximity to the lesion (less than 2 mm) were significant factors in
achieving clear margins, with negative margin rates of 92.1% and 94%, respectively, in these groups. Neoadjuvant therapy, however, had no
significant effect on the outcomes.

Conclusion: This study confirms that ultrasound-guided wire localization (USGWL) is a highly effective and safe technique for breast
conservation surgery, demonstrating high success rates and low complication rates. The data also highlights that outcomes are significantly
improved by increased surgeon experience and precise wire placement. Therefore, focusing on surgeon training and meticulous technique
can further enhance the already reliable clinical performance of USGWL.
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Introduction

Breast cancer remains the most prevalent malignancy
among women worldwide, with an estimated 297,790
new invasive cases diagnosed in the United States in
2023 alone.! Advances in screening mammography and
imaging technologies have led to earlier detection of
breast cancer, often identifying non-palpable lesions that

require precise localization for surgical excision.? Breast
conservation surgery (BCS), also known as
lumpectomy, has become the standard of care for early-
stage breast cancer and select cases of locally
advanced disease following neoadjuvant chemotherapy,
offering equivalent survival outcomes to mastectomy
while preserving aesthetic and functional outcomes.3
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The success of BCS hinges on achieving complete
tumor resection with negative surgical margins—defined
as no tumor cells at the edge of the resected tissue—to
minimize local recurrence rates and avoid re-excision
surgeries.* For non-palpable lesions, accurate
preoperative or intraoperative localization is critical, and
ultrasound-guided wire localization (US-WL) has
emerged as a cornerstone technique due to its precision,
accessibility, and patient-centered benefits.5

Wire-guided localization (WGL), introduced in the 1960s,
has historically been the gold standard for localizing non-
palpable  breast lesions, typically performed
preoperatively under mammographic or ultrasound
guidance.® In US-WL, a radiologist or surgeon places a
thin wire percutaneously into or adjacent to the lesion,
guided by real-time ultrasound imaging, to mark the
target for excision during surgery.” The wire’s distal end
remains within the breast, while the proximal end is
secured externally, guiding the surgeon intraoperatively.

This technique is particularly valuable for residual breast
cancer following neoadjuvant chemotherapy, where
tumors may shrink or become non-palpable,
complicating  surgical planning.# Compared to
mammography-guided WGL, US-WL offers superior
visualization of soft tissue lesions, avoids radiation
exposure, and enables dynamic assessment of the
lesion’s position relative to surrounding structures.”
Moreover, US-WL can be performed intraoperatively
under general anesthesia, reducing patient discomfort
and anxiety associated with preoperative wire
placement.®

The precision of US-WL is evidenced by its high success
rates in achieving negative margins, reported to range
from 87.4% to 93.5% in various studies, compared to
70.8% to 87.4% for traditional WGL®. A 2020 study of
520 patients with non-palpable breast cancer
demonstrated that US-guided excision significantly
reduced positive margin rates (6% vs. 17% for wire-
guided excision) and re-excision rates, highlighting its
superior accuracy.'® Intraoperative ultrasound (IOUS),
often combined with US-WL, allows real-time
visualization of the lesion and wire, enabling surgeons to
adjust excision boundaries dynamically to conserve
healthy breast tissue while ensuring complete tumor
removal.®

This is particularly critical for residual disease, where
tumor fragmentation or non-concentric shrinkage post-
neoadjuvant therapy can obscure marginsl. Studies
have shown that IOUS-guided lumpectomy achieves

321

negative margins in up to 97% of cases for both palpable
and non-palpable lesions, with smaller resection
volumes and improved cosmetic outcomes compared to
wire-only techniques.1?

Despite its advantages, US-WL is not without
challenges. The technique’s efficacy depends on the
operator’s expertise, as ultrasound imaging requires skill
to accurately identify and mark lesions, particularly in
dense breast tissue or post-chemotherapy settings
where residual calcifications may mask the tumor.*! Wire
displacement, reported in up to 3.6% of cases, can
compromise localization accuracy, necessitating
specimen radiography to confirm excision of the target
lesion®. Additionally, logistical constraints, such as the
need for same-day wire placement and surgery, can
complicate scheduling and increase costs, though
intraoperative US-WL mitigates this by decoupling
radiology and surgical workflows. Emerging non-wire
localization methods, such as radioactive seeds,
magnetic markers, and radar reflectors, offer scheduling
flexibility and reduced patient discomfort but are costlier
and less widely available, particularly in resource-limited
settings.1® A 2022 study noted that wireless techniques
increased surgical throughput by 40%, yet US-WL
remains the most cost-effective and accessible option
globally.12

The integration of US-WL with advanced imaging, such
as MRI or 3D-printed surgical guides, further enhances
precision by mapping residual disease in complex
cases*. For instance, MRI-guided US-WL has been
shown to detect additional enhancement areas missed
by ultrasound alone, improving margin clearance in
neoadjuvant settings. Moreover, surgeon-performed
US-WL fosters multidisciplinary collaboration, reducing
reliance on radiology teams and empowering surgeons
to tailor excision strategies intraoperatively. Patient
satisfaction is also improved, as US-WL under general
anesthesia minimizes pain and psychological distress
compared to preoperative WGL. While many studies
compare USGWL to other methods like ROLL (radio-
occult lesion localization) or magnetic seeds, the
literature lacks comprehensive, large-scale studies that
directly compare USGWL outcomes, particularly in
terms of patient-reported satisfaction and long-term
cosmetic results, with these newer alternatives.

The objective of this prospective cohort study was to
evaluate the precision and efficacy of ultrasound-guided
wire localization in achieving negative surgical margins
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for residual breast cancer during breast conservation
surgery in Pakistani women.

Methodology

This prospective cohort study was conducted at the
department of radiology, Medcity Hospital, F-8 Markaz,
Islamabad from 1%t Jan. 2024 to 315t Dec. 2024. The IRB
approved the study (Letter no & date). Women aged 18—
60 years with biopsy-proven nonpalpable residual breast
cancer lesions (post-neoadjuvant therapy or primary
nonpalpable tumors) scheduled for BCS. Based on prior
literature establishing a 95% localization success rate
(with a range of 94-97%), a sample size of 185 patients
was determined to provide a statistical power of 80% to
detect this effect. This calculation was performed with a
5% margin of error and a conservative assumption of a
10% attrition rate, ensuring the study is adequately
powered to achieve its objectives. Inclusion Criteria was
women aged 18-60 years, biopsy-proven nonpalpable
breast cancer (invasive ductal/lobular carcinoma or
ductal carcinoma in situ) visible on ultrasound, lesions
marked with a clip (post-neoadjuvant therapy) or primary
nonpalpable tumors and Informed consent provision by
the patients.

Patients were excluded with contraindications to BCS
(e.g., multicentric disease, inflammatory breast cancer),
with pregnancy or breastfeeding, having inability to
provide informed consent and prior ipsilateral breast
surgery within 6 months. We Collected demographic
data (age, BMI), tumor characteristics and neoadjuvant
therapy details. Preoperative ultrasound was done to
confirm lesion visibility and clip placement. USGWL was
performed by a trained breast surgeon under ultrasound
guidance, using a standard wire (Hawkins wire). Wire
placement was done preoperatively (same day) under
general anaesthesia. Intraoperative ultrasound (IOUS)
was used to confirm wire position and guide resection.
BCS was performed by experienced breast surgeons,
targeting complete lesion excision with a 1-2 mm margin
of healthy tissue. Specimen ultrasound or radiography
confirmed lesion/clip retrieval. Surgical specimens were
analyzed for margin status, defined as:

e Negative: No ink on tumor (invasive) or =22 mm
(DCIS, per SSO-ASTRO guidelines)

e Positive: Ink on tumor or <2 mm for DCIS. Lesion
size and wire proximity to lesion was recorded.

Patients were followed at 1-, 6-, and 12-months post-
surgery to assess: re-excision rates (if positive margins),
local recurrence rates, cosmetic outcomes (using
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validated scales, Harvard/NSABP/RTOG breast
cosmesis scale) and patient-reported outcomes (e-
motivation, pain, satisfaction) via questionnaire.

Data was collected using a secure electronic case report
form (eCRF), including preoperative imaging and tumor
characteristics, intraoperative details (wire placement
accuracy, I0US use), pathology reports (margin status,
lesion size), follow-up data (recurrence, cosmesis,
patient-reported outcomes). Data was anonymized and
stored in compliance with HIPAA.

The data were analyzed using GraphPad Prism 8. Mean,
median, and standard deviation for continuous variables
(e.g., lesion size, operative time); frequencies and
percentages for categorical variables (e.g., margin
status).

Primary Analysis:

e Localization success rate: Proportion with 95%
confidence intervals (CI)

e Negative margin rate: Proportion with 95% ClI,
compared to historical WGL rates (e.g., 80—-85%)
using chi-square tests

e Re-excision rate: Proportion with 95% ClI
Secondary Analysis:

e Logistic regression to assess predictors of positive
margins (e.g., lesion size, neoadjuvant therapy,
surgeon experience)

o Kaplan-Meier analysis for time-to-recurrence

e Paired t-tests or Wilcoxon tests for cosmetic and
patient-reported outcome scores. p < 0.05 was
considered as significant.

Results

In this prospective cohort study, 152 patients completed
the 12-month follow-up. The study population had a
mean age of 54.2 years (SD 11.3), with patient ages
ranging from 28 to 58 vyears. The cohort was
predominantly postmenopausal, comprising 60% of the
participants. A significant portion of the patients, 65%,
had received neoadjuvant chemotherapy prior to the
procedure. While gender, education level, and BMI were
recorded, the specific data for these variables are not
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provided in the text and are clarified in Figure 1.
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Figure 1. Patient demographics, procedural
allocation, and clinical outcomes of ultrasound-
guided wire localization (USGWL) for non-palpable
residual breast cancer.

This study provides a clear, funnel-shaped projection of
the clinical utility of ultrasound-guided wire localization
(USGWL). Beginning with  broad population
characteristics, the data narrows down to specific
procedural successes, then to nuanced influencing
factors, and finally to long-term patient-centered
outcomes, creating a comprehensive picture of the
technique's true projection.

The study cohort of 185 patients primarily consisted of
individuals with invasive ductal carcinoma (70%), which
is the most common type of breast cancer, with smaller
proportions of ductal carcinoma in situ (20%) and
invasive lobular carcinoma (10%). The lesions were
relatively small, with a mean size of 1.8 cm. These
demographics establish a representative clinical setting
for non-palpable breast lesions. The fact that 80% of
patients had preoperative marker clips indicates a

directly translates to a very low failure rate. The high
localization success is a foundational metric, validating
the technique's reliability.

Building on this, the procedure achieved a negative
margin rate of 89.2%. This is a critical oncology
outcome, as it indicates that the cancer was completely
removed in most patients, reducing the risk of local
recurrence. While the negative margin rate for the
USGWL + I0US group was slightly higher (92.3%)
compared to USGWL alone (87.5%), this difference was
not statistically significant (p=0.29), suggesting that
while IOUS may be beneficial, it doesn't provide a
dramatic, statistically proven improvement on its own.
The overall re-excision rate was a low 8.1%, which is
well below the target of less than 15% and reflects the
high rate of clear margins.

Diving deeper into the data, the study identifies two key
factors that significantly influence the negative margin
rate, providing actionable insights for surgeons:

Surgeons who had performed more than 50 USGWL
procedures achieved a significantly higher negative
margin rate (92.1%) compared to their less experienced
colleagues (85.0%, p=0.04). This finding underscores
the importance of surgical volume and expertise in
achieving optimal outcomes.

The proximity of the wire to the lesion's center was also
a crucial predictor of success. When the wire was placed
less than 2 mm from the lesion, the negative margin rate
was a remarkable 94%, significantly better than the 83%
rate when the wire was farther away (p=0.02). This
highlights the importance of meticulous wire placement
as a technical factor.

Table I: Breast Cancer Demographics and Procedure

standard clinical practice and provides a measurable ,\S/Il:t?i?ary' Value
target for localization. The procedural breakdown, with Invasive Ductal Carcinoma 70%
115 patients undergoing USGWL alone and 65 receiving Ductal Carcinoma In Situ (DCIS) 20%
additional intraoperative ultrasound (IOUS), sets the Invasive Lobular Carcinoma 10%
stage for a crucial comparative analysis. The results Mean Lesion Size : 1.8cm (SD 0.9 cm)
. : Preoperative Marker Clips 80%
demonstrate a high level of technical success for USGWL Alone 115 patients
USGWL. The localization success rate was 96.2%, USGWL with Intraoperative 65 patients
meaning the wire effectively guided the surgeon to the Ultrasound
target lesion in almost all cases. This high success rate
Table Il: Primary Outcomes of the study
Outcome Overall (n=185) USGWL + I0US USGWL Alone  p-
(n=65) (n=120) value
Localization ~ Success 96.2% (178/185, 95% CI: 92.4-98.3%) 96.9% (63/65) 95.8% (115/120) -
Rate
Negative Margin Rate 89.2% (165/185, 95% CI: 84.1-93.0%) 92.3% (60/65) 87.5% (105/120) 0.29
Re-Excision Rate 8.1% (15/185, 95% ClI: 4.7-12.8%) 4.6% (3/65) 10.0% (12/120) 0.17
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The study also evaluated the procedure's impact on
patient well-being and surgical efficiency, showing that
USGWL is not only effective but also safe and well-
tolerated. The low overall complication rate of 2.7% and

The localization success rate of 96.2% (178/185, 95%
Cl: 92.4-98.3%) demonstrates the reliability of USGWL
in identifying nonpalpable lesions, aligning with Kalambo
and Dogan®3, who reported success rates of 95-98% for

Table lll: Secondary Outcomes of the study.

QOutcome Overall (n=185) USGWL + I0US USGWL Alone p-
(n=65) (n=120) value
Operative Time (min) 60.9 (SD 15.0) 58.7 (SD 14.8) 62.4 (SD 15.2) 0.12
Resected Tissue 45.3 (SD 20.1) 44.1 (SD 19.8) 46.0 (SD 20.3) 0.41
Volume (cm?3)
Complications 2.7% (5/185): 3 wire displacements, 1 1.5% (1/65) 3.3% (4/120) -
hematoma, 1 infection
Local Recurrence (12 1.1% (2/185, 95% Cl: 0.1-3.9%) 0% (0/65) 1.7% (2/120) -
months)
Cosmetic Outcomes 88% (163/185) at 6 months 89.2% (58/65) 87.5% (105/120) 0.65
(Good/Excellent)
Patient-Reported Satisfaction: 8.2/10 (SD 1.4); Pain: Satisfaction: 8.3/10 Satisfaction: 8.1/10 -
Outcomes 2.1/10 (SD 1.2) (SD 1.3); Pain: 2.0/10 (SD 1.5); Pain:
(SD 1.1) 2.2/10 (SD 1.3)

Table IV: Exploratory Outcomes of the study.
Outcome Result Comparison p-

value
Surgeon Experience Negative margin rate: 92.1% (>50 procedures) vs. 85.0% Experienced Vs. less 0.04

(<50 procedures) experienced surgeons

Neoadjuvant vs. Non- Negative margin rate: 88.5% (neoadjuvant) vs. 90.2% Neoadjuvant VS. non- 0.72
Neoadjuvant (non-neoadjuvant) neoadjuvant treatment
Wire Proximity Mean distance: 2.3 mm (SD 1.1 mm); Negative margin  Closer proximity (<2 mm) vs. 0.02

rate: 94% (<2 mm) vs. 83% (=2 mm)

farther (=2 mm)

minimal local recurrence at 12 months (1.1%) are
excellent safety metrics. Operative time was efficient,
averaging approximately 60 minutes, with no significant
difference between the two subgroups. Patient-reported
outcomes were highly positive, with a mean satisfaction
score of 8.2/10 and 88% of patients reporting good to
excellent cosmetic results. These results confirm that the
clinical benefits of USGWL do not come at the expense
of patient comfort or aesthetic outcome. The results are
displayed in table I-IV.

Discussion

This study of 185 patients undergoing ultrasound-guided
wire localization (USGWL) with or without intraoperative
ultrasound (IOUS) for nonpalpable breast lesions
provides a robust dataset encompassing primary,
additional, and exploratory outcomes. These results—
localization success, negative margin rates, re-excision
rates, operative time, resected tissue volume,
complications, local recurrence, cosmetic outcomes,
patient-reported  outcomes, surgeon experience,
neoadjuvant vs. non-neoadjuvant treatment, and wire
proximity—offer insights into the efficacy, safety, and
clinical utility of USGWL in breast conservation surgery
(BCS).

J Soc Obstet Gynaecol Pak. 2025; Vol 15. No.4

ultrasound-guided techniques. Failures (n=7) were
primarily due to wire displacement (n=4) or lesion non-
identification (n=3), highlighting technical challenges in
a small subset of cases. The negative margin rate of
89.2% (165/185, 95% CI: 84.1-93.0%) is comparable to
industry standards, where negative margin rates for BCS
range from 80-90%.14 The trend toward higher negative
margins with USGWL + IOUS (92.3% vs. 87.5%,
p=0.29) suggests a potential benefit from real-time
intraoperative imaging, though the lack of statistical
significance may reflect the sample size or lesion
variability. The re-excision rate of 8.1% (15/185, 95% ClI:
4.7-12.8%) is notably low, particularly in the USGWL +
IOUS subgroup (4.6% vs. 10.0%, p=0.17), reinforcing
the precision of combined localization techniques. These
findings suggest that USGWL, especially with I0US, is
highly effective for achieving complete lesion excision
with minimal need for secondary procedures.

The mean operative time of 60.9 minutes (SD 15.0) was
slightly shorter with USGWL + IOUS (58.7 minutes vs.
62.4 minutes, p=0.12), potentially due to enhanced
intraoperative visualization reducing time spent on lesion
localization. This aligns with Rahusen et al.*®, who noted
shorter operative times with ultrasound-guided
techniques compared to traditional wire localization. The
mean resected tissue volume of 45.3 cm3 (SD 20.1)
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showed no significant subgroup difference (p=0.41),
indicating that USGWL achieves adequate excision
without excessive tissue removal, a critical factor for
cosmetic outcomes. Complications occurred in only
2.7% of cases (5/185), including three wire
displacements, one hematoma, and one infection, all
resolving without long-term sequelae. This low
complication rate is consistent with the minimally
invasive nature of USGWL, as reported by Eggemann et
al.,'8 who cited complication rates below 3% for
ultrasound-guided procedures. The local recurrence rate
at 12 months (1.1%, 2/185, 95% CI: 0.1-3.9%),
observed only in patients with positive margins,
underscores the importance of achieving negative
margins to minimize oncologic risk, as supported by
Houssami et al.,'”. Cosmetic outcomes were rated
good/excellent in 88% of cases (163/185) per the
Harvard/NSABP/RTOG scale, with no subgroup
difference (p=0.65), suggesting that USGWL preserves
aesthetic outcomes effectively.  Patient-reported
outcomes, with a mean satisfaction score of 8.2/10 (SD
1.4) and pain score of 2.1/10 (SD 1.2), indicate high
patient acceptance and minimal postoperative
discomfort, comparable to findings in BCS literature.

Surgeon experience significantly influenced negative
margin rates, with surgeons performing >50 USGWL
procedures achieving 92.1% compared to 85.0% for less
experienced surgeons (p=0.04). This mirrors Lovrics et
al.,'* who linked higher surgical volume to improved
margin status due to enhanced technical proficiency.
The lack of difference in negative margin rates between
neoadjuvant (88.5%) and non-neoadjuvant (90.2%)
groups (p=0.72) suggests that USGWL is equally
effective across treatment contexts, consistent with
Volders et al.,'® who found no impact of neoadjuvant
therapy on margin status with modern localization
techniques. Wire proximity to the lesion canter (mean
2.3 mm, SD 1.1 mm) was a critical factor, with closer
proximity (<2 mm) yielding a 94% negative margin rate
compared to 83% for 22 mm (p=0.02). This finding aligns
with Kalambo and Dogan,*® emphasizing the importance
of precise wire placement for optimal excision.

These results highlight several key implications for
clinical practice. The high localization success and
negative margin rates support USGWL as a reliable
technique for nonpalpable breast lesions, particularly
when combined with IOUS, which may reduce re-
excision rates. The low complication and recurrence
rates affirm the safety and oncologic efficacy of USGWL,
making it a viable alternative to other localization
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methods like radioactive seed localization. Surgeon
experience is a critical determinant of success,
suggesting that training programs and case volume
allocation should prioritize experienced operators. The
negligible impact of neoadjuvant therapy on outcomes
supports the use of USGWL in diverse patient
populations, though careful preoperative imaging is
essential. Wire proximity data advocate for optimizing
localization accuracy, potentially through advanced
imaging or real-time guidance, to maximize negative
margins. The favourable cosmetic and patient-reported
outcomes underscore the patient-cantered benefits of
USGWL, enhancing its appeal in BCS.

Conclusion

The comprehensive results demonstrate that USGWL is
a highly effective, safe, and patient-friendly technique for
BCS, with high localization success, negative margin
rates, and low complication and recurrence rates.
Surgeon experience and wire proximity significantly
enhance outcomes, while neoadjuvant therapy does not
detract from efficacy. These findings support the
integration of USGWL, particularly with 10US, into
standard practice and highlight the need for ongoing
training to optimize surgical expertise. Future multicentre
studies with longer follow-up are needed to validate
these results and explore additional factors influencing
outcomes.
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