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Abstract: Recent advancements in surgical techniques for axillary management have significantly 

enhanced the approach to various medical conditions, particularly in oncology and lymphatic diseases. 
Innovations in surgical methods, including minimally invasive techniques and robotic-assisted surgery, 
have improved outcomes, reduced recovery times, and minimized complications for patients undergoing 
axillary surgery. These advances aim to optimize lymph node dissection, improve staging accuracy, and 
reduce the risk of lymphedema, thereby enhancing patient quality of life. This article provides an 
overview of the latest developments in axillary management and discusses their impact on clinical 
practice. 
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Over the past several decades, significant progress has been made in the surgical management of the 
axilla for breast cancer patients. Historically, axillary lymph node dissection (ALND) was the standard 
approach for assessing cancer spread and determining treatment plans. While effective in providing 
critical staging information, ALND often led to severe complications, such as lymphedema, nerve 
damage, and limited arm mobility, which significantly impacted patients' quality of life. 
In response to these challenges, newer, less invasive techniques have been developed to reduce 
complications while maintaining effective cancer control. One of the most important advancements has 
been the introduction of sentinel lymph node biopsy (SLNB). This procedure focuses on identifying and 
removing only a few key lymph nodes that are most likely to contain cancer, thereby minimizing the 
extent of surgery. SLNB has now become the preferred method for early-stage breast cancer, offering 
accurate staging with fewer side effects. In addition to SLNB, other approaches like targeted axillary 
dissection and axillary reverse mapping have emerged. These techniques aim to remove only affected 
lymph nodes or to preserve the lymphatic pathways that drain the arm, reducing the risk of postoperative 
lymphedema. 
Technological innovations, including minimally invasive and robotic-assisted surgeries, have further 
enhanced the precision of axillary procedures. These techniques allow for smaller incisions, less 
postoperative pain, and quicker recovery, improving the overall patient experience. 
Current trends in breast cancer surgery emphasize less aggressive approaches, particularly for patients 
with early-stage disease. Clinical studies have shown that, for certain patients, limited surgery can 
achieve outcomes similar to more extensive procedures, thus reducing unnecessary morbidity. As a 
result, there is a growing focus on tailoring surgical interventions based on individual patient profiles to 
achieve the best balance between cancer control and quality of life. 
In summary, the evolution of axillary management techniques reflects a shift towards personalized, less 
invasive strategies that prioritize patient well-being while maintaining effective cancer treatment. These 
advancements continue to improve outcomes and reduce the physical burden of breast cancer surgery. 
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The management of axillary lymph nodes in breast cancer patients has undergone transformative 
changes over the past several decades. Traditionally, axillary lymph node dissection (ALND) was the 
mainstay of treatment, providing critical information for staging, prognosis, and guiding adjuvant 
therapy. However, ALND is associated with significant morbidity, such as lymphedema, seroma 
formation, neuropathic pain, and impaired shoulder mobility, which can substantially affect patients' 
quality of life. As a result, there has been a shift towards less invasive techniques that maintain 
oncological effectiveness while minimizing surgical complications. 
Evolution of sentinel lymph node biopsy (SLNB) 
One of the most significant advancements in axillary surgery is the sentinel lymph node biopsy (SLNB). 
SLNB is based on the concept that the sentinel lymph node (SLN) is the first node to which cancer cells 
are likely to spread from the primary tumor. By identifying and analyzing this node, surgeons can 
determine whether cancer has metastasized, thereby avoiding the need for more extensive lymph node 
removal in patients with negative SLNs. 
The introduction of SLNB has been supported by multiple randomized controlled trials, such as the 
ACOSOG Z0011, AMAROS, and IBCSG 23-01 studies, which demonstrated that SLNB provides 
equivalent survival and disease control compared to ALND in patients with early-stage breast cancer 
with limited nodal involvement. These studies have led to the widespread adoption of SLNB as the 
standard of care for axillary staging in clinically node-negative patients, reducing the need for extensive 
dissections and the associated morbidity. 
Moreover, the use of dual tracers, typically a combination of blue dye and radiocolloid, has improved 
the accuracy of SLNB, allowing for the identification of SLNs with a detection rate of over 95% and a 
false-negative rate of less than 10%. This technique not only reduces surgical complications but also 
shortens recovery time, which is particularly beneficial in enhancing the patient's overall treatment 
experience. 

Targeted axillary dissection (TAD) and its role in modern oncology 
While SLNB has been transformative, the need for more precise techniques has led to the development 
of targeted axillary dissection (TAD). TAD is particularly beneficial for patients who receive 
neoadjuvant chemotherapy (NAC) and achieve a significant reduction in axillary disease. This approach 
combines SLNB with the removal of any clinically suspicious or previously marked nodes, thereby 
increasing the accuracy of staging in patients with an initial node-positive status who convert to 
clinically node-negative after NAC. 
Studies such as the SENTINA and SN FNAC trials have demonstrated that TAD provides a more 
accurate assessment of residual disease after chemotherapy compared to SLNB alone, particularly in 
patients with initially involved nodes. By focusing on selective node removal, TAD minimizes the extent 
of surgery, thus reducing the risk of lymphedema and other complications. This technique aligns with 
the growing trend towards de-escalation of surgical interventions in oncology, where the goal is to 
provide optimal cancer control with the least physical burden on patients. 
Integration of minimally invasive and robotic techniques 
The pursuit of minimally invasive approaches in axillary surgery has led to the exploration of endoscopic 
and robotic-assisted techniques. These methods offer significant advantages in terms of reduced surgical 
trauma, improved cosmetic outcomes, and faster postoperative recovery. Endoscopic axillary lymph 
node dissection (E-ALND), for instance, allows for a minimally invasive approach to axillary clearance, 
using small incisions and advanced visualization tools. Early studies indicate that E-ALND achieves 
comparable oncological outcomes to traditional open surgery with fewer complications. 
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Robotic-assisted surgeries, while still relatively novel in the context of axillary management, provide 
surgeons with enhanced precision and control. The robotic platform’s magnified 3D visualization and 
wristed instruments allow for meticulous dissection in confined spaces, potentially reducing nerve 
damage and improving patient outcomes. As robotic technology continues to advance, it may play a 
larger role in axillary management, especially for patients with complex anatomies or those who 
prioritize aesthetic results. 

Advances in intraoperative imaging and radioguided techniques 
The integration of advanced imaging technologies has further refined axillary management by 
improving the accuracy of nodal assessment during surgery. Intraoperative ultrasound (IOUS) and 
radioguided occult lesion localization (ROLL) are two such techniques that have been instrumental in 
enhancing the precision of node excision. IOUS, for instance, allows for real-time visualization of lymph 
nodes, enabling surgeons to accurately target suspicious nodes without the need for large incisions. This 
is particularly beneficial in patients with previously treated axillae or those who have undergone 
neoadjuvant therapy. 
The use of radiotracers, such as technetium-99m, and fluorescent dyes like indocyanine green (ICG) has 
become increasingly popular for SLNB. Near-infrared fluorescence imaging with ICG offers several 
advantages, including better visualization of lymphatic pathways and higher sensitivity in detecting 
metastatic nodes. Unlike traditional blue dyes, ICG is less likely to cause allergic reactions, making it a 
safer alternative for patients with dye sensitivities. 
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