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Technical Considerations for Axillary Surgery in Breast 5 

Cancer Patients 6 
 7 

Purpose 8 
 9 
To outline the techniques of sentinel lymph node (SLN) surgery and axillary lymph node dissection 10 
(ALND), discuss special populations and circumstances, and review complications of these procedures. 11 
For a discussion of the clinical indications for axillary surgery, please refer to the ASBrS Clinical 12 
Consensus Statement on “Axillary Management for Patients With In-Situ and Invasive Breast Cancer” (#3 13 
below).  14 

 15 
Associated ASBrS Guidelines or Quality Measures  16 

1. Resource Guide for Sentinel Lymph Node Biopsy in Breast Cancer Patients: Original Guidelines 17 
(November 1998), First Revision (August 2000), Second Revision (November 2002), Third Revision 18 
(October 2003), Fourth Revision (December 2005), Fifth Revision (November 2010), and Sixth 19 
Revision (November 2014). 20 

2. Resource Guide for Axillary Lymph Node Dissection in Breast Cancer Patients (November 2014). 21 

3. Clinical Consensus Statement on Axillary Management for Patients with In-Situ and Invasive Breast 22 
Cancer: A Concise Overview (Sept 2025- pending publication). 23 

4. Considerations for Clinicians in the Diagnosis, Prevention, and Treatment of Breast Cancer-Related 24 
Lymphedema: Recommendations from a Multidisciplinary Expert ASBrS Panel, Parts I and II (August 25 
2017). 26 

5. Resource Guide on Oncolactation (May 2024). 27 

6. Resource Guide for Neoadjuvant Systemic Therapy in the Management of Breast Cancer (March 2017). 28 
 29 

Methods  30 
This is a clinical guide informed by current guidelines, recommendations, and a literature review, inclusive 31 
of randomized controlled trials, retrospective series, and database studies.  The ASBrS Critical Writing, 32 
Editing and Review Committee (CWERC) reviewed and updated this resource guide, combining the 33 
previous documents “Axillary Lymph Node Dissection in Breast Cancer Patients” and “Sentinel Lymph 34 
Node Biopsy in Breast Cancer Patients” written in 2014. The new document was further revised after 35 
membership comment and approved for publication by the ASBrS Board of Directors. 36 

 37 
Summary of Data Reviewed  38 

A. Sentinel Lymph Node (SLN) Surgery 39 

SLN surgery (also known as SLN biopsy) is a surgical axillary staging procedure which begins with 40 
lymphatic mapping. This can be performed with radioactive isotope (Tc-99 as 99mTc-sulfur colloid, 41 
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99mTc-albumin nanocolloid, 99mTc-antimony trisulfide, or 99mTc-Tilmanocept aka Lymphoseek) and/or 42 
colored dye, most commonly isosulfan blue, though methylene blue, patent V blue, and indocyanine green 43 
(ICG) can also be used.1-3 Isotope may be injected the day before or day of surgery with similar efficacy, 44 
though the dose will need to be adjusted.4 Blue dye or ICG is injected at the start of surgery. Some surgeons 45 
prefer to also administer isotope once the patient is under anesthesia to avoid injection site pain.5 46 
Lymphoscintigraphy is performed at the discretion of the surgeon and nuclear medicine physician and may 47 
be useful to identify atypical drainage patterns, especially in situations with prior surgery or mapping to 48 
the contralateral axilla.4,6,7 The success and accuracy of SLN surgery are comparable with a variety of 49 
injection sites (peritumoral, intratumoral, intradermal, subdermal, subareolar), injection volumes, isotope 50 
preparations, and blue dyes.8-11 It is general practice to massage the breast for up to 5 minutes after injection 51 
to encourage migration of the tracers through the lymphatics to the proximal lymph nodes.12 In one 52 
retrospective study of 643 women undergoing SLN surgery for primary breast cancer, massage 53 
significantly improved the uptake of blue dye (94.3% vs 59.8%, p = 0.001) but not isotope.13 Regardless of 54 
technique, the SLN identification rate is higher and false negative rate (FNR) is lower when both isotope 55 
and blue dye are used (i.e. dual tracer mapping), compared with either method alone, particularly in the 56 
post-neoadjuvant therapy setting.4,14-17 Selection between single or dual-tracer mapping should be 57 
individualized to the clinical scenario, and may consider resource availability and potential complications 58 
(see relevant section below), particularly in up-front surgery when likelihood of mapping failure is low.   59 

SLN surgery is performed under local or general anesthesia, in the supine position, with the patient’s 60 
arm abducted at 80-90 degrees; the arm may be sterilely draped into the operative field at the surgeon’s 61 
preference. It can be helpful to check the transcutaneous gamma probe signal in the axilla to confirm 62 
isotope uptake and guide initial dissection. SLN surgery is most often performed through an axillary 63 
incision made at the base of the hair-bearing skin. However, the axilla can be reached through many 64 
mastectomy incisions and often via a single well-placed lumpectomy incision for an upper-outer quadrant 65 
tumor (i.e. hidden scar technique).  66 

The goal of SLN surgery is to remove sufficient “hot” and/or blue nodes and/or palpably suspicious nodes 67 
to accurately stage the axilla. A typical number of SLNs resected is 1-4 with a median of 2 in most 68 
series.13,18,19 Removing more than 3-4 SLN does not improve staging accuracy and can lead to higher 69 
complication rates, particularly lymphedema.20-22 Regarding isotope, one should aim to remove the 70 
“hottest” SLN, and if using the “10% rule”, to remove all nodes whose counts are 10% or more of the 71 
hottest node.19,23 One should aim to remove all blue nodes or nodes contiguous with blue-stained 72 
lymphatics.4,24 The axilla should be palpated and any suspicious nodes removed even if they are neither 73 
blue nor hot; these are still SLNs. Per surgeon preference and when required for ACS Commission on Cancer 74 
synoptic reporting for Operative Standard 5.3 (SLNB for Breast Cancer), the total number and mapping 75 
characteristics of each SLN should be noted i.e. hot, and/or blue, and/or palpable, along with the results of 76 
intraoperative assessment, if completed.  77 

The axilla can be irrigated; hemostasis and lymphatic control should be ensured prior to incision closure, 78 
with or without re-approximation of the clavipectoral fascia. Drain placement is not necessary or 79 
recommended.  80 

I. Targeted Axillary Dissection  81 

Targeted Axillary Dissection (TAD) is a procedure which combines SLN surgery and selective removal of 82 
previously biopsied and clipped lymph node(s) with intraoperative localization. It was initially used to 83 
improve the accuracy of axillary staging following neoadjuvant systemic therapy for clinically node-84 
positive disease, but can also be used during primary surgery to ensure the removal of biopsied node(s).25 85 
In a 2016 prospective trial of TAD after neoadjuvant chemotherapy in the U.S., SLN surgery followed by 86 
ALND yielded a FNR of 10.1% compared with 2.0% for TAD followed by ALND.26 A multicenter trial 87 
from the Netherlands evaluating the MARI procedure (marking the axillary lymph node with radioactive 88 
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seed) plus SLN surgery reported an overall identification rate of 99.3% using the combined technique, 89 
which was also superior to SLN surgery or MARI alone for the identification of residual axillary disease 90 
(63.3% vs. 48.9% and 56.1% respectively, p<0.01).27 In an analysis of patients from the prospective 91 
ACOSOG Z1071 trial who had a clip placed at initial lymph node biopsy and confirmation of clipped node 92 
retrieval during SLN surgery, the FNR was 6.8%, compared with 19.0% in patients for whom the clipped 93 
node was in the ALND specimen instead of the SLNs; the FNR was 13.4% in patients without a clip 94 
placed.28  95 

TAD is facilitated by pre-operative placement of a localization marker within the clipped node, similar to 96 
localization of non-palpable breast lesions. A variety of methods can be used, including radioactive and 97 
magnetic seeds, wires, needles, and radar reflectors. Once removed, the clipped node can be imaged 98 
intraoperatively to confirm retrieval of the intended specimen and sent for frozen section if the results will 99 
determine the need for further concomitant axillary surgery.25 Documentation of clipped node retrieval 100 
should be included in the operative note, specimen radiograph (if performed), and pathology report; the 101 
surgeon should also note whether the clipped node was a SLN (i.e. whether it was radioactive, blue or 102 
palpably abnormal).  103 

 104 
B. Axillary Lymph Node Dissection  105 

ALND is performed with the same patient positioning and incision placement described above for SLN 106 
surgery. If needed to maximize exposure, a lazy “S” or “U” incision can be used starting posterior to the 107 
lateral border of the pectoralis major and ending anterior to the lateral border of the latissimus dorsi. 108 
Surgeons may elect to sterilely drape the arm and/or circumferentially apply skin preparation since 109 
abducting the arm with a bent elbow can enable access to level II nodes. To facilitate nerve dissection, the 110 
surgeon and anesthesiologist may avoid paralytic agents or allow them to be metabolized or reversed prior 111 
to the axillary portion of the procedure.29,30  112 

ALND is considered an anatomic dissection, ideally performed within the following boundaries: the 113 
axillary vein superiorly, the serratus medially, the latissimus laterally, the clavipectoral fascia anteriorly 114 
and the subscapularis posteriorly. The inferior boundary of the axilla is less well-defined but should reach 115 
the axillary tail of the breast. 116 

The extent of ALND within the above boundaries is defined as level I (lateral to the pectoralis minor), level 117 
I-II (extending behind the pectoralis minor), or level I-III (extending medial to the pectoralis minor and to 118 
the apex of the axilla, “Halsted’s ligament”), and should be based on pre-operative imaging, extent of nodal 119 
disease, patient anatomy, and intraoperative findings. ALND should be sufficient to excise all gross 120 
evidence of disease, and the nodes along with intervening lymphatic tissue are removed. A standard ALND 121 
should include level I-II dissection and contain at least 10 nodes per NCCN guidelines.25 In population-122 
based cancer registries such as the NCDB and SEER, the median number of nodes retrieved during ALND 123 
is 11-12, with a range of 6-40 in recent series.31,32 Palpably suspicious Rotter’s (interpectoral) and level III 124 
nodes should be removed if present. The pectoralis minor may be divided or excised to facilitate exposure 125 
and removal of gross disease at levels II and III. However, overly aggressive dissection could lead to a 126 
higher risk of complications, particularly lymphedema, and should be avoided. The long thoracic, 127 
thoracodorsal, and medial pectoral nerves should be identified and, unless grossly involved by tumor, 128 
preserved. If anatomically suitable, the T2 (intercostobrachial) and T3 sensory nerves may be preserved at 129 
the discretion of the surgeon. A combination of blunt and sharp dissection with suture and clips for 130 
hemostasis may be preferable to avoid thermal injury from electrocautery, though bipolar devices can be 131 
useful. Unresectable residual disease should be clipped to facilitate radiation treatment planning and 132 
documented in the operative note. 133 
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Surgical techniques to prevent or mitigate lymphedema following ALND include axillary reverse mapping, 134 
in which blue dye is injected into the proximal arm to differentiate arm vs. breast lymphatics; and 135 
LYMPHA (Lymphatic microsurgical preventive healing approach) using prophylactic bypass of transected 136 
lymphatics to nearby veins to reconstruct outflow channels. Please see the ASBrS documents on 137 
“Diagnosis, Prevention, and Treatment of Breast Cancer-Related Lymphedema” for additional details.    138 

One or more surgical drains should be placed and blub suction applied after skin closure. Instructions 139 
for wound care, drain management, and arm exercises should be part of routine post-operative care. 140 

  141 
C. Special Considerations 142 

I. Special Populations 143 
 144 
Pregnant/Breastfeeding women 145 

Single tracer localization with radioactive colloid is preferred for SLN surgery during pregnancy.33 146 
Administration of radioactive colloid results in levels lower than the average daily background radiation 147 
to the uterus and studies have demonstrated safety in pregnancy and neonatal outcomes.34-38 148 
Consideration should be taken for timing of injection to minimize radioactive dose, with 1-day protocols 149 
(eg. Injection performed on the day of surgery) that require lower dose of radioactive colloid preferred 150 
over 2-day protocols (eg. Injection performed the day before surgery).39,40  151 

Localization with blue dye should be avoided as methylene blue is potentially teratogenic and should not 152 
be used during pregnancy.41 While isosulfan blue is a Category C teratogen without formal testing42, 153 
given the risk of associated anaphylaxis it should also be avoided in pregnancy. 154 

For special considerations in patients who are breastfeeding, please reference the ASBrS Oncolactation 155 
Resource Guide. 156 

Male breast cancer 157 
 158 

SLN surgery in individuals who are male sex assigned at birth has a similar level of accuracy as patients 159 
who are female sex assigned at birth; therefore, management of the axilla in the setting of male breast 160 
cancer should be as detailed above. In a recent meta-analysis of 12 studies that included 153 male breast 161 
cancer patients, axillary surgery was successfully performed in 99% of cases in a pooled estimate.43 162 
Further, the SLN FNR was 0% in the subset for which this data was available (5 studies with 50 163 
patients). In the male patients in whom an ALND was performed, the mean number of lymph nodes 164 
removed was 15-25, similar to expected numbers for female patients.  165 
 166 

Following neoadjuvant systemic therapy  167 

Multiple special considerations around management of the axilla following neoadjuvant systemic therapy 168 
(NST) exist, including additional strategies to improve FNR such as dual tracer mapping (blue dye and 169 
radioisotope), removing a minimum of 3 SLN, and identification of an originally biopsied positive lymph 170 
node (or targeted axillary dissection).16,28,44,45 Lymph node yield in ALND following NST may be lower 171 
than in primary surgery due to treatment effect.46 For additional discussion of these considerations, please 172 
reference the ASBrS Neoadjuvant Systemic Therapy in the Management of Breast Cancer Resource 173 
Guide. 174 

 175 
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II. Clinical Challenges  176 
Repeat axillary surgery  177 

Repeat axillary surgery for breast cancer recurrence can be considered.25 Successful identification of a 178 
SLN in the re-operative setting is reported at 64-75%, with higher success rates in patients with prior 179 
SLN surgery only, or fewer than 10 lymph nodes removed during prior surgeries.6,7,47 A meta-analysis 180 
of 18 articles and 585 patients who underwent lymphatic mapping in the re-operative setting identified 181 
63 patients with a negative SLN surgery but a confirmatory ipsilateral ALND, and in these patients the 182 
FNR for SLN surgery was 0.2% (95% CI 0.0-1.5).7 In a series of 536 patients undergoing repeat SLN 183 
surgery for recurrent breast cancer, on multivariable analysis there was no significant impact of prior 184 
breast surgery (i.e. BCT vs. mastectomy) on SLN identification rate, likely attributable to the effect of 185 
radiation in BCT patients48; other studies have found greater success with repeat SLN surgery after 186 
mastectomy (67.7%) than BCT (59.7%, p=0.05).6 187 

Dual tracer mapping can be used to improve SLN identification and accuracy in the re-operative 188 
setting.49 It may be advisable to inject the tracers peritumoral or periareaolar in the quadrant of the 189 
tumor rather than subareolar to improve success rates.48 Additionally, imaging the pattern of lymphatic 190 
uptake (i.e. lymphoscintigraphy) after injection of the radioactive isotope is recommended, as 191 
systematic reviews and meta-analyses report aberrant drainage in 40-43% of patients who have had a 192 
prior axillary procedure.6,7  193 

 194 
Failure to map 195 

In the event that no axillary lymph nodes are localized during SLN surgery and axillary staging cannot 196 
be omitted, the National Comprehensive Cancer Network recommends level I-II ALND of the 197 
ipsilateral axilla.25 However, in an axilla with low or no pre-incision “hot spot” using a gamma probe, it 198 
is reasonable to trouble shoot prior to immediately proceeding with ALND. First, dual tracer mapping 199 
should be performed by injecting subareolar or peritumoral blue dye with proper technique, at least 5 200 
minutes of breast massage, and meticulous inspection of the axilla for blue lymphatic channels. The 201 
axilla should also be inspected with the gamma probe after making an incision, as often a weak signal 202 
can be identified in this setting. Additional techniques that can be considered include manual exam of 203 
the axilla for any palpably present nodes and/or utilizing an intra-operative ultrasound to identify 204 
lymph nodes within the axillary fat pad.49 Once such lymph nodes are identified, they can be inspected 205 
for radiotracer or blue dye uptake. An additional technique for improving uptake includes injecting 10-206 
40 mL of sterile saline at the site of radiotracer injection, which will increase interstitial pressures and 207 
thereby increase flow within the lymphatic channels.49 If despite these techniques, a SLN is still not 208 
able to be identified, ALND can be considered; however the decision to proceed with ALND may also 209 
be delayed to allow time for multidisciplinary discussion, consideration of risks and benefits on a case-210 
by-case basis, and an opportunity for shared decision making with the patient following failure to map.  211 

It may be prudent to consent patients for “SLN surgery, possible ALND” when lymphatic mapping 212 
and/or SLN identification is expected to be challenging (i.e. repeat axillary surgery, prior radiation) and 213 
proceeding with ALND in the same operation would be clinically indicated if SLNs are not identified.  214 

 215 
III. Complications 216 

 217 
The rate of complications after axillary staging varies and is related to extent of axillary surgery. An 218 
understanding of these complications allows for prevention, early recognition, and proper management. 219 



 

6 
 

Anaphylaxis secondary to blue dye is rare, reported in 0.1-2.0% of cases for isosulfan blue, 0.05-1.1% 220 
for patent V blue, and 0.0006% for methylene blue, though there is a significant risk of skin and soft 221 
tissue necrosis at the injection site with methylene blue.20,50-53 Diluted methylene blue dye has been 222 
shown to be associated with successful mapping and fewer complications compared with the undiluted 223 
form.54 Other minor complications after axillary surgery include infection (~1%), hematoma (1-2%), 224 
seroma (5-19% after SLN surgery and 20-50% after ALND) and axillary cording (6-32% with SLN 225 
surgery and 28-72% after ALND).20,21,55-63 The management of recurrent seroma can be challenging and 226 
can often require multiple aspirations, placement of a percutaneous catheter, or surgical intervention.56 227 
Nerve injury with sensory disturbance occurs in ~5-25% after SLN surgery and 30-77% after ALND, 228 
but is often transient.1,18,20,21 Shoulder dysfunction is more prevalent after ALND and often necessitates 229 
rehabilitation. Lymphedema can lead to significant morbidity and is reported in 3-8% after SLN surgery 230 
and 13-60% after ALND.14,16,64-67  231 

 232 
Surgical strategies to reduce lymphedema risk include axillary reverse mapping, which can be 233 
performed at time of SLN surgery and/or ALND; and immediate lymphatic reconstruction or LYMPHA, 234 
a microsurgical approach that combines lymphovenous anastomosis with ALND.  Please see the ASBrS 235 
documents on “Diagnosis, Prevention, and Treatment of Breast Cancer-Related Lymphedema” for 236 
additional details.  237 

 238 
Recommendations  239 

 240 
• Sentinel lymph node (SLN) surgery to stage the axilla is performed with radiotracer isotope (Tc-99) 241 

and/or blue dye administered at an appropriate injection site, followed by 5 minutes of breast massage 242 
and removal of abnormally palpable, “hot” and/or blue lymph nodes. 243 

• Following neoadjuvant chemotherapy, targeted axillary dissection (TAD), i.e. SLN surgery along with 244 
removal of the index biopsy-proven positive node, can be considered to improve the false-negative rate 245 
of SLN surgery alone in patients with a previously biopsied positive lymph node. 246 

• Axillary lymph node dissection (ALND) is considered an anatomic dissection of level I-II of the axilla 247 
with at least 10 lymph nodes removed. 248 

• When performing ALND, incorporation of lymphedema prevention techniques should be considered, 249 
including axillary reverse mapping and immediate lymphatic reconstruction. 250 

• Indications for SLN surgery, TAD, and ALND are further discussed in the ASBrS Clinical Consensus 251 
Statement “Axillary Management for Patients with In-Situ and Invasive Breast Cancer: A Concise 252 
Overview”. 253 

References  254 
 255 

1. Andersen KG, Jensen MB, Tvedskov TF, Kehlet H, Gärtner R, Kroman N. Persistent pain, sensory disturbances 256 
and functional impairment after immediate or delayed axillary lymph node dissection. Eur J Surg Oncol. Jan 2013;39(1):31-257 
5. doi:10.1016/j.ejso.2012.10.010 258 
2. Giammarile F, Vidal-Sicart S, Paez D, et al. Sentinel Lymph Node Methods in Breast Cancer. Semin Nucl Med. 259 
Sep 2022;52(5):551-560. doi:10.1053/j.semnuclmed.2022.01.006 260 
3. Giuliano AE, Hunt KK, Ballman KV, et al. Axillary dissection vs no axillary dissection in women with invasive 261 
breast cancer and sentinel node metastasis: a randomized clinical trial. Jama. Feb 9 2011;305(6):569-75. 262 
doi:10.1001/jama.2011.90 263 
4. Hindié E, Groheux D, Brenot-Rossi I, Rubello D, Moretti JL, Espié M. The sentinel node procedure in breast cancer: 264 
nuclear medicine as the starting point. J Nucl Med. Mar 2011;52(3):405-14. doi:10.2967/jnumed.110.081711 265 
5. Vu HN, O'Connor PF, Shoemaker RR, Wan W, Fratkin MJ, Bear HD. Intraoperative injection of radiocolloid for 266 
sentinel node biopsy in breast cancer. J Nucl Med Technol. Dec 2013;41(4):263-7. doi:10.2967/jnmt.113.129460 267 
6. Poodt IGM, Vugts G, Schipper RJ, Nieuwenhuijzen GAP. Repeat Sentinel Lymph Node Biopsy for Ipsilateral 268 
Breast Tumor Recurrence: A Systematic Review of the Results and Impact on Prognosis. Ann Surg Oncol. May 269 



 

7 
 

2018;25(5):1329-1339. doi:10.1245/s10434-018-6358-0 270 
7. Maaskant-Braat AJ, Voogd AC, Roumen RM, Nieuwenhuijzen GA. Repeat sentinel node biopsy in patients with 271 
locally recurrent breast cancer: a systematic review and meta-analysis of the literature. Breast Cancer Res Treat. Feb 272 
2013;138(1):13-20. doi:10.1007/s10549-013-2409-1 273 
8. Gill G. Sentinel-lymph-node-based management or routine axillary clearance? One-year outcomes of sentinel node 274 
biopsy versus axillary clearance (SNAC): a randomized controlled surgical trial. Ann Surg Oncol. Feb 2009;16(2):266-75. 275 
doi:10.1245/s10434-008-0229-z 276 
9. Goyal A, Newcombe RG, Chhabra A, Mansel RE. Factors affecting failed localisation and false-negative rates of 277 
sentinel node biopsy in breast cancer--results of the ALMANAC validation phase. Breast Cancer Res Treat. Sep 278 
2006;99(2):203-8. doi:10.1007/s10549-006-9192-1 279 
10. Krag DN, Anderson SJ, Julian TB, et al. Technical outcomes of sentinel-lymph-node resection and conventional 280 
axillary-lymph-node dissection in patients with clinically node-negative breast cancer: results from the NSABP B-32 281 
randomised phase III trial. Lancet Oncol. Oct 2007;8(10):881-8. doi:10.1016/s1470-2045(07)70278-4 282 
11. Rodier JF, Velten M, Wilt M, et al. Prospective multicentric randomized study comparing periareolar and 283 
peritumoral injection of radiotracer and blue dye for the detection of sentinel lymph node in breast sparing procedures: 284 
FRANSENODE trial. J Clin Oncol. Aug 20 2007;25(24):3664-9. doi:10.1200/jco.2006.08.4228 285 
12. Bass SS, Cox CE, Salud CJ, et al. The effects of postinjection massage on the sensitivity of lymphatic mapping in 286 
breast cancer. J Am Coll Surg. Jan 2001;192(1):9-16. doi:10.1016/s1072-7515(00)00771-7 287 
13. Stutz K, Mason H, Niakan S, Coulter AP, Casaubon J, Friedrich AU. The impact of surgical technique on the 288 
number of sentinel lymph nodes removed and its effect on complication rates. Breast Cancer Res Treat. Apr 289 
2025;210(3):605-613. doi:10.1007/s10549-024-07598-y 290 
14. Krag DN, Anderson SJ, Julian TB, et al. Sentinel-lymph-node resection compared with conventional axillary-291 
lymph-node dissection in clinically node-negative patients with breast cancer: overall survival findings from the NSABP 292 
B-32 randomised phase 3 trial. Lancet Oncol. Oct 2010;11(10):927-33. doi:10.1016/s1470-2045(10)70207-2 293 
15. He PS, Li F, Li GH, Guo C, Chen TJ. The combination of blue dye and radioisotope versus radioisotope alone 294 
during sentinel lymph node biopsy for breast cancer: a systematic review. BMC Cancer. Feb 16 2016;16:107. 295 
doi:10.1186/s12885-016-2137-0 296 
16. Boughey JC, Suman VJ, Mittendorf EA, et al. Sentinel lymph node surgery after neoadjuvant chemotherapy in 297 
patients with node-positive breast cancer: the ACOSOG Z1071 (Alliance) clinical trial. Jama. Oct 9 2013;310(14):1455-298 
61. doi:10.1001/jama.2013.278932 299 
17. Yang J, Xu L, Liu P, et al. Accuracy of Sentinel Lymph Node Biopsy in Breast Cancer: Pitfalls in the Application 300 
of Single Tracers. Cancer Manag Res. 2020;12:3045-3051. doi:10.2147/cmar.S244806 301 
18. Giuliano AE, Ballman KV, McCall L, et al. Effect of Axillary Dissection vs No Axillary Dissection on 10-Year 302 
Overall Survival Among Women With Invasive Breast Cancer and Sentinel Node Metastasis: The ACOSOG Z0011 303 
(Alliance) Randomized Clinical Trial. Jama. Sep 12 2017;318(10):918-926. doi:10.1001/jama.2017.11470 304 
19. Mansel RE, Fallowfield L, Kissin M, et al. Randomized multicenter trial of sentinel node biopsy versus standard 305 
axillary treatment in operable breast cancer: the ALMANAC Trial. J Natl Cancer Inst. May 3 2006;98(9):599-609. 306 
doi:10.1093/jnci/djj158 307 
20. Wilke LG, McCall LM, Posther KE, et al. Surgical complications associated with sentinel lymph node biopsy: 308 
results from a prospective international cooperative group trial. Ann Surg Oncol. Apr 2006;13(4):491-500. 309 
doi:10.1245/aso.2006.05.013 310 
21. Lucci A, McCall LM, Beitsch PD, et al. Surgical complications associated with sentinel lymph node dissection 311 
(SLND) plus axillary lymph node dissection compared with SLND alone in the American College of Surgeons Oncology 312 
Group Trial Z0011. J Clin Oncol. Aug 20 2007;25(24):3657-63. doi:10.1200/jco.2006.07.4062 313 
22. Wilkerson A, Averbook B, Joseph N, Sharpe S, Li B. Staging breast cancer by sentinel lymph node biopsy: Do 314 
patients with a single negative sentinel node (N=1) experience worse outcomes than those with multiple negative sentinel 315 
nodes (N>1)? Surg Oncol. Sep 2018;27(3):327-332. doi:10.1016/j.suronc.2018.05.011 316 
23. Chung A, Yu J, Stempel M, Patil S, Cody H, Montgomery L. Is the "10% rule" equally valid for all subsets of 317 
sentinel-node-positive breast cancer patients? Ann Surg Oncol. Oct 2008;15(10):2728-33. doi:10.1245/s10434-008-0050-8 318 
24. Giammarile F, Alazraki N, Aarsvold JN, et al. The EANM and SNMMI practice guideline for lymphoscintigraphy 319 
and sentinel node localization in breast cancer. Eur J Nucl Med Mol Imaging. Dec 2013;40(12):1932-47. 320 
doi:10.1007/s00259-013-2544-2 321 
25. Invasive Breast Cancer. NCCN Guidelines. National Comprehensive Cancer Network (NCCN). Accessed March 322 
3, 2025.  323 
26. Caudle AS, Yang WT, Krishnamurthy S, et al. Improved Axillary Evaluation Following Neoadjuvant Therapy for 324 



 

8 
 

Patients With Node-Positive Breast Cancer Using Selective Evaluation of Clipped Nodes: Implementation of Targeted 325 
Axillary Dissection. J Clin Oncol. Apr 1 2016;34(10):1072-8. doi:10.1200/jco.2015.64.0094 326 
27. Simons JM, van Pelt M, Marinelli A, et al. Excision of both pretreatment marked positive nodes and sentinel nodes 327 
improves axillary staging after neoadjuvant systemic therapy in breast cancer. Br J Surg. Nov 2019;106(12):1632-1639. 328 
doi:10.1002/bjs.11320 329 
28. Boughey JC, Ballman KV, Le-Petross HT, et al. Identification and Resection of Clipped Node Decreases the False-330 
negative Rate of Sentinel Lymph Node Surgery in Patients Presenting With Node-positive Breast Cancer (T0-T4, N1-N2) 331 
Who Receive Neoadjuvant Chemotherapy: Results From ACOSOG Z1071 (Alliance). Ann Surg. Apr 2016;263(4):802-7. 332 
doi:10.1097/sla.0000000000001375 333 
29. Rinaldi RM, Sapra A, Bellin LS. Breast Lymphatics. StatPearls. StatPearls Publishing 334 
Copyright © 2025, StatPearls Publishing LLC.; 2025. 335 
30. Rosso K. Axillary Lymph Node Dissection. In: Karamanos E, ed. Common Surgeries Made Easy: A Quick Guide 336 
for Residents and Medical Students. Springer International Publishing; 2020:245-249. 337 
31. Taylor CD, Wang T, Baskin AS, et al. American College of Surgeons Operative Standards and Breast Cancer 338 
Outcomes. JAMA Netw Open. Nov 4 2024;7(11):e2446345. doi:10.1001/jamanetworkopen.2024.46345 339 
32. Rosenberger LH, Ren Y, Thomas SM, et al. Axillary lymph node dissection in node-positive breast cancer: are ten 340 
nodes adequate and when is enough, enough? Breast Cancer Res Treat. Feb 2020;179(3):661-670. doi:10.1007/s10549-341 
019-05500-9 342 
33. Loibl S, Schmidt A, Gentilini O, et al. Breast Cancer Diagnosed During Pregnancy: Adapting Recent Advances in 343 
Breast Cancer Care for Pregnant Patients. JAMA Oncol. Nov 2015;1(8):1145-53. doi:10.1001/jamaoncol.2015.2413 344 
34. Gentilini O, Cremonesi M, Trifirò G, et al. Safety of sentinel node biopsy in pregnant patients with breast cancer. 345 
Ann Oncol. Sep 2004;15(9):1348-51. doi:10.1093/annonc/mdh355 346 
35. Spanheimer PM, Graham MM, Sugg SL, Scott-Conner CE, Weigel RJ. Measurement of uterine radiation exposure 347 
from lymphoscintigraphy indicates safety of sentinel lymph node biopsy during pregnancy. Ann Surg Oncol. May 348 
2009;16(5):1143-7. doi:10.1245/s10434-009-0390-z 349 
36. Meisel JL, Economy KE, Calvillo KZ, et al. Contemporary multidisciplinary treatment of pregnancy-associated 350 
breast cancer. Springerplus. Dec 2013;2(1):297. doi:10.1186/2193-1801-2-297 351 
37. Gentilini O, Cremonesi M, Toesca A, et al. Sentinel lymph node biopsy in pregnant patients with breast cancer. Eur 352 
J Nucl Med Mol Imaging. Jan 2010;37(1):78-83. doi:10.1007/s00259-009-1217-7 353 
38. Pandit-Taskar N, Dauer LT, Montgomery L, St Germain J, Zanzonico PB, Divgi CR. Organ and fetal absorbed dose 354 
estimates from 99mTc-sulfur colloid lymphoscintigraphy and sentinel node localization in breast cancer patients. J Nucl 355 
Med. Jul 2006;47(7):1202-8.  356 
39. van Esser S, Hobbelink M, Van Isselt JW, Mali WP, Borel Rinkes IH, van Hillegersberg R. Comparison of a 1-day 357 
and a 2-day protocol for lymphatic mapping and sentinel lymph node biopsy in patients with nonpalpable breast cancer. Eur 358 
J Nucl Med Mol Imaging. Sep 2009;36(9):1383-7. doi:10.1007/s00259-009-1114-0 359 
40. Unkart JT, Proudfoot J, Wallace AM. Outcomes of "one-day" vs "two-day" injection protocols using Tc-99m 360 
tilmanocept for sentinel lymph node biopsy in breast cancer. Breast J. Jul 2018;24(4):526-530. doi:10.1111/tbj.13002 361 
41. Methylene Blue-methylene blue injection. National Library of Medicine. Accessed March 3, 2025. 362 
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=e2d9d96c-a711-47c5-855a-7eb7f163493e 363 
42. Iososulfan Blue injection, solution. National Library of Medicine. Accessed March 3, 2025. 364 
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1878964e-5220-48c8-a872-dcadbc451aff  365 
43. Parpex G, Ottaviani M, Lorphelin H, et al. Accuracy of sentinel lymph node biopsy in male breast cancer: 366 
Systematic review and meta-analysis. Breast. Jun 2024;75:103703. doi:10.1016/j.breast.2024.103703 367 
44. Boileau JF, Poirier B, Basik M, et al. Sentinel node biopsy after neoadjuvant chemotherapy in biopsy-proven node-368 
positive breast cancer: the SN FNAC study. J Clin Oncol. Jan 20 2015;33(3):258-64. doi:10.1200/jco.2014.55.7827 369 
45. Kuehn T, Bauerfeind I, Fehm T, et al. Sentinel-lymph-node biopsy in patients with breast cancer before and after 370 
neoadjuvant chemotherapy (SENTINA): a prospective, multicentre cohort study. Lancet Oncol. Jun 2013;14(7):609-18. 371 
doi:10.1016/s1470-2045(13)70166-9 372 
46. Ozao-Choy J, Moazzez A, Dauphine C. Lower lymph node yield in axillary lymph node dissection specimens in 373 
breast cancer patients receiving neoadjuvant chemotherapy: Quality concern or treatment effect? Breast J. Dec 374 
2021;27(12):851-856. doi:10.1111/tbj.14303 375 
47. Port ER, Fey J, Gemignani ML, et al. Reoperative sentinel lymph node biopsy: a new option for patients with 376 
primary or locally recurrent breast carcinoma. J Am Coll Surg. Aug 2002;195(2):167-72. doi:10.1016/s1072-377 
7515(02)01268-1 378 
48. Vugts G, Maaskant-Braat AJ, Voogd AC, et al. Improving the Success Rate of Repeat Sentinel Node Biopsy in 379 

https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=e2d9d96c-a711-47c5-855a-7eb7f163493e
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=1878964e-5220-48c8-a872-dcadbc451aff


 

9 
 

Recurrent Breast Cancer. Ann Surg Oncol. Dec 2015;22 Suppl 3:S529-35. doi:10.1245/s10434-015-4787-6 380 
49. James TA, Coffman AR, Chagpar AB, et al. Troubleshooting Sentinel Lymph Node Biopsy in Breast Cancer 381 
Surgery. Ann Surg Oncol. Oct 2016;23(11):3459-3466. doi:10.1245/s10434-016-5432-8 382 
50. Perenyei M, Barber ZE, Gibson J, Hemington-Gorse S, Dobbs TD. Anaphylactic Reaction Rates to Blue Dyes Used 383 
for Sentinel Lymph Node Mapping: Systematic Review and Meta-analysis. Ann Surg. Jun 1 2021;273(6):1087-1093. 384 
doi:10.1097/sla.0000000000004061 385 
51. Cimmino VM, Brown AC, Szocik JF, et al. Allergic reactions to isosulfan blue during sentinel node biopsy--a 386 
common event. Surgery. Sep 2001;130(3):439-42. doi:10.1067/msy.2001.116407 387 
52. Montgomery LL, Thorne AC, Van Zee KJ, et al. Isosulfan blue dye reactions during sentinel lymph node mapping 388 
for breast cancer. Anesth Analg. Aug 2002;95(2):385-8, table of contents. doi:10.1097/00000539-200208000-00026 389 
53. Bézu C, Coutant C, Salengro A, Daraï E, Rouzier R, Uzan S. Anaphylactic response to blue dye during sentinel 390 
lymph node biopsy. Surg Oncol. Mar 2011;20(1):e55-9. doi:10.1016/j.suronc.2010.10.002 391 
54. Zakaria S, Hoskin TL, Degnim AC. Safety and technical success of methylene blue dye for lymphatic mapping in 392 
breast cancer. Am J Surg. Aug 2008;196(2):228-33. doi:10.1016/j.amjsurg.2007.08.060 393 
55. Lovely JK, Nehring SA, Boughey JC, et al. Balancing venous thromboembolism and hematoma after breast surgery. 394 
Ann Surg Oncol. Oct 2012;19(10):3230-5. doi:10.1245/s10434-012-2524-y 395 
56. Al-Hilli Z, Thomsen KM, Habermann EB, Jakub JW, Boughey JC. Reoperation for Complications after 396 
Lumpectomy and Mastectomy for Breast Cancer from the 2012 National Surgical Quality Improvement Program (ACS-397 
NSQIP). Ann Surg Oncol. Dec 2015;22 Suppl 3:S459-69. doi:10.1245/s10434-015-4741-7 398 
57. Gunn J, Gibson T, Li Z, Diehl N, Bagaria S, McLaughlin S. Symptomatic Axillary Seroma after Sentinel Lymph 399 
Node Biopsy: Incidence and Treatment. Ann Surg Oncol. Oct 2016;23(10):3347-53. doi:10.1245/s10434-016-5398-6 400 
58. Bergmann A, Mendes VV, de Almeida Dias R, do Amaral ESB, da Costa Leite Ferreira MG, Fabro EA. Incidence 401 
and risk factors for axillary web syndrome after breast cancer surgery. Breast Cancer Res Treat. Feb 2012;131(3):987-92. 402 
doi:10.1007/s10549-011-1805-7 403 
59. O'Toole J, Miller CL, Specht MC, et al. Cording following treatment for breast cancer. Breast Cancer Res Treat. 404 
Jul 2013;140(1):105-11. doi:10.1007/s10549-013-2616-9 405 
60. Leidenius M, Leppänen E, Krogerus L, von Smitten K. Motion restriction and axillary web syndrome after sentinel 406 
node biopsy and axillary clearance in breast cancer. Am J Surg. Feb 2003;185(2):127-30. doi:10.1016/s0002-407 
9610(02)01214-x 408 
61. Figueira PVG, Haddad CAS, de Almeida Rizzi SKL, Facina G, Nazario ACP. Diagnosis of Axillary Web Syndrome 409 
in Patients After Breast Cancer Surgery: Epidemiology, Risk Factors, and Clinical Aspects: A Prospective Study. Am J Clin 410 
Oncol. Oct 2018;41(10):992-996. doi:10.1097/coc.0000000000000411 411 
62. Moskovitz AH, Anderson BO, Yeung RS, Byrd DR, Lawton TJ, Moe RE. Axillary web syndrome after axillary 412 
dissection. Am J Surg. May 2001;181(5):434-9. doi:10.1016/s0002-9610(01)00602-x 413 
63. Torres Lacomba M, Mayoral Del Moral O, Coperias Zazo JL, Yuste Sánchez MJ, Ferrandez JC, Zapico Goñi A. 414 
Axillary web syndrome after axillary dissection in breast cancer: a prospective study. Breast Cancer Res Treat. Oct 415 
2009;117(3):625-30. doi:10.1007/s10549-009-0371-8 416 
64. Galimberti V, Cole BF, Zurrida S, et al. Axillary dissection versus no axillary dissection in patients with sentinel-417 
node micrometastases (IBCSG 23-01): a phase 3 randomised controlled trial. Lancet Oncol. Apr 2013;14(4):297-305. 418 
doi:10.1016/s1470-2045(13)70035-4 419 
65. Donker M, van Tienhoven G, Straver ME, et al. Radiotherapy or surgery of the axilla after a positive sentinel node 420 
in breast cancer (EORTC 10981-22023 AMAROS): a randomised, multicentre, open-label, phase 3 non-inferiority trial. 421 
Lancet Oncol. Nov 2014;15(12):1303-10. doi:10.1016/s1470-2045(14)70460-7 422 
66. McLaughlin SA, Wright MJ, Morris KT, et al. Prevalence of lymphedema in women with breast cancer 5 years 423 
after sentinel lymph node biopsy or axillary dissection: objective measurements. J Clin Oncol. Nov 10 2008;26(32):5213-424 
9. doi:10.1200/jco.2008.16.3725 425 
67. Nguyen TT, Hoskin TL, Habermann EB, Cheville AL, Boughey JC. Breast Cancer-Related Lymphedema Risk is 426 
Related to Multidisciplinary Treatment and Not Surgery Alone: Results from a Large Cohort Study. Ann Surg Oncol. Oct 427 
2017;24(10):2972-2980. doi:10.1245/s10434-017-5960-x 428 

 429 


	Technical Considerations for Axillary Surgery in Breast Cancer Patients
	Purpose
	Associated ASBrS Guidelines or Quality Measures
	Methods
	Summary of Data Reviewed
	A. Sentinel Lymph Node (SLN) Surgery
	I. Targeted Axillary Dissection

	B. Axillary Lymph Node Dissection
	C. Special Considerations
	I. Special Populations
	Pregnant/Breastfeeding women
	Male breast cancer
	Following neoadjuvant systemic therapy

	II. Clinical Challenges
	Repeat axillary surgery
	Failure to map

	III. Complications


	Recommendations
	References

