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Chapter 14
Evaluation of Axillary Nodes

Mahmut Muslumanoglu

�Introduction

Recent studies have demonstrated that the tumor biological characteristics of tumors 
are more important in determining treatment plans and prognosis than other factors, 
such as tumor diameter and axillary involvement. Clinical staging is still used to 
determine the tumor load. Tumor diameter and axillary involvement were used for 
a long time, and it is difficult for clinicians to abandon these customs. Consequently, 
tumor diameter and axillary involvement are still considered important major prog-
nostic factors for predicting survival and selecting adjuvant treatment. Although 
axillary evaluation [sentinel lymph node (SLN), axillary lymph node dissection 
(ALND)] does not have a profound effect on overall survival (OS), the removal of 
metastatic lymph nodes from the axilla may contribute to locoregional control and 
improve quality of life. In the past, axillary staging with ALND was used in clini-
cally node-negative early-stage breast cancer patients; however, this method carries 
the risk of some arm and shoulder morbidity without any survival benefit. SLN 
biopsy (SLNB) is equivalent to ALND in clinically node-negative patients in terms 
of staging, accuracy, disease-free survival (DFS), and OS. Consequently, ALND is 
not currently advised for patients able to undergo SLNB. SLNB examines the first 
lymph nodes because the lymphatics of the breast drain to these lymph nodes, which 
therefore are the site most likely to be reached by tumor cells. If there is no cancer 
metastasis in the SLN, the other lymph nodes are considered clear (not containing 
cancer cells); thus, the ALND technique has been abandoned.
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�Lymphatic Drainage of the Breast

The lymphatics of the breast comprise interconnected superficial and deep lym-
phatic vessels. The subdermal plexus in the retroareolar space, which is called 
Sappey’s plexus, drains the lymphatics of the areola and nipple. The lymphatics of 
the interlobular connective tissue of the breast and the lymphatics of the walls of the 
lactiferous channels also drain to this plexus. Efferent lymphatic channels leaving 
this plexus trace along the lateral border of the major pectoral muscle, penetrate the 
clavipectoral fascia, and enter the axilla. Axillary lymph nodes collect nearly 75% 
of the lymphatic drainage of the breast. The remaining lymphatics drain into the 
internal mammary (parasternal) lymph nodes (IMLNs) accompanying perforated 
branches of the internal mammary artery; this group generally receives drainage 
from the medial part of the breast.

�Sentinel Lymph Node Biopsy

Sentinel means “sentry,” and the SLN is the first lymph node at which cancer cells 
arrive via lymphatic channels starting from the primary tumor; multiple SLNs may 
exist. Because these lymph nodes are located on the lymphatic drainage course in 
breast cancer, they contain cancer cells when lymphatic metastasis has occurred. If 
metastasis is not detected in the pathological examination of the removed SLNs, the 
axilla is considered clear, and ALND is not performed.

Radioactive colloid and/or blue dye can be used to detect the SLN. Recently, iron 
oxide nanoparticles and indocyanine green have been developed for SLNB using 
the same technique. SLNs that are identified by scintigraphic imaging in the preop-
erative phase can be detected intraoperatively using a gamma probe and/or by 
injecting blue dye into the breast tissue; the dyed channel and lymph node can then 
be detected and removed surgically. There are different practices regarding the 
choice of agents used (blue dye, radioactive substance, or both) and location of 
injection (periareolar, subareolar, peritumoral). Extra-axillary lymph node (internal 
mammary group) excision is advised if it is identified as the first draining site by 
lymphoscintigraphy.

�Indications for SLNB

SLNB has been accepted as a standard treatment approach in all clinically node-
negative (with physical examination and imaging techniques) early stage (Figs. 14.1 
and 14.2) breast cancer cases, regardless of tumor size (uni- or multiple) and loca-
tion (central, inner or outer part of the breast).
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�Contraindications for SLNB

SLNB is contraindicated whenever a metastatic lymph node is clinically identified 
in the axilla [1]. This increases the false-negative rate. Diffuse blockage of lym-
phatic channels in locally advanced breast cancers manifesting as inflammatory 
breast cancer and dermal edema are also contraindications for SLNB.

Approximately 40% of node-positive patients can be detected with preoperative 
ultrasonography and needle biopsy [2]. Classically ALND should be performed 
directly in this case, or neoadjuvant chemotherapy may be recommended. However, 
in the near future, axillary tumor load (one or multiple cortical asymmetries or cor-
tical enlargement of the LNs versus multiple gross positive LNs) will become 
important for deciding further ALND.  During surgery, whenever any suspicious 
lymph nodes (hard) (non-SLNs) are palpated in SLNB-negative patients, excision 

Clinically node positive at diagnosis

Stage1 II, IIIA

FNAB or Tru-cut 
biopsy positive

FNAB or Tru-cut 
biopsy negative

Neoadjuvant 
treatment

Sentinel node 
negative(a-c)

Axillary dissection 
level I/II

Do not perform 
supplemental surgery 

(proposal 1)

Fig. 14.1  Axillary management of patients with clinical node-positive stages II or IIIA. FNAB fine-
needle aspiration biopsy, SLN sentinel lymph node, BCS breast-conserving surgery. 1Clinical 
STAGE II (T0, N1, M0; T1, N1, M0; T2, N1, M0); STAGE IIIA (T3, N1, M0). aFor BCS: In patients 
with micro/macrometastases in 1–2 sentinel lymph nodes, if there is no neoadjuvant therapy, com-
plete axillary dissection can be safely omitted when “segmental resection with RT” is performed. 
bFor mastectomy: In patients with macrometastases in 1–2 sentinel lymph nodes, complete axillary 
dissection must be performed when no adjuvant RT is planned; however, in patients for whom RT 
is planned, and if there is no neoadjuvant therapy, no consensus exists for omitting axillary dissec-
tion. cIn patients with T1 or T2 tumors with BCS and 1–2 positive SLNs, if there is no neoadjuvant 
chemotherapy and whole-breast irradiation is planned, axillary dissection is not needed. Axillary 
dissection is recommended for SLN-positive patients with triple-negative breast cancer
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must be considered, especially for those patients in whom core biopsy of the pri-
mary tumor was not performed. Sometimes, core biopsy can cause enlargement and 
stiffness in some of the axillary nodes, which may cause unnecessary LN excision 
together with SLNB. If metastasis is detected in SLNs or non-SLNs during paraffin 
section examinations, ALND or radiation therapy is decided in a multidisciplinary 
meeting for each patient according to all factors affecting locoregional recurrence 
risks and the benefits of adjuvant therapies.

Blue dye allergic reactions are observed in approximately 1–3% of cases and can 
cause serious anaphylactic reactions [3]. Blue dye is not used during pregnancy due 
to its potentially fatal effects [4]. Some studies have indicated that radioactive sub-
stances in low doses can be safely used during pregnancy [5–7].

Stage I, II (T1-T3,N0,M0)

Clinically node negative at diagnosisa,b

Sentinel node mapping and excision

Sentinel node 
negative

Sentinel node positive Sentinel nodes could not 
be identified

Do not perform 
supplemental 

surgery 
(proposal 1)

No axillary dissectionc
Level I-II axillary 

dissection

Level I-II axillary dissection or 
low axillary dissectiond

Fig. 14.2  Axillary management of patients with clinical node-negative stage I-II. FNAB fine-
needle aspiration biopsy, SLN sentinel lymph node, BCS breast-conserving surgery. aFor BCS: 
In patients with micro/macrometastases in 1–2 sentinel lymph nodes, complete axillary dissec-
tion can be safely omitted when “conservative resection with RT” is performed. bFor mastec-
tomy: In patients with macrometastases in 1–2 sentinel lymph nodes, complete axillary 
dissection must be performed when ‘no adjuvant RT is planned’; however, in patients for 
whom RT is planned, no consensus exists for omitting axillary dissection. cIn patients with T1 
or T2 tumors with BCS and 1–2 positive SLNs, if there is no neoadjuvant chemotherapy and 
whole-breast irradiation is planned, axillary dissection is not needed. Axillary dissection is 
recommended for SLN-positive patients with triple-negative breast cancer. dConsider axillary 
dissection according to preoperative imaging results (mammography, ulrasonoghrapy and 
PET/CT)
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�SLNB in Specific Cases

�Ductal Carcinoma In Situ

Metastasis is observed in 1–2% of DCIS cases, suggesting that some DCIS cases 
can indeed be invasive and that failure to diagnose metastasis is due to a pathologic 
sampling error [8, 9]. Because invasive foci can be detected in paraffin sections and 
SLNB is not associated with extensive complications, SLNB should be performed 
in DCIS patients who have signs on palpation (tumor mass) or a large area of DCIS 
(calcified areas >2–3 cm) [4]. SLNB is also recommended for patients planning to 
undergo mastectomy [10].

�Multicentric and Multifocal Breast Cancer

In multifocal and multicentric breast cancer cases, SLNB can be safely performed. 
However, an increase in the false-negative rate has been reported in some studies. 
Performing the procedure using a radioactive substance may increase the accuracy 
of SLN [11–14].

�SLNB for Patients with Previous Axillary and Breast Surgery

Studies have demonstrated that SLNs can be detected if superficial and deep lym-
phatic channels are not disrupted via excisional biopsy (particularly together with a 
large skin incision at the upper-lateral quadrant and if the deep pectoral fascia is not 
affected). However, in patients who have undergone breast-conserving surgery 
(BCS) and radiotherapy or have undergone ALND, lymphatic flow to the internal 
mammary glands and contralateral axilla is observed, and these areas are considered 
the second region for SLNs. The detection of axillary SLNs for the second time in 
patients who previously underwent SLNB is possible [15–18]. SLNB can be per-
formed after aesthetic interventions and even mastectomy [19–21]. Using tandem 
methods (blue dye lymphoscintigraphy) during SLNB in patients with previous 
operations increases the success rate [15].

�Male Breast Cancer

Breast cancer in males is rare and constitutes 1% of all breast cancer cases. SLNB 
should be performed in clinically node-negative male breast cancer to avoid unnec-
essary ALND. SLNB has the same identification and false-negative rates in males 
as in females [22–24].
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�Elderly and Overweight Patients

Although studies report high success rates of SLN detection in elderly and over-
weight patients, we have observed that this patient group is more problematic in 
practice; it is particularly difficult to detect SLNs using blue dye alone. The utiliza-
tion of lymphoscintigraphy along with blue dye in elderly and overweight patients 
increases the success rate.

�Axillary Staging in Patients Treated with Neoadjuvant Chemotherapy

The axilla is clinically negative in approximately 40–50% of patients who are 
planned to receive neoadjuvant chemotherapy. In cases with a positive axillary 
node, axillary downstaging occurs at a rate of 30–40% with treatment [25–27]. 
Research to identify an approach that avoids unnecessary ALND in these two 
patient groups is ongoing, and the method and timing of axillary staging remain 
controversial. In clinically axilla-negative cases, SLNB can be performed prior 
to neoadjuvant chemotherapy, and the need for ALND can be determined after 
treatment [25].

The opinion that alterations of the breast and lymphatic channels due to chemo-
therapeutic agents decrease the success rate of SLNB performed after chemother-
apy and increase the false-negative rate has essentially been abandoned. In the 
NSABP-B27 trial, the SLN detection rate after neoadjuvant chemotherapy was 
84.8%, and the false-negative rate was 10.6% [28]. Recent trials have shown that the 
use of radiocolloid alone or together with blue dye significantly enhances accuracy 
and that SLNB is possible after neoadjuvant chemotherapy [29, 30, 28]. ALND 
should be performed whenever the SLN cannot be detected.

�SLNB Technique

�Utilization of Radiocolloid and Lymphoscintigraphy

Lymphoscintigraphy is based on the detection of lymph nodes following drainage 
of the injected radiopharmaceutical agent to the regional lymph nodes via the lym-
phatic current. Regional lymphatic tracts are mapped using this method and whether 
an SLN is identified as axillary or extra-axillary using preoperative imaging tech-
niques; during the operation, the SLN is detected by a gamma probe [31].

The most frequently used radiopharmaceuticals are 99mTc-sulfur colloid, 
99mTc-nanocolloid, and 99mTc-antimony trisulfide colloid.

Technique  During the operation, the tumor mass, including the primary site of 
injection, is excised first to perform the count correctly and minimize background 
activity. While the gamma probe is scanned over the skin of the axilla, the site 
producing the highest activity count is determined, and a small incision is made to 
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enter the axilla. The gamma probe is inserted through the incision, and the lymph 
node yielding the highest activity count is excised together with its surrounding 
fat tissue by fine dissection. The activity count of the excised tissue is assessed in 
a separate location, and after confirming that it is the SLN, the axilla is reevalu-
ated using the probe. If there are any remaining sites producing high activity 
counts, other SLNs are excised until the activity count is less than 10% of that of 
the initial node.

�Vital Stain

Blue dye injection is another method for visualizing the SLN. The vital stains used 
for this purpose include patent blue V, isosulfan blue (1% lymphazurin), and methy-
lene blue. Isosulfan blue is the most frequently used agent; however, following 
injection, reactions ranging from a simple rash to serious anaphylaxis are observed 
with an incidence ratio of 1:1.1% [32, 33]. Methylene blue is a less expensive alter-
native that does not bind to plasma proteins and causes fewer anaphylactic reac-
tions. However, methylene blue can cause skin necrosis when intradermally 
administered, and a dilution ratio of 1:2 is recommended [34]. Studies have yielded 
similar mapping results using both dyes.

Technique  During the operation, approximately 2–5 ml of blue dye is injected 
by the subareolar routes, and the area is massaged toward the axilla for 2–5 min. 
Then, the axilla is entered using a 2- to 3-cm transverse incision 2–3 cm below 
the axillary hairline. After opening the clavipectoral fascia, the lateral thoracic 
vein, which extends toward the tail of the breast, is identified. The SLN is gener-
ally located where the intercostal nerve crosses this region (axilla, level 1). The 
blue-stained tract is identified via dissection. When traced either to the axilla or 
to the breast, a blue-stained lymph node or nodes can be observed. The blue-
stained lymph node is removed together with the surrounding thin fat tissue. 
The results obtained with blue dye are similar to those obtained using radioac-
tive substances [35].

�Combination of Vital Stains and Radioisotopic Methods

Many studies have reported that blue staining and radiocolloid use are complemen-
tary methods that enable the detection of additional SLNs when used together. 
Moreover, the addition of blue dye to the radiocolloid prevents unnecessary dissec-
tions. The SLN detection rate is 95–98% using the radioisotope method [35, 36] and 
is improved to 95–100% using the combined method. Both methods have high suc-
cess rates when performed alone, but combined methods should be used in select 
cases (elderly, overweight, patients who are undergoing SLNB for the second time). 
We use blue dye (isosulfan blue) in routine practice in our clinic. Lymphoscintigraphy 
has the advantage of showing extra axillary drainage [19].
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�Determining the Site of Injection

Studies suggest that SLN detection is more successful via the intradermal or sub-
areolar/periareolar routes; however, most studies indicate that the location of injec-
tion does not have an effect on SLN detection [35–39]. Each clinic should perform 
the technique that they have found successful. We prefer subareolar injections.

�Number of SLNs

Frequently, one SLN is removed from the axilla. The false-negative rate drops to 1% 
when three or more SLNs are removed. However, no benefit is observed when more 
than four to five SLNs are removed [40, 41]. When more than one blue ganglion is 
detected, removing all of the lymph nodes decreases the false-negative rate.

�Behavior of Micrometastases

Detailed SLN examination (multiple sections with several ganglia) has enabled the 
detection of smaller metastases. Metastases smaller than 0.2  mm are defined as 
submicro-isolated tumor cells, metastases that are 0.2–2 mm in size are classified 
as micrometastases, and those >2 mm are macrometastases. When isolated tumor 
cells are detected, the axilla is considered negative. When micrometastasis is 
detected in SLNs, the rate of metastasis in non-SLNs is 10–40%. In macrometasta-
sis, this rate is even higher. Patients with micrometastases in SLNs who did not 
undergo ALND in BCS and who received radiation therapy were investigated in a 
randomized trial in Z0011 [42]. This trial followed 446 patients who underwent 
SLNB and 445 patients who underwent SLNB + ALND. The proportion of patients 
who had three or more positive LNs was 5% in the SLNB group and 17.6% in the 
SLNB + ALND group (p < 0.001). After an average follow-up of 9.3 years, the 
10-year DFS was 80.2% in the SLNB-alone group and 78.2% in the ALND group. 
The OS rate was 86.3% in the SLNB-alone group and 83.6% in the ALND group. 
At 5 years, 1 nodal recurrence was observed in the SLNB-alone group vs none in 
the ALND group. Ten-year regional recurrence did not differ significantly between 
the two groups [42]. According to this study, which was terminated due to difficul-
ties in patient accrual and low recurrence rates, there was no benefit for the patients 
in the ALND group.

The detection of minimal disease (micrometastasis) in SLNs may be sufficient to 
initiate adjuvant therapy. In all valid protocols used today, these patients receive 
adjuvant therapy similar to that used in axilla+ disease (N1a). Therefore, treatment 
for these patients is not incomplete.

The only difficulty in treating micrometastatic disease is determining the irradia-
tion area for axillary and peripheral lymphatics. The number of involved axillary 
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lymph nodes is a critical component of this decision. Given the availability of effec-
tive adjuvant treatment options and the very low axillary recurrence rates (as in 
ALND), conservative decisions are now made on behalf of the patient when select-
ing a radiotherapy area; irradiating wide areas, as is done in Nx, appears to be 
overtreatment.

�Internal Mammary Lymph Node Biopsy (IMLNB)

A small percentage (10%) of lymphatics drain into the IMLNs, particularly in cen-
trally and medially located tumors. IMLNB may alter the treatment plan in 0.1% of 
breast cancer patients and thus is regarded as unnecessary. However, according to 
the new staging system, only IMLN positivity is classified as N1c; therefore, 
IMLNB could change the stage for this group of patients. IMLN detection and sam-
pling are necessary to make a decision regarding the adjuvant treatment policy in 
axilla-negative patients and to determine if IMLNs will be irradiated. For this rea-
son, we recommend performing IMLNB when the axilla is negative in centrally or 
medially located tumors.

The only method demonstrating lymphatic drainage to this region is lymphoscin-
tigraphy with the utilization of gamma probes. Usually, the second to third intercos-
tal space is explored in selected axilla-negative cases.

�Locally Advanced Breast Cancer

In locally advanced breast cancer (LABC), the utilization of axilla-effective sys-
temic treatment modalities (taxane, trastuzumab, etc.) in routine practice has led to 
increases in complete response rates (breast + axilla) from approximately 10% to 
39–70%; for some specific patient groups (ER negative, PR negative, HER2 posi-
tive), higher rates of complete response have been achieved. ALND following che-
motherapy was the standard axillary approach for LABC, but SLNB is now 
recommended in patients with axilla positive prior to chemotherapy to obtain a 
complete clinical response after chemotherapy. According to the results of prospec-
tive randomized trials, if two to three lymph nodes are removed using both blue dye 
and lymphoscintigraphy, the false-negative rate is 14%, and the detection rate is 
98% [25–27, 42, 43].

In cases with a positive axillary node, axillary downstaging occurs at a rate of 
30–40% with treatment, and this rate is even higher in triple-negative and Her2-
positive patients (Table 14.1) [25–27, 44]. The identification rate of SLNB may 
decrease in patients whose axilla become clinically negative after neoadjuvant 
therapy, and the false-negative rate may increase depending on case selection. 
The biology of the cancer is also an important factor predicting the response rate. 
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In a prospective study, after neoadjuvant therapy (n = 195) nodal pCR rates were: 
overall 49%; “ER+/HER2−” 21%; “ER+/HER2+” 70%; “ER−/HER2+” 97% and 
“ER−/HER2−” 47% [27]. The luminal A group has the lowest complete response 
rate. With neo-adjuvant CT, axillary dissection can be avoided in up to 48% of 
patients [27]. ALND should be performed whenever the SLN cannot be detected 
(Figs. 14.3 and 14.4).

Table 14.1  Nodal pCR after 
neoadjuvant therapy

N Nodal pCRa (%)

ACOSOG Z1071 [26] 694 41
FNAC [21] 145 35
Mamtani [1] 195 49

aNodal pCR ranges from 21% in Er+/HER2- to 97% in ER-/
HER2+ patients

Stage I-II (T1-T3,N0,M0)

Clinically node negative at diagnosis

Neoadjuvant treatmenta

Intraoperative 
SLNB positive 
(frozen positive)

Paraffin SLN 
negative

Paraffin SLN positive

Level I-II AD No AD

Micromestasis Macrometastasis

Level I-II ADb 
or 

No AD 
(proposal 3)

Level I-II AD

Fig. 14.3  Axillary management of patients with clinical node-negative stages I or II invasive breast 
cancer. FNAB fine-needle aspiration biopsy, SLN sentinel lymph node biopsy, AD axillary dissection. 
aNeoadjuvant chemotherapy is recommended for patients with axillary axillary lymph node-negative 
T2–T3 tumors with triple-negative or HER2-positive tumors. In Luminal B tumors, neoadjuvant 
chemotherapy can be considered. bLow-volume disease in the SLN after NAC is not an indicator of 
a low risk of additional positive axillary nodes. These tumor cells are potentially drug resistant and 
may be an indication of ALND, even when not detected on intraoperative frozen section
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�Examination of the SLN

Paraffin blocks are prepared, and slices are obtained in numbers and thicknesses 
defined by the laboratory protocol; these sections are then evaluated using hema-
toxylin and eosin (H&E) and immunohistochemical staining methods. Intraoperative 
evaluation of the SLN in clinical axilla-negative patients lost its importance follow-
ing the Z0011 trial based on the equivalent long-term results of ALND versus radia-
tion therapy in axilla 1–2 micro/macro-positive SLNs [42].

�False Negativity

False negativity is defined as the detection of negative SLNs when axillary metasta-
sis is indeed present. SLNs should be detected in at least 85% of patients using the 
method of choice, and the false-negative rate should be less than 5% [11]. Use of the 
blue dye and radiocolloid techniques in combination is recommended for surgeons 
in training to allow them to become familiar with the anatomy and decrease false-
negative results.

Stage1 II, IIIA 

Clinically node positive at diagnosis 

FNAB or Tru -cut 
biopsy positive

Accepted as 
positive

(No biopsy)

Neoadjuvant 
treatment

Intraoperative 
SLN positive  

(frozen positive)

SLN paraffin 

positive

SLN could not 
detected

Level I -II 
ADa

SLNb paraffin 
negative

No AD if 3 or more SLN 
negative

Surgery and level 
I-II AD

FNAB or Tru-
cut biopsy 
negative

Neoadjuvant 
treatment 

Surgery and 
SLNB

Fig. 14.4  Axillary management of patients with clinical node-positive stage II or IIIA invasive breast 
cancer. FNAB fine-needle aspiration biopsy, SLN sentinel lymph node biopsy, AD axillary dissection. 
1Clinical STAGE II (T0, N1, M0; T1, N1, M0; T2, N1, M0); STAGE IIIA (T3, N1, M0). aAfter 
neoadjuvant therapy, if the SLN is positive in frozen or paraffin sections, level I–II axillary dissection 
is recommended. bAt least 3 SLNs should be assessed in patients receiving neoadjuvant treatment
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�Axillary Lymph Node Dissection

�Indications

ALND was once routinely practiced in breast cancer cases, but the indications for 
ALND have been revised as SLNB has become standard in early-stage (stage I, II) 
clinically N0 cases. Today, ALND is performed in clinical N+ early-stage breast 
cancer and N+ LABC post CT. General attitudes about early-stage N+ breast cancer 
have changed. Neoadjuvant CT is advised to achieve complete pathologic response 
to perform SLNB to preserve the axilla. ALND should also be performed when 
SLN cannot be detected.

�Anatomy of the Axilla

Lymph node groups are categorized into three levels according to their orientation 
to the minor pectoral muscle for the surgeon’s convenience. Level 1 contains the 
lateral border of the minor pectoral muscle. The central and interpectoral groups, 
which are located between the medial and lateral borders of the minor pectoral 
muscle, form level 2. The subclavicular group, which is located medially or superi-
orly to the upper border of the minor pectoral muscle, is categorized as level 3.

�Axillary Structure

The intercostal brachial and intercostal thoracic nerves are sensory nerves; they 
innervate the skin at the medial part of the upper arm and the posterior part of the 
axilla. Injury will result in sensory loss at the corresponding skin area.

The long thoracic nerve, which innervates the serratus anterior muscle, origi-
nates from C5 to C7, extends inferiorly over the thoracic wall, and branches at the 
level of the fourth to fifth intercostal. Its injury causes a winged scapula defect.

The thoracodorsal nerve, which innervates the latissimus dorsi, originates from 
C6 to C8. Preservation of this nerve during dissection is important for subsequent 
reconstructive interventions.

The Rotter ganglia are in contact with the lateral pectoral pedicle, which is 
located posteriorly to the major pectoral muscle.

The lateral pectoral nerve, which is located in this pedicle, innervates the medial 
part of the major pectoral muscle. Its injury results in atrophy of the major pectoral 
muscle.

The medial pectoral is located anteriorly to the minor pectoral muscle at a dis-
tance of 1–2 cm, and the lateral nerve is located more laterally. It originates from the 
medial chord of the brachial plexus (C8–T1). Its injury results in the atrophy of both 
muscles.
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Atrophy of the pectoral muscles does not cause problems at the early stage but 
results in cosmetic issues at the chest wall in the long term.

�ALND Technique

It is now known that extended lymphatic resection does not provide any benefit for 
patient survival. Therefore, in routine ALND, only level 1 and level 2 lymph nodes 
are removed. When lymph nodes are confirmed as positive by preoperative exami-
nations or detected intraoperatively via palpation, level 3 lymph nodes are also 
included in the dissection. With efficient extraction, level 3 lymph nodes can be 
removed without sacrificing the minor pectoral muscle.

The incision should be made below the hairline to permit subsequent epilation 
and should not continue beyond the pectoral muscle anteriorly and the latissimus 
dorsi muscle posteriorly. Oblique transverse incisions, U-shaped incisions with the 
gap facing up, and reverse S incisions provide good exposure.

When started medially, the major pectoral muscle is elevated with a retractor. 
Anterior to the minor pectoral muscle below, the medial pectoral pedicle can be 
observed 1–2 cm medial of its border. This pedicle should be preserved to avoid 
atrophy of the major pectoral muscle.

The lateral border of the minor pectoral muscle is freed from the chest wall. This 
incision is extended upward until the axillary vein is exposed. In most cases, inter-
costal brachial nerves are sacrificed; however, with fine dissection at T2 and T3 
above, the nerves can be separated from the axillary tissue and preserved.

Then, the long thoracic nerve is again identified over the serratus anterior muscle 
but located deeper (more posterior) than these sensory nerves. At the level of the 
third intercostal nerve below, it can be found by caressing the serratus anterior mus-
cle with an index finger. It is located inside the fascia of the muscle and should 
always be preserved. After its exposure, the axillary tissue is dissected laterally 
from the chest wall. By retracting the major pectoral muscle, palpable lymph nodes 
are identified in the interpectoral region (Rotter ganglion). The few lymph nodes 
found here are removed without damaging the lateral pectoral pedicle, which 
extends anteriorly toward the major pectoral muscle.

There is no need to resect the minor pectoral muscle for a level 3 dissection. For 
a level 2 dissection, the surgeon should begin from the highest point posterior to the 
minor pectoral muscle. The surgeon should not extend the incision above the axillary 
vein; resection of the overlying fatty tissue increases the risk for lymphedema. Below 
the axillary vein, fatty tissue is skimmed off inferiorly from the chest wall. The dis-
section is continued inferiorly and laterally, and small branches emanating from the 
axillary vein are ligated. The lateral thoracic vein (thoracoepigastric vein), which 
originates from the direction of the axillary vein and enters the axillary tissue, is 
ligated. The thoracodorsal vein originates distally and posteriorly to the axillary vein 
and laterally to the lateral thoracic vein. The thoracodorsal nerve occasionally enters 
more medially, extends more deeply, and distally joins the thoracodorsal vessels. 
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The thoracodorsal nerve can also be observed as a single pedicle adhered to the tho-
racodorsal vessels. However, it always enters the latissimus dorsi muscle from the 
medial side.

Fatty tissue between the long thoracic nerve and the thoracodorsal pedicle is 
skimmed off inferiorly from the axillary vein, and the subscapular muscle is exposed 
behind. Then, by placing an index finger on the long thoracic nerve, the nerve is 
traced until its entry site into the serratus anterior muscle (finger dissection). 
Laterally, the thoracodorsal pedicle is traced until its entry site into the latissimus 
dorsi muscle; the small venous branches are ligated, and the specimen is removed 
during this procedure.

While approaching the axilla laterally to medially, the latissimus dorsi muscle is 
traced upward from its border; at the site where it becomes tendinous, the axillary 
vein is exposed. Dissection should be continued below to where the latissimus dorsi 
muscle joins the serratus anterior muscle. Following removal of the tissue, a suction 
drain is placed in the axillary cavity near the incision.

�Complications of ALND

SLNB is now the method of choice to avoid short- and long-term morbidities caused 
by ALND. Unfortunately, ALND must still be performed in many cases.

�Neurovascular Injury

The long thoracic nerve: Injury of this nerve is caused by cutting, traction, or ther-
mal damage; however, it is damaged in less than 1% of cases. Winged scapula defect 
caused by its injury results in cosmetic problems.

The thoracodorsal nerve: Because this does not cause a significant neurological 
deficit, this nerve can be excised to obtain a clean axilla if it is invaded by metastatic 
lymph nodes.

The intercostal brachial nerve: This nerve transverses the axilla and is generally 
cut during ALND, causing paresthesia at the medial half of the upper arm and 
adversely affecting quality of life in women.

Injury to the medial pectoral nerve does not cause short-term problems but 
results in cosmetic problems due to atrophy of the major pectoral muscle.

The brachial plexus is located superior to the axillary vein; thus, there is no risk 
of injury as long as one does not extend the dissection above the axillary vein.

�Seroma

Seroma forms in nearly all cases to some extent and is thus not considered a surgical 
complication. However, prolonged seroma increases the risk of infection and delays 
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adjuvant treatment. A low-pressure suction drain is placed during the operation to 
inhibit seroma formation. Because prolonged seroma following removal of the 
drain is a source of infection, it should be emptied via percutaneous aspiration. One 
effective method is delaying exercise and complete shoulder movements until after 
the fifth day following the operation. However, some arm and shoulder exercises 
should be started in the early stage to prevent shoulder problems due to a limited 
range of movement.

�Chronic Pain and Limited Range of Movement

More than 50% of women experience neuropathic pain, which is sometimes severe 
and interferes with sleep; this pain increases with movement; is localized to the 
chest wall, axilla, arm, and shoulder regions; and can continue after the third month 
postoperatively. These pains are thought to be due to nerve injury and to the addition 
of radiotherapy and/or chemotherapy to treatment [45]. Patients who experience 
more pain with movement generally limit their shoulder movements, leading to 
frozen shoulder syndrome. Starting arm movements at the early period postopera-
tively with the aid of adequate analgesia prevents these complications.

�Lymphedema

Lymphatic fluid, which originates in small lymphatic channels, first drains into 
regional lymph nodes; it is then carried to the systemic circulation via efferent lym-
phatic channels and the main lymphatic duct. Any obstruction in these channels 
results in the development of lymphedema in the tissue that could not be drained. 
Irradiation of the peripheral lymphatics is another factor that increases lymph-
edema. Recurrent attacks of lymphangitis and cellulitis also increase the risk for 
lymphedema in the arm. Lymphedema of up to 1–2 cm is considered mild and is 
observed in 20–30% of patients with level 1–2 ALND. Larger swelling is consid-
ered a serious lymphedema and is observed in less than 5% of patients. The risk of 
lymphedema in patients with level 3 ALND is 30%, and therefore level 3 ALND is 
not performed without a valid reason. Mild lymphedema can be observed in 5% of 
patients following SLNB. The aims are to educate patients and prevent lymphedema 
before it develops. Patients who have undergone ALND should be advised not to 
strain the affected arm, not to suspend the arm while working, and to avoid proce-
dures that could increase the risk of lymphangitis (skin injury due to manicure, etc.); 
patients are also recommended not to gain weight.

When lymphedema develops, its severity is first assessed as follows:
Stage 0: There is only dullness in the arm.
Stage 1: There is pitting edema (recoverable stage because there is no fibrosis).
Stage 2: The arm is stretched, and there is fibrosis.
Stage 3: Elephantiasis is present, with skin signs such as fibrosis, sclerosis, and 

keratosis.
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�Treatment and Prevention

Regular trunk cleaning and massage, which is called manual lymphatic drainage, 
are applied to patients by trained physiotherapists, and bandaging is applied. If no 
response is obtained using these procedures and if fibrosis has begun in the arm, 
laser therapy (low-level laser therapy) can be attempted. Laser therapy resolves 
fibrotic scar tissue by acting on fibroblasts and stimulates lymphatic drainage. 
This method was demonstrated to have a lymphedema-reducing effect in 52% of 
cases [45, 46].

The detection and preservation of lymphatics of the arm in the axilla using the 
injection of blue dye into the upper arm is called reverse axillary mapping. Research 
on this subject is ongoing [45].

�Conclusion

SLNB is equivalent to ALND in clinically node-negative patients in terms of stag-
ing, accuracy, DFS, and OS.  ALND has been considered mandatory in sentinel 
node-positive patients, but recent data with 10 years of follow-up have demonstrated 
that BCS and radiotherapy are equivalent to ALND of micro/macro-metastatic 
SLNs. This approach will reduce the morbidity of dissection without decreasing 
OS. SLNB is also beginning to be used in LABC patients treated with neo-adjuvant 
chemotherapy. In these cases, axilla can be saved, as in early breast cancer. With 
neo-adjuvant CT, axillary dissection can be avoided in up to half of patients. ALND 
should be performed whenever the SLN cannot be detected.
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