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Abstract

In patients with early stage breast cancer, surgical management of the axilla 
has become less invasive. Multiple randomized control trials have demonstrated 
that in patients with minimal axillary nodal disease, complete axillary lymph 
node dissection does not offer a survival benefit when compared to sentinel 
lymph node biopsy alone. Ultrasonography of the axilla and ultrasound guided 
biopsy of suspicious lymph nodes has become a highly specific test to identify 
locoregional disease. Nodal metastasis detected by ultrasound guided lymph 
node biopsy has allowed patients to be treated as “lymph node positive” or N1, 
receive neoadjuvant chemotherapy and undergo a subsequent definitive axillary 
operation. In those patients who achieve a pathologic complete response after 
neoadjuvant chemotherapy, however, removal of axillary nodes that are free 
of residual cancer may be of no benefit. Targeted axillary dissection is a novel 
technique that allows limited, image guided removal of the previously biopsied 
axillary nodes and the sentinel lymph node during definitive axillary dissection 
following neoadjuvant chemotherapy. This practice relies on the specificity of 
ultrasound guided axillary lymph node biopsy to detect disease as well as the 
placement of markers that label the biopsied node. Contemporary research 
that utilizes ultrasound to differentiate between patients with minimal axillary 
nodal metastasis from those with extensive axillary nodal disease will contribute 
substantially to the less invasive surgical management of the axilla.
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Introduction
The sentinel lymph node (SLN) is the first node (or nodes) 

to receive tumor cells traveling from the primary tumor to the 
locoregional nodal basin. The surgical sentinel lymph node biopsy 
(SLNB) relies on orderly lymphatics from the breast to the axilla and 
the combined use of blue dye and radiolabeled colloid tracers allows 
for its highly accurate localization. Since its inception and subsequent 
application, the SLNB has become the validated gold standard to 
stage the axilla. Clinically, lymph node status remains one of the most 
important prognostic factors in breast cancer and guides treatment 
algorithms.

Axillary ultrasound (AUS) with ultrasound guided lymph node 
biopsy (either by fine needle aspiration or core needle) can identify 
most patients with extensive axillary nodal disease burden with 
specificity approaching 100%. Sonographic characteristics suspicious 
for metastasis in the lymph node include cortical thickening, changes 
in shape and size and absence of the fatty hilum but the morphology 
that defines presence of metastasis or indication for ultrasound 
guided lymph node biopsy (USLNB) is not standardized.

Prior to the Z0011 trial [1] demonstrating that complete axillary 
dissection offered no survival benefit in patients with limited axillary 
disease, AUS was used for preoperative locoregional staging. A 
positive AUS and USLNB allowed the patient to undergo neoadjuvant 
chemotherapy and one definitive axillary surgery by avoiding the 
SLNB altogether.

Following Z0011 and the subsequent randomized trials like 
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AMAROS [2] echoing its results, management of the axilla has become 
less invasive and the role of AUS and USLNB is being redefined. Some 
centers abandoned preoperative ultrasonographic axillary staging in 
the clinically negative axilla, others rely on a negative preoperative 
AUS with USLNB to determine if the patient is indeed a candidate 
for surgical management by Z0011 criteria, while other institutions 
consider a positive AUS and USLNB to be N1 disease and treated as 
such. The clinical application of AUS and USLNB in the post-Z0011 
era is highly variable. The National Comprehensive Cancer Network 
guidelines do not advocate for routine axillary ultrasonography in 
patients with clinically negative axilla (cN0) [3]. New promising 
randomized trials like the SOUND study [4] are attempting to identify 
the most efficient and beneficial utilization of this imaging modality 
in the management of the axilla breast cancer. These contemporary 
studies aim to investigate disease free and overall survival in patients 
with early breast cancer and negative AUS that are randomized to 
SLNB or no further axillary staging. This article reviews the abnormal 
morphology of a suspicious lymph node, sensitivity, specificity, 
predictive values and common indications for AUS and USLNB, 
techniques to mark the biopsied node, utilization of AUS USLNB 
following neoadjuvant chemotherapy, and lastly, some promising 
studies that will help further define and standardized its use.

Identifying a suspicious lymph node by ultrasonography
Ultrasound examination should include the total axilla extending 

to the anatomic borders from the level of the fourth rib inferiorly to 
the costoclavicular ligament and axillary vein superiorly, and from the 
pectoralis muscles anteriorly to the subscapularis and latissimus dorsi 
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muscles posteriorly [5]. There is a high concordance rate of finding 
the true SLN when the ultrasound is focused in the same anatomic 
area as used by surgeons during open SLNB [5]. Most SLNs are found 
intraoperatively close to the lowest axillary hair follicle [5] and more 
than 80% of sentinel nodes by ultrasound represent the lowest node 
in the axilla [6].

Distinctions between normal appearing nodes, solitary 
sonographically abnormal appearing nodes or multiple abnormal 
nodes should be documented [7], as should the location of the 
abnormal node or nodes within the axilla. A normal appearing 
lymph node is characterized by having an elliptical shape, a thin, 
even hypoechoic cortex measuring <3mm, and a hyperechoic hilum 
with blood vessels entering the hilum [5,8]. Common sonographic 
findings of a suspicious or abnormal lymph node include a thickened, 
lobulated cortex >3mm, loss or effacement of the fatty hilum, and 
loss of normal lymph node architecture [5,6,9-20] (Table 1), but 
these morphological characteristics have yet to be standardized. Such 
variations in the criteria that define an abnormal node and thus the 
indications for biopsy affect the sensitivity and specificity of AUS and 
USLNB [5,7,8,12-15,17-20] (Table 2).

Size of the primary tumor, size of the metastatic deposit in the 
lymph node, and increasing number of affected nodes will increase 
the sensitivity and specificity of AUS and USLNB. In a study of 224 
patients, sensitivity of USLNB was 100% with primary tumors >5cm, 
69% with primary tumors >2 to ≤ 5cm and 29% in patients with tumors 
≤ 1 cm [8]. Based on this finding, the authors recommended axillary 
ultrasound in patients with tumors >1cm and USLNB in patients with 

LN that have indeterminate or suspicious features [8] (Table 1). In 
another study evaluating the diagnostic accuracy of US-guided FNA 
of suspicious or metastatic appearing lymph nodes in early breast 
cancer, characteristics of the cortex and hilum were examined (Table 
1). All cases with three or more axillary lymph nodes harboring 
metastasis and 93% of metastatic deposits measuring >0.5 mm were 
detected by USLNB. The probability of detecting nodes with smaller 
metastatic deposit less than 0.5mm was 44% [20]. Recent studies 
suggest that patients with nodal disease detected by ultrasound have 
significantly more axillary nodal involvement and larger number of 
axillary lymph nodes containing metastasis than those who have a 
negative AUS and USLNB but positive SLNB [21]. A meta-analysis 
comparing 532 patients with positive USLNB to 248 patients with a 
negative USLNB but positive SLNB demonstrated that the number 
of involved nodes was significantly higher in patients whom axillary 
metastasis was detected by ultrasound guided biopsy (p<0.001) [10].

Marking the biopsied lymph node
In breast cancer, the conventional definition of the SLN is the first 

node (or nodes) in the axilla to receive lymphatic drainage from the 
primary tumor in the breast. Identification of the SLN in the operating 
room depends on the reliable lymphatic uptake of tracers (blue dye, 
radio-labeled colloid, indocyanine green) as well as the gradient of 
that lymphatic flow from the tumor to the first node. Occasionally, 
nodal tumor infiltration can obstruct the orderly flow of lymph and 
high nodal pressure in the SLN can divert the lymphatic stream to 
other axillary non-SLNs [22], leading to a false positive identification. 
To identify any nodal burden in the axilla that may not be identified 

Choy N et al. Annals of surgical 
oncology 2015 [9]

Generalized or focal thickening of nodal cortex, disparity in size of one or more LNs compared with others, rounded 
appearance, and effacement of node fatty hilum.  

vanWely BJ et al.  British Journal of 
Surgery 2015 [10] Round, asymmetrical cortex, thicker than 3mm, loss of hyperechoic hilum

Caudle AS et al. JAMA surgery 2015 
[11] Eccentric cortical thickening, hilar compression, displacement, effacement, and irregular nodal margins

Farrell TPJ et al. European radiology 
2015. [12] Cortical thickness >3mm, prominent eccentric lobulation, and a replaced/eccentric hilum

Fung AD et al. Cancer Cytopathology 
2014 [13]

Eccentric cortical thickening, diminutive or absent echogenic hilum, or round shape. Areas of the cortex with increased 
vascularity by color Doppler ultrasound are preferentially targeted for sampling.

Houssami N et al.  Cancer biology & 
medicine 2014 [14]

Thickening of the cortex, cortical thickening may be diffuse or focal;  eccentric or irregular; asymmetric; lobulated (uni- or 
multi-lobulation); absence/loss of central fatty hilum, rounded nodes (ratio of the longitudinal and transverse dimensions).

Cools-Lartigue J et al. Annals of 
surgical oncology 2013 [15] Absence of a fatty nodal hilum, eccentric cortical thickening, and a round hypoechoic node, multiple enlarged (>1 cm) nodes 

Ibrahim-Zada I et al. Journal of the 
American College of Surgeons 2013 
[16]

Hilar effacement, hilar replacement, node matting, perinodal edema, and unclear node margins and cortical thickening >3 
mm, especially if nodular or asymmetric 

Valente SA et al. Annals of surgical 
oncology 2012 [17]

Rounded shape, a long-to-short axis ratio of <2, hypoechoic, compression or disappearance of the fatty hilum, or cortical 
thickening or asymmetry

Oz A et al. Journal of breast cancer 
2012 [18]

Cortical symmetrical and asymmetrical thickening (cortex thickness >3 mm) compared to the lymph nodes on the same or 
other side, increased size of the lymph nodes, an increase in the sphericity index (short/long diameter ≥0,5), increased cortex 
hypoechogenicity (cortex more hypoechoic than the subcutaneous fatty tissue), and non-hilar cortical flow.

Torres Sousa MY et al.Radiología 
2011 [19]

Local or diffuse cortical thickness ≥3mm, absence, obliteration or eccentric location of the hilar fat, and/or non-hilar cortical 
vascular flow (NHVCF).

Britton P et al. Clinical radiology 
2010 [6] Greater than 5 mm in longitudinal section

Mainiero MB et al. American Journal 
of Roentgenology 2010 [8]

Benign:  even cortex < 3 mm
Indeterminate: even cortex but ≥ 3 mm or < 3 mm but was focally thickened
Suspicious: focally thickened cortex ≥ 3 mm or the fatty hilum was absent.

Nathanson SD et al. Annals of 
surgical oncology 2007 [5]

Normal lymph nodes:  elliptical shape; a thin, hypoechoic cortex; and a hyperechoic hilum with blood vessels entering the 
hilum.  
Abnormal lymph nodes: round shape; uniform or eccentric thickening of the cortex; focal bulging or irregularity of the cortex; 
displacement or obliteration of the hilum; or total loss of recognizable lymph node architecture.

Krishnamurthy S et al. Cancer 2002 
[20]

Increased thickening and/or lobulation of the hypoecholic lymph node cortex compared with other ipsilateral or contralateral 
lymph nodes, eccentric lobulation of the hypoechoic lymph node cortex with compression of the adjacent hilar fat, and 
complete disappearance of the hilar fat, which is replaced by hypoechoic cortex.   

Table 1: Abnormal lymph node morphology.
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by optical or radioactive tracers, the surgeon palpates the soft tissue 
in the axilla and any hard, matted, or suspicious lymph nodes are 
considered abnormal and removed.

Accurate examination of the clinically negative axilla by ultrasound 
relies on the anatomic location, morphology, size and Doppler flow 
characteristics in the nodes. Debate regarding SLN identification 
by AUS has revolved around the concept of the “true SLN”. Some 
argue that the true SLN is the suspicious, cancer-containing node 

on preoperative ultrasound and percutaneous biopsy. Others believe 
that the true SLN is the “hot and blue node” identified by the orderly 
lymphatics with the combined use of radiocolloid and blue dye.

Marking the biopsied axillary node with a microchip [5] or 
percutaneous tattooing [9] is helpful to identify previously biopsied 
node. A microchip is a reliable way to determine if the lymph node 
that was initially biopsied is the same node that is removed during 
SLNB [5]. The “true SLN” (as identified in the operating room) 

Study Type/Purpose Sensitivity % Specificity % PPV % NPV %

Farrell TPJ et al. 
European radiology 
2015 [12]

To correlated the number of abnormal LN on AUS with 
final nodal burden and determine the utility of AUS with 
sampling in preoperative staging.

AUS alone:  64

AUS with sampling: 
86.2

AUS alone: 76.9

AUS with 
sampling: 100

AUS alone: 63.8

AUS with 
sampling: 100

AUS alone: 77.1

AUS with sampling: 
71.9

Fung AD et al. Cancer 
Cytopathology 2014 
[13]

To characterize the use of rapid onsite evaluation 
(ROSE) of adequacy by the cytopathologist and/or 
cytotechnologist during the procedure.  A retrospective 
review of axillary lymph node US guided FNAs.

75 100 100 79

Houssami N et al. 
Cancer biology & 
medicine 2014 [14]

A meta-analysis and review to estimate and discuss 
the utility of UGNB highlighting the role of preoperative 
UGNB and its consequences on surgical management 
of the axilla.

79.6 98.3 100 67.4

Cools-Lartigue J et 
al. Annals of surgical 
oncology 2013 [15]

A retrospective review to determine the sensitivity, 
specificity, and accuracy of AUS and FNAB in the 
identification of axillary nodal metastasis in early breast 
cancer patients.

All US= 55

Abnormal AUS with 
FNAB=69%

All US= 88

Abnormal AUS 
with FNAB= 100

All US= 74

Abnormal AUS 
with FNAB= 100

All US= 75

Abnormal AUS with 
FNAB= 54

Valente SA et al. 
Annals of surgical 
oncology 2012 [17]

To examine the ability to accurately predict axillary nodal 
involvement by using physical examination and standard 
breast imaging studies in combination.  

43.5 96.2 79.3 83.3

Oz A et al. Journal of 
breast cancer 2012 
[18]

To detect preoperative axillary metastases with 
ultrasound (US)-guided fine needle aspiration biopsy 
(FNAB), eliminate the need for sentinel lymph node 
(SLN) scintigraphy and biopsy, and in that of with 
suspicious US findings, and to evaluate the accuracy 
of preoperative US-guided FNAB for patients with 
suspicious lymph node metastases on US.

88.46
100 100 66.6

Torres Sousa MY et al. 
Radiología 2011 [19]

To investigate the sensitivity, NPV and PPV of the 
axillary biopsy using different morphologic LN parameters 94 NR

100 
(in the presence 
of both cortical 
thickening and 

non-hilar cortical 
vascular flow)

Cortical thickening 
68%

Changes in the 
hilar fat 90%

NHCVF (nonhilar 
cortical vascular 

flow) 78%

88.9

Mainiero MB et al.  
American Journal of 
Roentgenology 2010 
[8]

To evaluate the utility of ultrasound-guided fine-needle 
aspiration (FNA) of the axillary lymph nodes in breast 
cancer patients depending on the size of the primary 
tumor and the appearance of the lymph nodes.

Overall= 59

Primary tumor
T0, T1a-b=29

T1c=50
T2= 69

T3,T4=100

LN appearance
Benign =11

Intermediate=44
Suspicious=93

Overall= 100 NR NR

Nathanson SD et al. 
Annals of surgical 
oncology 2007 [5]

To investigate the use of ultrasound-guided core 
needle biopsy of a morphologically normal or abnormal 
lymph node in the anatomic position of the SLN would 
accomplish the goal of a single axillary operation.  

77.3 94.4 94.4 77.3

Krishnamurthy S et al.  
Cancer 2002 [20]

To determine diagnostic accuracy of US guided FNA of 
indeterminate, suspicious or metastatic appearing ALNs 
during initial staging

86.4 100 100 67

Table 2: Axillary ultrasound and ultrasound guided lymph node biopsy.

PPV: Positive Predictive Value; NPV: Negative Predictive Value; NR: Not Recorded
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was the node that was preoperatively biopsied in 47 of 60 (78.3%) 
of patients in whom a microchip was placed [5]. The microchip can 
easily be seen on an x-ray of the specimen if present. Evidence of 
percutaneous biopsy can sometimes be noted during open SLNB, 
including presence small hematoma, seroma or inflammatory 
reaction. But the main disadvantage of marking the node with a clip is 
that it is placed inside the body of the node and not visually apparent 
intraoperatively. To provide the surgeon with visual confirmation, 
one study injected black ink into the percutaneously biopsied node. 
The black ink was found to be easily distinguishable from blue 
dye, and tattooed ALNs were identified in all patients treated with 
neoadjuvant chemotherapy [9]. Clip placement in combination 
with tattooing allows for both radiological and visual confirmation 
and may increase the identification rate when compared to each 
individual modality alone.

Targeted Axillary Node Dissection
Axillary ultrasound and USLNB may accurately define 

axillary status before surgery. For node positive patients receiving 
neoadjuvant chemotherapy, a pathologic complete response (PCR) 
is seen in approximately 40% of cases [23]. The benefit of complete 
axillary nodal dissection in patients without residual axillary node 
disease after chemotherapy has been questioned and the accuracy 
of performing SLNB following neoadjuvant chemotherapy has been 
investigated.

The European SENTINA study (Sentinel Lymph Node Biopsy 
in patients with breast cancer before and after neoadjuvant 
chemotherapy) found a higher false negative rate and lower detection 
rate of SLN in patients who received chemotherapy versus those who 
did not. All patients underwent preoperative physical examination 
with axillary palpation and AUS. An axilla was considered negative 
if the AUS was negative. There was no universally accepted 
standard used to define lymph node morphology, and USLNB was 
recommended but not mandatory [24]. Results from the ACOSOG 
Z1071 trial, conducted to evaluate SLNB in patients with node 
positive disease who received chemotherapy, demonstrated a false 
negative rate of 12.6% that was considered higher than was acceptable 

[23]. However, a decrease in the false negative rate to 7.4% and 10.8% 
was observed when a preoperative biopsy clip was placed and dual 
tracer technique was used, respectively [23]. New recommendations 
by the National Comprehensive Cancer Network soon followed to 
include placing a clip in a biopsied lymph node and removing all clip 
containing axillary nodes during definitive axillary surgery [3].

Despite a high false negative rate in SLNB after neoadjuvant 
chemotherapy, results from these trials are being incorporated 
into clinical practice by way of targeted axillary dissection (TAD). 
TAD allows for biopsy proven lymph node positive patients who 
underwent chemotherapy to have the biopsied nodes selectively 
removed. Preoperative image guided wire or I125 radioactive seed 
localization allows the biopsy proven positive axillary node to be 
identified and removed at the time of definitive axillary surgery 
following neoadjuvant chemotherapy and has been shown to be safe, 
effective and fairly easy to perform [11]. The false negative rate and 
correlation between the previously biopsied (clipped) nodes versus 
the operative SLN is still being investigated so TAD is accompanied 
by complete axillary dissection [25]. TAD offers a promising and 
less invasive approach to restaging the axilla following neoadjuvant 
chemotherapy and further investigation is needed to determine its 
impact on recurrence and survival.

Conclusion
In certain patients with early breast cancer and small volume 

locoregional disease, complete axillary dissection has been shown 
to offer no survival benefit and has largely been abandoned. As 
continued improvements in systemic therapy and radiation lead 
to pathologic complete response, management of the axilla strives 
to be less invasive even in the setting of later stage breast cancer. 
Some randomized prospective trials are now investigating the 
utility of SLNB altogether. These studies rely on the high specificity 
of AUS and USLNB to identify the presence of nodal disease. New 
prospective randomized trials aim to determine if AUS is a reliable 
preoperative staging modality in hopes that AUS will be a minimally 
invasive replacement of the SLNB. The SOUND, INSEMA and other 
randomized trials are now examining the axillary recurrence, disease 

Figure 1: Normal lymph nodes.

Figure 2: Invasive ductal carcinoma metastatic to axillary nodes. Sonography 
demonstrates circumferential thickened cortex and compressed hilum.

Figure 3: Metastatic intraductal carcinoma with eccentric node thickening.

Figure 4: Metastatic invasive ductal carcinoma. Axillary nodes replaced with 
tumor. No fatty hilum.
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free and overall survival of patients with early stage breast cancer 
(T1-T2) with negative AUS who will be randomized to undergo 
SLNB versus no further axillary staging (INSEMA) [4,26,27]. Future 
research that utilizes ultrasound to differentiate between patients with 
minimal axillary nodal metastasis from those with extensive axillary 
nodal disease will contribute substantially to the less invasive surgical 
management of the axilla.
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