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Axillary lymph node staging is a crucial component
of breast cancer management, with the radiologist
playing an increasing role. Historically, axillary
lymph node staging was performed entirely
through axillary lymph node dissection without
using imaging or percutaneous diagnosis.
However, more recently, less morbid techniques
have been developed that require imaging guid-
ance and necessitate that radiologists have an
understanding of the anatomy, imaging appear-
ance, and significance of abnormalities in the
regional lymph node system of the breast. This
article reviews the clinical significance and surgical
staging of axillary metastatic involvement in breast
cancer and then focuses on the use of axillary
ultrasound and ultrasound-guided fine needle
aspiration (USFNA) as a preoperative staging
method. A brief discussion of internal mammary
lymph node evaluation is also included.

SIGNIFICANCE AND ANATOMY OF AXILLARY
LYMPH NODE METASTASIS IN BREAST
CANCER

Once breast cancer is diagnosed, lymph node
status is the most powerful indicator of long-term

survival.! Although other features, such as tumor
size, histologic grade, and hormone and Her2/
neu receptor status, have predictive value, the
status of the lymph nodes reflects the actual inter-
action of tumor aggressiveness and host resis-
tance.? The number of lymph nodes involved, the
extent of lymph node involvement within the indi-
vidual nodes, and the location of involved lymph
nodes also have prognostic significance. For
instance, gross involvement of the lymph node
by metastatic disease and extranodal extension
of disease have a worse prognosis than micro-
scopic metastatic disease. In addition, information
on lymph node involvement not only is important
for prognosis but also is used in treatment decision
making.

The primary lymphatic drainage of the breast is
to the axillary lymph nodes. Various names have
been given to the groups of lymph nodes that
constitute the axillary lymph node chain, although
surgeons typically classify axillary nodes by their
location relative to the pectoralis minor muscle.
Level | nodes are lateral or inferior to the pectoralis
minor, level Il nodes are posterior to the pectoralis
minor, and level Ill nodes are medial to the pector-
alis minor (Fig. 1). Although involved level Ill nodes
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Fig. 1. Lymphatic drainage of the breast with roman
numerals identifying axillary lymph node groups.
Level | nodes are located lateral or inferior to the pec-
toralis minor, level Il nodes are located deep to the
muscle, and level Ill nodes are located medial to the
muscle. M, metastatic supraclavicular node; T, primary
tumor. Reprinted from Bland Kl, Copeland EM,
editors. The breast: comprehensive management of
benign and malignant diseases. 4th edition. Philadel-
phia: Saunders Elsevier; 2009. p. 33; with permission.

are rarely present without involved level | or Il no-
des,>“ metastatic disease can “skip” to level Il no-
des without involving level | nodes in up to 25% of
cases.® Most axillary metastases affect level | and
Il axillary lymph nodes, and contemporary axillary
dissection involves removing level | and Il nodes
only.®

AXILLARY LYMPH NODE DISSECTION

Physical examination and mammography are
unreliable in determining whether axillary lymph
nodes are metastatic.”® Axillary lymph node
dissection (ALND) has been a standard part of
breast cancer treatment since the advent of the
radical mastectomy. Although it renders the most
complete staging information and provides excel-
lent local control of the axilla involved with
metastatic disease, ALND is associated with
significant morbidity, including lymphedema,
decreased range of motion in the shoulder, and
paresthesias. With earlier detection of breast
cancer leading to fewer positive axillae, ALND
has become a less-than-ideal modality for initial
staging of the axilla. Sentinel lymph node biopsy

(SLNB), in which the first (sentinel) lymph node to
drain the breast is identified and resected, was
developed as an alternative to ALND for breast
cancer in the 1990s after the technique was used
successfully in melanoma.® SLNB is a less-
invasive surgical technique, associated with less
morbidity than ALND.

LYMPHOSCINTIGRAPHY

Injection of blue dye or a radioisotope into the
breast maps the lymphatic drainage, and the
sentinel lymph node is identified either through
visual inspection, in the case of dye, or with
a gamma camera or handheld gamma probe, in
the case of Technetium-99m sulfur colloid injec-
tion. Although some surgeons will use blue dye
alone to minimize expense, the lymphoscintigra-
phy procedure offers several advantages. The
gamma camera’s wide field of view of the entire
chest allows visualization of both axillary and
internal mammary nodal regions, and shows the
three-dimensional distribution of lymph nodes. In
addition, lymphoscintigraphy can alert the
surgeon to surface contamination or dilated
lymphatic channels, which may be mistaken for
lymph nodes by the intraoperative handheld
gamma probe.’® Surgeons may use both dye
and radiotracer to increase the success rate of
finding the sentinel node."" Numerous technical
considerations and protocols exist for injection
and imaging during lymphoscintigraphy, which
are reviewed elsewhere.°

SENTINEL LYMPH NODE BIOPSY

SLNB has become standard of care for clinicians
experienced with the technique. SLNB is a techni-
cally challenging procedure, and the accuracy is
related to the experience of the surgeon, both in
total number and monthly number of cases per-
formed.'?'® In experienced hands, SLNB accu-
rately predicts the status of the remainder of the
axilla in greater than 95% of cases.''® When
SLNB is positive for metastatic disease, complete
ALND is then performed for more detailed staging
and to provide local control.

Although fewer lymph nodes are removed in
SLNB than in ALND, the nodes removed are those
most likely to be involved with tumor and are
examined more rigorously by pathology with serial
sectioning and immunohistochemistry. Removal
of “hot” nodes downstream from the first sentinel
node has been shown to decrease the false-
negative rate of SLNB."7~19

The sentinel node may be examined intraopera-
tively with touch preparation, cytology smear, or
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frozen section, and an axillary dissection per-
formed if evidence of metastatic disease is
present. However, the sensitivity of these tech-
niques is poor for micrometastases and, because
of the concern about destroying tissue through in-
traoperative evaluation, many surgeons prefer to
wait for definitive pathologic evaluation of the
sentinel node and return the patient to the oper-
ating room for ALND if needed.®

The time-consuming, challenging nature of SLNB
is a disadvantage, as is the need for a second
surgery if the lymph nodes contain metastatic
disease on permanent section. In addition, the
procedure may be unsuccessful because of failure
to visualize a sentinel node. Lack of radiotracer
uptake and nonvisualization of the sentinel node
may be from replacement of the node by tumor.2°
In addition, SLNB has a higher false-negative rate
in patients who have undergone neoadjuvant
chemotherapy.?” Therefore, patients undergoing
neoadjuvant chemotherapy often undergo SLNB
before chemotherapy and will have to return to the
operating room for breast surgery after chemo-
therapy. Given the disadvantages, an easier method
that replaces SLNB is valuable.

AXILLARY ULTRASOUND

Although CT, MRI, and nuclear medicine tech-
niques visualize the axillary lymph nodes, ultra-
sound is the most advantageous technique and
has been the most used to characterize lymph no-
des and detect axillary lymph node metas-
tases.”?>?°> Before SLNB, no real indication
existed for routine ultrasound evaluation of the
axilla for patients with breast cancer because
these patients would undergo ALND for both diag-
nosis and treatment of metastatic disease in one
operation. The advent of SLNB has resulted in
the increased use of axillary ultrasound and the
development of USFNA for preoperative diagnosis

of metastatic disease to minimize the number of
operative procedures.?®28 |n addition, patients
identified as having nodal disease preoperatively
may be considered for enroliment in neoadjuvant
chemotherapy protocols.?®

A high-frequency (7.5 MHz and above) trans-
ducer provides the spatial resolution needed to
identify and characterize lymph nodes adequately.
The most important lymph node to at identify is the
one most likely to be the sentinel node. Therefore,
attention should be focused on the lower axilla
near or just behind the lateral edge of the pectora-
lis major.3°

Normal lymph nodes are oval in shape, typically
having a long to short axis ratio of greater than 2,
and have a wide echogenic fatty hilum and a thin
cortex (Fig. 2A).2* When normal lymph nodes are
largely fatty replaced, the central echogenic hilum
will actually become paradoxically hypoechoic
because of the presence of relatively few vessels
and mostly homogenous fat cells (see Fig. 2B).%"
One pitfall of axillary ultrasound is mistaking a large
hypoechoic fatty hilum for a thickened hypoechoic
cortex.

Size is not a useful criterion for distinguishing
normal from abnormal axillary lymph nodes.®232
Reactive or fatty lymph nodes may be large
enough to even be palpable and mistaken for
metastatic disease. However, specific cortical
and hilar morphologic changes seen on ultrasound
have been shown to be predictive of malignancy,
although different criteria have been used at
different institutions to determine level of suspi-
cion. As ultrasound of the axilla becomes more
widely adopted, the criteria that are most useful
in detecting metastatic disease are becoming
more clearly defined.

The principal feature used in assessing axillary
lymph nodes is the presence of cortical thickening,
including cortical thickening that narrows or obilit-
erates the fatty hilum.

Fig. 2. Normal appearance of axillary lymph nodes on ultrasound. (A4) This lymph node (white arrows), located
adjacent to the pectoralis major muscle (black arrow) has a wide echogenic hilum (curved arrow) and a thin
cortex (arrowhead). (B) A largely fatty-replaced lymph node (arrows) with a paradoxically hypoechoic hilum

(arrowhead).
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Although the normal vascular supply of a lymph
node enters the hilum, the lymphatic channels
enter through the cortex. When enough metastatic
cells are deposited, the cortex becomes thicker.
As the cortex is replaced and expanded by meta-
static disease, the hilum becomes compressed
and eventually absent. Therefore, the earliest
changes seen on ultrasound will be focal thick-
ening of the cortex, with the lymph node retaining
a normal hilum (Fig. 3). Further involvement of the
cortex will thicken the cortex more diffusely
(Fig. 4). As the cortex enlarges, changes may
occur in shape from outward bulging of the cortex,
with the lymph node taking on a more lobulated
appearance. Distortion, compression, or absence
of the hilum is seen with large metastatic deposits
from inward bulging of the involved cortex (Fig. 5).
Decreased echogenicity of the cortex is also
a feature of malignancy,®® and completely re-
placed lymph nodes will be round and markedly
hypoechoic, or even anechoic (Fig. 6). A round,
anechoic lymph node may be mistaken for
a cyst. This pitfall can be avoided by recognizing
the typical lymph node location and using color
Doppler to detect vascularity.

The presence of blood flow in a lymph node seen
with color Doppler is not useful as a criterion to
distinguish benign from malignant nodes, because
both normal and abnormal nodes have hilar
flow.3435 However, malignant lymph nodes are
more likely to have nonhilar blood flow, in which
the blood flow enters the cortex directly. This altered
blood flow is presumably caused by engorgement of
preexisting vessels as a consequence of hilar flow
obstruction from metastatic disease.*®

USFNA FOR PREOPERATIVE DIAGNOSIS
OF NODAL DISEASE

Although ultrasound is sensitive for detecting
metastatic disease to the axilla, overlap occurs in

Fig. 4. Ultrasound image of a metastatic axillary
lymph node (arrows) with diffuse cortical thickening.

the appearance of metastatic disease and normal
or hyperplastic lymph nodes, limiting specificity.
Adding fine needle aspiration to ultrasound allows
a specific diagnosis of metastatic disease to be
made that changes patient management. When
metastatic disease to the axilla is diagnosed using
USFNA as the initial staging procedure, the patient
is spared SLNB and proceeds directly to ALND or
neoadjuvant chemotherapy.30:32:33:37-39

The sensitivity of USFNA reported in the litera-
ture varies widely depending on patient selection
criteria and the criteria for determining if a lymph
node is abnormal. Reports of sensitivity range
from 21% to 86%.%%3° The wide range of sensitiv-
ities reflects the fact that USFNA is most sensitive
in patients with more extensive lymph node
involvement and less sensitive for the detection
of small metastatic deposits (<5 mm) and micro-
metastases (<2 mm).>23% Patients with large
primary tumors are more likely to have more exten-
sive nodal disease that will alter the morphology of
the lymph node and be more easily detected with

Fig. 3. Focal cortical thickening on ultrasound. (A) A metastatic lymph node (arrows) with suspicious cortical
thickening (arrowhead). The large fatty hilum (curved arrows) is retained. (B) A metastatic lymph node (arrows)
with one small focal area of cortical thickening (arrowhead).
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Fig. 5. Ultrasound image of a metastatic axillary
lymph node (arrows) with distortion of the fatty
hilum from focal cortical thickening in multiple areas
(arrowheads).

ultrasound, and therefore USFNA will be more
sensitive in this population. Koelliker and
colleagues®® reported a sensitivity of USFNA
ranging from 56% in T1 tumors to 100% in T4
tumors. Similarly, the reported sensitivity of
USFNA will vary depending on selection criteria
based on the appearance of the axillary lymph no-
des. When selecting only patients with abnormal-
appearing lymph nodes, the sensitivity of the
procedure to detect nodal disease has been in
a more narrow range of 82% to 89%.52:38:40.:41
Most of the false-negative USFNA procedures in

Fig. 6. Ultrasound image of a hypoechoic metastatic
axillary lymph node (arrows) with a round shape
and completely absent hilum.

this population will be in patients with metastatic
deposits smaller than 5 mm and only one lymph
node involved.®> Expanding on their previous
work as reported by Koelliker and colleagues,®®
in which USFNA was performed on all patients
presenting for axillary ultrasound regardless of
tumor size or lymph node appearance, the au-
thor’s practice has been investigating the utility
of USFNA in patients as a function of lymph
node appearance and has found it to have a sensi-
tivity of 11% for normal-appearing nodes, 44% for
indeterminate nodes, and 93% for suspicious no-
des (Martha B. Mainiero, MD, unpublished data).

Core needle biopsy (CNB) of axillary lymph no-
des can be used as an alternative to fine needle
aspiration.*>™*% Care must be taken to avoid the
major vessels and nerves, and a biopsy device
with a controllable needle action is safest,
because the cutting cannula traverses tissue that
has already been passed through by the needle.*®
The range of sensitivity of CNB for metastatic
disease in the axilla ranges from 53% to
94% 4546 Unlike in the breast, in which a wide
range of benign and malignant conditions require
histology for diagnosis, the diagnosis of metastatic
disease in the axilla can be made through identi-
fying carcinoma cells on cytology without the
need for histologic evaluation. Fine needle aspira-
tion is less costly and less invasive than core
biopsy, and core biopsy has the same problem
as fine needle aspiration, with false-negatives in
cases of small metastatic deposits.*>*° In
a comparison of fine needle aspiration and CNB
of axillary nodes by Rao and colleagues,*° in which
the decision to perform fine needle aspiration or
CNB was based on equipment availability and
operator preference, the sensitivity of fine needle
aspiration was 75% and the sensitivity of CNB
was 82%. The author’s practice concluded that
given the consideration of cost, fine needle aspira-
tion may allow equivalent sensitivity at lower cost.
However, institutions without adequate cytology
support or expertise may prefer to use
ultrasound-guided core biopsy instead of fine nee-
dle aspiration.*®

INDICATIONS FOR USFNA

Whether axillary ultrasound and USFNA should be
performed on all patients with newly diagnosed
breast cancer or only those at high risk for nodal
disease is not firmly established. Because ultra-
sound and USFNA are not as sensitive as SLNB,
patients will still need surgery when imaging or
cytology results are negative. Patients who are
most likely to be spared SLNB are, therefore,
most likely to have a positive result on USFNA,
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either based on the high likelihood of having nodal
disease because of characteristics of the primary
tumor or because of the suspicious appearance
of lymph nodes on ultrasound. Therefore, some
authors suggest that the procedure can replace
SLNB as the initial staging procedure in larger
tumors only.?®

In patients with smaller tumors or normal-
appearing nodes, the technique will be less sensi-
tive, but has been used to spare some patients
SLNB, because USFNA is so much less time-
consuming and invasive than SLNB.>®* Some
authors recommend that USFNA should be part
of the preoperative staging of all primary breast
cancers.®”*! The exact cutoff of what is an
acceptable sensitivity to make the procedure
worthwhile is still controversial and may require
a cost-effective analysis.

Axillary ultrasound and USFNA are clearly indi-
cated in patients with locally advanced disease.
In a series of 27 axillae in 26 patients with a median
primary tumor size of 4 cm, Oruwari and
colleagues*” reported a sensitivity of 100% and
concluded that the technique is particularly useful
in this population and should be used more
frequently. Positive USFNA procedures in that
series included two patients with normal-
appearing lymph nodes. Patients with large
primary tumors should have axillary ultrasound,
and may benefit from USFNA even when lymph
nodes appear normal because of the high preva-
lence of nodal disease. In addition, patients with
large primary tumors are likely to be treated with
neoadjuvant chemotherapy, and USFNA is partic-
ularly useful to establish a diagnosis of metastatic
disease before chemotherapy is initiated.

USFNA is also indicated in patients with suspi-
cious lymph nodes found on ultrasound. However,
studies have used different criteria to determine
whether a lymph node is suspicious enough to
warrant fine needle aspiration.30:32:33.38.42 Egch

1 MIN
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ultrasound criterion has a different sensitivity and
specificity for predicting nodal disease. Absence
of a fatty hilum has been shown to be the most
specific predictor of malignancy, but is not sensi-
tive because it is a late finding.3%4%48 Therefore,
some measure of cortical thickening, either objec-
tive or subjective, must be used to determine
whether USFNA is indicated if one hopes to detect
most positive axillae preoperatively.

Based on an in vitro sonographic study, Bedi
and colleagues®' concluded that asymmetric focal
hypoechoic cortical lobulation or a completely hy-
poechoic node (without a fatty hilum) should serve
as guidelines for universal performance of USFNA.
However, the appearance of the cortex is a subjec-
tive feature, and in practice, measuring the thick-
ness of the cortex has been shown to provide
the best compromise of sensitivity and specificity.

Deurloo and colleagues®® evaluated multiple
nodal features, including cortex appearance and
thickness, and found that the area under the
receiver operating characteristic curve was high-
est (0.87) for maximum cortex thickness, and
that a cutoff of 2.95 mm was the best indicator
of when to perform USFNA. In a larger study also
evaluating multiple nodal features, Choi and
colleagues*® found that a cortical thickness of
greater than 3 mm was the best indicator to
predict metastasis, with a higher sensitivity and
specificity than eccentric or irregular nodular
cortex. Abe and colleagues*® reported a better
sensitivity and specificity using 4 mm rather than
3 mm as the threshold.

The author’s practice has found that using either
a cortical thickness threshold of 3 mm or the pres-
ence of focal cortical thickening to be useful
criteria for determining indication of USFNA.
They previously reported the use of USFNA in
patients with a wide range of primary tumor sizes
and recommended further evaluation of the tech-
nique in a larger number of patients with smaller

Fig. 7. Axial (A) and sagittal (B) MR images showing the parasternal location of a metastatic 7-mm internal
mammary lymph node (arrow), immediately adjacent to the internal mammary vessels.
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Fig. 8. Axial (A) and sagittal (B) T1-weighted MR images with fat saturation showing a metastatic 1.4-cm internal

mammary lymph node (arrows).

tumors.®3 As they gained further experience, they
have found that the low prevalence of metastatic
disease in patients with invasive cancers smaller
than 1 cm limits the utility of the procedure in this
population, because the lymph nodes are rarely
abnormal in this population. In patients with
tumors 1 cm or larger, axillary ultrasound is worth-
while to assess the appearance of the axillary no-
des, with USFNA indicated when lymph nodes
meet selected criteria. In addition, the author’s
practice will perform USFNA of normal-appearing
lymph nodes in patients with large tumors at very
high risk for nodal disease.

INTERNAL MAMMARY LYMPH NODES

The internal mammary lymph node chain is
another route of systemic dissemination in breast
carcinoma, and the status of internal mammary
nodes is also predictive of survival. The internal
mammary nodes reside immediately adjacent,
either medial or lateral, to the internal mammary
artery and vein, parallel to the sternum and
deep to costal cartilage (Fig. 7). The nodes
most frequently involved in breast cancer are in
the second to third intercostals spaces.*®
Abnormal internal mammary nodes can be seen
on parasternal ultrasound, CT, and MRI.4%-5"
Normal internal mammary nodes are very small
and not visible on CT,*® although they can often
be seen on MR.®° Kinoshita and colleagues®
found that using a size criterion of 5 mm on MRI
or greater had a 93.3% sensitivity and 89.3%
specificity for predicting internal mammary node
metastasis (Fig. 8).

Although most breast cancers that drain to the
internal mammary nodes are located in the medial
breast, tumor size and axillary nodal status are the
most significant predictors of internal mammary
nodal disease. Isolated involvement of internal
mammary lymph nodes is low, with the rate of

internal mammary metastases in patients with
a negative axilla reported to be 1% to 10%, with
most series reporting less than 5% .52

SLNB of internal mammary drainage identified
on lymphoscintigraphy is not routine but has
been used to change management in patients
with internal mammary node metastases.®®%*
When abnormal internal mammary nodes are iden-
tified through imaging, treatment regimens, partic-
ularly the radiation field, may be altered. In
addition, if abnormal internal mammary nodes
are detected through imaging, evaluation for
more distant metastatic disease may be indicated,
because internal mammary lymph node involve-
ment is a poor prognostic sign.

SUMMARY

The status of axillary lymph nodes is a key prog-
nostic indicator in patients with breast cancer
and helps guide patient management. SLNB is
increasingly being used as a less-morbid alterna-
tive to axillary lymph node dissection; however,
when results are positive, axillary dissection is
typically performed for complete staging and local
control. Axillary ultrasound and USFNA are useful
for detecting axillary nodal metastasis preopera-
tively and sparing patients SLNB, because
patients with positive cytology on USFNA can
proceed directly to axillary dissection or neoadju-
vant chemotherapy. Internal mammary nodes are
not routinely evaluated, but when the appearance
of these nodes is abnormal on imaging, further
treatment or metastatic evaluation may be
necessary.

REFERENCES

1. Santillan AA, Kiluk JV, Cox CE. Assessment and
designation of breast cancer stage. In: Bland KI,
Copeland EM, editors. The breast: comprehensive

995



996

Mainiero

management of benign and malignant diseases. 4th
edition. Philadelphia: Saunders Elsevier; 2009. p.
429-51.

. Styblo TM, Wood WC. Clinically established prognostic

factors in breast cancer. In: Bland Kl, Copeland EM,
editors. The breast: comprehensive management of
benign and malignant diseases. 4th edition. Philadel-
phia: Saunders Elsevier; 2009. p. 455-62.

. Veronesi U, Rilke F, Luini A, et al. Distribution of axil-

lary node metastases by level of invasion. An anal-
ysis of 539 cases. Cancer 1981;59:682-7.

. Rosen PP, Lesser ML, Kinne DW, et al. Discontin-

uous or “skip” metastases in breast carcinoma.
Analysis of 12228 axillary dissections. Ann Surg
1983;197:276-83.

. Pigott J, Nichols R, Maddox WA, et al. Metastases to

the upper levels of the axillary nodes in carcinoma of
the breast and its implications for nodal sampling
procedures. Surg Gynecol Obstet 1984;158:255-9.

. Chung MA. Therapeutic value of axillary node

dissection and selective management of the
axilla in small breast cancers. In: Bland KiI,
Copeland EM, editors. The breast: comprehensive
management of benign and malignant diseases.
4th edition. Philadelphia: Saunders Elsevier; 2009.
p. 953-69.

. Pamilo M, Soiva M, Lavast EM. Real-time ultrasound,

axillary mammography and clinical examination in
the detection of axillary lymph node metastases in
breast cancer patients. J Ultrasound Med 1989;8:
115-20.

. Sacre RA. Clinical evaluation of axillary lymph nodes

compared to surgical and pathological findings. Eur
J Surg Oncol 1986;12:169-73.

. Chen SL, Iddings DM, Scheri RP, et al. Lymphatic

mapping and sentinel
concepts and applications.
2006;56:292-309.

node analysis: current
CA Cancer J Clin

. Krynyckyi BR, Kim CK, Goyenechea MR, et al. Clin-

ical breast lymphoscintigraphy: optimal techniques
for performing studies, image atlas and analysis of
images. Radiographics 2004;24:121-45.

. Lucci A Jr, Kelemen PR, Miller C, et al. National

practice patterns of sentinel lymph node dissection
for breast carcinoma. J Am Coll Surg 2001;192:
453-8.

. Cox CE, Salud CJ, Cantor A, et al. Learning curves

for breast cancer sentinel lymph node mapping
based on surgical volume analysis. J Am Coll Surg
2001;193:593-600.

. Cox CE, Furman B, Dupont EL, et al. Novel tech-

nigues in sentinel lymph node mapping and locali-
zation of nonpalpable breast lesions: the Moffitt
experience. Ann Surg Oncol 2004;11:2225-6S.

. Giuliano AE, Jones RC, Brennan M, et al. Sentinel

lymphadenectomy in breast cancer. J Clin Oncol
1997;15:2345-50.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Krag D, Weaver D, Ashikaga T, et al. The sentinel
node in breast cancer-a multicenter validation study.
N Engl J Med 1998;339:941-6.

McMasters KM, Tuttle TM, Carlson DJ, et al. Sentinel
lymph node biopsy for breast cancer: a suitable
alternative to routine axillary dissection in multi-
institutional practice when optimal technique is
used. J Clin Oncol 2000;18:2560-6.

Wong SL, Edwards MJ, Chao C, et al. Sentinel
lymph node biopsy for breast cancer: impact of
number of sentinel nodes removed on false negative
rate. J Am Coll Surg 2001;192:684-9.

Schrenk P, Rehberger W, Shamiyeh A, et al. Sentinel
node biopsy for breast cancer: does the number of
sentinel nodes removed have an impact on the
accuracy of finding a positive node? J Surg Oncol
2002;80:130-6.

McCarter MD, Yeung H, Fey J, et al. The breast
cancer patient with multiple sentinel nodes: when
to stop? J Am Coll Surg 2001;192:692-7.
Brenot-Rossi |, Houvenaeghel G, Jacquemier J, et al.
Nonvisualiztion of axillary sentinel node during lym-
phoscintigraphy: is there a pathologic significance in
breast cancer? J Nucl Med 2003;44:1232-7.
Mamounas EP, Brown A, Anderson S, et al. Sentinel
node biopsy after neoadjuvant chemotherapy in
breast cancer: results from national surgical adju-
vant breast and bowel project protocol B-27. J Clin
Oncol 2005;23:2694-702.

Bruneton JN, Caramella E, Hery M, et al. Axillary node
metastases in breast cancer: preoperative detection
with ultrasound. Radiology 1986;158:325-6.
DeFreitas R Jr, Costa MV, Schneider SV, et al. Accu-
racy of ultrasound and clinical examination in the
diagnosis of axillary lymph node metastasis in
breast cancer. Eur J Surg Oncol 1991;17:240-4.
Vassallo P, Wernecke K, Roos N, et al. Differentiation
of benign from malignant superficial lymphadenop-
athy: the role of high resolution US. Radiology
1992;183:215-20.

Tate JJ, Lewis V, Archer T, et al. Ultrasound detection
of axillary lymph node metastases in breast cancer.
Eur J Surg Oncol 1989;15:139-41.

Verbanck J, Vandewiele |, De Winter H, et al. Value
of axillary ultrasonography and sonographically
guided puncture of axillary nodes: a prospective
study of 144 consecutive patients. J Clin Ultrasound
1997;25:53-6.

Bonnema J, van Geel AN, van Ooijen BV, et al. Ultra-
sound-guided aspiration biopsy for detection of non-
palpable axillary node metastases in breast cancer
patients: new diagnostic method. World J Surg
1997;21:270-4.

De Kanter AY, van Eijck CH, van Geel AN, et al. Mul-
ticentre study of ultrasonographically guided axillary
node biopsy in patients with breast cancer. Br J
Surg 1999;86:1459-62.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Regional Lymph Node Staging in Breast Cancer

Bedrosian |, Bedi D, Kuerer HM, et al. Impact of clin-
icopathological factors on sensitivity of axillary ultra-
sonography in the detection of axillary nodal
metastases in patients with breast cancer. Ann
Surg Oncol 2003;10:1025-30.

Deurloo EE, Tanis PJ, Gilhuijs KG, et al. Reduction in
the number of sentinel lymph node procedures by
preoperative ultrasonography of the axilla in breast
cancer. Eur J Cancer 2003;39:1068-73.

Bedi DG, Krishnamurthy R, Krishnamurthy S, et al.
Cortical morphologic features of axillary lymph no-
des as a predictor of metastasis in breast cancer:
in vitro sonographic study. AJR Am J Roentgenol
2008;191:646-52.

Krishnamurthy S, Sneige N, Bedi DG, et al. Role of
ultrasound-guided fine-needle aspiration of indeter-
minate and suspicious axillary lymph nodes in the
initial staging of breast carcinoma. Cancer 2002;
95:982-8.

Koelliker SL, Chung MA, Mainiero MB, et al. Axillary
lymph nodes: US-guided fine-needle aspiration for
initial staging of breast cancer-correlation with
primary tumor size. Radiology 2008;246:81-9.
Walsh J, Dixon J, Chetty U, et al. Colour Doppler
studies of axillary node metastases in breast carci-
noma. Clin Radiol 1994;49:189.

Yang WT, Metreweli C. Colour Doppler flow in normal
axillary lymph nodes. Br J Radiol 1998;71:381-3.
Yang WT, Chang J, Metreweli C. Patients with breast
cancer: differences in color Doppler flow and gray-
scale US features of benign and malignant axillary
lymph nodes. Radiology 2000;215:568-73.
Kuenen-Boumeester V, Menke-Pluymers M, de
Kanter AY, et al. Ultrasound-guided fine needle aspi-
ration cytology of axillary lymph nodes in breast
cancer patients. A preoperative staging procedure.
Eur J Cancer 2003;39:170-4.

Sapino A, Cassoni P, Zanon E, et al. Ultrasonograph-
ically-guided fine-needle aspiration of axillary lymph
nodes: role in breast cancer management. Br J
Cancer 2003;88:702-6.

Van Rijk MC, Deurloo EE, Nieweg OE, et al. Ultra-
sonography and fine-needle aspiration cytology
can spare breast cancer patients unnecessary
sentinel lymph node biopsy. Ann Surg Oncol
2005;13:31-5.

Rao R, Lilley L, Andrews V, et al. Axillary staging by
percutaneous biopsy: sensitivity of fine-needle aspi-
ration versus core needle biopsy. Ann Surg Oncol
2009;16:1170-5.

Jain A, Haisfield-Wolfe ME, Lange J, et al. The role of
ultrasound-guided fine-needle aspiration of axillary

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

nodes in the staging of breast cancer. Ann Surg
Oncol 2007;15:462-71.

Damera A, Evans AJ, Cornford EJ, et al. Diagnosis
of axillary nodal metastases by ultrasound-guided
core biopsy in primary operable breast cancer. Br
J Cancer 2003;89:1310-3.

Abdsaleh S, Azavedo E, Lindgen PG. Ultrasound-
guided large needle core biopsy of the axilla. Acta
Radiol 2004;45:193-6.

Topal U, Punar S, Tasdelen |, et al. Role of US-
guided core needle biopsy of axillary lymph nodes
in the initial staging of breast carcinoma. Eur J Ra-
diol 2005;56:382-5.

Abe H, Schmidt RA, Kulkarni K, et al. Lymph nodes
suspicious for breast cancer metastasis: sampling
with US-guided 14-gauge core-needle biopsy-clin-
ical experience in 100 patients. Radiology 2009;
250:41-9.

Briton PD, Coud A, Godward S, et al. Use of
ultrasound-guided axillary node core biopsy in staging
of early breast cancer. Eur Radiol 2009;19:561-9.
Oruwari JU, Chung MA, Koelliker S, et al. Axillary
staging using ultrasound-guided fine needle aspira-
tion biopsy in locally advanced beast cancer. Am J
Surg 2002;184:307-9.

Choi YJ, Ko EY, Han B, et al. High-resolution ultraso-
nograpic features of axillary lymph node metastasis
in patients with breast cancer. Breast 2009;18:119-22.
Scatarige JC, Boxen |, Smathers RL. Internal
mammary lymphadenopathy: imaging of a vital
lymphatic pathway in breast cancer. Radiographics
1990;10:857-70.

Kinoshita T, Odagiri K, Andoh K, et al. Evaluation
of small internal mammary lymph node metastases
in breast cancer by MRI. Radiat Med 1999;17:
189-93.

Ozdemir H, Atilla S, llgit ET, et al. Parasternal sonog-
raphy of the internal mammary lymphatics in breast
cancer: CT correlation. Eur J Radiol 1995;19:114-7.
Recht A. Radiotherapy and regional nodes. In:
Bland KI, Copeland EM, editors. The breast:
comprehensive management of benign and malig-
nant diseases. 4th edition. Philadelphia: Saunders
Elsevier; 2009. p. 1077-82.

Sacchini B, Bogen P, Galimberti V, et al. Surgical
approach to internal mammary node lymph node
biopsy. J Am Coll Surg 2001;193:703-13.

Madsen E, Gobardhan PD, Bongers V, et al. The
impact on post-surgical treatment of sentinel lymph
node biopsy of internal mammary lymph nodes in
patients with breast cancer. Ann Surg Oncol 2007;
14:1486-92.

997



	Regional Lymph Node Staging in Breast Cancer: The Increasing Role of Imaging and Ultrasound-Guided Axillary Lymph Node Fine Needle Aspiration
	Significance and anatomy of axillary lymph node metastasis in breast cancer
	Axillary lymph node dissection
	Lymphoscintigraphy
	Sentinel lymph node biopsy
	Axillary ultrasound
	USFNA for preoperative diagnosis of nodal disease
	Indications for USFNA
	Internal mammary lymph nodes
	Summary
	References


