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xillary lymph node status is an im-

portant prognoestic factor in the

evaluation of patients with newly
diagnosed breast cancer (1-3). Until re-
cently, axillary lymph node dissection
{ALND) was the reference standard for
determining this status (4,5}. With the
detection of many small breast cancers
at screening mammography, the yield of
Iyraph nodes positive for breast cancer
metastasis at ALND has decreased dra-
matically (6-8). The decrease in ALND-
positive lymph nodes has fostered the
alternative of sentinel lymph node bi-
opsy (SLNB). Although SLNB is now
widely accepted, surgeons must spend a
considerable amount of time in the op-
erating room harvesting sentinel lymph
nodes {#-11). In addition, SLNB is not
a perfect procedure; it results in no
sentinel lymph nodes being elucidated
in some patients or in more than three
sentinel lymph nodes being de-
tected (12).

If nodal positivity can be proved pre-
operatively, SLNB can be avoided. Pre-
operative lymph node staging in pa-
tients with breast cancer is increasingly
being attempted as various new imaging
modalities are developed (5,12-20). Ul-
trasonography (US) has been the most
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widely used modality for this purpose
{15-20). Some investigators have re-
ported high accuracy in preoperative
hmph node staging with US and fine-
needle aspiration combined (11,19-
23). However, fine-needle aspiration-—
necessitating operator expertise and the
cooperation of experienced cytolo-
gists—is known to be more operator
dependent compared with core-needle
biopsy (CNB). Therefore, our purpose
was to study the clinical usefulness of
US-guided CNB and the US findings that
may be used to predict nodal metasta-
sis.

Materials and Methods

This retrospective study was Heatth In-
surance Portability and Accountability
Act compliant and was approved by the
University of Chicago institutional re-
view board, The requirement for writ-
ten informed patient consent was
waived.

Patients

We retrospectively reviewed the US im-
ages and histopathologic results (from
US-guided CNB, SLNB, and/or ALND)
of all patients who underwent US as-
sessment of axillary lymph nodes he-
tween August 1, 2003, and December
31, 2008. Axillary lymph node US was
performed in patients with lesions
highly suspected to be invasive hreast
cancer and patients with newly diag-
nosed invasive breast cancer or exten-
sive {at least 4 cm in extent) ductal car-
cinoma in situ (DCIS). US was per-
formed by one or more of four
radiologists {H.A., R.A.S., C.A.S,,
G.M.N.). One radiologist (H.A.) had
fellowship training in breast imaging,
with 3 years of dedicated breast imaging

experience, The other three radiologists
had 15-35 years experience in breast
imaging, including 5-17 years experi-
ence in breast US. Axillary lymph node
US was performed either at the same
time as diagnostic breast US or after the
diagnosis of breast cancer was estab-
lished. Before December 1, 2004, axil-
lary lymph node US was performed in
only those patients in whom all diagnos-
tic work-up, inchiding biopsy, was per-
formed at our institution. Since Decem-
ber 1, 2004, US of the ipsilateral axilla
has been performed routinely not only
in these patients but also in patients
whose diagnostic work-up was per-
formed partially at outside institutions.
US of the axilla was also performed in
patients with an abnormality in or near
the axillary area, such as a palpable le-
sion or other anomaly deemed to be
related to the axilla (Fig 1). The lymph
node status of all patients was con-
firmed at histopathologic analysis.
Patients who underwent US-guided
CNB.—One hundred patients were in-
cluded in the study: 95 patients with
concurrent breast cancer and five with a
history of breast cancer treatment 2-12
years before lymph node biopsy. Five
patients had been excluded: Two left
our institution, and three did not un-
dergo SLNB or ALND for histopatho-
logic confirmation after GNB yielded
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negative findings. US assessment of the
axilla was performed in the five patients
who had undergone breast cancer treat-
ment 2-12 years ago because of the fol-
lowing reasons: Two patients had a pal-
pable lymph node at routine physical
examination, one patient noticed the
new onset of ipsilateral arm swelling on
the side of prior breast surgery, one
patient had abnormal axillary lymph
nodes at recent chest computed tomog-
raphy, and one patient reported having
pain in the axilla. All patients with nega-
tive CNB results underwent SENB. A
" median of three sentinel lymph nodes
(range, 1-7) per patient were sampled
at SLNB.
Patients ranged in age from 26 to 88
years (mean, 55 years). For all except
twe patients, lymph node biopsy was
recommended by radiologists on the ba-
sis of suspicicus findings at diagnostic
US. The exceptions were two patients
for whom biopsy of palpable lymph
nodes was requested by surgeons. The
histologic type of the primary lesion in
§ the 100 patients was infilirating ductal

" carcinoma in 78 (789) patients, infil-
trating ductal carcinoma with extensive
DCIS in 13 (13%), DCIS greater than 4
cm in extent in four (4%), and infiltrat-
ing lobular carcinoma in five {5%). The
sizes of the invasive components in the

primary breast lesions are listed in
Table 1.

Patients who did not undergo US-
guided CNB.—Forty-four patients aged
39-90 years (mean, 539 years) with con-
current breast cancer underwent SLNB
after receiving negative (no suspicious
findings) directed axillary lymph node
US results. Seven of these 44 patients
underwent ALND after SLNB. The his-
tologic type of the primary lesion was
infiltrating ductal carcinoma in 35 {80%) of
these 44 patients, infiltrating ductal car-
cinoma with DCIS in one (2%) patient,
DUCIS in three (7%) patients, and infil-
trating lobular carcinoma in five (11%)
patients.

Axillary US

Agxillary Iymph node US was performed
with an ATL HIDI 5000 US unit (Philips
International, Potomac, Md} by using a
5-12-MHz linear transducer. The pa-
tient was placed in a supine or con-
tralateral-side-down. oblique position on
the table, with the ipsilateral hand
placed behind the head. US scanning
typically started from the lower part
of the axilla and continued upward to-
ward the axillary fossa, with the goal of
detecting at least one lymph node, US
results were considered positive if corti-

cal thickening (including loss of hilum)

and/or nonhilar blood flow {NHBF) to
the cortex was depicted. Cortical thick-
ening, either diffuse or focal, was de-
fined as a maximal cortical thickness
equal to or greater than the width of the
fatty hilum (Figs 2, 3). We made spe-
cific note of the absence of a fatty hi-
lum. Color Doppler US was performed
with low-velocity (4.4 cm/sec) param-
eter settings and high gain by using a
slow scanning technique. US-guided
CNB was recommended when positive
US findings were obtained, When
there were two or more abnormal
lymph nodes, the lymph noede with the
most suspicious findings was selected
for biopsy.

Biopsy Procedures

All biopsies, except those in a few dif-
ficult cases, were performed by one of
three attending radiologists (H.A.,
R.AS., C.A.S.) by using a previously
described method (24). In the difficult
cases, two radiologists each per-
formed one biopsy to obtain better
samples. In all except two patients, a
14-gauge Achieve needle (Cardinal
Health, Dublin, Ohio} was used he-
cause it has an alternative firing mode
of operation that is useful in the axilla
(24). In two patients, biopsy was per-
formed with a 14-gauge Magnum nee-

Eligible patients: n=38
16 known cancers
19 suspicious lesions
3 other clinical reasons

Eligible patients: n=111
70 known cancers
36 suspicious lesions
2 other clinical reasons
i

v
Biopsy
n=33

Patients excluded: n=2
No final pathology
result available
Biopsy
n=31

Positive .1, Negative
n=24 n=7

a

No exclusion +=

¥ A L 4
No Biopsy Biopsy No Biopsy
n=5 n=72 n=3%

Patients excluded:
n=3 ]
Ngo final pathology
resuit available

No Biopsy Biopsy No Biopsy
n=5 n=62 n=39
Positive (1, Negative Fositive _1, Negative Positive __| | Negative
n=1 n=4 n=40 n=29 n=11 n=28

h.

-Figure 1: - Flowcharts of the study group (a) before and (b) after the entry criteria were changed.
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dle (Bard Biopsy Systems, Tempe,
Ariz).

We considered the biopsy proce-
dure to be successful when the obtained
sample(s) contained a large portion of
solid nonfatty tissue and/or sank in for-
malin. The mean number of samples ob-
tained per lesion was 2.2 (range, 1-3).
When histopathologic assessment find-
ings confirmed the absence of lymph tis-
sue in the specimen, this was regarded
as mistargeting. Intolerable pain, con-
siderable bleeding, and clinically impor-
tant infection in patients were to be re-
corded. The histopathologic diagnosis
was made by using specimens pro-

cessed with standard hematoxylin-eosin
stain. When changes secondary to prior
CNB or chemotherapy were identified,
they were described in the pathology
report.

Twenty-four patients underwent ax-
illary lymph node biopsy before or at
the same time as biopsy of the primary
lesion, while 71 patients underwent ax-
illary lymph node biopsy after biopsy of
the primary lesion; the mean interval
between the two biopsies was 18.4 days
(range, 1-250 days). In the five remain-
ing patients, primary cancer surgery
was performed 2-12 years before axil-

lary biopsy.

Figure 2

a.

b

Retrospective Review

Two radiologists (H.A., R.A.S.) retro-
spectively reviewed the US images in
consensus to assess lymph nodes that

bad been sampled at biopsy. The long

and short axes of the lymph nodes and
the cortical thicknesses of the lymph
nodes with a visible fatty hilum were
measured, Three lymph nodes did not
meet the criteria for biopsy: For two
nodes, an attending surgeon re-
quested biopsy on the basis of clinical
suspicion, and one lymph node was
prospectively interpreted to be abnor-
mal.

Statistical Analyses

US and histopathology findings were
compared, and the statistical analysis
was performed by using the Yates yx°
test. The US-based lymph node sizes
(including cortical thickness and over-
all size) and histopathology results
were compared; with the Welch ¢ test
used to determine statistical signifi-
cance. The sensitivity and specificity
of cortical thickness, with 3 and 4 mm
as cutoff points, for the detection of
metastatic Iymph nodes were also cal-
culated. Negative CNB results con-
firmed with SLNB were considered to
be true negative. Positive CNB results
were considered to be true positive.

Figure2: (g, b) Standard and (c} cotor Doppler axillary lymph node US images show three abnormal US findings (in three different patienis). (a) Oval hyposchoic
lesion {arrow) represents lymph node with absence of fatty hilum adjacent to normal lymph nede with normal fatty hilum (arrowheads). (h) Lymph node with asymmetri-
cally thickened cortex (arrows) and diminished fatty hilum (arrowheads). (e} Hilar blood flow (arrowheads) anc NHBF {arrows) to the cortexaf the periphery.
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The significance level was set at .05.
Statistical calculations were per-
formed by using SPSS, version 11.01J,
software (LEAD Technologies, Tokyo,
Japan).

Nodal metastases were found at CNB in
64 (64%} of the 100 patients (Table 2),
ALND was performed in 49 of these 64
(77%) patients: 46 patients who proved
to have nodal metastases at final his-
topathologic analysis and three without
nodal metastasis, presumably as a re-
sult of complete response to neoadju-
vant chemotherapy. ALND was not per-
formed in 15 (23%) patients: eight pa-
tients who had other metastatic disease
or another advanced cancer, two who
refused to undergo ALND, two with no
further information available, and three
who did not undergo subsequent ALND
after negative SLNB findings because of
marked response to neoadjuvant che-
motherapy. All 36 patients with nega-
tive CNB results underwent SLNB, at
which 32 (89%) patients had findings
that proved the negative CNB results;
each of two (6%) patients had metasta-
sis in one sentinel lymph node (2.3-mm
focus and 2.5-mm focus of metastasis)
and did not undergo subsequent full
ALND; one (3%) patient had a region
smaller than 0.2 mm that comprised
isolated tumor cells and subsequently
underwent ALND, which revealed no
other nodal metastases; and one (3%)
patient had one positive sentinel lymph
node, with five of an additional 13
Iymph nodes assessed at full ALND
showing metastasis.

CNB had a negative predictive value
of 89% (32 of 36 patients) and an over-
all sensitivity of 94% (64 of 68 patients).
All three lymnph nodes that did not fulfill
the criteria for abnormality at retro-
spective review were negative for me-
tastasis at US-guided CNB and subse-
quent SLNB.

In 11 (17%) of the 64 patients with
positive US-guided CNB findings, only

one metastatic node was found at subse-
quent ALND. In six (17%) of the 36 .

patients with negative CNB findings,

short axis

Figure3: Drawings illusirate cortical thickness and width of fatty hilum. {a} The width oithefatty hilum is
the length of this structure in the short axis (arrow), which is parallel 1o the short axis of the lymph node.

(by When the maximal thickness of the coriex (white arrow) is equal to or greater than the width of the fatiy
hilum (black arrow), it is defined as cortical thickening.

m

b

there was some histopathologic evi-
dence of changes secondary to prior
CNB (fat necrosis, fibrosis, and/or he-
mosiderin deposition) in one of the sen-
tinel lymph nodes.

Twelve (27%) of the 44 patients
who had negative axillary lymph node
US results and subsequently underwent
SLNE had lymph node metastasis.
Overall, lymph node metastasis was his-

" topathologically proved in 80 (56%) of

144 patients (Tables 1, 3). The rate of pos-
itive biopsy results was 77% (24 of 31
patients) in the first 31 (of 100} pa-
tients, who underwent CNB before the
entry criteria were changed, and 58%
{40 of 69 patients) in the remaining 69
patients.

The data in Table 1 show the rela-
tionship between axillary node meta-
static involvement and size of primary
invasive component. As expected, the
larger the primary invasive component
was, the more frequently axillary nodal
metastasis was found. Notably, two
(29%) of seven patients with DCIS le-

Table 3

sions greater than 4 c¢m in extent who
did not have an identifiable invasive
component at final histopathologic anal-
ysis had lymph node metastasis.

CNB revealed a metastatic lymph
nede in 14 (58%) of 24 patients who

Radiofegy: Volume 230: Number T—January 2009
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underwent axillary lymph node biopsy
before or at the same time as primary
lesion biopsy and in 45 (63%) of 71
patients who underwent axillary biopsy
after primary lesion biopsy (P = .13).

Cortical thickening, including that in
28 lymph nodes with absence of fatty
hilum, was found in 86 (86%) of the 100
CNB-sampled Iymph nodes, and NHBF
was detected in 67 (67%) lymph nodes
(Table 4). There were significant differ-
ences in cortical thickening, absence of
fatty hilum, and NHBF to the cortex be-
tween the metastatic and nonmetastatic
lymph nodes (P < .01).

Absence of a fatty hilum had the
highest positive predictive value (93%
[26/28]) (Table 4). Cortical thickening
combined with NHBF in the same lymph
node had the second highest positive
predictive value (81% [52/64]), which
was higher than those of cortical thick-
ening alone (73% [63/86]) and NHBF
alone (78% [52/67]) (Fig 4, Tabie 4).
Cortical thickening had the highest sen-
sitivity (79% [63/80])— but the lowest
specificity (64% [41/64])—among the
three findings.

There were significant differences m
cortical thickness (P < .001) and overall

- size (P <C.01) between the metastatic and
nonmetastatic lymph nodes (Table 5).
However, the median and mean cortical
thicknesses of both the metastatic and
nonmetastatic nodes were greater than
4 mm. With the cortical thickness cutoff
point set at 3 mm, the sensitivity and
specificity of this parameter for the de-

tection of metastatic nodes were 95%
(61 of 64 patients) and 6% (two of 36
patients), respectively. With 4 mm as
the cutoff point, sensitivity decreased
slightly to 88% (56 of 64 patients} and
specificity increased to 42% (15 of 36
patients).

There were no major complications,
such as clinically important bleeding,
nerve injury, or infection, related to the
CNB procedure. Three patients had mi-
nor complications: One patient experi-
enced transient sharp pain, and two had
a small amount of bleeding, which was
stopped with simple compression. In all
except one patient, the samples ob-
tained at CNB contained a sufficient
amount of tissue for histopathologic
analysis. The samples from one patient
showed no lymph tissue, and this was
fudged to be a result of mistargeting.

All of the patients with positive CNB
results--with the possible exception of

- those patients with a marked response

to necadjuvant chemotherapy— could
have been spared SLNB. The patients
with negative CINB results still needed
to underge SLNB for diagnosis confir-
mation. Among the 36 patients with
negative CNB results, only four (11%)—
including one patient with a small focus
of tumor cells classified as isolated tu-
mor cells, which are currently consid-
ered to be negative for nodal involve-
ment (noncancerous) (25)—had SLNB

Absence of fatty hilum 26

85 (52/80).

33 (26/80)

6)
93 {26/28)

97 (62/64) 53 (62/116) :

81(52/64)  81(52/64) 65 (52/80)

results positive for nodal metastasis.
The false-negative lesions in two other
patients were isclated metastatic depos-
its smaller than 3 mm; current needle
biopsy technigues are not expected to
routinely detect such small metastases.
Only one of the four patients with false-
negative CNB results had clinically im-
portant nodal involvement, and retro-
spective analysis revealed this to be due
to mistargeting.

US study of the axilla is beneficial for
patients who are known or highly sus-
pected to have invasive breast cancer or
extensive DCIS (which might harbor in-
vasive foci). The accuracy of preopera-
tive US diagnosis of nodal metastasis
has been reported by several investiga-
tors; sensitivity has ranged from 35% to
95% (11,16,17,20-22). Cortical thick-
ening, large node size, and lobulated
shape are often used as positive indica-
tors. Qur study results suggest that
NHBF may be an important additionai
indicator of nodal metastasis. This in-
creased blood flow probably reflects
preexisting peripheral vessels that are
engorged owing to a disruption of the
hilar blood supply that results from infil-
tration by metastatic disease (26-28).
NHBF may also be seen in other condi-
tions such as inflammatory processes
and reactive nodes. Nonetheless, our
study revealed NHBF to have a high pos-
itive predictive value for nodal metasta-
sis (78%) when it was detected in a
patient known to have ipsilateral breast
cancer.

An ahsent fatty hilum, previously re-
ported as a good positive-result indica-
tor (29,30}, was the single best finding
for detecting nodal metastasis in our
study (positive predictive value, 93%),
but it was infrequently present (sensi-
tivity, 33%). Deurloo et al suggested
that cortical thickening of at least 2.3
mm is a good predictor of lymph node
metastasis, with 95% sensitivity and
44% specificity (20). However, the low-
est cortical thickness of the lymph nodes
sampled in our study was 2.7 mm.
While the sensitivity of 3-mm cortical
thickness in our study was high (95%)
and identical to that of 2.3-mm cortical
thickness in the Deurloo et al study, the
specificity was unacceptably low (6%).
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Figure 4
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Figure 4:  Color Doppler US images show examples of NHBF (arrows) to the cortex of the lymph nade. (a, b) Bidizectional hilar biood flow {arrowheads) is a normal

finding in lymph nades, but when the cortical blood flow comes directly from outside the lymph node (NHBF), it is bnormal. A small degree of NHBF fs seen ina, and
marked NHBF is seen in b. (¢, d) Hilar blood flow (arrowhead in ¢) may be diminished when NHBF is formed, and occasionally, only NHBF (d) is observed, without hilar

hlood flow.

Therefore, we devised a relative thick-
ness measure of the cortex to the short
axis of the lymph node instead of using
absolute cortical thickness. Using our
criteria, we achieved substantially
higher specificity (64%) while maintain-
ing relatively high sensitivity (79%) (Ta-
ble 4).

Fine-needle aspiration is often per-
formed to cytologically confirm the sta-
tus of lymph nodes suspected of being
malignant. Some investigators (20,21,
23) have reported high sensitivity
(6296-86%) and specificity (99%-100%)
with this technique. Some advantages of
fine-needle aspiration are that it is less

Dveral! Size (mm)

“Mean Medlan B _ Hanga S Maan Median
103 B 59304 165 2o
53 45 6.2-225 15.0 120

Invasive, less expensive, more conve-
nient, associated with lower risk, and
faster compared with CNB. However,
fine-needie aspiration requires operator

expertise and the cooperation of experi-
enced cytologists, which are not readily
available at many institutions. On the
other hand, CNB is a standard proce-
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dure, is less operator dependent, and
yields more material that can be readily
examined with immunchistochemical
staining. In addition, it was associated
with negligible risk in our study. We be-
lieve that CNB of axillary lymph nodes can
be performed cuickly and safely by using
our described techniques.

The main challenge in performing
CNB within the axilla is to avoid damag-
ing the major vessels and nerves. In one
axillary lymph node CNB series, fine-
needle aspiration was performed in-
stead of CNB when the lymph nodes
were In close proximity to vessels (31).
To avoid complications, we used a mod-
ified CNB technique, which enables us
to perform the biopsy and avoid nerve
injury even when the target is immedi-
ately adjacent to a major vessel because
the cutting cannula only traverses tissue
that has already been passed through by
the needle (24). Abdsaleh et al (32) re-
ported using a similar technique for ax-
illary lymph node biopsy without any
complications in 21 cases by using a 14-
gauge prototype semiautomated needle.
Although only minor complications were
reported in one previous study of axil-
tary lymph node CNB performed by us-
ing regular automated CNB needles
(33), we believe that use of a method
involving a biopsy device with controlla-
ble needle action is safer.

A limitation of our study was that
direct correlation between the CNB-
sampled iymph nodes and the surgically
removed lymph nodes was not always
possible, so it is uncertain how often we
were sampling a true sentinel lymph
node or evaluating at preoperative US
the lymph node ultimately found to have
disease. Another lHmitation was selec-
tion bias: Although we are currently
performing US in all patients with newly
diagnosed breast cancer, this was not
the routine protocol at the beginning of
our study period. Thus, some patients
with breast cancer did not undergo US
for axillary screening.

In conclusion, azillary lymph node
biopsy performed by using a 14-gauge
controllable-action needle with US guid-
ance in patients with breast cancer can
yield a high positive result rate with no
clinically important complications. Use

of this procedure could obviate SLNB
and thus facilitate surgical planning. A
negative CNB result still necessitates
SLNB, as the sensitivity of this proce-
dure was only 94% in our study. The US
finding of an absent fatty hilum had the
highest positive predictive value for ax-
ilfary lymph node metastasis, although it
was not frequently detected; other signs
such as cortical thickening combined
with NHBF were useful and were de-
tected more frequently.
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Axillary lymph node status is an extremely important prognostic factor
in the assessment of new breast cancer patients. Sentinel lymph node
biopsy is now often performed instead of axillary dissection for lymph
node staging but raises numerous issues of practicality. Sentinel lymph
node biopsy can be avoided if lymph node metastasis is documented
presurgically, making an alternative staging method desirable. Al-
though not widely performed for axillary lymph node staging, ultra-
sonography (US)—guided core needle biopsy is a well-established pro-
cedure for the breast and other organs, with a higher success rate in
terms of tissue diagnosis than fine-needle aspiration biopsy. Improve-
ments in US have established it as a valuable method for evaluating
lymph nodes. US findings in abrnormal lymph nodes include cortical
thickening and diminished or absent hilum. In addition, color Doppler
US of abnormal axillary lymph nodes often shows hyperemic blood
flow in the hilum and central cortex or abnormal (nonhilar cortical)
blood flow. US-guided core needle biopsy of axillary lymph nodes in
breast cancer patients can yield a high accuracy rate with no significant
complications, given the use of a biopsy device with controllable needle
action, a clear understanding of anatomy, and good skills for control-
ling the needle.
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Introduction

Until some future time when it is replaced with

noninvasive imaging techniques, tissue diagnosis
of axillary lymph nodes will remain one of the
most important prognostic factors in the treat-
ment evaluation of patients with newly diagnosed
breast cancer {1-3}. The standard of reference for
axillary lymph node staging is dissection (4,5).
However, this procedure can cause numerous
postoperative problems, such as lymphedema
(2%~18% of cases), pain {16%—56%), impaired
shoulder mobility (4%--45%), and arm weakness
{19%—-35%). Furthermore, in this era of mammo-
graphic screening, axillary lymph node dissection
vields negative results in 80%—85% of parients
with T'1 cancer (6—8). Therefore, in recent years,
sentinel lymph node biopsy has replaced axillary
dissection for lymph node staging at major medi-
cal centers in the Unired States. However, there
are some practical issues to be resolved. For ex-
ample, radiotracer distribution can be slow or
faulry, valuable operating room time is expended,
and pathologists must make quick decisions
based on the analysis of frozen sections (9-12). If
nodal positivity could be proved preoperatively,
sentinel lymph node biopsy could be bypassed
and a decision made to perform axillary dissec-
tion, which is the standard of care for staging in
most node-positive patients. Minimally invasive
determination of preoperative lymph node status
in patients with breast cancer is of growing inter-
est in the surgical community. Ultrasonography
(US) is currently the main modality used for this
purpose (13-17), with advantages over computed
tomography and magnetic resonance imaging,
including the capacity to help direct biopsy. Al-
though fine-needle aspiration biopsy is helpful
when used in combination with US for preopera-
tive Iymph node staging, it is known to be more
operator dependent than core needle biopsy, ne-
cessitating operator expertise and the cooperation
of experienced cytologists. Core needle breast
biopsy is a standard procedure, is available at
most institutions in the United States, is less op-
erator dependent, and viekds a higher reproduc-
ible success rate in terms of tissue diagnosis than
does fine-needle aspiration biopsy. Nevertheless,
core needle biopsy is not widely performed for
axillary lymph node staging, partly because of the
anatomic challenges it presents, and partly due to
radiologists’ unfamiliarity with the procedure.

" nodes (1,19). In our experience over the past 3

In this article, we review the anatomy of the
axillary lymph nodes and the imaging appear-
ances of both normal and abnormal nodes. In
addition, we discuss and iliustrate US-guided
core needle biopsy of axillary lymph nodes in
breast cancer patients in terms of the biopsy de-
vice used, indications for the procedure, technical
considerations, and associated complications.

Anatomy
Axillary lymph nodes are divided into three levels
relative to the pectoralis minor muscle (18). Level
1 consists of nodes below the lateral border of the
muscle, level 2 consists of nodes behind the mus-
cle, and level 3 consists of nodes above the medial
border of the muscle.
Most sentinel lymph nodes are level 1 nodes

located in the inferior distribution of axillary

years, abnormal lymph nodes are often seen in the
tissues near the axillary tail, where core needle
biopsy can be performed safely and easily. Al-
though it has not yet been proved whether we are
performing biopsy of a sentinel node when we use
US evaluation and guidance, in over 15% of cases
of positive US-guided core needle biopsy, the
positive node was the only one found at subse-
quent axillary dissection— by inference, the sen-
tinel node. We have received no reports from
surgeons or pathologists that the sentinel node
procedure, performed in all cases of negative
US-guided core needle biopsy, was compromised
or that diagnosis of the sampled nodes was made
more difficult. '

Normal Lymph Node

A normal lymph node has a thin cortex and a
relatively large fatty hilum (Figs 1, 2). Blood flow
usually passes through a single artery and drains
into a single vein, with both vessels being located
in the fatty hilum (20,21), much as in a small kid-
ney. This normal blood flow is observed as bidi-
rectional flow in the hilum. Microscopy demon-
strates a vascular network within the lymph node
cortex (20}, but this network is not usually ob-
served in a normal lymph node at color Doppler
US. The size of the lymph node is not an indica-
tor of benignity or malignancy, since normal
lymph nodes larger than 5 ¢m can be present in
the axilla and lymph nodes as small as 5 mm can
contain metastases.

Abnormal Lymph Node
An abnormal lymph node has a thickened or ec-
centrically bulging cortex and a diminished or
absent hilum (Figs 3-5) (22,23). The thickened
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a. b.

Figure 1. (a) US image shows a normal lymph node with a thin cortex (arrowheads) and a large fatty
hilumn (arrows). (b) Color Doppler US image shows normal bidirectional hilar blood flow (arrow).

a. b.
Figure 2. (a) US image shows a normal lymph node with a thin cortex (arrowheads) and a fatty hilum

(arrows) (cf Fig 1a). (b) Color Doppler US image demonstrates an adjacent vein (arrow). Lymph nodes
are often located near vessels and nerves.

Figure 3. US image shows an abnormal lymph
node with a uniformly thickened cortex {arrow-
heads). The thickness of the cortex exceeds that
of the fatty hilum.
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a. b.

Figure 4. (a) US image shows an abnormal lymph node with asymmetric cortical thickening (arrow).
(b) Color Doppler US image shows normal hilar blood flow as well as abnormal (nonhilar cortical) blood
flow {arrow), with the latter finding probably representing enlarged capsular vessels.

a. : b.

Figure 5. (a) US image shows an abnormal lymph node with a hypoechoic thickened cortex (arrow-
heads) but no fatty hilum. (b) Color Doppler US image shows only abnormal (nonhilar cortical) blood
flow (arrows); no normal hilar blood flow is seen.

cortex should be the target at biopsy. Metastases normal node. However, this abnormal blood flow
embed subcortically in the end vasculature. Color is not pathognomonic for a metastatic lymph
Doppler US shows hyperemic blood flow in the node; it can also be observed in other pathologic
hilum and central cortex or abnormal (nonhilar conditions such as reactive lymph nodes with in-
cortical) blood flow (24). In metastatic lymph flammation. Maximizing the sampling of the cor-
nodes, this nonhilar cortical blood flow is prob- tex and specifically targeting the peripheral cortex
ably due to angiogenesis of the tumor, and the are recommended for biopsy. We usually recom-
vascular network of the cortex is enlarged; blood mend biopsy when thickened cortex or nonhilar
flow in this area becomes visible at US of an ab- cortical blood flow is seen. We consider cortical

thickening to be present if the cortex thickens to
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Figure 6. Biopsy performed with the Achieve needle (Cardinal Health). (a) Photograph shows the biopsy device.
Arrow indicates the “A” button, which the operator presses to release the outer cutting cannula. (b) Presampling

US image with corresponding drawing shows how, after the needle has been inserted through the target lesion (arrow-
heads), the outer cutting cannula {(black arrows) is cocked (pulled back) and the trough (short white arrows) is opened. At
this point, the system is “charged” for releasing the outer cutting cannula. Long white arrow indicates the needle tip.
(¢) Postsampling US image with corresponding drawing shows how, when the “A” button is pressed, the spring-loaded
cannula is released and the trough is covered, thereby retrieving the sample (short arrows). Note that the needle tip
(long arrow) remains in the same position between pre- and postsampling (cf b). Arrowheads indicate the target le-
sion. (d) Color Doppler US image shows how biopsy can be performed even for a lymph node located right next to
the axillary vein (large arrow), since the needle tip {(small arrow) does not move during sampling. In this case, the dis-
-tance between the axillary vein and the needle tip is less than 1 mm. Indeed, we have encountered no complications

even when performing a biopsy with the needle tip almost touching the wall of a vessel.

more than one-half the thickness of the lymph
node in the short axis. We usually obtain two
good-quality core samples, one centrally and one
peripherally.

Biopsy Device
With standard spring-loaded 14-gauge biopsy
needles, a tissue sample is retrieved by firing a
stylet and then a cutting cannula at high speed in
rapid sequence to capture the sample with the
push of a button. However, this automated action
is not desirable when there is a vessel immediately
beyond the target, since the track of the needle is
difficult to predict and the stroke can damage the
vessel. To avoid this possible complication, we

use a 14-gauge Achieve biopsy needle (Cardinal
Health, Dublin, Ohic). This needle can retrieve a
sample without advancing (firing) the tip of the
needle beyond its initial placement, thus remov-
ing concerns about damaging vessels, nerves, or
other tissue beyond the target. Biopsy performed
with this needle is illustrated in Figure 6.

Indications
Our biopsy technique is useful for those new
breast cancer patients in whom suspicious axillary
lymph nodes are identified at ipsilateral axillary
US, which is now part of our standard evaluation
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Figures 7-9. (7) Clinical photograph shows how axil-
lary core needle biopsy is performed with the patient’s
arm raised and with the axilla flattened with use of a
wedge pillow. (8) Clinical photograph illustrates the in-
jection of anesthetic. The operator can use the needle to
probe any sensitive nerves, evaluate the distance and
depth of the target, and simulate the appropriate angle
of the biopsy needle. (9) Clinical photograph shows
how, after a small skin incision has been made, the bi-
opsy needle is advanced to the target (a thickened cor-
tex) under real-time US guidance.

for invasive breast cancer or extensive ductal car-
cinoma in situ. Although we do not sample pal-
pable Iymph nodes at our clinic unless results of
clinical fine-needle aspiration or unguided core
needle biopsy are negative or equivocal, this tech-
nigue can be used in patents with palpable lymph
nodes if necessary.

Technique
Our approach is almost always from inferolateral
to superomedial toward the target to avoid major
vessels and muscles. To flatten the axilla, a wedge
pillow is used to rotate the patient’s body (Fig 7)
and elevate the targeted area. The operator
should visualize the target lymph node clearly at
prebiopsy scanning and use color Doppler US to
determine if there are large vessels around the
target. The operator should determine the best
approach at this time, with all information ob-
tained at immediate prebiopsy scanning taken
into account. After the puncture site and optimal
needle approach have been determined, a local

anesthetic is placed both superficially and deeply
(Fig 8). During deep placement of anesthetic, the
needle can be used as a probe to detect any sensi-
tive nerves around the target and simulate the
best approach. After the patient has been anesthe-
tized, a small skin incision is made with a #11
scalpel blade. The biopsy needle is then advanced
manually under real-time US guidance (Fig 9).
Note that the outer cannula remains uncocked
during manual needle advancement. In some
cases, a tougher fascial layer under the superficial
tissues necessitates a deeper incision or the use of
a diamond-tipped guide cannula, and advancing
the needle after cocking the outer cannula leaves a
relatively thin and flexible portion of the stylet to
withstand the insertion through the fascial tissues,
potentially compromising placement accuracy or
even bending the needle at the collection trough,
the thinnest portion. Thus, we developed our
protocol of advancing the entire uncocked
needle—including the outer, more rigid curting
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Figure 10. (a) Clinical photograph shows the direction (arrow) in which the loading lever (arrowhead)
is cocked once the needle tip reaches the target. (b) US image shows the biopsy needle with the loading
lever cocked. The trough can now be adjusted manually 1o center on the target. (¢) Clinical photograph
shows the operator pressing the “A” button (in direction of arrow) for sampling. (d) On a US image ob-
tained immediately after the “A” button has been pressed, the outer cutting cannula is released and the
trough is closed. The tip of the needle (arrow) should not move from its presampling location.

cannula—to or through the target (the cortex of
the abnormal lymph node) and then cocking the
needle to expose the inner collection trough. The
operator should take care that the needle tip is
visualized at all times, especially when there are
large vessels around the target. Liberal use of
color DPoppler US is encouraged, both to avoid
major vessels and to select a portion of the target
node that is less likely to bleed. Somewhat sur-
prisingly, targeting the central hilar area, even
when considerable vascularity is present, has nei-
ther resulted in any significant hematoma nor
compromised samphing or pathologic interpreta-
tion. At present, Doppler US at low flow rates
(approximately 4 cmy/sec) is highly sensitive for
imaging blood flow and tends o lead to overesti-
mation of the potential for vascular injury.

When the needle tip is just at or within the tar-
get, the gun is cocked once, which opens the
trough without advancing the needle tip (Fig
10a). After manually adjusting the position of the

trough to center on the target (Fig 10b), the op-
erator presses the “A” button (Fig 10c¢), thereby
releasing the outer cutting cannula and closing
the trough (Fig 10d)}. This maneuver requires
some practice and a modicum of physical strength
but is easily accomplished with experience. We
insert the needle with the bevel facing up to facili-
tate penetration of the superficial tissues and ad-
vance the needle with the plastic flanges used to
cock the needle optimally positioned so as not to
compromise the angle of advancement. The open
trough can be positioned with exquisite accuracy
just prior to sampling using this technigue. Itis
recommended that a portion of the trough bridge
the cortex and surrounding fat, which helps the
pathologist see the interface between the target
tissue and surrounding normal (usnally fatty) tis-
sue and thus more readily identify the target
sample as being from a lymph node. Unlike with
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Figures 11, 12. (11) Photograph shows a biopsy specimen on the trough of the needle. The white
component (lymph node cortex {arrow]) is metastatic tumor, and the yellow component (arrowheads) is
adjacent fatty tissue. (12) Photograph shows iwo core samples, taken from an axiliary lymph node, in a
jar filled with 10% formalin solution. As is typically the case, the lymph node cortical component (black
arrow) or tumor component (white arrow) of the specimen sinks in the formalin solution, whereas the
fatty tissue (arrowheads) floats. Because the trough of the biopsy needle is often longer than the lymph
node, adjacent fatty tissue is usually sampled together with the target cortex.

most other US core needle biopsy procedures, the
needle is placed through the lymph node manu-
ally rather than by firing the trocar and the cutting
cannula automatically. The fatty tissue of the ax-
illa and the relatively soft consistency of both nor-
mal and abnormal lymph nodes allows the firing
of just the outer cutting cannula to produce a very
good core specimen. Use of this procedure pre-
vents inadvertent needle damage, since the needle
does not move after placement and the cannula
samples only tissue that has already been tra-
versed by the specimen trocar—the same prin-
ciple involved in stepping in the footprinis made
by a leader walking through a minefield.

After sampling and documentation of the
needle throw position are achieved under US
guidance, the needle is withdrawn, and the opera-
tor or an assistant should apply manual pressure
on the biopsy site to minimize bleeding. The op-
erator should evaluate the specimen visually both
before and after placing the sample into a 10%
formalin sclution. The specimen should have a
white (generally pathologic) or brown-tan (lymph
node tissue) component, possibly with a yellow
component representing adjacent fatty tssue (Fig
11). Because the trough of the needle (19 mm) is
usually longer than the target lymph node, some
adjacent fat (density, 0.9 g/ml.) will often accom-
pany the sampled lymph node tissue (density,
1.04-1.07 g/mL), causing the sample to float or

partially sink. A lymph node replaced by tumor
will usually produce a sample that sinks to the
bottom of the container, sometimes after losing a
few air bubbles that accompany the core initially
(Fig 12). As mentioned earlier, we usually obtain
two samples, one through the middle of cortex
and one at the periphery, If the samples appear
not to contain lymph node tissue (cortex) or tu-
muor at visual assessment, additional sampling is
advised. On average, we obtain about 2.2 samples
per case. Occasionally, we will target more than
one lymph node if another suspicious node is in
the immediate vicinity, but this is not common.

Complications
The main concern in performing axillary core
needle biopsy is to avoid damaging blood vessels
or nerves, since lymph nodes are often located
near these structures. In our experience with
more than 100 biopsies, there have been no major
complications. To avoid significant complica-
tions, a biopsy device with controllable needle
acton (such as the Achieve needle) should be
used, with 2 clear understanding of anatonty and
good skills for controlling the needle. If, as rarely
occurs, the patient complains of a sharp radiating
pain on manual insertion of the needle, indicating
possible contact with a nerve, choosing a slightly
different direction for the approach invariably
solves the problem. Use of the inferclateral-to-
superomedial approach with the patent’s ipsilat-
eral arm raised but not fully extended allows most
sarapling to be performed parallel to major ves-
sels.
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Conclusions :
US-guided core needle biopsy of axillary lymph
nodes in patients with breast cancer can yield a
high accuracy rate with no significant complica-
tions. Our positive biopsy yield is over 50%, with
only three false-negative core needle biopsies to
date: one due to mistargeting of the lesion and
two in cases involving very small metastatic de-
posits (2 and 3 mm, respectively). Because many
sentinel lymph nodes are located in the lower axil-
lary region, core needle biopsy of these nodes can
be performed safely. Core needle biopsy can be
performed even for axillary lymph nodes located
immediately adjacent to major vessels by choos-
ing the approach with care and using a biopsy
device with controllable needle action. If nodal
positivity is confirmed with this procedure, time-~
consuming sentinel lymph node biopsy can be
avoided. To obtain sufficient samples, accurate
targeting of the thickened cortex and visual as-
sessment of the sample are crucial. Use of an ap-
propriate device, a clear understanding of anat-
omy, and good skills for controlling the needle are
important for avoiding significant complications.
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US-guided Core Needle Biopsy of Axillary Lymph Nodes in
Patients with Breast Cancer: Why and How to Do It

Hiroyuki Abe, MD, PhD, et al
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Page S92
In our experience over the past 3 years, abnormal lymph nodes are often seen in the tissues near the
axillary tail, where core needie biopsy can be performed safely and casily.

Page S92
An abnormal lymph node has a thickened or eccentrically bulging cortex and a diminished or absent
hilum (Figs 3-5) (22,23).

Page 893
Color Doppler US shows hyperemic blood flow in the hilum and central cortex or abnormal (nonhilar
cortical) blood flow (24).

Page 598
The specimen should have a white {generally pathologic) or brown-tan {lymph node tissue) .
component, possibly with a yellow component representing adjacent fatty tissue (Fig 11),

Page S99

Core needle biopsy can be performed even for axillary lymph nodes located immediately adjacent to
major vessels by choosing the approach with care and using a biopsy device with controllable needle
action. :
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FROM: Roger Anderson
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SUBJECT: Use of Ultrasound-Guided Axillary Node Core Biopsy in Stagmg of Early
Breast Cancer

The attached study authored by P.D. Britton, et al, was published by the European Society of
Radiology in September 2008. This study strongly supports that performing axillary core needie
biopsies is safe and significantly reduces the number of invasive procedures in women with
breast cancer.

Study Background:

This study consisted of 139 patients diagnosed with invasive breast cancer. The objective was
to see how effective ultrasound-guided core biopsy was at detecting lymph node involvement in
patients with early breast cancer. 121 patients (87%) were selected for core biopsy. If this
method identified malignancy, patients could bypass unnecessary sentinel lymph node (SLN)
biopsy and proceed with axillary lymph node dissection — aVOidIng an additional invasive
procedure

Key Findings:

» Core biopsy of axillary lymph nodes diagnosed a substantial number of patients (53.4%)
with lymph node metastases allowing them to avoid an additional surgical procedure.

* Fine needle aspiration cytology was also tested but was abandoned because of a high
rate of inadequate samples.

» There was not a single report of axillary vascular damage from an axillary node biopsy.
There were no reports of lymph node needle biopsy adversely affecting subsequent SLN
biopsy.

Medical Device Equipment Involved:
BARD MAGNUM® Reusable Core Biopsy Instrument (16g)

The FINESSE™ ULTRA Breast Biopsy System is indicated to obtain tissue samples from the
breast or axillary lymph nodes for diagnostic analysis of breast abnormalities.

With SIMS Technology and without the requirement to fire the probe, the FINESSE™ ULTRA
Breast Biopsy System enables the physician to confirm probe placement easily throughout the
procedure, acquire mulitple samples rapidly with a single probe insertion resulting in less time,
tess trauma and less anxiety for an improved patient experience.

Good Selling!

For additional copies of this study please use the literature ordering procedure.
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Abstract The aim of this study was to
see how effective ultrasound-guided

‘needle biopsy was at detecting lymph

node involvement in patients with
early breast cancer. Patients with
newly diagnosed invasive breast
cancer underwent axillary ultrasound
(US) where lymph node size and
morphology were noted. A core
biopsy (CB) was undertaken of any
node greater than 5 mm in longitudi-
nal section. Patients with benign CBs
proceeded to sentinel lymph node
(SLN) biopsy, whereas those with

* malignancy underwent axillary lymph

node dissection: (ALND). US and CB
findings were correlated with final

Introduction

Metastatic involvement of axillary lymph nodes is the
single most significant prognostic factor for patients with
primary breast cancer, and staging of the axilla is an
integral part of patient management [1]. Formerly, this was

surgical histology in all cases. One
hundred and thirty-nine patients were
examined, of whom 52.5% had lymph
node metastases on final histology.
One hundred and twenty-one patients
(87%) underwent axillary node CB.
The overall sensitivity of CB for
detecting lymph node metastases was
53.4% (60.3% for macrometastases;
26.7% for micrometastases). The US
morphological characteristics most
strongly associated with malignancy
were absence of a hilum and a cortical
thickness greater than 4 mm. Howev-
er, one third of patients with normal
lymph node morphology had nodal
metastases, and only 12% of these
were diagnosed on CB. CB of axillary
lymph nodes can diagnose a substan-
tial number of patients with lymph
node metastases, allowing these pa-
tients to proceed directly to ALND,
avoiding unnecessary SL.N biopsy.

" Keywords Breast cancer -

Axilary staging - Percutaneous
biopsy - Histology - Ultrasound

achieved by axillary lymph node dissection (ALND),
which accurately staged and effectively treated metastatic

lymph node involvement. However, for those patients
whose nodes were free of disease, it conferred no benefit
and, in some, was associated with significant morbidity.
Sentinel lymph node (SLN) biopsy, developed and refined
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over the last decade, offers a less intrusive way of staging
the axilla [2]. Those patients whose SLN is free of disease
require no further treatment and are spared unnecessary
axillary surgery. However, SLN-positive patients require
further intervention, which is most frequently a delayed
ALND [3]. Since the advent of SLN biopsy, the preoperative
diagnosis of metastatic lymph node involvement offers the
potential to identify patients who require ALND as first-line
surgery, removing the need for SLN biopsy [4]. The aim of
this study was to determine the effectiveness of ultrasound
(US)-guided needle biopsy at detecting lymph node in-
volvement and hence reducing unnecessary SLN biopsies.

Materials and methods

From April 2005 until June 2007, female patients with
either symptomatic or screen-detected invasive breast

“cancer, confirmed on CB, were invited to undergo an

axillary US and possible needle biopsy. During the first
14 months consecutive patients whose invasive cancers
measured 20 mm or more on US were recruited. The entry
criteria for the remainder of the trial were extended to
include grade 2 tumours of 15 mm or more and for grade 3
carcinomas of any size. By selecting patients with larger or
higher grade tumours with a greater probability of lymph
node metastases, we aimed to examine patients who were
most likely to benefit from preoperative ultrasound and
needle biopsy. The trial was approved by the local
Research and Ethics Committee, and written consent was
obtained from each patient. Patients, all of whom under-
went initial axillary clinical examination, were usually
recruited 1 week following their initial breast CB
confirming the presence of invasive malignancy. The
total duration of the procedure, ie., from the patient
entering to leaving the US room, was recorded. The axilla
ipsilateral to the newly diagnosed breast cancer was
carefully examined using a 12~16-MHz matrix linecar-
array transducer on a Toshiba Aplio Ultrasound platform
{Toshiba Medical Systems, Tochigi, Japan). Examination
of level I was routinely performed, and in those patients
with abnormal lymph node morphology the examination
was extended to include levels IT and I. The number and
position of the nodes were noted. The diameter in
longitudinal section, fransverse section and maximum
cortical thickness of each node was recorded. The ratio
of the longitudinal and transverse dimensions was
calculated. The nodal morphology was recorded, including
whether the outline of the node was smooth (Fig. 1), uni- or
multi-lobulated (Figs. 2 and 3) and whether the hilum was
normal (Fig. 1) or absent (Figs. 4 and 5). If a lymph node
was greater than 5 mm in maximum longitudinal dimen-
sion and was not immediately adjacent to an axillary
vessel, then a biopsy was undertaken. If more than one
node was identified, the most morphologically abnormal
node was selected for biopsy. Core biopsy was performed

Fig. 1 Normmal/benign lymph node with a smooth cortical outline
and normal hilum; 36% of such nodes were found to have
malignancy at final histology

using a Bard Magnum device (Bard Medical Division,
Covington, GA) and 16G needle. Depending upon the
nodal size and proximity of vessels, either a long-throw
(22 mm) or short-throw (15 mm) setting was selected.
Between one and four cores were obtained and processed
routinely in accordance with laboratory protocols, and
three haematoxylin and eosin (H&E)-stained serial sections
taken at 20-pum intervals were examined.

Patients initially alsc underwent fine-needle aspiration
cytology (FNAC) using multiple passes with a 21 or 22G
needle. Following aspiration, needles were rinsed with
ThinPrep® Cytolyt® (Cytyc Corporation, Marlborough,
MA) solution and the suspension sent to the cytology

Fig. 2 Lymph node with a uni-lobulated (arrow) cortical cutline and
normal hilum; 65% of such nodes were found to have malignancy at
fmal histology
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Fig. 3 Lymph node with a multi-lobulated (arrows) cortical outline
and nommal hilum; 71% of such nodes were found to have
malignancy at final histology

laboratory, which obviated the need for slide preparation by
the radiologist. A clot section was prepared then stained
with H&E. As this unit has not routinely used FNAC in
breast diagnosis for over 10 years, current experience with
the technique is limited. Consequently, although results
were collafed for the tral, they were not used to direct
patient management.

All CB results were discussed at a multi-disciplinary
team meeting where decisions regarding further treatment

Fig. 4 Two lymph nodes with smooth cortical outlines and absent
hila; 89% of such nodes were found to have malignancy at final
histology

Fig. 5 Lymph node with an irregular cortical outiine and absent
hilum; 83% of such nodes were found to have malignancy at final
histology

were taken. Patients who did not undergo a biopsy or
whose biopsy results were inadequate or benign went on to
have an SLN biopsy using dual localisation technique with
blue dye and techmetium-labelied nano-colloid. Those
patients whose core biopsies confirmed malignancy subse-
quently proceeded directly to ALND as a single-stage
procedure. Patients undergoing neo-adjuvant chemothera-
py had axillary staging by CB and or SLN biopsy prior to
commencement of treatment. I either CB or SLN biopsy
revealed nodal metastases, ALND was performed after
completion of chemotherapy.

All core biopsy and FNAC results were collated with the
surgical histology of the excised nodes. Pathological
analysis of excised lymph nodes was performed in
accordance with National Health Service Breast Screening
Programme (NHSBSP) guidelines for the handling of
SENBs [5]. All sentinel lymph nodes were fixed overnight
m 10% neutral buffered formalin, then sliced at 2—3-mm
intervals and submitted in their entirety for histological
examination. Three H&E-stained slides taken at approxi-
mately 100-pm levels were examined from each block.
Immunohistochemistry for epithelial markers was per-
formed only if suspicious cells were identified, the nature
of which was uncertain. Lymph nodes were designated
positive for malignancy if they confained 2 macrometas-
tasis {defined as a parenchymal tumour focus greater than
or equal to 2 mm in diameter) or micro-metastasis (defined
as a parenchymal tumour focus less than 2 mm in diameter,
or deposits within subcapsnlar sinus between 0.2-2 mm in
diameter) [6]. Lymph nodes were designated negative for
malignancy if they were histologically normal or contained
isolated tumour cells (tumour cell deposits less than or
equal to 0.2 mm in the sub-capsular sinus) only.

The findings are presented as counts, percentages, means
or ranges, as appropriate. Confidence mtervals are given
where appropriate. Potential predictors of lymph node
positivity were examined using univariate, followed by
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multivariate logistic regression. The effect sizes are
presented as odds ratios with the corresponding 95%
confidence intervals.

Results

One hundred and forty-two female patients with CB-
proven unilateral invasive breast cancer were recruited and
underwent axillary US. Three patients were excluded
because of lack of histological confirmation of lymph node
statns. One hundred and thirty-nine patients were therefore
included in the final analysis. The mean patient age was
56.7 years (range 23.7-82.1 years). One hundred and six
symptomatic patients, almost all with breast lumps, and 33
screening patients, 29 with impalpable disease, were
recruited to the study. Clinical axillary examination was
normmal in 116 patients (83%), benign-feeling nodes were
palpated in 14 patients (10%), and clinically suspicious
nodes were identified in 9 patients (7%). The mean US
examination time was 23 min (range 960 min). The mean
examination time for US was only 12 min compared with
24 min for those undergoing US and biopsy. The mean time
between CB and SLN biopsy or ALND for all 139 patients
was 25 days (range 3-199 days). There were 19 patients
who underwent neoadjuvant chemotherapy, of whom 12
had benign CB and underwent SLN biopsy prior to
chemotherapy (mean time 7.5 days, range 5-9 days). The
remaining seven patients had proven axillary malignancy
on CB and so underwent ALND after completion of

chemotherapy (mean time 162 days, range 119-199 days).

Sixty-nine patients were confirmed lymph node positive
at final surgical histological examination. Four patients
with a malignant CB and post-chemotherapy nodal fibrosis
at final histological assessment of the excised nodes were
designated as macrometastasis positive. Seventy-three
(52.5%) of the 139 study population were designated
lymph node positive, of which 58 (79.5%) were regarded
as macro- and 15 (20.5%) as micro-metastatic disease.
Table 1 shows the final lymph node status by tummour type,
grade and size. The comparison of CB results with final
surgical histology and performance data is shown in
Table 2. One patient, who did not undergo 2 CB, had no
record of whether a lymph node had been identified or not.
No nodes were identified on US in five (4%) patients, of
whom two were subsequently found to contain nodal
metastases. Lymph nodes were identified up to level 3 of
the axilla in 1 patient, level 2 in 4 patienis and isolated to
ievel I in 128 patients. Lymph nodes were identified, but
no biopsy performed in 13 patients; this was either because
the lymph nodes were too small or their proximity to
axillary vessels precluded safe biopsy. Four of these were
subsequently shown to have lymph node metastases. The
remaining 121 (87%) patients underwent CB. The mean
number of needle passes was 2.9 (range 1-4). In five cases
the CB samples failed to yield diagnostic material,
resulting in an inadequate rate of 4.1%. No evidence of
lymph node metastases was obtained in 77 core biopsies,
25 (32.5%) of which were subsequently shown to have
lymph node metastases. Malignancy was identified preop-
eratively in 39 of 73 lymph node-positive patients. Thus,
the overall sensitivity of US-guided core biopsy was

Table 1 Table comparing the surgical histological tumour type, grade and size with lymph node status

Lymph node Lymph node positive  Lymph node positive  Total lymph Total
negative {micrometastases) (macrometastases) node positive
Tumour type :
Invasive ductal cancer (NOS) 55 11 48 59 114
Invasive lobular cancer 3 0 4 4 7
Mixed invasive ductal and lobular cancer 3 2 3 5 8
Invasive ductal cancer special type (tubular, 5 2 3 5 19
mucinous, medullary, apocrine, metaplastic)
Tumour Grade
Gdi 5 0 4 4 9
Gd 2 30 8 22 30 60
Gd 3 31 32 39 70
Tumour size (mm)
0-9 2 0 1] 0 2
10-14 12 3 3 6 18
15-19 14 I 2 3 ' 17
20-24 14 4 10 14 28
25-29 11 0 8 8 19
30 or > 13 7 35 42 55
Total 66 15 58 73 139
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Table 2 Comparison of core biopsy result with final nodal histology

Surgical histology Core biopsy result

No biopsy Inadequate Normal lymph node Malignant Total
Lymph node —ve 12 2 52 0 66
Lymph node +ve 6 3 25 39 73
Totat 18 5 77 39 139
Macrometastases 5 2 16 35 58
Micrometastases 1 1 9 4 15

Patients whose nodes are positive for malignancy have been subdivided into macro (>2.0 mm diameter tumour nodule) or micro {<2.0 mm

diameter tumour nodule) metastases

Number of axillas examined 139

Number of axilla nodes identified on ultrasound 134 (96%)
Number of axilla core biopsies performed 121 (87%)

CB inadequate rate 4.1%

Lymph node +ve (surgery) 52.5%

CB sensitivity all positive nodes 53.4% (95% confidence interval: 41% to 65%)
CB sensitivity macrometastases 60.3% (95% confidence interval: 47% to 73%)
CB sensitivity micrometastases 26.7% (95% confidence inferval: 8% to 55%)

53.4%. Core biopsy sensitivity for macrometastasis was
60.3%, but less than 30% for micrometastasis (see Table 2).

Eighty-nine patients also underwent FNAC, of whom 47
(53%) had an inadequate specimen. Malignancy was
correctly identified in 15 (31%) of the 49 patients with
nodal metastases. The sensitivity for diagnosing macro-
metastases was 38%, but 0% for micrometastases. In view
of the high rate of inadequate samples, FNAC was
abandoned during the latter stages of the trial.

Using univariate logistic regression (excluding the five
cases for whom no nodes were observed on US and one
case where the nodal appearance was not recorded), there
was no association between the nuraber of observed nodes
and lymph node positivity. The sonographic features most
strongly associated with malignancy were absence of a
hilum [odds ratio 6.7 (95% Cl: 1.5 to 31.1)] and cortical
thickness [odds ratio of 5.8 (1.7 to 19.2) for nodes greater
than 4 mm compared to under 2 mm]. Compared with a
smooth cortex, a unilobulated cortex indicated a higher risk

Table 3 Indépendent predictors of lymph node positivity

Odds ratic  Confidence interval

Hilum present 1

Hilum absent 6.8 1.3 10 35.5
Smooth outline 1

Uni-lobulated outline 24 0810 7.7
Multi-lobulated outline 3.0 1.2t0 7.5

<5 mm in transverse section 1

599 mm 279 1.0t0 7.6

=10 mm 7.4 2.01027.2

of malignancy [odds ratio of 2.1 (0.7 to 6.0)] and a
multilobulated cortex, a significantly higher risk [3.8 (1.6
to 8.8)]. There was no clear evidence of a relationship with
increasing longitudinal size or the L.S:TS ratio. There was
however a significant relationship with increasing size in
the transverse plane. Compared with nodes smaller than
5 mm, the risk of malignancy nearly tripled for each
increment of 5 mm in dimension [odds ratio 2.8 (1.6 to
4.9}]. In multiple regression, absence of identifiable hiium,
non-smooth cortex morphology and size in transverse
section remained significant independent predictors of
Lymph node positivity (Table 3).

Table 4 shows the relationship of US lymph node
morphology with the results of CB and final histology. Of
the 73 lymph node-positive patients, 5 (7%) exhibited
suspicious US appearances with an irregular cutline and
absence of fatty hilum. All five (100%) of these yiclded a
malignant core biopsy result. Eight of the 73 lymph node-
positive patients (11%) had morphology with smooth
cutline, but no fatty hilum, and 7 of these produced a
malignant core biopsy result. A multi-lobulated node was
identified in 22 (30%) of patients subsequently shown to
have malignancy, and a malignant CB result was obtained in
17. A uni-lobulated node was identified in 11 (15%) patients
subsequently shown to have malignancy, and a malignant
CB result was cobtained in 7. When the lymph node was
smooth in outline with a fatty hilam, 25 (34%) patients were
subsequently shown to be lymph node positive. However,
only three of these patients with ultrasonically normal lymph
nodes had a malignant CB result.

The procedure was well tolerated by all patients, and no
immediate complications occurred. The only late compli-
cation occurred in one patient who developed a post-biopsy
haematoma, and at surgery no isotope or blue dye
containing SLN could be identified.
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Table 4 Comparison of lymph node ultrasound morphology with surgical and core biopsy histological findings

mr—a{rﬁmm- 5

Lymph Node -v

L0905~

{surgery) 4(86%) 45 (64%) 6 (35%) 9(29%) 1 (11%) 1{17%} 66
Lymph Node sve
{surgery) 2 (33%) 25 (36%) 11 (65%) 22 (71%) 8 {89%) 5 (83%) 73

Malignant o 3 7 17 7 5 35
Biopsy not dene -] 11 0 1 0 44 i8
Inadequate 0 4 0 1 [} [+ L

Benign o 52 10 12 2 1 7T
Total -] 70 17 3 9 6 139

* Tymph node not seen on ultrasound = 5, lymph node morphelogy not recorded = 1,

Discussion

Accurate staging of axillary discase has always been an
important aspect in the management of patients with breast
cancer [1], and a variety of imaging modalities has been
evaluated as predictors of histelogical findings [7-9].
Axillary ultrasound is readily available, non invasive and
provides high-quality images [10]. It is recognised, how-
ever, that underlying malignancy can be found in lymph
nodes that appear morphologically normal. In 6 studies of
almost 1,000 patients, with lymph node positivity ranging
from 31-39%, an average of 28% (range 26-52%) of
patients with morphologically normal-appearing nodes had
tymph node metastases [10~15]. A variety of morpholog-
ical features that may be seen in pathological nodes has
been described. The more axillary lymph nodes detected by
US, the greater is the likelihood of malignant invelvement
[15]. The number of patients with identifiable nodes on US
in the present study (96%) is higher than most other
published reports, especially when taking into considera-
tion the overall node positivity rate in the series. This may
be duc to a number of factors. Unlike most series, our
patients were examined 1 week after initial breast core
biopsy. It is recognised that reactive enlargement of axillary
nodes can occur in response to breast biopsy. In addition
the sensitivity of breast US has increased, enabling better
tissue differentiation. In an in vitro study of excised nodes
examined by CT, Uematsu ef al. found that although in

general the larger a node was in longitudinal or transverse
section, the more likely it was to have malignant
involvement, there was a large range in the dimensions
of normal and abnormal nodes [9]. Although this current
study found no significant correlation between the longi-
tudinal to transverse ratio (LS:TS) in determining the likely
presence of malignancy, Feu et al. found an LS:TS of <1.5
identified malignancy in 54% of cases and a ratio of >1.5
identified only 25% of nodes containing metastases [17].
Vassallo et al., in a series that included non-breast cancer
patients, found an LS:TS of <2 was associated with
malignant invelvement in 94% of patients and an LS:TS
>2.0 with 31% of nodes containing metastases [ 10]. These
findings concur with a similar study by Uematsu et al. that
reported 83% node positivity for a LS: TS of <2 and 9%
when >2.0 [9]. These results have prompted numerous
chinicians to adopt an LS: TS ratio of <2.0 as a criterion for
biopsy. '

The absence of a fatty hilum is also a feature well
recognised as suspicious of malignancy and has been
reported as occurring in approximately 45% of metastatic
Iymph nodes [10, 16]. Only 19% of malignant nodes in the
present series, however, exhibited a lack of hilum. It should
also be noted that such a finding is not pathognomonic of
malignancy, and between 6 and 23% (13% in this current
series) of these nodes contain no detectable malignancy
[10-16]. Our study has also shown that cortical morphol-
ogy of the node may suggest underlying metastases.
Duerloo found that a diffusely thickened corfex of greater



