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Technetium-99-Guided Axillary Lymph Node Identification:
A Case Report of a Novel Technique for Targeted
Lymph Node Excision Biopsy for Node Positive
Breast Cancer After Neoadjuvant
Chemotherapy
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Abstract

Targeted axillary lymph node identification for breast cancer in-
volves localization and removal of previously marked metastatic
lymph nodes after the completion of neoadjuvant chemotherapy
(NACT), when clinical and radiological complete responses of the
axillary nodes are achieved. Traditionally, axillary lymph node dis-
section is performed for patients with node positive disease, but the
high rates of pathological complete responses now seen after NACT
have ushered in lower morbidity techniques such as sentinel lymph
node excision biopsies, targeted axillary lymph node dissection and
targeted axillary lymph node identification (clip node identifica-
tion) in node positive disease which has converted to clinical/radio-
logically node negative. The latter two techniques often require the
use of expensive seeds and advanced localization techniques. Here
we describe the case of a 59-year-old woman who was diagnosed
with node positive invasive breast cancer who was sequenced with
NACT. We developed a novel technique, where technetium-99m
was injected directly into a previously clipped metastatic axillary
lymph node which was then localized with the Neoprobe gamma
detection system intra-operatively and removed. This is a rela-
tively low-cost technique that can be easily introduced in limited
resourced health systems where radio-guided sentinel lymph node
biopsies are already being performed.
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Introduction

Axillary lymph node dissection (ALND) has been the stand-
ard procedure used in the node positive axilla for patho-
logical disease staging and loco-regional control [1-3]. This
procedure is however associated with high rates of lymphoe-
dema and post-mastectomy pain syndromes [4, 5]. Recently,
there has been a paradigm change in the sequencing of ther-
apy in node positive breast cancer patients with neoadjuvant
chemotherapy (NACT) being recommended for patients with
triple negative or human epidermal growth factor receptor
2 (HER2) overexpressed invasive breast cancers who have
high risks of disease recurrence [6, 7]. With the increased use
of NACT, a significant percentage of node positive breast
cancer patients will be converted to node negative statuses
prior to undergoing surgery. Sentinel lymph node biopsy
(SLNB) has replaced ALND as the standard of care surgi-
cal procedure for axillary staging in node negative patients
[8]. However, the use of SLNB after NACT may be associ-
ated with high false negatives rates [9-11]. The identification
and removal of clipped/marked previously positive axillary
nodes, with or without sentinel lymph node excision, can sig-
nificantly decrease the false negative rates associated with
post-NACT axillary staging. Many methods have been de-
scribed for marking/identifying positive axillary nodes such
as charcoal tattooing, magnetic seed placement, wire locali-
zation, radiofrequency identification tags and most common-
ly, iodine 125 [12-15]. We report on the successful technique
of direct injection of technetium-99m (Tc-99m) into a previ-
ously clipped axillary lymph node after neoadjuvant therapy
that allowed accurate intra-operative localization with a gam-
ma detection system.

The primary objective was to ascertain if the previously
biopsied and clipped axillary lymph node could be correctly
localized and retrieved intra-operatively using a gamma de-
tection localization system, after ultrasound-guided injec-
tion of Tc-99m into the clipped node. Our secondary objec-
tive was to evaluate the pathological correlation between
the retrieved node and the remaining axillary nodes via an
ALND.
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Figure 1. Contrast-enhanced breast magnetic resonance imaging. (a) The curved arrow identifies metastatic left axillary lymph
node prior to placement of the Mammawire Fix Breast clip. (b) The straight arrow identifies 4 x 4 cm carcinoma of the left breast.

Case Report
Investigations

A 59-year-old post-menopausal female presented with a
I-month history of a painless left breast lump. She had no fam-
ily history of breast or ovarian cancer and her last screening
mammogram was 2 years ago. On clinical examination, she
had bilateral grade 2 ptotic breasts with a solitary 4 x 4 cm
mass in her left breast at the 3 o’clock position. A large left
axillary lymph node was also palpated, but the right breast and
axilla were normal.

Diagnosis

Digital mammography and breast ultrasound confirmed an ir-
regular left breast mass at the 3 o’clock position. A single en-
larged left level I axillary lymph node was also identified. Ad-
ditionally, a suspicious mass was detected in her contralateral
(right) breast on magnetic resonance imaging (MRI), which
was not noticed on mammography or breast ultrasound, in ad-
dition to the palpable left breast mass and enlarged axillary
node (Fig. 1a, b). Ultrasound-guided core needle biopsies of the
left breast mass and the axillary lymph node were performed
which confirmed a modified Scarff-Bloom-Richardson grade
II, T2 N1 triple negative invasive carcinoma with left axillary
nodal metastasis. There were no clinical or radiological evi-
dence of distant metastases on contrast-enhanced computed to-
mography (CT) of chest, abdomen and pelvis or on bone scan.
The previously biopsied left axillary node was subsequently
clipped with an ultrasound detectable Mammawire Fix Breast
clip (breast tissue marker) in a separate procedure. We were
unable to make a biopsy of the suspicious right breast lesion
seen on breast MRI since it was not seen on focused breast
ultrasound and we do not possess MRI-guided biopsy capabili-
ties. Her breast cancer genetic panel testing did not reveal any
genetic mutation.
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Treatment

She was sequenced with neoadjuvant dose-dense systemic
chemotherapy, to which she had a complete clinical response
in the axilla but only a partial response in the breast. Bilateral
nipple-sparing mastectomies were performed, with immedi-
ate direct-to-implant breast reconstruction, plus right Te-99m
SLNB and left radio-guided axillary lymph node identification
with Tc-99m. Since the use of direct nodal injection of Tc-99m
for clip node localization was being investigated for the first
time in this procedure, a planned level I/II left axillary lymph
node dissection was also performed to pathologically correlate
the status of the Tc-99m localized clipped node and the rest of
the axillary lymph nodes.

On the day of surgery, an axillary ultrasound was per-
formed by the in-house radiologist to identify the previously
biopsied and clipped axillary node (Fig. 2a). Once the node
was positively identified, 0.2 mL of Tc-99m human serum al-
bumin micro aggregate was injected into the lymph node (Fig.
2b). The Neoprobe gamma detection system (Neo2000, Neo-
probe Corporation, Dublin, OH) on the Tc setting was used
to detect the hottest count in the axilla immediately after the
Tc-99m injection and the overlying skin was marked. The pa-
tient was then transferred to the operating room. At the time of
axillary surgery, the skin incision was made at the previously
marked area and the Neoprobe gamma detection system was
used to intra-operatively identify the node previously injected
with Tc-99m. The axillary node was sent for X-rays to confirm
that the excised node contained the tissue marker/clip (Fig. 3)
and planned levels I and II axillary lymph node dissection was
performed to establish correlation between the localized node
and the rest of the axillary lymph nodes.

Follow-up and outcomes

The previously biopsied and clipped right axillary lymph node
was positively identified on pre-operative ultrasound and the
Tc-99m was successfully injected into the node. The lymph
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Figure 2. (a) Ultrasound of metastatic left axillary lymph node. The metastatic left axillary lymph node is shown with the curved
arrow. The straight arrow identifies the Mammawire Fix Breast clip, successfully deployed into the lymph node. (b) Ultrasound-
guided injection of technetium-99m into the metastatic left axillary lymph node. The metastatic left axillary lymph node is shown
with the curved arrow. The straight arrow identifies the tip of the needle injecting technetium-99m successfully into the lymph

node.

e

Figure 3. X-ray image of the technetium-99m localized metastatic left axillary lymph node. Curved arrow identifies the metastatic
left axillary lymph node, while the straight arrow signifies the Mammawire Fix Breast clip within the lymph node.
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node was successfully localized intra-operatively using the Neo-
probe gamma detection system. On final pathology, the Tc-99m
injected node was positive for metastases, but the remaining
26 lymph nodes from the ALND were negative for metastases.
There was pathological complete response (pCR) in the left
breast and no malignancy was found in the right breast.

Discussion

The type of axillary lymph node surgery that is performed af-
ter NACT remains controversial. The procedure that we have
described was successfully utilized to localize a previously
clipped, biopsy-confirmed metastatic axillary lymph node fol-
lowing NACT. It is a simple technique to incorporate, espe-
cially in units that are already using gamma detection systems
for SLNB or radio-guided occult lesion localization. To our
knowledge, our group is the first to report on the use of direct
nodal injection of Tc-99m as a method for targeted intra-oper-
ative axillary lymph node identification.

In Jamaica, breast cancer accounts for the highest cancer-
related morbidity and mortality in women. This is partly due
to the high rates of triple negative molecular subtypes within
our population, which is more commonly associated with early
treatment failures and overall worse prognosis [16-19]. Triple
negative breast cancers are however associated with high rates
of pCR when sequenced with NACT [20-22].

There has been a paradigm change in the use of NACT in
patients with invasive breast cancer, especially for those with
stage II-III disease [23]. While neoadjuvant sequencing of
chemotherapy does not, by itself, improve disease-free or over-
all survival when compared to adjuvant sequencing, it does
offer the possibility of down staging the primary breast and
axillary disease thereby facilitating less morbid surgeries [24,
25]. The response of the primary breast cancer to neoadjuvant
systemic chemotherapy is also a major prognostic parameter,
with patients achieving complete pathological responses hav-
ing better long-term survival outcomes compared to those with
partial or no response [25-27]. In addition, recent prospective
randomized trials have shown disease-free and overall survival
benefit in patients with triple negative or HER2 positive inva-
sive breast cancers who do not achieve a pCR with NACT/
anti-HER2 therapy who are then treated with additional drug
therapies compared to those who are not [28, 29].

Similar to the response of the primary cancer in the breasts,
the biopsy-proven positive axillary lymph nodes may achieve a
pCR to neoadjuvant systemic therapy. Rates of 47-79% axillary
nodal pCR are commonly reported, especially in triple negative
or HER2 overexpressed invasive breast cancer [30-34]. If axil-
lary nodal pCR is suspected based on the clinical/radiological
response, the options for axillary staging include ALND, SLNB,
excision of marked axillary nodes and targeted ALND.

The use of ALND is associated with high rates of morbidi-
ties such as post-mastectomy pain syndrome, lymphoedema,
sensory loss and shoulder stiffness when compared to SLNB
[35, 36]. Published studies on the use of SLNB alone to assess
axillary lymph node status after NACT have reported false neg-
ative rates between 12.6% and 14.2% [9-11]. These false nega-
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tive rates are partly due to the finding that in 24% of patients, the
clipped node was not a part of the sentinel lymph node. How-
ever, once the clipped node was removed, the false negative rate
fell to 6.8%. A further analysis comparing the clipped node ap-
proach alone with the full targeted axillary dissection (TAD) re-
vealed false negative rates of 4.2% and 1.4%, respectively [37].

TAD refers to the technique where previously biopsied
and clipped axillary lymph nodes in node positive breast can-
cers that showed clinical/radiological response to NACT are
localized and removed together with SLNB [38]. Based on the
pathological assessment of the TAD specimen, a significant
proportion of patients may avoid ALND (50-55%) [37, 39].

Targeted axillary lymph node excision biopsy refers to
the localization and removal of the previously clipped positive
axillary lymph node after NACT without the addition of the
SLNB component [40]. One technique for performing axillary
lymph node localization/identification is the use of the MARI
procedure (marking the axillary lymph node with radioactive
iodine seeds). The MARI node technique uses a titanium en-
capsulated 1125 seed inserted into the previously biopsied ax-
illary lymph node. After NACT, the MARI node is localized
using a gamma detection system (Neoprobe). The procedure is
associated with 97% nodal identification rates and false nega-
tive rates of only 7% [12, 41].

Localization of the marked node has been performed us-
ing other techniques such as wires, charcoal tattooing, mag-
netic and radiofrequency identification devices with varying
success rates [14, 42, 43]. Our technique utilizes the same ba-
sic idea as the MARI technique, except for the use of Tc-99m
rather than radioactive iodine seeds to localize the previously
clipped node. Due to the comparatively short half-life of Tc-
99m, the previously clipped axillary node needs to be imaged
and injected within a few hours prior to the time of surgery.
Conceptually, our technique of Tc-99m nodal localization
bears similarities to the radio-guided occult lesion localization
(ROLL) that was more widely used to localize non-palpable
breast lesion prior to the widespread use of radioactive and
magnetic seeds [44].

While the wire-guided technique for axillary lymph node
localization is inexpensive, with good localization capabilities,
it is more cumbersome and needs to be placed very close to the
time of surgery [42]. The use of radioactive seeds is more com-
monly performed in well-resourced institutions but it is associ-
ated with rigorous radiation safety protocols, limited access,
and higher setup costs than Tc-99m. It does have the advantage
of being able to be positioned into the node weeks before the
date of surgery which allows the procedure to be uncoupled
from surgery [12, 37].

The more recently described magnetic and radiofrequency
identification devices are promising. They allow for ease of
insertion compared to wire techniques and uncoupling from
the time of the surgical procedure. In the recently published
MAGET study, where MAGSEED was used to mark the bi-
opsy positive axillary lymph node, there was a 100% nodal
retrieval rate using the Sentimag guidance with 0% false nega-
tive rate [13].

The use of carbon dye tattooing for TAD has shown prom-
ise, with moderate identification rates when single marking
with carbon ink only is performed. This increases to 94%
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where doublemarking, with ink and clip, is employed [14].
Although the technique is simple and reproducible, it may be
associated with the removal of excess nodes due to cardon ink
migration out of the clipped node [14, 15].

Our procedure was proven to be successful in accurately
indentifying the previosuly biopsied-clipped node and though
it was pathologically positive for metastatic disease, the re-
maining axillary nodes were all negative for metastases. The
accuracy and false negative rate of this technique would need
to be established using a larger sample of patients. However,
in light of the outcomes from the MARI node and other clip
node localization techniques, the false negative rate of the our
procedure is expected to be in keeping with these techniques.

The success of this technique is heavily reliant on good
collaboration between the breast surgeon and the radiolo-
gist, to limit delays and logistic complexities. Alternatively,
surgeon-directed intra-operative ultrasound with direct nodal
injection of Tc-99m can be performed by a surgeon with the
necessary ultrasound skill set.

Learning points

Tc-99m-injected axillary lymph nodes can be selectively local-
ized and retrieved using a gamma detection localization meth-
od. This technique may be used in performing targeted axillary
lymph node localization for previously biopsied and clipped
axillary lymph nodes after NACT. The half-life of Tc-99m is
approximately 6 h, therefore close collaboration between the
breast surgeon and the radiologist is critical to prevent unwant-
ed delays while ensuring clinical success. This technique can
easily be introduced in facilities that are already performing
Tc-99m-guided SLNB.

Conclusion

The pathological assessment of the clipped axillary node is
associated with low false negative rates and it is preferred
to standard ALND in patients who have attained a complete
radiological response after NACT, due to the lower rates of
surgical morbidity. Tc-99m nodal injection appears to be an
accurate method to identify these clipped nodes.
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