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ARTICLE INFO ABSTRACT

Received: Background: Pre-operative localization options in the axilla are limited. This
;Zv'?se:;fjary ez study aimed to explore the utility of pre-operative localization of axillary lymph
09 M arc.h 2021 nodes using tattoo ink with multidisciplinary correlations.

Accepted: Methods: In this prospective, Institutional Review Board (IRB)-approved study,

19 lymph nodes in 17 patients underwent pre-operative localization with ultrasound-
guided injection of Spot tattoo ink. The success rate of intraoperative identification
of the tattooed node as well as the frequency in which the tattooed node was also a
sentinel node were recorded. Radiologic, surgical and pathologic images were
collected.

Results: Tattoo ink localization was successful in 16/17 (94.1%) of patients.
Tattoo ink did not hinder pathologic evaluation in any cases but was taken up by
additional adjacent nodes in 1/17 successful localizations (5.9%). Successful
sentinel lymph node biopsy (SLNB) occurred in 13 patients in whom 14 lymph
nodes underwent pre-operative tattoo ink localization. Nine of the 14 (64.2%)
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Axilla, Conclusion: In this study, pre-operative localization of axillary lymph nodes
S e node, with tattoo ink was highly successful In patients undergoing SLNB, a significant
pre-operative localization, . o .

e number of the tattooed nodes were not sentinel nodes (35.8%), suggesting the

interventional ultrasonography — importance of targeted lymph node excision in addition to SLNB.

Introduction

Pre-operative localization of axillary lymph nodes
is often desired. For example, localization may ensure
that a previously biopsied lymph node is excised,
which is especially important in patients undergoing
neoadjuvant chemotherapy in order for pathologic
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response to be fully assessed. However, options for
pre-operative localization in the axilla are limited.
Historically at our institution, in the absence of pre-
operative localization of previously biopsied lymph
nodes, the excised lymph nodes are evaluated with an
intraoperative specimen radiograph to confirm the
presence of a biopsy clip. This method, however, is
limited as it dose not provide targeted localization.
While hook wires are commonly used for localization
for findings in the breast, there is only a small amount
of data regarding the safety and reliability of hook
wires in the axilla.”” Other options such as radioactive
I seeds, MagSeed and Tag localizations have
additional limitations, as they require special
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equipment and are costly.”” Ultrasound-guided
injection of tattoo ink has emerged as a safe, widely-
available, cost-effective technique for labeling
specific lymph nodes for which excision is desired.”"

Multiple previous studies have reported
experience with ultrasound-guided injection of tattoo
ink into targeted axillary lymph nodes using
Charcotrace (Phebra, Sydney, Australia) or Spot
endoscopic marker (GI Supply, Camp Hill, PA) with
sample sizes ranging from 20 to 75 patients.”" All of
these studies report a 100% technical success rate of
the injection procedure and no adverse outcomes.
Additionally, all studies report a high success rate of
visualization of the tattooed lymph node intra-
operatively, with success rates ranging from 96.4-
100%. Several studies report that the tattoo ink
spilled to several additional axillary lymph nodes;
however, this was predominantly in studies where the
injection procedure occurred weeks to months prior
to surgery.”" Among three studies in which the
injection was performed on the day of or the day prior
to surgery, two did not report this finding", and one
reported occasional spilling of tattoo ink into lymph
nodes along the injection track."” In previous studies
using a tattoo ink in patients also undergoing sentinel
lymph node biopsy (SLNB), the tattooed lymph node
was also a sentinel node in 58-98.5% of cases.”

The aim of this prospective study was to report the
success rate of pre-operative localization of axillary
lymph nodes using ultrasound-guided injection of
tattoo ink and to provide direct surgical and pathologic
correlation. Additionally, in patients undergoing
SLNB, the frequency in which the tattooed lymph
node corresponded to a sentinel lymph node was also
evaluated.

Methods

In this prospective, Health Insurance Portability
and Accountability Act (HIPAA)-compliant,
Institutional Review Board-approved study, 17
patients with 19 axillary lymph nodes participated
after providing written informed consent from August
1,2018 to March 10, 2020. All patients aged 18 years
or older with one or more axillary lymph nodes for
which pre-operative localization with tattoo ink was
desired by the breast surgeon were eligible. At our
institution, Hydromark biopsy clips are routinely
placed at the time of ultrasound guided biopsy of
axillary lymph nodes in order to guide future
ultrasound-guided localization if needed. Ultrasound-
guided injection of 0.1-0.5 ml Spot endoscopic
marker (GI Supply, Camp Hill, PA) into the cortex of
the target lymph node was performed on the day of
surgery (n=17) or the day before surgery (n=2) by one
of nine radiologists specialized in breast imaging.
With the patient in the surgical position, the skin
overlying the inked lymph node was marked with a
sterile surgical marker.

In the 14 patients undergoing sentinel lymph

node biopsy (SNLB), dual tracing was used (both
Tc” and blue dye). Forthe Tc” tracer, approximately
1 mCi was injected subdermally at the areolar
margin 2-24 hours prior to surgery. For the blue dye,
5 cc of Lymphazurin blue dye was injected into the
retroareolar location of the breast after induction of
anesthesia. After entry into the axillary space, using
a gamma probe and visual inspection, all identifiable
hot, blue and inked nodes were resected.
Intraoperative specimen radiograph of the resected
lymph nodes was performed to evaluate for presence
ofapreviously placed biopsy clip, if indicated.

Tattoo ink localization was considered
technically successful if the breast surgeon was able
to visually identify the black tattooed lymph node
intra-operatively. In those patients undergoing
SLNB, the breast surgeon reported whether the
tattooed node was also a sentinel node (hot and/or
blue in addition to containing tattoo ink). All lymph
nodes and associated surgically resected breast
specimens were sent to surgical pathology for
routine, standard of care processing, histologic
evaluation, and diagnosis. At the initiation of this
study, the pathology slides of the tattooed lymph
nodes from the first several study patients were
reviewed by the study pathologist (board-certified
pathologist specializing in breast pathology) to
confirm that the tattoo ink did not interfere with the
diagnostic interpretation, before additional patients
were accrued. A representative sample of at least
four tattooed lymph nodes was also evaluated
histologically at the conclusion of the study.

Descriptive statistics including success rate of
pre-operative localization with the tattoo ink and the
percent of tattooed nodes that were also sentinel
nodes were calculated using SPSS version 26 (IBM,
Armonk NY).

Results

Study Population

Seventeen patients with 19 axillary lymph nodes
for which pre-operative localization was desired by
the breast surgeon gave written informed consent
and were included in the study. While most patients
underwent tattoo ink injection for a single specific
lymph node, two patients underwent tattoo ink
injection into two lymph nodes. Mean patient age
was 56 years (standard deviation 14.1 years, range
28 to 81). Mean body mass index (BMI) was 28.5
(standard deviation 7.3). Sixteen of the 17 patients
(94.1%) were female. Fifteen of the 17 patients
(88.2%) had a diagnosis of breast cancer, one patient
had a diagnosis of melanoma and one patient had a
core biopsy of an axillary lymph node suspicious for
B cell lymphoma. Of the 15 breast cancer patients,
11 (73.3%) underwent neoadjuvant chemotherapy or
neoadjuvant immunotherapy prior to the
localization procedure and SNLB. Sixteen of the 19
(84.2%) targeted lymph nodes had previously
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undergone an ultrasound-guided core biopsy.

Success Rate of Tattooed Node Localization

Ultrasound-guided injection of tattoo ink into the
cortex of the target lymph node was successful for all
19 nodes (Figure 1). There were no reported
complications from the localization procedure.
Seventeen of the 19 lymph nodes (89.5%) were
identified intra-operatively (Figure 2). The two
lymph nodes that were not identified intra-
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operatively were in the same patient and were not
identified due to diffuse seepage of tattoo ink in the
adjacent tissues. In one patient, the ink had diffused
into the surrounding tissues with three lymph nodes
containing tattoo ink (including the targeted lymph
node). This localization was considered successful as
the targeted node could be identified and excised.
Therefore, tattoo ink localization was successful in
16/17(94.1%) of patients.

Figure 1. Pre-operative localization with tattoo ink: 67-year-old female with right breast cancer and biopsy proven metastasis
to a right axillary lymph node. Ultrasound image demonstrates ultrasound-guided injection of Spot tattoo ink into the cortex
of the previously biopsied lymph node. The tattooed lymph node was visually identified as a black lymph node intra-operatively,
and surgical pathology confirmed metastatic carcinoma involving the lymph node with biopsy site changes. However, the tattooed
node was not a sentinel node. The patient also underwent sentinel lymph node biopsy which yielded 0/1 positive lymph nodes.

Figure 2. Successful surgical excision of a lymph node localized with tattoo ink: 47-year-old female with inavsive lobular carcinoma
and biopsy proven metastasis to an axillary lymph node. Following neoadjuvant chemotherapy, ultrasound-guided tattoo ink
localization of the previously biopsied lymph node was performed on the day of surgery. Intraoperatively, (A) the lymph node was
visually identified as black, with (B) a specimen radiograph confirming the biopsy clip within the node. Sentinel lymph node biopsy
(SNLB) was also performed, and the previously biopsied node was also the sentinel node and was malignant at surgical excision.

Myers, et al. Arch Breast Cancer 2021; Vol. 8, No. 2:143-148

145



@ Tattoo ink localization for SLNB

Figure 3. Histologic confirmation of tattoo ink within localized lymph node: A previously biopsied, radiographically abnormal axillary
lymph node was spot ink localized on the day of surgery and was identified intraoperatively to be a sentinel lymph node. Upon histologic
review, the black tattoo ink (arrows) was identified within the medullary sinuses of the lymph node, which was extensively involved by
metastatic lobular carcinoma (asterisks) (A & B, H&E, X20 and X200).

Sentinel Lymph Node Biopsy Outcomes

Sentinel lymph node biopsy (SLNB) was
attempted in 14/15 (93.3%) of the breast cancer
patients and was successful in 13/14 (92.9%). SLNB
was not performed in one breast cancer patient, who
was an 81 year-old female with an 11 year history of
stage 4 breast cancer. Although there was no
progression in distant metastasis, there was increased
size of her left breast mass and a single left axillary
lymph node, and, therefore, targeted excision was
performed without SLNB. Among the 13 successful
SLNB, the average number of excised lymph nodes
was 2.8 (standard deviation 1.6, median 2.5, range 1-
6). In one patient in whom SLNB was unsuccessful,
intra-operative identification of the previously
biopsied lymph node containing tattoo ink was
successful. Among the 13 patients with successful
SLNB, there were 14 lymph nodes which underwent
pre-operative tattoo ink localization. Nine of the 14
(64.2%) tattooed lymph nodes were also a sentinel
node. Ofthe 5 excised tattooed nodes that were nota
sentinel node, all 5 had a previous ultrasound guided
biopsy, 3/5 (60%) were in patients who underwent
neoadjuvant chemotherapy prior to surgery and 4/5
(80%) contained malignancy at surgical excision. In
1/5 (20%) of these patients, the sentinel node was
benign but the localized lymph node was malignant.

Surgical Pathology

The presence of tattoo ink did not interfere with
surgical pathology interpretation (Figure 3).
Histologically, the tattoo ink was visualized within
the cortical or medullary sinuses of the lymph nodes,
and occasionally in the adjacent mature adipose
tissue.

The patient with melanoma had tattoo ink
localization of two borderline-appearing lymph
nodes, one of which had undergone core biopsy with
findings consistent with benign nevus cells.
However, in the setting of a history of axillary
melanoma, excision was recommended. Tattoo ink
localization of both lymph nodes was successful and

surgical pathology was benign for both lymph nodes
atexcision.

The second non-breast cancer patient had
increased size of axillary lymph node with core
biopsy demonstrating atypical lymphoid
proliferation concerning for B-cell non-Hodgkin
lymphoma on flow cytometry. Tattoo ink
localization of the biopsied lymph node was
successful, and surgical pathology and flow
cytometry at excision were consistent with a reactive
lymphnode.

Discussion

Pre-operative localization of axillary lymph
nodes is often desired, but current options for image-
guided localization are limited. Ultrasound-guided
tattoo ink has emerged as a potential technique to
safely and accurately localize specific axillary
lymph nodes. This study aimed to prospectively
evaluate the success rate of preoperative localization
of axillary lymph nodes using tattoo ink, as well as to
assess the frequency with which tattooed nodes
corresponded to sentinel lymph nodes.

In this study, 17/19 (89.5%) tattooed lymph nodes
were successfully identified intra-operatively, with
successful identification occurring in 16/17 (94.1%)
of patients. Although this is minimally lower than
what was observed in previous studies, which report
success rates ranging from 96.4-100%" ", this is likely
due to the small sample size in this study, as the
procedure was successful in all but one patient. This
study provides further evidence that ultrasound-
guided injection of tattoo ink is a safe, reliable, and
highly successful method for pre-operative
localization in the axilla. Furthermore, tattoo ink is
widely available, inexpensive and does not require
specialized equipment, such that it may be
implemented easily on a large-scale in the
community, including in areas with limited resources.

Among patients also undergoing SLNB in this
study, the tattooed node was also a sentinel node in
9/14 (64.2%) of patients, which is within the range of
previous studies.”” For our study patients, if only the
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sentinel lymph nodes had been excised without
additional targeted localization and excision of the
tattooed node, the localized lymph node would have
remained in situ for 5/14 (35.7%) of patients
undergoing SNLB. Of the five tattooed nodes that
were not sentinel nodes, 4/5 (80%) were malignant.
Furthermore, 3/5 (60%) of these lymph nodes had
undergone ultrasound guided biopsy with malignant
result prior to neoadjuvant chemotherapy, such that
the pathologic response to neoadjuvant chemotherapy
in these nodes would not have been known if only
SLNB was performed without excision of the
localized node.

This study has several limitations. The sample
size of 17 lymph nodes in 19 patients is relatively
small. Additionally, the tattoo injection procedure
was performed by one of nine breast radiologists and
surgical excision was performed by one of the five
surgeons specializing in breast surgery and/or with
expertise in surgical management of the axilla,
adding potential variability to procedural technique.
However, this study provides direct multidisciplinary
correlations with the intra-operative and pathologic
appearance in addition to supporting the technique as
a successful and easily accessible method for
localization. Additionally, to our knowledge, all
previous studies have included only breast cancer
patients, and this study included all patients in whom
axillary lymph node localization was desired,
including melanoma and possible lymphoma.

Existing methods for pre-operative localization in
the axilla such as radioactive '“I seeds, MagSeed and
Tag localizations have limitations including high cost
and the requirement of specialized equipment.”” This
study supports previous reports that ultrasound
guided injection of tattoo ink is emerging as a safe,
inexpensive, widely available technique for pre-
operative localization in the axilla with a high success
rate of intraoperative visualization of tattooed nodes.
Future larger studies may further define specific
protocols for the successful application of this
technique.
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