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ORIGINAL RESEARCH
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Combination with Blue Dye Injection is Feasible for
Detection and Biopsy of Sentinel Lymph Nodes in
Breast Cancer
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Objective: The best method for sentinel lymph node biopsy (SLNB) in early-staged breast cancer (EBC) remains controversial.
This study aimed to evaluate a novel method by combining trans-lymphatic contrast-enhanced ultrasound (TLCEUS) with blue

dye injection as a guidance of SLNB.

Methods: TLCEUS was performed in 88 patients with newly diagnosed EBC. Methylene blue dye was percutaneously injected
into enhanced sentinel lymph nodes (SLNs) under ultrasound guidance, followed by standard SLNB and axillary lymph node
dissection. Enhancement patterns and the arriving time (AT) of contrast agent within SLNs were evaluated. Histopathological

examination of dissected nodes was performed to confirm metastasis.

Results: A total of 95 enhanced SLNs were identified and biopsied in 86 of 88 patients with identification rate of 97.7%. The
specificity was 75.0%, sensitivity was 83.3%, and false-negative rate was 16.7%. Contrast-enhanced SLNs with type I, type II,
and type lII patterns had a metastatic positive rate of 11.4% (5/44), 57.1% (12/21) and 80.0% (24/30), respectively. Metastatic
positive SLNs showed a mean AT of 61.6 + 58.7 s while metastatic negative SLNs showed a mean AT of 41.3 + 19.9 s, which

was statistically significantly different.

Conclusion: The TLCEUS/blue dye method can be used as an alternative to the radioisotope/blue dye method for its feasibility

and accuracy.

Key words: Axillary lymph node dissection; Contrast-enhanced ultrasound; Early-staged breast cancer; Methylene blue dye;

Sentinel lymph node biopsy
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reast cancer is one of the most common cancers  Status of axillary lymph node (ALN) metastasis is a
in Chinese women. Early-staged breast cancer  key indicator to accurately define EBC. Axillary lymph
(EBC) is mostly curable by current treatment.  node dissection (ALND) was a routine processing
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in surgical treatment for all breast cancer patients
until 1990s [1]. However, patients with EBC could
not benefit from ALND, but may suffer from various
postoperative complications associated with ALND, such
as lymphedema and sensory- and motor-dysfunction. To
reduce the risk of ALND in EBC patients, sentinel lymph
node biopsy (SLNB) was developed since 1990s [2].
As illustrated by Dixon et al. [3], the validity of SLNB
was based on two principles: First is the existence of an
orderly and predictable pattern of lymphatic drainage to
a regional node basin, or the so-called sentinel lymph
nodes (SLNs), and second is that the first node act as an
effective filter for tumor cells [3]. Previous clinical trials
reported that EBC patients with negative SLNB shared
similar long-term prognosis with those having negative
ALND, while positive SLNB accurately predicted ALN
metastasis [4—7]. Therefore, ALND could be avoided
in certain EBC patients after negative SLNB although
treatment has to be escalated for patients with positive
SLNB. Currently, SLNB is considered as the standard of
clinical care in EBC patients.

Although SLNB is important in patients with
EBC, preoperative detection and selection of SLNs
for biopsy remain challenging. According to current
guidelines, the recommended “gold-standard” for
SLNB is the combined use of a radioisotope and an
aniline dye (isosulfan or methylene blue), or the so-
called radioisotope/blue dye method [8]. However, these
methods have some shortcomings. Firstly, necessary
special including radioisotope itself and well-trained
staffs are not always available in most hospitals, let alone
its inevitable radioactive contamination. Secondly, high
false-positive and negative rates of SLNs by mean of
conventional blue dye injection may induce unnecessary
lymph node dissection [9]. Thirdly, it can only provides
rough location of SLNs which require large dissection
for biopsy and thus give less help for making operation
plan before and during surgery. In addition, it is
impossible to use radioisotope/blue dye method to get
imaging characteristics of SLNs and nearby structures,
which is supposed to be helpful information for diagnosis
and treatment strategy. All these disadvantages limit its
widely use in clinical practice.

Contrast-enhanced ultrasound (CEUS) technique has
been widely accepted as a revolutionary development in
the field of ultrasound imaging. Contrast microbubbles,
which can easily pass through lymphatic channel, were
supposed to be a promising agent for lymphatic imaging
[10]. Trans-lymphatic contrast-enhanced ultrasound
(TLCEUS) has been reported to be feasible for mapping
SLNs in EBC patients [11]. Some preliminary studies
had reported promising diagnostic value of trans-
lymphatic CEUS (TLCEUS) for evaluating ALN
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metastasis of EBC [12—14]. To improve the accuracy
of SLNB and identification of SLNs at surgery, we
hypothesis that TLCEUS in combination with blue dye
injection of enhanced SLNs can serve as a method for
SLNB and surgery in EBC patients. The aim of this
study was to evaluate the novel method by combining
TLCEUS with blue dye injection of enhanced SLNs for
guiding SLNB and to identify SLNs at surgery in order
to improve the positivity of SLNs detection.

Patients and methods

Patients

This clinical research was approved by the institutional
ethics committee of Peking University, Shenzhen Hospital.
Between January 2013 and December 2015, 88 female
patients with newly diagnosed EBC and undergoing
SLNB and surgery were enrolled in this study. The
definition of the EBC was defined as breast cancers that
has not spread beyond the breast or the ALNs, including
ductal carcinoma in situ and stage I, stage 1A, stage 1IB,
and stage IIIA breast cancers. Patients with inflammatory
breast cancer, previous surgery in the ipsilateral breast or
axillary, under neoadjuvant chemotherapy, pregnancy or
nursing and contraindication to ultrasound contrast agent
were excluded. Informed consent was collected from
each patient before the procedure. The characteristics of
enrolled patients were listed in Table 1.

Instruments and materials

The ultrasound scanner (MyLab 90, ESAOTE, Italy)
equipped with high frequency linear array probes (LAS5-
10) and contrast pulse sequences (M1 0.07) for gray-scale
and contrast-enhanced scanning was used in this study.
Ultrasound contrast agent SonoVue® (Bracco Imaging,
Italy) was used for TLCEUS. Before injection, 59 mg
SonoVue powder was suspended by 5 mL normal saline
and shaken vigorously for more than 30 s to ensure a
homogenous suspension. Methylene blue as a lymph node
marker was purchased from Jumpcan Pharmaceutical
(Taizhou, Jiangsu, China).

Gray-scale and contrast ultrasound imaging

Before TLCEUS, a conventional gray-scale ultrasound
was performed to examine the axillary area for evaluation
of regional lymph node in each patient. Any lymph
nodes greater than 1 cm or with round-shape and hilum
disappeared features was considered as a metastasis node
and documented for later analysis. Then 1.5 mL contrast
agent suspension was intradermally injected into the peri-
areola area at the tumor-located quadrant. Immediately
after the injection, contrast imaging mode was used to
identify enhanced lymphatic drainage channels, and lead
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to detecting the SLNs. The location of the enhanced
SLNs was labeled by mark pen on the skin. The size of
enhanced SLNs, enhancement patterns, arriving time
(AT) which was defined as time between injection of
contrast agent and first enhancement of the SLNs were
recorded for further analysis.

Table 1 Clinical characteristics of enrolled patients

Clinical characteristics Data (n = 88)
Menopause status
Postmenopause 25/88 (28.4%)
Premenopause 63/88 (71.6%)
Age
Mean 46.0 £ 10.9 years
Median 45 (27-74) years

Tumor orientation

Upper outer quadrant 32/88 (36.4%)
Upper inner quadrant 20/88 (22.7%)
Lower outer quadrant 17/88 (19.3%)
Lower inner quadrant 16/88 (18.2%)
Central area 3/88 (3.4%)
Maximum SLN diameter

Mean 21.6 £ 8.5 mm
Median 21.0 (7.0-48.0) mm

Tumor stage

Tis 50/88 (56.8%)
T1 16/88 (18.2%)
T2 22/88 (25.0%)
HER?2 positive 15/88 (17.0%)

Triple negative 14/88 (15.9%)

SLN, sentinel lymph node; HER2, human epidermal growth factor
receptor 2.

Blue dye injection to labeled SLNs

After SLNs were identified by TLCEUS, up to 0.5
mL methylene blue dye was subsequently injected into
the enhanced SLNs under ultrasound guidance. For
abnormal lymph nodes which were considered as SLNs
by gray-scale ultrasound imaging, but did not show any
enhancement in TLCEUS, methylene blue dye was also
injected into these nodes under ultrasound guidance.

096

TLCEUS enhancement patterns of SLNs

The enhancement patterns of lymph nodes in
contrast imaging were classified into three types. Type
I : Complete enhancement of the cortex and medulla
area of SLNs with smooth border; type II: Annular
enhancement mainly at the cortex area with regular/
irregular border while less enhancement in the medulla
area; type III Partial enhancement of cortex and medulla
area with irregular border (Fig. 1A). The contrast-
enhanced SLNs were reviewed and categorized into three
types of enhancement patterns in blind fashion compared
with pathological results.

SLNB and ALND procedure

After ultrasound evaluation of enhanced and
suspicious SLNs with blue dye labeling procedure, local
anesthesia was given before CEUS and fixed-point dye
injection. Right after the injection finished as above,
standard SLNB was performed by three well-trained
surgeons. The blue dye marked SLNs were completely
dissected. After SLNB, a standard ALND was performed
to all patients enrolled. Excised lymph nodes were
numbered, fixed with 10% formalin, and underwent
histology, cytology and immunohistochemistry
examination for possible cancer metastasis. The
final pathological diagnosis of SLNs’ status were
compared with enhancement patterns of SLNs.
Immunohistochemical parameters (ER, PR, Her2, Ki-67)
of each breast tumor were recorded for further analysis.

Statistics

The diagnostic performance of TLCEUS with blue
dye injection of SLNs was evaluated by accuracy,
specificity, sensitivity, false-negative rate and false-
positive rate. Chi-square test or Fisher’s exact test was
employed for analyzing categorical variables; Student’s
t-test was used for analyzing continuous variables. SPSS
statistical software version 21.0 (SPSS Inc. Chicago,
USA) was used in this study. A p value less than 0.05
was considered as statistically significant.

Results

SLNs identification by TLCEUS with blue dye marker
and gray-scale US

In 86 out of 88 (97.7%) patients, 95 SLNs were
identified by TLCEUS. Of the 86 patients, 78 patients
had one SLN identified in each patient, 7 patients
identified two SLNs, and one patient identified three
SLNs. In addition, five patients with nine lymph nodes
which were suspected as metastatic SLNs by gray-
scale US, but did not enhance by TLCEUS were also
included for SLNB and pathology analysis. All of the
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88 patients underwent SLNB successfully with removal
of 104 lymph nodes. After SLNB, all of the 88 patients
underwent ALND successfully too.

The diagnostic value of TLCEUS with blue dye injection
method for SLNB

The TLCEUS combined with dye injection for
guiding SLNB were successfully performed in all the 95
enhanced SLNs (Fig.1B). Among the 95 biopsied SLNs,
41 SLNs from 39 patients were proved to be positive in
metastasis by pathological examination. The metastatic
positive rate of TLCEUS/blue dye injection method
for SLNB was 43.2% (41/95). After SLNB, ALND
was performed to all patients enrolled, and non-SLNs
metastasis status of each patient was confirmed. As is
shown in Table 2, in the 86 patients with SLNs identified
by TLCEUS/blue dye injection method, metastasis was
confirmed in 27 patients in both SLNs and non-SLNs;
42 patients were SLNs and non-SLNs double negative.
There were five patients whose SLNs were metastasis
negative pathologically, but their ALND confirmed
“non-SLNs skip metastasis”. Therefore, results of these
five patients were regarded as false-negative during
analysis. Thus, the diagnostic value of TLCEUS with
blue dye labeling method was high for SLNs detection
and non-SLNs metastasis prediction, with a specificity
of 75.0%, a sensitivity of 83.3%, and a false-negative
rate of 16.7% (Table 2).

Table 2 Diagnostic value of SLNB guided by TLCEUS/fixed-point dye

injection method

Metastasis status non-SLN+ non-SLN— Total

SLN+ 25 (83.3%) 14 (25.0%) 39 (45.3%)
SLN-— 5 (16.7%) 42 (75.0%) 47 (54.7%)
Total 30 (100%) 56 (100%) 86 (100%)

SLNB, sentinel lymph node biopsy; TLCEUS, trans-lymphatic contrast-
enhanced ultrasound; SLN, stentinel lymph node.

Enhancement patterns related to metastasis positivity
of SLNs

Clinical factors, including age, tumor stage, tumor
location, HER2 status, triple negative EBC or not,
Ki67 index level had no statistical differences between
metastasis positive SLNs and negative SLNs of the
patients. However, two imaging parameters (i.e.,
TLCEUS enhancement patterns and contrast arriving
time) did show significant difference between these two
groups of patients. First, contrast-enhanced SLNs with
type 1, type I, and type 1l patterns had a metastasis
positive rate of 11.4% (5/44), 57.1% (12/21) and 80.0%
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(24/30), respectively. The difference was significant
between type I and type Il (»p=0.0002), but was not
significant between type I1 and type Il (»p=0.077). In the
other nine lymph nodes dissected, which were suspected
as SLNs by gray-scale ultrasound but were not enhanced
by TLCEUS, eight nodes were confirmed as metastasis
positive on pathology. The metastatic positive rate was
88.9% (8/9) (Fig. 1C). Second, for the contrast arriving
time (AT), metastatic positive SLN group showed a
mean AT of 61.6 £ 58.7 s, while metastatic negative SLN
group showed a mean AT of 41.3+19.9 s, which was
statistically significantly different with a p value of 0.047
(Fig. 1D).

Discussion

Incidence of breast cancer keeps on rising in China.
According to the Chinese National Central Cancer
Registry, the age-standardized rate (ASR) of breast
cancer was as high as 34.3 cases per 100 000 women in
urban areas and 17.0 cases per 100 000 women in rural
areas in 2014 [15]. In spite of the high morbidity, 5-year
overall survival (OS) of breast cancer in China was
more than 80% as was reported by CONCORD-2 [16].
The importance of SLNB for staging and treatment of
EBC has been recognized in clinical practice. Many
methodological studies have been performed trying to
find a method with acceptable specificity, sensitivity
and false-negative rate to specifically guide preoperative
SLNB. For example, PET/CT, SPECT/CT, MRI and
traditional gray-scale US have all been attempted. As
was reported, the addition of PET/CT, SPECT/CT or
MRI to traditional preoperative examination could all
contribute to improve diagnostic accuracy to SLNs
[17-21]. However, these studies are currently either too
preliminary or too expensive to be widely applied in
clinical setting. Conventional gray-scale ultrasound is
inexpensive and feasible, and thus is a preferred modality
in China for preoperative diagnosis and staging of breast
cancer patients [22]. However, routine US examination
is not sensitive and specific enough for identification of
SLNs. A meta-analysis published in 2014 reported that
although approximately 50% of patients with axillary
involvement could be identified preoperatively by
conventional ultrasound, there were still 25% of patients
in which an ultrasound-guided biopsy-"proven" negative
axilla had a positive SLNB [23]. Although radioisotope/
blue dye method is imperfect, it remains the primary
recommended method for guiding SLNB. Considering the
deficiencies of radioisotope/blue dye method, developing
new technique is of great clinical value. In this study, a
novel method by TLCEUS guided blue dye injection for
SLNB was explored in patients of breast cancer.
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Goldberg et al. [24] firstly reported the application
of TLCEUS for SLNs detection in 2004. The contrast
agent used by TLCEUS has been proved to be a stable

Type 1l

Type |

100+

p=0.0002 88.9%

Positivity (%)

tracer which can be easily taken by, rapidly accumulated
in, and of strong lymphatic tropism to the lymphatic
drainage pathway. Therefore, it can act as an ideal

Type Il

ALN—

SLN+

Figure 1 TLCEUS/blue dye injection method is sensitive and specific for SLNB. A) Different contrast pattern of SLNs observed by TLCEUS; B)
Sample of dissected SLNs with obvious blue dye; C) Lymph nodes with type II and type I1I contrast pattern, and lymph nodes without enhancement are
more likely to be metastasis positive; D) Positive SLNs showed a longer AT between contrast agent injection and lymph node enhancement than negative
SLNs. TLCEUS, trans-lymphatic contrast enhanced ultrasound; SLNs, sentinel lymph node; AT, arriving time. A p value less than 0.05 is considered as

statistically significant.

alternative for SLNs detection instead of blue dye alone.
Since 2004, many studies have reported the diagnostic
value of TLCEUS for SLNs detection and guided-
SLNB [11,14,25-27]. According to these studies, the
TLCEUS identification rate for SLNs was about 80%,
while its sensitivity was relatively as low as 60%-80%.
Most importantly, the false negative rate was about 10%-
16%. Although TLCEUS is considered as a potential
alternative to radioisotope/blue dye method for SLNs
detection in patients with breast cancer, the identification
rate and sensitivity of TLCEUS alone, as was reported,
was relatively low for clinical application [25-27]. The
reason for its low identification rate and sensitivity may
be that the contrast agent injected during TLCEUS,
although traceable under US probe scanning, cannot be
traced and detected in the SLNs during biopsy. Thus,
the SLNB after TLCEUS is less targeted without any
marker. We believe that placing a marker in enhanced
SLNs during preoperative TLCEUS is needed for
SLNB to improve its identification rate and sensitivity.
In consideration that contrast agent is a better tracer
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than blue dye, conventional blue dye injection near
the primary tumor site for SLN mapping is redundant
and unnecessary. In this study, methylene blue dye as
surgical marker was injected directly into the enhanced
SLNs identified by TLCEUS. Our results showed the
identification rate of TLCEUS in detecting SLNs was as
high as 97.7 % (86/88 patients). Intra [ymph nodes dye
injection under the guidance of ultrasound can ensure the
precision of the dye into targeted SLNs and thus reduce
the shortcoming of high false positivity by traditional
blue dye mapping method. All enhanced SLNs in our
study were well dyed according to naked eye judgment
during SLNB and operation and were completely
resected. Blue dye showed no influence for the following
pathological diagnosis. In this situation, the methylene
blue dye does not only act as mapping tracer, but also
as labeling marker for biopsy and resection. According
to surgery outcomes, TLCEUS combined with blue
dye injection method presented a better performance
on localizing and labeling SLNs than TLCEUS alone.
The sensitivity (83.3%) of this new method was close to
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that of radioisotope/blue dye method (90%) as reported,
while the false-negative rate (16.7%) was also similar to
that of radioisotope/blue dye method (10%-16%) [28,29].
Comparing with current radioisotope/blue dye mapping
methods, TLCEUS with blue dye labeling method is
a feasible alternative for identification of SLNs and
guidance of SLNB.

This study also demonstrated that TLCEUS could
have potential value in judging whether metastasis
existed inside the SLNs. There are several factors helpful
for predicting metastasis status of SLNs. The first is the
contrast enhancement pattern. The enhanced SLNs with
wheel-like smooth border or with evenly distributed
contrast agents inside cortex and medulla are most
likely to be non-metastasis normal nodes. The SLNs
with irregularly border and only partially enhanced at
cortex area are more likely to be the metastasis SLNs.
In addition, SLNs suspected by conventional gray-scale
ultrasound but showed no enhancement by TLCEUS
are the most likely to be metastatic SLNs. The second
factor which is helpful for predicting metastasis status
is the AT of contrast agent in the SLNs after injection.
The result of this study revealed that metastasis positive
SLNs showed a much longer AT compared with normal
SLNs. Both of these two factors indicate that lymphatic
drainage or parenchyma of cortex and medulla is
blocked or destructed by cancer infiltration. In metastasis
positive SLNs, micrometastasis blocks the lymphatic
inside or outside of SLNs, thus resulting in the truncated
enhancement or no enhancement sign, and the prolonged
AT [30].

Conclusion

Accurate SLNB can provide beneficial information
for patients’ prognosis and treatment. In this study, we
developed a method combining TLCEUS and methylene
blue dye injection for detecting SLNs and guiding
SLNB. According to our results, this is a reliable method
and can be used as a feasible alternative technique to the
radioisotope/blue dye in clinical setting. The imaging
characteristics, including the enhancement pattern and
AT, would possibly further predict metastasis status of
SLNs, thus providing additional clinical information for
treatment strategy of breast cancer.
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