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Abstract Background: Sentinel lymph node (SLN) biopsy
is a selective approach to axillary staging of breast cancer
with reduced morbidity. Current detection methods includ-
ing radioisotope and blue dye show good results but some
drawbacks are remaining. Indocyanine green (ICG) fluo-
rescence detection was evaluated as a new method for SLN
biopsy in breast cancer allowing both transcutaneous visu-
alization of lymphatic vessels and intraoperative identifica-
tion of SLN. Methods: Forty-three women with clinically
node negative breast cancer received subareolar injection of
ICG for fluorescence detection of SLN. All patients under-
went either planned axillary lymph node dissection (ALND)
with SLN biopsy or selective SLN biopsy to determine need
for ALND. Clinical feasibility, detection rate, sensitivity,
and axillary recurrence after isolated SLN biopsy were
analyzed. Results: Overall ICG fluorescence imaging iden-
tified 2.0 SLN in average in 42 of 43 patients (detection rate:
97.7%). Metastatic involvement of the SLN was found in 17
of 18 nodal positive patients by conventional histopathology
(sensitivity: 94.4%). Immunohistochemistry revealed iso-
lated tumor cells in five further cases. There was only one
false-negative case in 43 patients (5.6%). In 17 of 23 overall
nodal positive patients, the SLN was the only positive lymph
node. After a median follow-up of 4.7 years none of the
patients presented with axillary recurrence. Conclusion: ICG
fluorescence imaging is a new method for SLN biopsy in
breast cancer with acceptable sensitivity and specificity
comparable to conventional methods. One advantage of this
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technique is that it allows transcutaneous visualization of
lymphatic vessels and intraoperative lymph node detection
without radioisotope.
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Abbreviations
ALND Axillary lymph node dissection

ICG Indocyanine green
SLN Sentinel lymph node
Introduction

Axillary lymph node staging by sentinel lymph node (SLN)
biopsy is a widely used method and an independent prog-
nostic factor in patients with early breast cancer [1-3].
Patients who underwent SLN biopsy with a negative SLN
have an improved disease-free and overall survival com-
pared with node negative axillary lymph node dissection
(ALND) patients [4, 5]. The reason for this observation is
clearly the more extensive histopathologic workup of lymph
nodes resulting in a more accurate axillary staging, a reduced
rate of false-negative results and stage migration [6, 7]. SLN
biopsy has been reported to result in an increased quality of
life with reduced morbidity, but especially younger patients
after isolated SLN biopsy with early breast cancer showed
greater procedure-associated levels of anxiety [8].

SLN biopsy for breast cancer is usually carried out with
radioactive colloids and/or blue dye [9]. Radionuclide
scanning provides good accuracy allowing transcutaneous
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navigation to the SLN by scintigraphy and handheld
gamma probe [10, 11]. However, the use of radioactive
colloids involves expensive equipment, radiation protec-
tion measures and is not generally available [12]. Injection
of blue dye is easy to perform and enables the surgeon to
see marked lymphatic vessels and the SLN intraoperatively
after skin incision. Application of blue dye alone results in
a reduced detection rate [13]. Moreover, isosulfan blue
(Lymphazurin™) as the most commonly used blue dye has
been associated with a significant risk of anaphylactic
reactions and other adverse effects such as tattooing and
skin necrosis [14-16]. Combination of both methods
results in a rate of SLN identification of more than 90%,
but the accuracy ranges from 65 to 98% [17, 18].

Preliminary data from toxicity and feasibility studies
suggest that SLN detection guided by indocyanine green
(ICG) fluorescence could emerge as a new method for SLN
biopsy [19]. It has been shown that subareolar injection of
ICG can be performed without allergic reactions or toxic
side effects [20]. Theoretically, fluorescence imaging
enables transcutaneous real-time lymphography and intra-
operative lymph node detection thus combining the
advantages of radiocolloid method and blue dye method.

The aim of this study was to investigate exclusively the
clinical application of SLN biopsy guided by ICG fluo-
rescence in breast cancer as an alternative to the other more
established methods, i.e., radiocolloid and blue dye. The
method was analyzed with regard to clinical practicability
and accuracy in detecting SLN.

Patients and methods
Study design and patients

This study was designed to evaluate the clinical value of
SLN detection with fluorescence imaging after injection of
ICG. The study was approved by the Institutional Review
Board (IRB) of the hospital. Preoperatively, informed
consent was obtained from all patients. Inclusion criteria
were histopathological diagnosis of breast cancer, image-
guided tumor diameter <3 cm, and indication for mastec-
tomy or breast conserving therapy without -clinically
positive lymph node status. Axillary lymph node status was
assessed clinically and by ultrasound with a 10-MHz linear
transducer (Voluson® 730 Expert, GE Healthcare, Fair-
field, USA) to exclude distinct positive nodal status.
Exclusion criteria comprised previous operations and/or
radiation of the breast, definite lymph node metastases
diagnosed by palpation or ultrasound, and age <18 years.

Altogether, this study included 43 patients with breast
cancer who underwent planned mastectomy or breast
conserving therapy. The mean age was 58.4 years. Most
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common diagnosis was invasive ductal carcinoma (78.7%)
followed by invasive lobular carcinoma (11.9%). Mastec-
tomy or breast conserving therapy was performed in 28 and
15 patients, respectively. Indications for mastectomy were
disproportion between tumor and breast size, multifocality,
preoperative non-compliance to adjuvant radiation, and
male gender.

Depending on tumor stage and clinical parameters all
patients underwent either SLN biopsy for superstaging with
planned ALND of level I/II or selective SLN biopsy. Cri-
teria for ALND in 34 patients (79%) were preoperative
tumor stage of T2 in 25 patients (58%) and a positive SLN
in frozen sections in 9 patients with preoperative tumor
stage T1 (21%). In case of undetectable SLN, ALND was
performed. Detailed clinicopathological data and tumor
characteristics are summarized in Tables 1 and 2.

Detection rate, sensitivity, and false-negative rate were
calculated by comparing the results of SLN biopsy and
histopathology of the resection specimen in case of ALND.
Axillary recurrence after isolated SLN biopsy without
axillary clearance was analyzed by scheduled follow-ups
including clinical examination and ultrasound.

SLN detection with ICG fluorescence imaging

ICG fluorescence was visualized with a fluorescence
imaging system (IC-View, Pulsion Medical Systems,
Munich, Germany) consisting of a digital video camera
with an integrated near-infrared (NIR) light source (energy
0.16 W, wavelength 780 nm). The objective of the camera
was covered with a filter (835 nm) to collect NIR radiation
and reject visible light. Intraoperatively, in average 11 mg
ICG solution was injected into the subareolar region of the
breast. The lymphatic transport of ICG at the anterior chest
wall including the supraclavicular, parasternal, and axillary
regions was observed in real time with fluorescence
imaging for 5-15 min after injection. The end of the
lymphatic vessel was marked on the skin. SLN was excised
directly in situ. Fluorescence lymphography including SLN
identification and SLN biopsy was performed by two
experienced surgeons.

Table 1 Characteristics of patients and surgical procedures (n = 43)

58.4 (27-83)
40/3 (93/7%)

Mean age and range (years)
Gender female/male

Mastectomy/BCT 28/15 (65/35%)
Axillary nodal status assessment
ALND 34 (79%)
Primary isolated SLNB 9 (21%)
Secondary ALND 2/9 (22%)

SLNB sentinel lymph node biopsy, ALND axillary lymph node dis-
section, BCT breast conserving therapy
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Table 2 Histopathological characteristics (n = 43)

Pathology
Invasive ductal 34 (79%)
Invasive lobular 5 (12%)
Invasive papillar 2 (5%)
DCIS 1 2%)
Mixed type 1 (2%)
Tumor staging
pT1 18 (42%)
pT2 23 (54%)
pT3/4 2 (4%)
Nodal staging
pNO 25 (58%)
pN1 13 (30%)
pN2 3 (1%)
pN3 2 (5%)
Grading
Gl 12 (28%)
G2 19 (44%)
G3 12 (28%)
Primary tumor dissemination 10 (23%)
(multifocal and multicentric spread)
Mean tumor diameter (mm) 22.3
Mean number of LN excised 14.9
Mean number of SLN excised 2.0

SLN sentinel lymph node, LN lymph node

Histopathology

The mean tumor diameter in resected specimen was
22.3 mm. Intraoperatively, SLN was analyzed by frozen
sections with conventional staining. All SLN negative for
metastatic involvement underwent specific evaluation
using a standardized protocol using immunohistochemis-
try. The detailed technique has been described by Meyer
[21]. In brief, SLN tissue was sliced at 2 mm intervals for
fixation and paraffin embedding. Microsections were pre-
pared repeatedly at intervals of 250 pm and examined by
routine Hematotoxilin-Eosin (HE)-staining. Negative SLN
was re-examined by serial sectioning at intervals of 5 pm
and one microsection of each level was analyzed by HE-
staining and a second by cytokeratins immunohistochem-
istry (MNF 116, Dako, Hamburg, Germany). After addi-
tional immunohistochemical processing, two patients (5%)
with isolated immunohistochemical positive SLN received
secondary ALND. All non-SLN were examined by stan-
dard pathologic measures with HE-staining. Histopatholo-
gical primary tumor dissemination with multifocal and/or
multicenter spread inside the breast was found in 10 of 43
patients (23%).

Results

None of the 43 patients experienced adverse reactions or
complications related to intraoperative injection of ICG.
Overall ICG fluorescence imaging identified 2.0 SLN on
average (range 1-3 SLN) in 42 of 43 patients (detection
rate 97.7%) although none of the lymph nodes showed
green staining. Identification of SLN was facilitated by
transcutaneous visualization of lymphatic vessels by fluo-
rescence (Fig. 1). The mean number of lymph nodes
excised was 14.9 for ALND including SLN. Eighteen of 43
patients (42%) had metastatic lymph node involvement.
ICG fluorescence imaging identified metastatic SLNs in 17
of those patients after conventional microscopic analysis
(sensitivity 94.4%). There was only one undetected case
resulting in a false-negative rate of 5.6%. The patient
underwent ALND because of missed intraoperative SLN

Fig. 1 ICG fluorescence imaging. a Transcutaneous real-time lym-
phography for detection of the SLN after injection of ICG (left upper
site). The lymphatic vessel (arrows) and the SLN are displayed. b The
end of the lymphatic vessels with the SLN is marked on the skin for
excision
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detection and showed positive nodal involvement. Immu-
nohistochemistry revealed five additional cases with iso-
lated tumor cells (ITC) in the SLN. The SLN was the only
positive lymph node in 12 of 18 patients (67%) using
conventional histopathology and in 17 of 23 (74%) with
additional immunohistochemistry. Two of five patients
with immunohistochemically diagnosed ITC agreed to
secondary ALND and adjuvant radiotherapy. ALND of
these two patients showed no metastatic disease in con-
ventionally dissected specimen. The ratio of LN positive/
SLN positive of all nodal positive patients was 3.0. After a
median follow-up of 4.7 years, no patient with negative
SLN by ICG presented with axillary recurrence. The
detailed results are displayed in Tables 2 and 3.

Discussion

Axillary lymph node status remains the most important
prognostic factor in the treatment of breast cancer and
affects the choice of systemic therapy and adjuvant radio-
therapy [22, 23]. Standard techniques for sentinel node
biopsy include the radiocolloid method, the blue dye
method, and a combination of both [24, 25].

Recently, preliminary studies have suggested that SLN
biopsy can be guided by fluorescence detection after suba-
reolar injection of ICG. The transport of ICG through
lymphatic vessels was shown to be visualized transcutane-
ously by fluorescence guidance and was validated for SLN
biopsy in comparison to conventional technique [26, 27].

Table 3 Sentinel lymph node status by fluorescence navigation

Measure No. (%)

Total no. of patients
Patients with SLN identified

Patients with positive
LN (conventional)

43 (100%)

42 of 43 (98%)
18 of 43 (42%)
17 of 43 (40%)

Patients with positive
SLN (conventional)

Patients with positive SLN/positive 17 of 18 (94%)

LN (conventional)

Patients with isolated positive
SLN after dissection of
specimen (conventional)

Patients with positive SLN by ITC
(immunohistochemical)

Ratio positive LN/positive SLN
of all nodal positive

12 of 17 (71%)

5 of 43 (12%)

6.9/23 =3

42/43 (97.7%)
17/18 (94.4%)
1/18 (5.6%)

Detection rate
Sensitivity

False-negative rate

SLN sentinel lymph node, LN lymph node, NSLN non-sentinel lymph
node
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This study was performed to investigate the clinical
feasibility and accuracy of ICG fluorescence imaging for
sentinel node detection and biopsy in a series of breast
cancer patients. The results confirm that the subareolar
injection of ICG can be used safely for lymphatic mapping
and SLN biopsy without allergic reactions or local toxicity.
The detection rate of 98% for the SLN in 43 patients was
comparable to that of the standard technique using a
combination of radioisotope scanning and blue dye stain-
ing. Detection rate (97.7%), sensitivity (94.4%), and false-
negative rate (5.6%) in this study were also similar to that
reported for the combined method with a detection rate
approximating 95% [3, 28].

The accuracy of ICG imaging was not due to an
increased number of analyzed SLNs. In average, only 2.0
SLNs per patient were excised. In fact, it seems that the
improved results with ICG must be attributed primarily to
the advantages of fluorescence detection. In general, SLNs
were not stained green after the injection of less than
20 mg ICG although they showed a bright fluorescence
signal. Motomura et al. [29] used ICG as a dye-guided
method without fluorescence detection in a large group of
women with breast cancer (n = 172) and obtained a
detection rate of less than 75%.

One major advantage of fluorescence imaging is that it
allows transcutaneous real-time lymphography for intra-
operative identification of the SLN. In this study, lym-
phatic channels guiding to the SLN were successfully
displayed in 38 of 43 patients (Fig. 1). Hama et al. [30]
showed two-color in vivo spectral fluorescence lym-
phangiography to provide insight into drainage from dif-
ferent lymphatic basins and to influence dissection
strategies. Kitai et al. [20] injected 25 mg ICG for
imaging of subcutaneous lymphatic channels by fluores-
cence navigation in 18 women with breast cancer and
achieved a detection rate of 94%. In another study
involving 37 patients, one or two lymphatic pathways
could be observed ICG scanning in 73% of the cases [19].
The relatively low rate of lymphatic visualization in this
study may be explained by interference with blue dye that
was applied together with ICG. In a feasibility study,
Tagaya et al. [26] analyzed 25 patients with fluorescent
and blue dye and showed detection of lymphatic vessels
in all cases (Fig. 2).

In the present series, the SLN was the only positive
lymph node in 12 of 23 nodal positive patients, including 7
patients with conventional positive lymph nodes and 5
patients with positive lymph node status by ITC. The
remarkably high percentage of solitary positive SLNs
(52%) underlines the good sensitivity of the ICG method
(Fig. 2). Until now there is no evidence that there might be
a specific mechanism for accumulation of ICG in meta-
static lymph nodes.
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Fig. 2 SLN biopsy using ICG fluorescence detection. After skin
incision at the marked area (a), fluorescence detection is used for
identification of the SLN (b)

Immunohistochemical analysis of negative SLNs in 25
patients revealed ITCs in 5 additional cases (20% of con-
ventionally negative and 12% of all patients). Two of those
patients underwent secondary ALND without histopatho-
logic evidence for lymph node metastases. None of the
other three patients with ITC or negative SLN developed
axillary lymph node spread after a mean follow-up of
4.7 years. Other authors identified ITC in approximately
10-15% of the patients [31, 32], but the prognostic sig-
nificance and optimal management according to stage
migration due to ITC remains unclear [33]. Langer et al.
[34] revealed 96% of patients with ITC from SLN biopsy
undergoing delayed ALND to have specimens free of
macro-metastases and without benefit of ALND. SLN ITC-
positive patients who did not receive ALND were shown to
have a relapse rate between 0 and 3.6% [35-37].

Our experience in 43 women suggests that ICG fluores-
cence guiding SLN biopsy is safe and effective without need
for extended tissue dissection and comparable expenses.
This new method allows transcutaneous visualization of

lymphatic channels as well as intraoperative orientation
during tissue dissection with a maximum duration of 30 min
for SLN identification without loss of fluorescence. The data
presented in this study must be interpreted with caution
because of the limited number of patients. Furthermore, ICG
fluorescence imaging was not compared with the more
established approach (radiocolloid and blue dye). The
rational was to avoid any interference between the dyes.

One drawback of the method used here is that the light
in the operating room must be dimmed to improve the
sensitivity of the camera. In the meantime, there is a new
system available that can be used under daylight condi-
tions. The results of this study confirm the preliminary data
from feasibility studies on lymphatic mapping and sentinel
node biopsy with ICG, demonstrating the clinical practi-
cability of the method and justify further studies with large
number of patients. In future studies, ICG should be
directly compared with radiocolloid and other more
established dyes to find out whether there is a concordance
or discordance between the methods.
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