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Introduction

Sentinel lymph node (SLN) biopsy is part of the
standard of care for patients with primary clini-
cally node-negative breast cancer [1]. Clinical tri-
als and meta-analyses have shown that axillary
node dissection for SLN-negative patients has no
survival benefit [2—4]. Recent studies have shown
that omission of axillary node dissection for
patients with limited positive SLNs has no
adverse impact on survival and decreases the
incidence of lymphedema [5].

Both the radioisotope (RI) and blue dye
methods are well-established techniques and are
used worldwide. However, the RI method
involves nuclear medicine, which limits its use
to relatively high-volume centers, while the blue
dye method requires special surgical skill to
obtain sufficient accuracy and has a risk of ana-
phylactic reactions.

To overcome these problems, an indocyanine
green (ICG) fluorescence method was developed
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in 2005 [6]. A near-infrared fluorescence imaging
(NIR) system reveals subcutaneous lymphatic
flow and enables the surgeon to navigate and per-
form sequential dissection of SLNs. Several clin-
ical trials have shown that the ICG fluorescence
method has an equal or higher SLN identification
rate compared to conventional methods [7-9].
Meta-analyses have shown that there was no sig-
nificant difference between ICG fluorescence and
RI for SLN detection [10, 11].

In this chapter, we introduce the technical
details and current data of SLN biopsy using the
ICG fluorescence method, and describe the tech-
nical innovation of SLN mapping.

Indications

SLN biopsy using the ICG fluorescence method
is indicated for patients with clinically node-
negative breast cancer. However, ICG is contrain-
dicated for patients with hypersensitivity or
allergy to ICG or iodine, and the safety of ICG
for pregnant or lactating women has not been
established.

We recommend the combined use of RI with
the ICG fluorescence method, especially for
obese patients or patients undergoing preopera-
tive systemic therapy (PST). Although only pre-
liminary data have been obtained about the
accuracy of the ICG fluorescence method after
PST, our exploratory analysis showed that the
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identification rate was 100% among patients who
underwent PST (N = 70) [7]. Although 42.8% of
the sentinel lymphatic pathways changed owing
to PST, the locations of the SLNs were not
affected by PST [12]. The accuracy of the ICG
fluorescence method after PST among patients
with node-positive breast cancer has not yet been
systematically evaluated.

Technical Description
of the Procedure

ICG (5 mg in 1 mL; Diagnogreen®; Daiichi
Sankyo Co., Tokyo, Japan) was injected intrader-
mally at the edge of the areola. Fluorescent sub-
cutaneous lymphatics were visualized using the
NIR system and traced to the axilla where occa-
sional nodes could be observed percutaneously
(Fig. 25.1). SLNs detected by the NIR system
were then excised. All these procedures were per-
formed with the operating lights turned off, as per
the manufacturer’s recommendations. After SLN
biopsy using the NIR system, residual SLNs
were removed using RI, if used.

Interpretation

A previous meta-analysis showed that the iden-
tification rate of the ICG fluorescence method
ranged from 88.6% to 100%, and there was no
significant difference between the ICG fluores-
cence and RI methods for SLN detection [11].
There was no significant difference in the
detection of positive SLNs between the ICG
fluorescence and RI methods. Although SLNs
identified using RI and ICG fluorescence gen-
erally overlapped, some of them are divergent
[7]. Although the ICG fluorescence method
may be an acceptable alternative to SLN detec-
tion using the RI method, ICG can function in
a complementary manner to maximize the
diagnostic performance of RI.

Currently, it is ethically difficult to evaluate
the false-negative rate of the ICG fluorescence
method. In addition, only few studies have inves-
tigated long-term survival after the application of

ICG fluorescence method. Our retrospective
study showed that axillary recurrence was
observed in 6 of 1132 patients (0.53%) who
underwent the ICG method between May 2007
and December 2015, and most of the patients
with axillary recurrence were undertreated
because of the patients’ preference or age (data
not shown). Long-term follow-up data regarding
the survival or adverse events after the applica-
tion of the ICG fluorescence method are required
to confirm the clinical significance of this method.

Pitfalls

The detectable depth of the ICG fluorescence sig-
nal is limited. We usually use a plastic capsule to
push and make the subcutaneous tissue thinner to
help in the recognition of the fluorescence signals
from SLNs percutaneously.

If the fluorescence signals from the SLNs can-
not be detected percutaneously, surgeons should
follow the lymphatic vessels and then reach the
deeply located SLNs. Therefore, it is important
not to disrupt the lymphatic vessels during proce-
dures. If the lymphatic vessels get damaged,
SLNs can still be recognized as green lymph
nodes, as observed in the blue-dye method.

The number of SLNs identified using the ICG
method is relatively higher than those identified
using the conventional method (range 2.3-3.4)
[7, 8]. In our study, skip metastasis to second or
third metastasis was observed in 6 of 28 patients
with positive SLNs [13]. Hence, we recommend
that four-node resection could provide precise
information on the nodal status, but the number
of SLNs removed should be optimized based on
individual patient and tumor characteristics.

Perspectives

Although the ICG fluorescence method is highly
sensitive and easy to perform, current NIR sys-
tems have several technical issues that need to be
improved. The current NIR systems display the
fluorescence image on remote monitors, because
the fluorescence signals are invisible under direct
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Fig. 25.1 The indocyanine green (ICG) fluorescence near-infrared fluorescence imaging (NIR) system (images
technique for sentinel lymph node (SLN) biopsy. (a) After ~ on the right side). (b, ¢) Fluorescence signals from SLNs
intradermal injection of ICG at the edge of the areola, sub-  can be easily recognized, after skin incision. (d) All the
cutaneous lymphatic vessels were visualized using the excised SLNs were examined using the NIR system
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observation of the surgical field. Therefore, sur-
geons have to look away from the surgical field to
confirm the location of the fluorescence signals.
These systems also require dimming of lights
within the operative field to prevent white light
contamination of images. These factors can dis-
rupt surgical workflow and may increase the
duration of surgery.

Hence, we developed a novel device, the med-
ical imaging projection system (MIPS), to visual-
ize fluorescence images directly on the surgical
field using the projection mapping technique
(Fig. 25.2; Video 25.1) [14]. The MIPS has a pro-
jection head that uses a half mirror to match the
optical axis of the NIR camera and the projector.
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Fig. 25.2 The medical imaging projection system
(MIPS). Photograph of the MIPS, showing the projection
head and pole components. The MIPS has a projection
head that uses a half mirror to match the optical axis of the
near-infrared fluorescence imaging camera and the pro-
jector. The MIPS obtains the location of the fluorescence
indocyanine green emission and projects its image onto
the location of the fluorescence emission in real time,
regardless of shifting and deformation of the organ. The
projector of the MIPS can also illuminate the surgical
field, allowing surgeons to perform the procedure without
the need for operating lights

The MIPS obtains the location of the fluores-
cence ICG emission and projects its image onto
the location of the fluorescence emission in real
time, irrespective of shifting and deformation of
the organ. The projector of the MIPS can also
illuminate the surgical field, allowing surgeons to
perform the procedure without the need for oper-
ating lights. Our exploratory study showed that
the identification rate of SLNs using this device
was 100% (95% CI. 94-100%). This device
could be useful in real-time navigation surgery
for SLN biopsy.

Conclusions

SLN biopsy using the ICG fluorescence method
is easy to perform and has an equal or higher
SLN identification rate compared to conventional
methods, making the ICG fluorescence method
an acceptable alternative for SLN detection.
Long-term follow-up data about survival or
adverse events after the application of the ICG
fluorescence method will confirm the clinical sig-
nificance of this method. Nevertheless, recent
technological innovation for SLN mapping
enables us to perform real-time navigation sur-
gery for SLN biopsy.
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