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A B S T R A C T

Purpose: Lymph node status is the single most important prognostic factor for patients with early-stage cuta-
neous melanoma. Sentinel lymph node biopsy (SLNB) has become the standard of care for intermediate depth
melanomas. Modern SLNB implementation includes technetium-99 lymphoscintigraphy combined with local
administration of a vital blue dye. However, sentinel lymph nodes may fail to localize in some cases and false-
negative rates range from 0 to 34%. Here we demonstrate the feasibility of a new sentinel lymph node biopsy
technique using indocyanine green (ICG) and the SPY Elite near-infrared imaging system.
Materials and methods: Cases of primary cutaneous melanoma of the head and neck without locoregional me-
tastasis, underwent SLNB at a single quaternary care institution between May 2016 and June 2017.
Intraoperatively, 0.25mL of ICG was injected intradermal in 4 quadrants around the primary lesion.
10–15minute circulation time was permitted. SPY Elite identified the sentinel lymph node within the nodal basin
marked by lymphoscintigraphy. Target first echelon lymph nodes were confirmed with a gamma probe and ICG
fluorescence.
Results: 14 patients were included with T1a to T4b cutaneous melanomas. Success rates for sentinel lymph node
identification using lymphoscintigraphy and the SPY Elite system were both 86%. Zero false negatives occurred.
Median length of follow-up was 323 days.
Conclusions: In this pilot study, Indocyanine green near-infrared fluorescence demonstrates a safe, and facile
method of sentinel lymph node biopsy for cutaneous melanoma of the head and neck compared with lym-
phoscintigraphy and vital blue dyes.

1. Introduction

Lymph node status is the most important prognostic factor for pa-
tients with early-stage cutaneous melanoma. 15–25% of patients
without clinical lymphadenopathy will harbor microscopic nodal me-
tastases [1]. Sentinel lymph node biopsy (SLNB), as established in the
2012 clinical practice guidelines, has become the standard of care for
intermediate depth (1–4mm) melanomas and thin melanomas with
high-risk features [2]. The phase 3 clinical trial for SLNB for regional
melanoma staging demonstrated prolonged disease-free survival for all
patients, with prolonged distant disease-free survival and melanoma-
specific survival for patients with nodal disease and intermediate-
thickness primary melanomas [3]. Modern SLNB implementation in-
cludes technetium-99 lymphoscintigraphy combined with local ad-
ministration of a blue dye for pre-operative and intra-operative locali-
zation respectively. However, sentinel lymph nodes may fail to localize
in some cases either as a consequence of erroneous lymphoscintigraphy,

its interpretation, or a misguided operation [4]. False-negatives, de-
fined as a regional nodal recurrence in a previously biopsied negative
sentinel lymph nodal basin, may occur in 0–34% of cases, 12.5% on
average [1,5]. Here we describe our experience with a new sentinel
lymph node biopsy technique using the fluorescein dye indocyanine
green (ICG) and the SPY Elite near-infrared imaging system.

Although sentinel lymph node biopsies are less invasive than se-
lective nodal dissections, they are not without risk. Cigna et al. re-
viewed 437 cases of lymph node biopsies from nodal basins of the head
and neck, groin, axilla and limbs. They found a complication rate of
4.26% with complications ranging from hematoma, seroma, lymphe-
dema, to wound infection [6]. This rivals the reported complication
rates for selective and even radical neck dissections. Dedivitis reviewed
708 cases including selective and radical neck dissections and found the
most common injuries were neuronal, including the marginal man-
dibular nerve and spinal accessory nerve which were most often sa-
crificed secondary to tumor involvement; even this only occurred
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5.1–5.5% of the time [7]. Goguen et al. reported a frequency of major
wound complications following neck dissections in patients who had
received chemoradiotherapy at 2.6% [8]. As sentinel lymph node
biopsies become more widespread and the standard of care for many
disease processes, our efforts must focus on ways to improve the effi-
cacy and safety of these techniques. Tools that can make sentinel lymph
node dissections more targeted and precise are welcomed.

Indocyanine green (ICG) is a small substance molecule tricarbo-
cyanine dye with many advantages when compared to the traditional
vital dyes (patent blue, isosulfan blue, methylene blue) used for SLNB.
ICG is a near-infrared fluorophore approved by the US FDA for human
application [9,10]. ICG associates with albumin making it ideal for
evaluating both vascular and lymphatic systems. Near-infrared imaging
has high penetration into living tissues and ICG can be detected
transcutaneous at depths of 0.5 to 1.0 cm. ICG involves no radiation and
can be detected for up to 10 h after its administration. ICG also main-
tains a low risk of anaphylactoid reaction (0.05%) in contrast to the
measureable risk of anaphylaxis with other vital dyes such as patent
blue (0.3%) and isosulfan blue (1.1%). Furthermore, ICG may provide
easier localization and dissection of sentinel nodes as it does not stain or
obscure tissue characteristics or risk tattooing unlike vital blue dues.

The SPY Elite near-infrared system (LifeCell Corp, Branchburg, NJ)
has been used in plastic surgery to assess tissue perfusion following
intravascular indocyanine green injection. More recently ICG and the
SPY Elite system have been adapted for sentinel node localization and
biopsy. Korn et al. compared ICG to vital dyes (isosulfan blue or me-
thylene blue) and the radioisotopes (technetium-99) of lymphoscinti-
graphy. They provided a retrospective review of 90 cases of cutaneous
melanoma, the majority of which were on the extremities or trunk.
They demonstrated the feasibility of the ICG SPY system for this ap-
plication and showed improved localization rates and a higher sentinel
lymph node yield with ICG [5]. Here we examine the feasibility of the
ICG SPY system for SLNB in a cohort of patients with intermediate
thickness stage IA to IIC cutaneous melanoma exclusively of the head
and neck.

2. Materials and methods

14 cases of primary cutaneous melanoma of the head and neck
without locoregional metastasis (N0), underwent SLNB, as per the
National Comprehensive Cancer Network criterion, at a single qua-
ternary care institution between May 2016 and June 2017; individual
cohort study. Demographic data, tumor stage, location, ulceration,
number of mitoses, SLNB status, follow-up and recurrence were docu-
mented. Melanoma staging was assigned based on the eighth edition of
the American Joint Committee on Cancer staging system [11]. On the
morning of surgery, the patients presented for lymphoscintigraphy for
sentinel lymph node localization. This was performed using intradermal
injections of filtered technetium-99m sulfur colloid totaling 1mL
around the lesion site. 15min later, a hand-held gamma probe was then
used to mark the skin overlying the sentinel lymph node site. In-
traoperatively the lesions were all injected with stock ICG solution. This
was performed as intradermal injections of 0.25mL in 4 quadrants
around the primary lesion providing a total injectate of 1.0 mL. 36% of
cases were also administered a vital blue dye for comparison. Vital blue
dye (Isosulfan Blue) was also administered intradermal in aliquots to-
taling 1.0–5.0 mL. After injection, 10–15min were allowed to pass,
during which time wide local excision of the primary lesion with
margins was performed. Incision placement was determined by gamma
probe localization. An incision was then made over the sentinel node.
The SPY Elite was then used to visualize the sentinel lymph node within
this nodal basin. Target first echelon lymph nodes were confirmed with
a gamma probe and ICG fluorescence and were subsequently removed.
In cases of vital blue dye administration, this was compared to the lo-
calization obtained with the radioisotope and/or ICG. Ability to localize
the sentinel lymph node, number of sentinel lymph nodes identified,

and the sentinel lymph node histopathology were documented. Suc-
cessful localization was defined as the identification of at least one
sentinel lymph node. Localization rates for each method were calcu-
lated as the ratio of localization to nonlocalization. False-negative SLNB
included regional recurrences within a lymph nodal basin that was
previously deemed negative by SLNB. Length of follow-up was defined
from the surgical date to the date of last clinical follow-up.

All cases were performed by one of three senior head and neck
cancer surgeons. All cases were preceded by lymphoscintigraphy and
intraoperative use of radioisotope/handheld gamma probe for locali-
zation. All cases used the ICG SPY Elite system while 5 cases also uti-
lized vital blue dye for comparison. The ICG fluorescence infrared
camera SPY Elite System was used for real-time intraoperative fluores-
cence imaging. Localized sentinel lymph nodes were removed and then
re-imaged on the back table to confirm ICG fluorescence.

3. Results

14 consecutive patients with newly diagnosed cutaneous melanoma
of the head and neck without radiologic evidence of metastasis were
included in this study. Table 1 details patient and tumor attributes. The
majority of patients were male and over the age of 60 years old. The
majority of primary cutaneous melanoma lesions were on the scalp and
midface. Breslow thickness was near evenly distributed while the ma-
jority of lesions were non-ulcerative and had 1 or more mitosis/mm2.
Clinical T stage was widespread from T1A to T4B disease.

Fig. 1 demonstrates the intraoperative photos and highlights the
utility of fluorescence imaging to confirm sentinel lymph nodes espe-
cially in this case where the sentinel nodes were merely a couple mil-
limeters in diameter. When performing a sentinel lymph node biopsy,
new methods must be able to localize sentinel lymph nodes safely, ef-
ficiently, and reliably while maximizing the number of sentinel lymph
nodes retrieved for such an operation. Table 2 summarizes the lymph
node localization rate for each localizing method. The localization rate
for lymphoscintigraphy/gamma probe and the ICG SPY system were
both 86% while the localization rate for isosulfan blue was 60%.
Table 3 details the mean and median number of sentinel lymph nodes

Table 1
Patient and tumor characteristics. mm, millimeters; No., number; y, years

Characteristic No. (%)

Number of patients 14 100
Age, y < 60 2 14
[55, 86] 60+ 12 86
Sex Male 13 93

Female 1 7
Anatomic location Scalp 5 36

Forehead 1 7
Midface 4 29
Ear 1 7
Nose 1 7
Lower face 1 7
Neck 1 7

Breslow thickness (mm) < /=1.00 3 21
1.01–2.00 4 29
2.01–4.00 3 21
>4.00 4 29

Ulceration Present 5 36
Absent 9 64

Mitosis/mm^2 <1 3 21
1+ 11 79

Clinical stage T1A 1 7
T1B 2 14
T2A 3 21
T2B 1 7
T3A 2 14
T3B 1 7
T4A 1 7
T4B 3 21
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retrieved per localization method. One-way ANOVA failed to demon-
strate a significant intergroup difference while post hoc Least Sig-
nificance Difference (LSD) testing showed a trend toward differences in
the mean number of sentinel nodes retrieved by isosulfan blue versus

ICG (p 0.147). There were no false negatives for either localization
method. The average length of follow-up was 281 days with a median
follow-up of 323 days from the date of surgery and SLNB. 3 patients
developed local recurrence while 1 patient developed lung metastases.

4. Discussion

Here we demonstrate the feasibility of the ICG SPY Elite system for
the performance of SLNB for intermediate depth cutaneous melanomas
of the head and neck. We show that the clarity and confidence that the
SPY Elite fluorescence imaging system provides intraoperatively is re-
markable (Fig. 1) with many advantages over the traditional vital blue
dyes. The ICG SPY system achieves a localization rate equal to that of
lymphoscintigraphy and the gamma 7probe gold standard (86%) and
better than isosulfan blue vital dyes (60%). Additionally, the ICG
system identifies an average of 1.07 ± 0.73 sentinel lymph nodes
versus 0.60 ± 0.55 sentinel lymph nodes using the vital blue dye.
These results are in keeping with other reports on ICG for SLNB in
cutaneous melanoma across other subsites. van der Vorst et al. found
that ICG was successful in 93% of patients (all comers) and 100% of
patients who had successfully identified SLNs via lymphoscintigraphy.
Of 30 SLNs identified, 100% had radiotracer, 100% had ICG SPY
fluorescence, and only 73% were identified by patent blue dye [12].

Fugisawa et al. reported that the use of ICG for SLNB increased the
identification of occult sentinel lymph nodes in 24% of their cases while
increasing the number of SLNs detected per cases by 20% [13]. In this
prospective cohort study, we found 2 occult sentinel lymph nodes that
did not test positive for technetium-99m activity, but were identified
exclusively with the ICG SPY system. Although these sentinel lymph
nodes were negative for metastatic disease, the use of ICG SPY

Fig. 1. Intraoperative photographs and fluorescence imaging. A. Left facial melanoma wide local excision defect. B. Modified Blair incision with subcutaneous
dissection over sentinel nodes identified by pre-operative lymphoscintigraphy. C. Zoomed image of periparotid sentinel nodes seen in the anterosuperior region of the
dissection and pointed out by the tip of the clamp. 2 nodes, each only a couple millimeters in diameter, were seen to be a pale green in color 15min after intradermal
ICG administration. D. SPY Elite fluorescence imaging showing the primary lesion (upper right) and the anterosuperior periparotid nodes, denoted by arrows. E. 2
excised ICG positive periparotid nodes. F. Parotid tail ICG positive sentinel node (arrow). ICG, Indocyanine green. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

Table 2
Sentinel lymph node localization rates. ICG, indocyanine green; No., number.

SLNB method No. (%)

Lymphoscintigraphy/gamma probe
No localization 2 14
Localization 12 86

Isosulfan blue
No localization 2 40
Localization 3 60

ICG SPY Elite
No localization 2 14
Localization 12 86

Table 3
Mean and median sentinel lymph nodes identified per method. One way
ANOVA failed to demonstrate a significant intergroup difference (p 0.34), while
post-hoc Least Significant Difference testing showed an insignificant difference
between isosulfan blue and ICG methods (p 0.15). ICG, indocyanine green; SD,
standard deviation.

Gamma probe Isosulfan blue ICG SPY

Mean (SD) Median
(range)

Mean (SD) Median
(range)

Mean (SD) Median
(range)

0.93 ± 0.47 1 (0–2) 0.60 ± 0.55 1 (0–1) 1.07 ± 0.73 1 (0–3)
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increased our sentinel lymph node yield in these cases. However, when
comparing the average number of sentinel lymph nodes identified per
method, there was no significant difference between the gamma probe,
0.93 ± 0.47, ICG SPY, 1.07 ± 0.73, or isosulfan blue, 0.60 ± 0.55.

The lymphatics of the head and neck are complex and pre-operative
planar lymphoscintigraphy does not provide the finest spatial resolu-
tion. Room for improvement is certainly present. While some institu-
tions have adopted the use of single-photon emission computed tomo-
graphy/computed tomography (SPECT/CT) scans for better pre-
operative spatial localization, this technique is more time consuming,
increases radiation exposure and is costlier [14,15]. Additionally, a
novel radiopharmaceutical compound, known as gamma-Tilmanocept,
or Lymphoseek, has been developed for more selective sentinel lymph
node mapping thank the traditional technetium-99m sulfur colloid.
Lymphoseek, now FDA approved, is a synthetic nanomolecule con-
taining multiple mannose units which are recognized by myeloid cells
within the lymphatics. Phase 2 and 3 trials demonstrated safety and
efficacy but its adoption in head and neck surgery has lagged [16–19].

The ICG SPY Elite system allows for the ability to more clearly
identify lymphatics intraoperatively, which may help streamline sur-
geries, reduce the extent of dissection and reduce operative times. In
Fig. 1 we show a patient with a left cheek melanoma with lym-
phoscintigraphy localizing to the left parotid region. The ambiguity and
small size of the lymphatics in this region and difficulty differentiating
it from the adjacent subdermal fat and parotid gland tissue could have
significantly prolonged the operative time or might have influenced us
to perform a more substantial dissection to include a superficial par-
otidectomy. With the use of the ICG SPY system, the sentinel nodes
were clearly identified expeditiously without disrupting the substance
of the parotid. Although we did not specifically evaluate total operative
time, reports suggest, and our experience corroborates, that ICG may
allow for more rapid identification of lymphatics and sentinel lymph
nodes and therefore shorter operative times [5,20].

Lastly, an exciting feature of near-infrared fluorescence imaging of
ICG is its ability to be seen transcutaneous. This suggests that one might
be able to use the near-infrared camera system to scan the lymphatic
basin transcutaneous before incision to better design and target sentinel
lymph node approaches and dissection. Namikawa et al. found that ICG
could be used to transcutaneously identify the sentinel nodes prior to
skin incision in 63.4% of 86 patients who underwent SLNB for cuta-
neous melanoma. The pre-operative detection rate was as good as 86%
for SLNB of the lower extremities and 66.7% in the head and neck
[5,21]. With transcutaneous pre-operative identification using ICG and
a near-infrared camera, one can envision someday not needing pre-
operative lymphoscintigraphy and the exposure to radioisotopes.

5. Conclusion

Indocyanine green near-infrared fluorescence provides a feasible,
safe, and perhaps improved method of sentinel lymph node biopsy for
cutaneous melanoma of the head and neck compared with the tradi-
tional vital blue dyes. Here we demonstrate that the ICG SPY Elite
system is at least as good as the gold standard lymphoscintigraphy and
gamma probe sentinel node localization. In addition to improved lo-
calization rates when compared to isosulfan blue, ICG may provide
other benefits in the form of pre-operative localization, better anatomic
preservation, more focused and shorter dissections and greater sentinel
node yields. This study is the first to evaluate ICG for SLNB exclusively
for head and neck cutaneous melanomas. Future studies with greater
enrollment and randomization are warranted.
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