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Abstract
Purpose For oral cavity malignancies, sentinel lymph node
(SLN) mapping is performed by injecting a radiocolloid
around the primary tumour followed by lymphoscintigra-
phy. Surgically, SLNs can then be localized using a hand-
held gamma ray detection probe. The aim of this study was
to evaluate the added value of intraoperative fluorescence
imaging to the conventional radioguided procedure. For this

we used indocyanine green (ICG)‐99mTc‐nanocolloid, a
hybrid tracer that is both radioactive and fluorescent.
Methods Fourteen patients with oral cavity squamous cell
carcinoma were peritumourally injected with ICG-99mTc-
nanocolloid. SLNs were preoperatively identified with lym-
phoscintigraphy followed by single photon emission com-
puted tomography (SPECT)/CT for anatomical localization.
During surgery, SLNs were detected with a handheld gam-
ma ray detection probe and a handheld near-infrared fluo-
rescence camera. Pre-incision and post-excision imaging
with a portable gamma camera was performed to confirm
complete removal of all SLNs.
Results SLNs were preoperatively identified using the ra-
dioactive signature of ICG-99mTc-nanocolloid. Intraopera-
tively, 43 SLNs could be localized and excised with
combined radio- and fluorescence guidance. Additionally,
in four patients, an SLN located close to the primary injec-
tion site (in three patients this SLN was located in level I)
could only be intraoperatively localized using fluorescence
imaging. Pathological analysis of the SLNs revealed a me-
tastasis in one patient.
Conclusion Combined preoperative SLN identification and
intraoperative radio- and fluorescence guidance during SLN
biopsies for oral cavity cancer proved feasible using
ICG-99mTc-nanocolloid. The addition of fluorescence imag-
ing was shown to be of particular value when SLNs were
located in close proximity to the primary tumour.
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Introduction

The incidence of lymph node metastases in patients with
squamous cell carcinoma of the oral cavity is 20–30% [1, 2].
By using sentinel lymph node (SLN) biopsy to select patients
with occult metastases, an unnecessary elective neck dissection
(END) may be avoided in 70–80% of patients [1, 3]. SLN
biopsy has several advantages over END: (1) reduced morbid-
ity [4]; (2) improved identification of so-called skip metastases
and aberrant lymphatic drainage patterns [5–7]; and (3) im-
proved pathological specimen analysis for the detection of
(micro-)metastases [8, 9]. For SLN biopsy, overall sensitivity
rates of 91% after 5-year follow-up have been reported [10].
However, for floor of mouth (FOM) tumours, the sensitivity
and the negative predictive values were much lower compared
to other sites, 80 vs 97% and 88 vs 98%, respectively [10]. A
prospective multi-institutional trial reported false-negative
rates of 25 and 10% for FOM and tongue tumours, respective-
ly, whereas this was said to be 0% for other types of oral cavity
cancers [11]. In oral cavity malignancies, SLNs are often
located in close proximity to the primary tumour site, which
can render SLN biopsy difficult.

Conventional SLN mapping is performed by injecting a
radiocolloid (99mTc-nanocolloid or 99mTc-sulphur colloid) in
or around the primary tumour followed by sequential lym-
phoscintigraphy to identify the lymph nodes on a direct
drainage pathway from the primary tumour (the SLNs)
[12]. To provide an overview of the SLNs with regard to
their anatomical location, single photon emission computed
tomography combined with computed tomography (SPECT/
CT) was introduced. Additionally, with SPECT/CT more
SLNs can be visualized compared to conventional lympho-
scintigraphy [13]. Intraoperatively, SLN localization is com-
monly guided by the acoustic signal coming from a handheld
gamma ray detection probe. However, since for oral cavity
cancers SLNs are often located in close proximity to the
primary tumour site, the high radioactive background signal
coming from the injection site may hamper intraoperative
radioguidance towards these SLNs [6, 14]. Recently, the intra-
operative use of a portable gamma camera was shown to
improve the localization of SLNs near the injection site [15].

Vital blue dyes are generally applied to enable intraoper-
ative visual detection of the SLNs, but have shown to be of
limited value in oral cavity tumours as SLNs in the head and
neck area are less frequently stained blue compared to other
primary tumour sites [16–18]. Moreover, the use of blue dye
may blur the visibility of intraoral tumour margins [1, 19].

To enable visual detection of SLNs without affecting the
surgical field, the near-infrared (NIR) fluorescence tracer
indocyanine green (ICG) was introduced for SLN mapping
in various tumour types such as breast, colon and gastric
cancers [20, 21]. Recently, Bredell evaluated the use of ICG
for SLN mapping in oropharyngeal cancer [22]. ICG is not

visible by the naked eye and does, therefore, not interfere
with the visual identification of tumour margins [23]. How-
ever, similar to vital blue dyes, ICG rapidly migrates
through the lymphatic system leading to a limited diagnostic
window and staining of higher echelon nodes [24]. To
address these migratory limitations of optical dyes, the
self-assembled hybrid radiocolloid ICG-99mTc-nanocolloid
was clinically introduced for selective SLN biopsy [25, 26].
In this complex, ICG adopts the lymphatic migration prop-
erties of the radiocolloid, resulting in a significantly longer
retention time in the SLNs as compared to ICG alone. With
this hybrid tracer being both radioactive and fluorescent,
preoperative surgical planning can be combined with intra-
operative radioguidance towards the SLNs. The fluorescent
properties of the hybrid tracer extend the radioguided pro-
cedure by providing real-time optical localization using an
NIR fluorescence camera. For head and neck melanoma it
was shown that with this approach fluorescence-based SLN
identification was superior over the use of blue dye [26]. The
aim of the current study was to explore the utility of the hybrid
tracer during SLN biopsy for squamous cell carcinoma of the
oral cavity.

Materials and methods

Patients

Between May 2011 and January 2012, 14 patients with squa-
mous cell carcinoma of the oral cavity were included in this
study after obtaining written informed consent. Patients were
scheduled for surgical removal of the primary tumour followed
by SLN biopsy. All patients were staged with T1/2 tumours
and were clinically node negative as assessed by ultrasound
and fine-needle aspiration cytology (USFNAC). Further pa-
tient characteristics are listed in Table 1. The study protocol
was approved by the Institution’s Medical Ethics Committee.

Tracer preparation

99mTc-Nanocolloid was prepared by adding 1,400 MBq per-
technetate in 2 ml saline to a vial of nanocolloid (GE Health-
care, Eindhoven, The Netherlands). The mixture was then
incubated for 30 min at room temperature after which the
excess of reactive elements was removed. Before adding
ICG, a quality check was performed in which the colour,
clarity and pH were determined (colourless, clear and pH 6–
7, respectively).

ICG was prepared by adding 5 ml sterile water to a vial
containing 25 mg ICG (vial concentration 5 mg/ml; Pulsion
Medical Systems, Munich, Germany). Then, 50 μl of ICG
solution was added to the 99mTc-nanocolloid to form
ICG-99mTc-nanocolloid.
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All procedures were performed under good manufactur-
ing practice (GMP-z) and under supervision of the institu-
tion’s pharmacist.

Tracer administration and preoperative imaging

A median of 77 MBq (range 67–94 MBq) ICG-99mTc-
nanocolloid was injected in three or four deposits around
the primary tumour (total volume 0.4 ml; Fig. 1). To
visualize the lymphatic duct(s) with the subsequent SLN
(s), anterior and lateral dynamic images were obtained
during the first 10 min after injection using a dual-head
gamma camera (Symbia T, Siemens, Erlangen, Germany).
Static planar gamma camera images were acquired
15 min and 2 h post-injection (Fig. 2a). The latter was
immediately followed by SPECT/CT (Symbia T, Sie-
mens, Erlangen, Germany; Fig. 2b). SPECT and CT
images were obtained on the basis of 2-mm slices. After
tissue attenuation correction for the SPECT, fused
SPECT/CT images were generated. SPECT, CT and fused
SPECT/CT were simultaneously evaluated using orthogo-
nal multiplanar reconstruction. In addition, 3-D display
using volume rendering was performed in order to im-
prove anatomical neck level recognition (Fig. 2c).

SLNs were defined as the lymph nodes on a direct
lymphatic drainage pathway from the primary tumour [12].
Early draining lymph nodes in a basin were considered to be
the SLNs in case of multiple visualized lymph nodes with-
out visible afferent vessels.

Surgical procedure

SLN biopsy started 3–19 h after ICG-99mTc-nanocolloid
administration. In the operating room, a portable gamma
camera (Sentinella equipped with Sentinella suite software
version 7.5; Oncovision, Valencia, Spain) was used to

acquire a pre-incision overview image (Fig. 3b, pre-
incision) and to determine the location for the incision(s)
[15]. Initial SLN exploration was guided by a handheld
gamma ray detection probe (Neoprobe, Johnson & Johnson
Medical, Hamburg, Germany; Fig. 3d). Fluorescence imag-
ing with a dedicated handheld NIR fluorescence camera
(PhotoDynamic Eye, Hamamatsu Photonics, Hamamatsu,
Japan; Fig. 3e) was used to optically detect the SLNs. After
excision of the SLN(s), the portable gamma camera was
used to search for remaining radioactive hot spots in the
SLN excision area (Fig. 3b, post-excision) as was previous-
ly described by Vermeeren et al. [15]. Second echelon nodes
(defined by preoperative lymphoscintigraphy and SPECT/
CT) were left in situ.

Pathology

Harvested SLNs were fixed in formalin, bisected, embedded
in paraffin, cut at a minimum of six levels at 50- to 150-μM
intervals and histologically evaluated for the presence of
(micro-)metastases (haematoxylin and eosin (H&E) and
anti-cytokeratin (CAM 5.2; Becton Dickinson, San Jose,
CA, USA) staining).

Results

Preoperative findings

Distribution of tumour locations in the 14 included patients
was as follows: FOM (n05), tongue (n07), lower lip (n01)
and buccal mucosa (n01). Further patient characteristics
and the pre- and intraoperative findings of all 14 patients
are outlined in Table 1. A schematic overview of primary
tumour and intraoperative SLN location is provided in
Fig. 4a and b, respectively.

Fig. 1 Hybrid ICG-99mTc-nanocolloid injection surrounding the pri-
mary tumour site. a Axial diagnostic MRI image showing a tumour on
the tongue (T). b Zoom in on the tongue tumour. c–d ICG-99mTc-

nanocolloid is peritumourally injected in three to four deposits. e
Intraoperative, NIR fluorescence-based visualization of the injection
sites (T tumour)

Eur J Nucl Med Mol Imaging (2012) 39:1128–1136 1131



Lymphatic drainage was visualized in all patients. Bilat-
eral lymphatic drainage was found in eight patients. In only
3 of these patients (patients 1, 12 and 14) the tumour had
crossed the midline. Using conventional lymphoscintigra-
phy, a total of 37 SLNs were visualized. Four additional
SLNs were only visible on the SPECT/CT images in 3
patients (patients 8, 9 and 12) resulting in a total of 41
preoperatively defined SLNs (median of 3 SLNs per patient;
range 1–5) dispersed over 34 basins (median of 2 basins per
patient; range 1–5 basins per patient) (Table 1). In all 14
patients, the fused SPECT/CT images provided an accurate
anatomical reference point for surgical planning of the SLN
biopsy procedure, including the SLNs that were found to be
located close to the primary injection site (an example is
given in Fig. 2).

Intraoperative findings

The SLN biopsy procedure started 3–19 h post ICG-99mTc-
nanocolloid injection and could be completed in all but 2
patients (patients 7 and 10; Table 1). A total of 47 SLNs
(median of 3 SLNs per patient; range 0–7) was intraoper-
atively detected and excised; 43 SLNs could be intraoper-
atively localized with the combined radio- and fluorescence
guidance approach (Fig. 4b). In 4 patients (patients 5, 9, 12
and 14), a total of 4 SLNs were found to be located close to
the injection site (level I or II; Table 1 and Fig. 4b). In these
patients, SLN identification with the handheld gamma ray
detection probe was hampered due to the high background
signal coming from the injection site (Fig. 3). Although the
portable gamma camera was able to distinguish these SLNs
from the injection site after masking the injection site using
the “blackout zone” function (Fig. 3b), fluorescence imag-
ing proved to be the most accurate technology for the
identification of these SLNs during surgery. To optimize

fluorescence-based SLN identification, lights were dimmed
in the operating room. The SLNs could be pointed out or
taken hold of with a surgical forceps (Fig. 3e). Subsequent-
ly, the light was turned back on and the SLN could be
excised.

In 4 patients (patients 3, 8, 10 and 12), a total of 7
additional SLNs were identified with the handheld gamma
ray detection probe. These SLNs were not previously iden-
tified as separate hot spots on the preoperative images (most
probably these SLNs were part of a cluster of SLNs). These
nodes also proved to be fluorescent and were subsequently
harvested. Post-excision control with the portable gamma
camera revealed residual radioactivity in the excision area in
3 patients (patients 1, 11 and 14). This resulted in the
removal of three additional SLNs, again guided by a com-
bination of handheld gamma probe tracing and fluorescence
imaging.

In two patients, the SLN biopsy was not completed to
prevent possible vital structure damage. In patient 7 an SLN
was located medially of the mandible and very close to the
main trunk of the facial nerve (see Supporting Information
Fig. S1). Despite successful detection with the handheld
gamma ray detection probe and the portable gamma camera,
visualization of this SLN with the NIR fluorescence camera
was not possible. In patient 10, an SLN was located near
branches of the marginal mandibular nerve. This SLN could
be detected with the portable gamma camera, but its exact
location could not be identified with the handheld gamma
ray detection probe. Initial exploration with the NIR fluo-
rescence camera also did not reveal the location of the SLN.
To reduce the invasiveness of the procedure and to prevent
the possible risk of paresis of the lower lip, it was decided
not to proceed with the excision. In both cases, the lack of a
fluorescent signal suggested that the SLN left in situ was
located >0.5 cm deeper from the surface imaged; the

Fig. 2 Preoperative SLN
identification. a A late planar
anterior lymphoscintigram 2 h
post-injection showing two
SLNs on the right side and one
SLN on the left side (arrow). b
Axial SPECT/CT slice showing
two level II SLNs (bilateral)
and a level I SLN close to the
injection site (arrow). c The
3-D volume rendered SPECT/
CT showing two SLNs on the
left side, in level I (arrow) and
level II (these SLNs were not
visible as separate hot spots on
the planar lymphoscintigram)

1132 Eur J Nucl Med Mol Imaging (2012) 39:1128–1136



penetration depth of ICG is limited to 0.5–1.0 cm (Fig. 3).
Both patients will be closely monitored following the
“watch and wait” protocol.

Pathological findings

Although the SLNs were clearly defined in vivo by fluores-
cence imaging, it was impossible to solely dissect the single
SLN separately in 5 patients (patients 1, 5, 8, 10 and 13).
Subsequently, in these patients some additional tissue was
also excised. This resulted in the identification of 13 addi-
tional lymph nodes in these tissue specimens. All of these
lymph nodes were evaluated as SLNs.

Histopathological examination revealed SLNs with largest
diameters varying from 2 to 25 mmwith a median of 6 mm. In
one patient (patient 5) a level III lymph node metastasis of
3 mm was found. This patient received a subsequent

therapeutic neck dissection during which 34 additional
tumour-negative lymph nodes from level I–V were removed.

Discussion

The present study shows that a single injection of ICG-99mTc-
nanocolloid enables preoperative SLN mapping and intraoper-
ative radio- and fluorescence-guided identification of the SLNs
draining from primary oral cavity cancers. SPECT/CT and the
portable gamma camera allowed for accurate surgical plan-
ning, even when SLNs were found in close proximity to the
injection site. Intraoperatively, surgeons experienced the opti-
cal detection of the SLNs provided by the fluorescent label of
the hybrid tracer as valuable, especially in cases where local-
ization with the handheld gamma ray detection probe was
impeded by high radioactive background signals. In FOM

Fig. 3 Intraoperative SLN identification. a Schematic overview
depicting how detection of an SLN residing close to the primary
tumour/injection site (arrow) can be difficult with radioguidance alone
because of the high background signal coming from the injection site.
b Intraoperative gamma imaging with a portable gamma camera is
performed before and after excision of the SLN(s) to localize and to
confirm complete removal of all predetermined SLNs, respectively.
The “blackout zone” feature of the portable gamma camera enables

masking of the primary injection site, increasing the signal intensities
of the weaker radioactive hot spots. c The fluorescence signal penetra-
tion depth of the NIR dye ICG is limited to approximately 0.5–1.0 cm,
whereas the penetration depth of the radioactive signal is much greater
depending on the imaging modality used. d Intraoperatively, SLNs are
acoustically traced with a handheld gamma ray detection probe. e NIR
fluorescence imaging allows for visual identification and excision of
the SLN(s)

Eur J Nucl Med Mol Imaging (2012) 39:1128–1136 1133



tumours, SLN biopsy is discouraged due to its low sensitivity
[10] which we reason may partially be a result of the difficulty
to intraoperatively localize such SLNs in the vicinity of the
injection site. The addition of fluorescence imaging to the
conventional radioguided procedure may be of particular ben-
efit in this patient group. In this study, a total of four SLNs was
found in level I in the five patients with FOM tumours. Three
(75%) of these could only be accurately detected with fluores-
cence imaging.

Contralateral lymph node involvement ranges from 0.9 to
34.7% [27]. Bilateral lymphatic drainage was observed on
the lymphoscintigrams in 54% (n08) of patients, even
though the primary tumour had crossed the midline in only
three of these patients. Hence, by performing an upfront
unilateral END, such (potentially tumour-positive) contra-
lateral draining nodes might be missed.

With the rise of minimally invasive surgery, SLN biopsy
becomes more favourable over END procedures. Lymph
nodes are generally small (3–4 mm) and are frequently

found in close proximity to each other [18]. These condi-
tions create high demands on the limited spatial resolution
of the handheld gamma ray detection probe. In the current
study, the high spatial resolution (down to the micrometre
level) provided by fluorescence imaging enabled the detec-
tion and removal of individual SLNs as small as 2 mm.

The use of a non-covalent self-assembly approach to gen-
erate imaging agents is appealing as it allows for the formation
of hybrid agents by combining “simple” and often commer-
cially available, clinically approved building blocks [28]. The
hybrid tracer ICG-99mTc-nanocolloid was built from 99mTc-
nanocolloid particles (used for conventional SLN mapping in
Europe) and the NIR fluorescent dye ICG. GMP-z preparation
of ICG-99mTc-nanocolloid only adds one additional step to the
conventional radiocolloid preparation process, namely the
addition of 0.25 mg ICG to a solution of fully prepared
99mTc-nanocolloid. The pH of the 99mTc-nanocolloid solution
is 6–7, and therefore the preparation protocol does not nega-
tively influence the optical properties of ICG [29]. With this
hybrid approach SLNs could be accurately visualized using
approximately 100 times lower quantities of ICG compared to
the study of Bredell [22]. Although one may reason that non-
covalent particles may disintegrate in vivo, a large degree of
signal overlap was found in the lymphatic system in both
preclinical models [24, 30, 31] and in patients [25, 26]. In
none of our clinical studies performed thus far did we find
nodes that solely contained a fluorescent or a radioactive
signal [25, 26].

The use of ICG alone for SLN mapping of oropharyngeal
cancer was set to be optimal 5 min post ICG injection [22],
while in the current study SLNs were still fluorescent at 19 h
after ICG-99mTc-nanocolloid injection. Clearly the retention of
the hybrid tracer in the SLNs yields a superior diagnostic
window. It therefore does not require additional (intraoperative)
injections which helps to optimize the logistics in daily practice.

The limited penetration depth of fluorescence imaging
compared to modalities based on radioactivity may even be
useful, since it can help the surgeon to estimate the depth at
which an SLN can be localized in order to decide if further
exploration is needed (as described for patients 7 and 10).

The NIR fluorescence signal coming from ICG is invis-
ible to the naked eye and can only be visualized with a
dedicated NIR fluorescence camera system. As such ICG
does not interfere with primary tumour margin visibility
[23] like blue dyes do. This study demonstrates how optical
guidance provided by the hybrid tracer’s fluorescent label
offers an excellent alternative over visual blue dyes and
facilitates accurate SLN localization, even when an SLN
resides in close proximity to the primary tumour.

Supplementing the conventional radioguided SLN biopsy
procedure with fluorescence only moderately increases the
costs of the procedure as the NIR fluorescence imaging
system used in this study is in the same price range as a

Fig. 4 Schematic overview of primary tumour location and the intra-
operative SLN identification results. a Primary tumour location. L left,
R right, M midline. b Intraoperative SLN identification method. The
nodes that could be best identified with NIR fluorescence imaging
during surgery (green dots in the figure) were also radioactive

1134 Eur J Nucl Med Mol Imaging (2012) 39:1128–1136



handheld gamma ray detection probe. The costs of ICG are
also not higher than that of the original tracer 99mTc-nanocolloid
and one vial of ICG can be used for multiple tracer preparations.

Conclusion

In conclusion, the hybrid tracer ICG-99mTc-nanocolloid
allows for both preoperative lymphatic mapping and intra-
operative SLN detection up to 19 h post-injection. The
added guidance provided by fluorescence imaging proved
especially valuable for the detection of SLNs located close
to the primary tumour site.
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