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Chapter 6 — Detecting near-the-injection-site sentinel nodes

Abstract

Background

In head/neck melanomas, near-the-injection-site sentinel nodes (NIS-SNs) may
be missed on planar lymphoscintigraphy and/or SPECT/CT. The aim of the
present study is to establish the performance of a portable gamma-camera
(PGC) to detect NIS-SNs in a simulation phantom set-up, and subsequently in
head/neck melanoma patients scheduled for a SN procedure.

Methods

Five plastic Eppendorf tubes filled with Technetium-99m-albumin nanocolloid
were used to simulate four radiotracer deposit sites, as traditionally injected
in melanoma patients, and one NIS-SN. A PGC was used with two pinhole
collimators (2.5 and 4.0mm). Image acquisition time was 1min with the camera
positioned at various distances (range 1.5-15.5cm). Results were compared
with conventional lymphoscintigraphy and SPECT/CT acquired with a dual-
head gamma camera as well with a gamma-probe. Additionally, the same PGC
setting was used in a case series of three patients with head/neck melanomas.

Results

The simulated NIS-SN was differentiated from the injection site at a distance
of 3mm with the 2.5mm pinhole and at 5mm with the 4mm pinhole when the
PGC was positioned at 1.5cm distance. Planar lymphoscintigraphy, SPECT/CT
and the gamma-probe depicted the NIS-SN separated from the injection site
at distances of 7, 10 and 22mm respectively. In all three patients, six NIS-SNs
were depicted with the PGC.

Conclusion

A high-resolution PGC, positioned close to the skin, is able to detect SNs at
distances of at least 3mm from the injection site. A further clinical evaluation of
this device to establish its added value in reducing false-negative procedures

and potential recurrences is necessary.
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Introduction

Sentinel node (SN) mapping is widely used in patients with head and neck
melanomas ever since one of the first reports on SN biopsies [1]. Pathological
evaluation of these SNs has become an imminent staging tool head and neck
melanomas. The basic concept of SN biopsies dictates that when these nodes
are free of tumour deposits, the need for elective treatment of the neck is
limited [2,3]. Although technically feasible, the procedure of SN mapping and
biopsy in the head and neck area is met with several specific challenges. The
lymphatic drainage is highly unpredictable and in many cases SNs are located
close to the primary lesion [4-6]. These near-the-injection-site SNs (NIS-SNs),
especially in melanomas of the periauricular region, can be easily missed due
to over projection from the highly radioactive injection site. This is referred to
as the “shine-through” effect [7]. Additionally, SN procedures in the head and
neck area are associated with higher false-negative rates and lower sensitivity
values compared to other sites [8-10].

According to current guidelines, SN mapping should be performed by
dynamic scintigraphic images indicating successive stages of drainage directly
after injection, while static scintigraphic images show an overview of the number
and localization of the SNs [11]. Single photon emission computed tomography
in combination with computed tomography (SPECT/CT) is advised for lymphatic
mapping in the head and neck area, as it habitually visualises more SNs than
conventional lymphoscintigraphy and provides anatomical information [12-
13]. Unfortunately, even SPECT/CT in certain cases has presented problems to
detect these NIS-SNs [14].

Intraoperative use of a small high-resolution portable gamma camera (PGC)
has proven to be of value for intraoperative visualisation and localization of
the SNs [15-16]. Initial experiences in our centre suggest that these NIS-SNs
can also be visualised with the PGC in the intraoperative setting, enabling
direct excision of the true SNs in these cases [14,17]. Although these initial
observations may be promising, it is still not documented at which distance the
PGC is able to detect these NIS-SNs. Therefore, the aim of the present study is
to evaluate the clinical value of this PGC by comparing its performances with a
gamma probe, lymphoscintigraphy and SPECT/CT in detecting NIS-SNs. In this
study the detectability of NIS-SNs is primarily evaluated in a phantom set-up.
Additionally, a case series is presented to underline the challenges that arise
when NIS-SNs are present in head and neck melanomas.
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Methods

Phantom experiment

In a phantom five plastic Eppendorf tubes filled with 0.1ml Technetium-99m
albumin nanocolloid (Tc-99m Nanocoll) were used to simulate four radiotracer
deposit sites (range 14.5-23.6 MBq (0.4-0.6 mCi)) and one near the injection
site SN (range 0.3-0.5 MBq (8.1-13.5 pCi). These radioactivity concentrations
are based upon the clinical protocol (90 MBq (2.4 mCi) in 0.4ml) for head/
neck melanoma in our institute. The five tubes were placed in an adjustable
plastic holder in order to vary the distance between the SN and injection
deposits (SN-to-injection-site distance) with a Tmm accuracy (Figure 1a). The
SN-to-injection-site distance was varied with Tmm increments from 2 to 30mm.
At each position, the ability to detect the NIS-SN as a separate hotspot was
evaluated using all imaging modalities. SN-to-injection-site distances were
evaluated by CT (SymbiaT, Siemens, Erlangen, Germany).

Figure 1 Plastic phantom simulating 4 injection depots (green arrow) and a SN (red arrow) (a). The

PGC with the 2.5mm-pinhole positioned at a fixed distance of 3.5cm (b).

Phantom imaging

A PGC (Sentinella S102, Oncovision, Valencia, Spain) was used with a continuous
Csl(Na) scintillation crystal, and alternating equipped with pinhole collimators
of 2.5mm and 4.0mm hole diameter. The field of view of both collimators is
4x4cm at 3cm and 20x20cm at a distance of 15cm to the imaging plane. More
technical details can be found in the reports of Sanchez et al. and Fernandez
et al. [18,19]. The PGC was positioned at fixed distances varying from 1.5 to
15.5cm, in Tcm increments, above the Tc-99m-nanocolloid deposit sites within
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the phantom (source-to-collimator distance) for both pinhole collimators
(Figure 1b). At each position scintigraphic images were obtained with an image
acquisition time of 1 minute.

At each SN-to-injection-site distance, planar lymphoscintigraphic images
were acquired with a dual-head SPECT/CT (SymbiaT; Siemens, Erlangen,
Germany) at source-to-collimator distances of 4, 6, 8, 10, 12 and 15cm with
an image acquisition time of 5 minutes. Noncircular SPECT (128x128 matrix,
40 frames, 30 s/frame) was performed using a parallel Low Energy All Purpose
collimator. For CT (130 kV, 40 mAs, B30s kernel), 2-mm slices were obtained.
A conventional gamma probe (Neoprobe3, Johnson&Johnson, Hamburg,
Germany) positioned at a 1cm distance from the radioactivity was used to
detect the NIS-SN in the phantom set-up.

Patient imaging

In this case series, we describe three head and neck melanoma patients with
lymphatic drainage to a SN in close proximity to the injection site. All patients
were scheduled for a SN procedure in the context of standard clinical care.
Dynamic planar lymphoscintigraphy was performed for 10min. Subsequently,
5min static anterior and lateral images were acquired, as close as possible to
the skin, 10min and 2h after tracer injection. In addition, noncircular SPECT/
CT and close-up high-resolution PGC images were preoperatively collected,
followed by intraoperative use of the PGC and a gamma probe.

Data analysis
PGC images were analysed with shielding of the injection site using a
dedicated software application of the PGC viewer, in order to decide whether
the NIS-SN was depicted as a hotspot clearly separated from the injection site.
Conventional gamma camera and SPECT/CT images were loaded in an Osirix
DICOM viewer in a Unix-based operating system (MAC OS X, MacPro; Apple,
Cupertino, CA). After correction for scattering and attenuation, SPECT/CT
images were fused and analysed using two-dimensional orthogonal re-slicing in
axial, sagittal, and coronal directions, and evaluated by an experienced nuclear
physician. Evaluation by the nuclear physician was blinded in relation to the
true SN-to-injection-site distances. The NIS-SN was subjectively depicted when
its radioactivity could be distinguished from the injection site.

The conventional gamma camera and PGC data sets (minimal SN-to-
injection-site distance versus source-to-collimator distance) were fitted using a
linear trendline in Graphpad Prism 6 (GraphPad, San Diego, CA, USA).
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Conventional gamma probe count rates were measured, while the probe
scanned the surface of the phantom (at 1cm source-to-collimator distance)
starting from the injection site towards the NIS-SN. At first the count rate had
to decrease moving the probe away from the injection site, where an increase
was detected above the location of the NIS-SN.

Results

Phantom experiment

Figure 2 shows the minimal SN-to-injection-site distance that resulted in the
depiction of a separate SN as a function of the Tc-99m source-to-collimator
distance (cm). The 2.5mm-pinhole collimator exhibits a higher spatial resolution
than the 4.0mm-pinhole collimator at each fixed position. At a 1.5¢cm source-
to-collimator distance, the 2.5mm and 4.0mm-pinhole collimator depicted the
NIS-SN at 3 and 5mm, respectively. Conventional planar lymphoscintigraphy
and SPECT/CT depicted the NIS-SN at a 7 and 10mm SN-to-injection-site
distance, respectively (Figure 3). The distinction of the SN from the injection
site was at 22mm using the gamma probe.

Case series

In the three patients, a total of nine SNs were removed. Six of these nine
SNs were depicted near the injection site with the PGC. Further details are
described in the corresponding case descriptions.

Case 1

A 27-year-old patient with a left temporal skin melanoma (Breslow thickness,
1.4mm) was scheduled for lymphatic mapping followed by re-excision and SN
biopsy. After four intradermal radiotracer injections (83.29 MBq (2.3 mCi) of
the hybrid tracer indocyanine green (ICG)-Tc-99m-nanocolloid), three SNs
were visualised on lymphoscintigraphy and SPECT/CT as shown in Figure 4.
Preoperative use of the PGC revealed that there were probably two preauricular
SNs instead of one close to the injection depot. Both SNs were even better
depicted after shielding the injection depot.

After removing the three preoperatively identified SNs, intraoperative
close-up high-resolution PGC images revealed the additional SN just below
the injection site. It confirmed the suggestion of the possibility for two NIS-
SNs. Masked by the injection site, this fourth SN was not detected with the
conventional gamma probe and was also not visualised on lymphoscintigraphy
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Figure 2 Lymphoscintigraphy results regarding Tc-99m source-to-collimator distance versus
SN-to-injection-site distance for the PGC (with two different pinhole collimators) and the
conventional gamma camera.

Figure 3 Phantom experiment images. Images show the minimal SN-to-injection-site distances
needed to depict the NIS-SN (red arrow) by planar lymphoscintigraphy (a), with a 4cm source-
to-collimator distance, and SPECT/CT (b,c) at 7 and 10mm, respectively. The PGC depicted
the NIS-SN, at a 1.5cm source-to-collimator distance, with the 2.5mm and 4.0mm-pinhole
collimator clearly apart from the injection site at 3mm (d) and 5mm (e), respectively.
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or SPECT/CT images. This SN appeared to have the highest ex-vivo count rate
and was the only SN positive for melanoma metastasis on histopathology. This
finding led to a therapeutic superficial parotidectomy with a modified radical
neck dissection. During a follow-up period of 6 months, no relapses occurred.

Case 2

A74-year-old patient with a leftinfra-auricular skin melanoma (Breslow thickness,
2.8mm) was scheduled for lymphatic mapping followed by re-excision and
SN biopsy. Planar images, 10min and 2hrs after three intradermal radiotracer
injections (89.02 MBq (2.4 mCi) of the hybrid tracer ICG-Tc-99m-nanocolloid),
did not reveal any lymphatic drainage as shown in Figure 5. Subsequent SPECT/
CT visualised an accumulation of radioactivity caudal and not separate from the
injection site in level Il of the left side of the neck. Preoperative use of the PGC
positioned at 3cm distance from the patient revealed a well-defined hotspot,
clearly differentiated from the injection site, confirming the presence of a SN.

Intraoperatively, the gamma probe was unable to detect the SN due to the
high background signal from the injection site, which is why first the re-excision
of the primary lesion was performed. After re-excision, a cluster of three SNs
was found in that area and two of them were positive for melanoma metastasis
on histopathology. The patient refused further treatment according to the
protocol at our hospital (surgery). During a watchful waiting follow-up period
of 7 months, no relapses occurred.

Case 3

A 70-year-old patient with skin melanoma on the left cheek (Breslow thickness,
2.0mm) was scheduled for lymphatic mapping followed by re-excision and SN
biopsy. Planar images, 2hrs after four intradermal radiotracer injections (80.18
MBq (2.2 mCi) of the hybrid tracer ICG-Tc-99m-nanocolloid), did visualise a
vague accumulation of radioactivity not separate from the injection site as
shown in Figure 6. Subsequent non scatter-corrected SPECT/CT did visualise
an accumulation of radioactivity behind the injection site. Marking the position
of this SN on the skin was only achieved by preoperative use of the PGC at
<2cm distance, which depicted the SN clearly separated from the injection
site. This location of the SN is anatomically displayed in SPECT/CT with volume
rendering in level lla of the left side of the neck.

Masked by the radioactivity of the injection site, this SN was not detected
with the conventional gamma probe and the surgeon had to use the PGC
to navigate to the SN. The SN was negative for melanoma metastasis on
histopathology. During a follow-up period of 6 months, no relapses occurred.
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Figure 4 Planar lymphoscintigraphy (a) after 2 hours and SPECT/CT (b-d) depicted three
SNs. A preoperative high-resolution PGC image (e), positioned close to the skin, revealed
two preauricular SNs in close proximity to the injection depot (white arrow). Both SNs (green
arrows) were even better depicted after shielding the injection depot in the image (f). After
removing the three preoperatively identified SNs by planar lymphoscintigraphy and SPECT/
CT, an intraoperative close-up high-resolution PGC image confirmed the additional SN below
the injection site (g).

Figure 5 Planar lymphoscintigraphy (a) after 2 hours did not reveal lymphatic drainage. SPECT/
CT (b) depicted an accumulation of radioactivity caudal and not separate from the injection site
(white arrow). A preoperative high-resolution PGC image (c) at 3cm distance revealed a well-
defined hotspot, clearly apart from the injection site (white arrow), confirming the suggestive
uptake in a SN.
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Figure 6 Planar lymphoscintigraphy (a) after 2 hours visualised a vague accumulation of
radioactivity (green arrow) in close proximity to the injection site. Subsequent non scatter-
corrected SPECT/CT (b) depicted an accumulation of radioactivity behind the injection site. A
preoperative close-up high-resolution PGC image (c) depicted the SN clearly separate from
the injection site.

Discussion

In the literature, studies that described false-negative rates in head and neck
melanoma SN procedures were not using a PGC [8-10]. Single tumour-positive
NIS-SNs, missed by preoperative lymphatic mapping and intraoperatively by
the gamma probe, may be one of the explanations of the relatively high false-
negative rate of SN procedures in the head and neck area. As described in
Figure 4, routinely use of the PGC did prevent a false-negative procedure.
Additional studies involving a greater number of patients are necessary to
confirm if PGCs will significantly reduce the false-negative rate in head and
neck SN procedures.

The PGC may have added value in a preoperative setting to confirm SN
detection in case of nonvisualisation or an unclear faint radioactive hotspot
attached to the injection site on lymphoscintigraphy or SPECT/CT, as is
demonstrated in Figures 4-6. Our initial results suggest that the addition of
detailed lymphatic mapping using the PGC in head and neck melanomas
improves the detectability of the NIS-SNs when incorporated in the standard
clinical protocol.

The results of the current study indicate that the performance in terms of
the distinction of NIS-SN from the injection site by the conventional gamma
camera is comparable to the imaging characteristics of the PGC in a close-up
setting of 4 and 4.5cm source-to-collimator distance, respectively. Additionally,
our results indicate that at <4.5cm distance, the high-resolution PGC images
may be superior to lymphoscintigraphy and at <6.5cm distance for SPECT/
CT regarding the detection of NIS-SNs [14]. Although, our results underline
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the importance of close-up imaging with the conventional gamma camera
to improve its performance as well, this is generally considered impractical
in a clinical setting (the size of conventional gamma camera detectors in
combination with the contour of the patients body makes it difficult to perform
close-up imaging, while close-up imaging can easily be performed with the
smaller PGC).

A previous study of Vidal-Sicart et al. compared preoperative lymphatic
mapping with the PGC to conventional gamma camera imaging in a population
with breast cancer [20]. In this study, the PGC was positioned only at a 15cm
distance to cover a 20x20cm field of view over the breast and axilla. Findings
did show a small, but not statistical significant difference, between the
detection of SNs in 43 patients with the PGC and the conventional gamma
images, respectively 88% vs 95%. In breast cancer SNs are often localized at
some distance from the injection site, therefore the utility of the PGC seems to
be limited in that setting [20].

Based on the simulation phantom-model, the high-resolution PGC positioned
close to the skin is able to detect SNs at distances of at least 3mm from the
injection site. However, these results are achieved under ideal conditions
without any attenuation by human tissue and infinite radioactive contrast ratios.
Probably, poorer results will be achieved in clinical setting, but this also applies
for conventional lymphoscintigraphy and SPECT/CT.

In the intraoperative setting, the gamma signal from the injection area
causes difficulty to localize NIS- SNs due to the view angle and the limited
spatial and angular resolution of gamma probes [21]. Deeply located SNs may
even be missed because of tissue attenuation. The PGC, may improve the SN
identification rate considerably (Figures 4-6), due to its close-up high-resolution
imaging and even higher sensitivity by the longer image acquisition times.
Vermeeren et al. described that all preoperatively depicted SNs evaluated
by means of lymphoscintigraphy and SPECT/CT in 25 head and neck cancer
patients were intraoperatively depicted by the PGC with short acquisition times
(<Tmin) [17]. Injection of blue dyes to enable intraoperative visual detection
of SNs is often done. Unfortunately, blue dyes have shown to be of limited
value in cases of head and neck melanomas, where SNs are less frequently
stained blue compared to other primary tumour locations [22]. Some surgeons,
including ourselves, prefer not to use blue dyes in the face in order to prevent
long-term tattooing effects [23]. At the Netherlands Cancer Institute recently
a bound hybrid tracer, ICG-Tc-99m-nanocolloid, which is both radioactive and
fluorescent, has been introduced in a clinical setting in order to visually improve
SN recognition in the excision area [24]. Surgical planning using SPECT/CT or
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the PGC can be combined with intraoperative high-resolution visual guidance
using fluorescence cameras towards the SNs. Fluorescence can also improve
the detection of NIS-SNs, but most hospitals are limited to radioactive tracers
[25]. Though fluorescence imaging has shown to improve detection of NIS-SNs,
the fluorescence signal has a limited tissue penetration depth, and accordingly
the radioactive signal is still needed for preoperative imaging and to specify
the location of the incision.

Conclusion

In a simulation phantom head and neck melanoma model, the use of close-up
imaging with a PGC allowed depiction of SNs at distances of at least 3mm from
the injection site, which was not possible using conventional lymphoscintigraphy,
SPECT/CT or the gamma probe. Additionally, in three melanoma patients the
pre- and intraoperative incorporation of a PGC was helpful to localize NIS-
SNs in the head and neck area. A further clinical evaluation of this device to
establish its added value in reducing false-negative procedures and potential

recurrences is necessary.
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