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Abstract At the present time, there is a dilemma con-

cerning the best management of the neck in patients pre-

senting with early head and neck squamous cell carcinoma

(HNSCC). Occult cervical metastasis is found in up to a

quarter of HNSCC patients with radiologically N0 necks,

and for this reason, conventional treatment includes elec-

tive neck dissection (END) alongside tumour excision.

Sentinel node biopsy (SNB) offers an alternative accurate

and minimally invasive method of staging the neck, which

has been safely applied to oral cancer. SNB is a patient-

specific procedure which has an enhanced recovery com-

pared to END but is currently not widely offered to pa-

tients. There are exciting developments in the technology

supporting SNB, improving the accuracy and ease of the

procedure and opening up the technique to new tumour

types. We describe our experiences in using a novel in-

traoperative navigation device for sentinel node retrieval

and review other advances in SNB practice which have the

potential to change the standard management for patients

with early HNSCC.
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Introduction

In head and neck cancer, knowledge of the lymph nodes

status is relevant for prognostic and therapeutic reasons as

dissemination is almost exclusively via the lymphatic

system to the cervical lymph nodes [1, 2]. Despite intensive

preoperative radiological staging, occult metastases are

subsequently found in up to 25 % of patients with an ap-

parently N0 neck [3]. In order to protect the minority with

occult metastasis, current policy recommends that all pa-

tients undergo elective neck dissection, despite the fact that

this surgery is unnecessary in most cases.

This situation is changing as promising results have

been reported in detecting early tumour metastases in head

and neck (HN) cancer using sentinel lymph node (SLN)

biopsy [4]. This diagnostic technique is now the standard of

care in patients with melanoma and breast cancer, as an

alternative to elective node dissection. In the head and

neck, validation studies have shown that functional lym-

phatic mapping can be reliably undertaken by injecting

radiolabeled colloid (most commonly technitium-99m)

around the periphery of a primary tumour [5, 6]. The ra-

diotracer (99mTc nanocolloid) drains through the lymphatic

fluid channels, collecting in the SLN and creating hotspots

(areas of increased tracer localization) allowing detection

by nuclear medicine imaging techniques (lymphoscintig-

raphy, SPECT/CT) [7].

Conventional planar lymphoscintigraphy (dynamic and

static) gamma imaging is widely available, but there are a

number of limitations to its usefulness in the head and

neck. The size and static nature of the imaging equipment

leave it necessarily based in the outpatient department. The

result is that only superficial lesions readily accessible for

injection are eligible for SNB, precluding deeper tumours

(e.g. tongue base, larynx) that have to be injected under
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GA. Furthermore, planar two-dimensional imaging lacks a

three-dimensional (3D) representation of the hotspot within

the neck, and the imaging process does not allow depth

measurement or facilitate surgical navigation to the SLN

[8]. Another difficulty arises when the sentinel node is

located close to the injection site. In such circumstances,

the SLN is enveloped within the general radiation blush

and the subsequent images do not reliably delineate the SN

from the main tumour [8]. There is therefore a need to

optimize detection, localization and resection of SLNs, in

this anatomically challenging region.

This has been partially achieved by integrating single-

photon emission computed tomography (SPECT) with

computed tomography (CT) [7]. One of the first studies

reported a series of HN cancer patients in which SPECT/

CT identified more SLNs than conventional images in 15

out of 32 patients (47 %) [9]. Subsequent studies have

shown similar findings [10, 11]. The anatomical detail

provided also allows exclusion of artefacts such as skin

contamination and swallowed radiotracer [10]. The disad-

vantages of SPECT/CT are the additional dose of radiation

required for the CT component of the investigation, and

once again the equipment is firmly based in the outpatient

department so excluding deep tumours from this diagnostic

test.

Recently, intraoperative freehand SPECT (fhSPECT)

imaging has been proposed as a new method to improve

SLN identification. Rather than mounting the detector in-

side a rotating gantry, as in SPECT/CT imaging, the

handheld gamma probe is linked to a conventional 3D

navigation system. This allows intraoperative three-di-

mensional tracking of radiation hotspots that can be su-

perimposed on a real-time image of the patient.

Algorithmic processing of data collected by a tracked

gamma probe combined with radiation counts per second is

computed to show the depth and position of the hotspot

within the region of interest.

Encouraging results have been reported in patients with

melanoma and breast cancer [12, 13] as well as initial re-

ports in tumours of the head and neck (HN) region [8, 11,

14–18]. Once validated, this system has the potential to

replace conventional outpatient-based SPECT-CT imaging

with an intraoperative technique and open new applications

for sentinel node biopsy in previously inaccessible tu-

mours. This advantage is not limited to the head and neck

but could be applied to any solid tumour that spreads via

the lymphatics.

Here, we review the application of this system for pa-

tients with early-stage HN squamous cell carcinoma

(SCC), based on the current literature and on our own

experience. This information is organized into three sec-

tions: (1) navigation radio-guided surgery using fhSPECT:

surgical set-up and review of head and neck literature; (2)

recommended protocol and initial results; and (3) emerging

developments for SLN biopsy in HN cancer.

Navigation radio-guided surgery using fhSPECT:
surgical set-up and review of head and neck
literature

First introduced in 2007 [19], fhSPECT has evolved in the

past seven years from a prototype to a commercial product,

the declipseSPECT cart system (SurgicEye GmbH, Mu-

nich, Germany, Fig. 1).

The major advantage of fhSPECT over regular SPECT/

CT is its ability to provide real-time 3D tracking of ra-

dioactivity hotspots in the operation room. The concept

behind fhSPECT is to combine a tracking system (which is

aware of the position of the patient) with a gamma probe

whose orientation is stereotactically tracked by two in-

frared cameras through disposable fiducial markers

(Navigation I-Spheres, SurgicEye GmbH, Fig. 2), updating

its relative position 20 times per second with accuracy

below 0.2 mm [15]. The probe serves as a navigation

pointer and enables the surgeon to measure the distance

between the tip of the probe and the SLN. The area is

scanned by moving the gamma probe methodically over

the surgical field from several different angles after which

an activity volume reconstruction algorithm is started [20].

The augmented reality reconstructed images are superim-

posed on a conventional video image of the patient almost

immediately making this ideally suited for intraoperative

use and enabling the surgeon to re-scan during the proce-

dure without unduly lengthening the operation [8]. Fur-

thermore, the reference target attached to the patient makes

it possible to move the operating table during surgery

without invalidating the acquired image [15]. It is also

Fig. 1 Declipse�SPECT system components (courtesy of SurgicEye

GmBH, Germany)
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possible to import SPECT/CT images, which can be co-

localized to the patient by the reference targets aiding

preoperative planning, but it is not currently possible to

merge the SPECT/CT and fhSPECT images.

This device was successfully evaluated in breast cancer

and melanoma [12, 13]. A review of the literature on

fhSPECT for visualization and localization of SLNs in

patients with HN SCC revealed seven publications in-

cluding case series and single case reports [8, 11, 14–18].

Bluemel et al. present a validation study recruiting 23

patients with T1–T2N0M0 oral cancer to undergo

fhSPECT-guided SLN biopsy and concurrent elective neck

dissection. They demonstrated a SLN detection rate of

98 %, and a sensitivity and negative predictive value of

100 % compared to the elective neck dissection specimen

[8]. In the largest series to date, Heuveling et al. [18]

present 66 cases of oral cavity cancer, in which fhSPECT

was undertaken alongside traditional imaging techniques.

Freehand SPECT detected 94 % of the sentinel nodes

found by other methods and was felt by the surgeon to be

of additional benefit in SLN localization in 24 % of op-

erations particularly in patients where the injection site was

close to the SLN. In preliminary work, Mandapathil et al.

[15] highlighted the value of fhSPECT for SLN detection

in previously inaccessible tumours of the head and neck

(oropharyngeal, supraglottic, nasal cavity). Patients un-

derwent intraoperative injection of radiotracer 30 min prior

to tumour resection and SLN mapping by fhSPECT. The

extent of levels resected during the selective neck dissec-

tion was planned in accordance with the intraoperative

image (sentinel node-guided neck dissection). The excised

sentinel lymph nodes were sent for histopathological

evaluation, detecting metastasis in three of five patients. No

further metastatic lymph nodes were detected in any other

node harvested during the concurrent selective neck

dissection.

Preliminary studies and cases illustrated above suggest

that fhSPECT offers a comparable utility to SPECT/CT

allowing intraoperative navigation for sentinel node de-

tection although further work is required to establish con-

clusive assertions as to the false-negative rate, sensitivity

and specificity of the system and therefore if sentinel node

mapping by fhSPECT can be safely moved to a purely

intraoperative technique.

Recommended protocol in head and neck tumours
and initial results

Our recommendation is that patients undergo routine preop-

erative scanning until the sensitivity and specificity of the

technique has been proven. The procedure commences with a

peritumoural injection of 0.1–0.2 mls radiolabeled colloid

(10–40 MBq 99mTc-nanocoll, dependent on 1- or 2-day pro-

tocol) at 4 equidistant points around the periphery of the tu-

mour. Immediate fhSPECT scan is performed up to 10 min

after injection in the nuclear medicine department, and ex-

perience shows that a radioactivity hotspot is usually detected

within this time frame.Without further delay, planar imaging

is obtained (40 min–2 h) followed by a SPECT-CT.

The patient and the SurgicEye system are then trans-

ferred to the operating theatre. The surgical procedure in-

volves an fhSPECT pre-excision scan and a post-excision

scan, with an optional interim scan [8]. For optimal image

acquisition, the patient should not move during the scan-

ning process and metal surgical instruments within the

scanned area should be removed. However, the software

has an autocorrect feature that will remove artefacts caused

by such anomalies. In order to validate the intraoperative

technique, SLN retrieval is firstly directed by fhSPECT and

results of the planar and SPECT/CT imaging are only re-

vealed once the surgeon has completed fhSPECT SLN

retrieval. Any additional nodes shown on the SPECT/CT

and planar imaging are then also excised.

To date, 39 patients with oral cavity tumours and six

patients with salivary gland tumours have been recruited to

this protocol with a 93 % detection of positive sentinel

nodes compared to 100 % for both planar lymphoscintig-

raphy and SPECT/CT. Our final results will not be avail-

able until 2016, but some illustrative cases are discussed

below (Figs. 3, 4, 5, 6).

Emerging developments for SLN biopsy in HN
cancer

Aside from fhSPECT navigation, there are other possi-

bilities for intraoperative sentinel node imaging such as

portable gamma cameras [21–24] and fusion ultrasound/

Fiducial marker spheres 
attached to hand-held gamma 
probe 

Fiducial marker 
spheres on patient 
location stent 

Fig. 2 Navigation tracking devices
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Fig. 3 A 80-year-old female non-smoker presents with squamous

cell carcinoma of the anterior alveolus (a). Preoperative staging

T1N0M0 and wide excision plus SNB are recommended by MDT.

One-day SNB protocol using 20 MBq is undertaken with planar

lymphoscintigraphy (b) and SPECT/CT (c) at 2 h. No sentinel nodes

are found in preoperative imaging. Intraoperative pre-excision

fhSPECT imaging is undertaken at 3 h post-injection (d) clearly

showing a submental SN. Sentinel node was successfully retrieved

and proved negative for metastasis. a SCC lingual lower alveolus.

b Static LSG with injection site masking. c SPECT/CT showing

signal from injection site only. d Intraoperative fhSPECT showing

injection site and SN

Fig. 4 A 60-year-old female presents 9-mm low-grade mucoepider-

moid carcinoma in tail of the left parotid gland. Two-day SNB

protocol is undertaken alongside local excision of tumour. 80-MBq

nanocolloid in four doses is delivered peritumourally under USS

guidance. Planar and SPECT/CT imaging (a) does not identify SN. At

surgery injection site and intraparotid SN is identified by fhSPECT (c,
d). Tumour is completely excised, and SN is negative for metastasis.

a Preoperative lymphoscintigraphy and SPECT/CT. b Rendered

SPECT/CT. c 3D view fhSPECT scan. d Intraoperative fhSPECT

showing injection site (lower) and SN (upper)

Fig. 5 A 24-year-old male non-smoker presents with SCC affecting

the left ventral tongue (a). Preoperative staging T1N0M0 and wide

excision plus SNB are recommended by MDT. One-day SNB

protocol using 20 MBq is undertaken with immediate fhSPECT scan

(b) and planar lymphoscintigraphy (c) both show injection site plus

bilateral sentinel nodes. In this case, SPECT/CT could not be

performed due to equipment maintenance. Biopsy was undertaken

and proved positive for metastasis on the left side. Completion

bilateral neck dissection was performed with no further positive nodes

detected. a SCC left ventral tongue. b fhSPECT scan immediately

post-injection. c Planar LSG
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SPECT [25]. Alongside the development of sentinel node

detection equipment, there are concurrent advances in the

tracers used during the biopsy procedure. The development

of hybrid tracers, a combination of a radiotracer and near

infrared (NIR) fluorescent dye, allows dual labelling of the

lymph node, aiding detection and reducing the chances of

false-negative node sampling. This is particularly pertinent

in tumours of the floor of the mouth where some

investigators have reported increased false-negative rate,

up to 28 %, due to the proximity of the injection site to the

draining lymph nodes [5, 6]. Studies have shown the re-

liability of dual tracers such as ICG-99mTc-nanocolloid

[26] (a combination of indocyanine green (ICG) and (99m)

Tc-nanocolloid) showing 100 % concordance in sentinel

node identification with standard tracer. This is in contrast

to traditional optical tracer, where blue dye is injected

separately and flows independent to the radiotracer occa-

sionally resulting in flow to different lymph nodes. A fur-

ther advantage of the combined tracer is that the optical

signal can be detected through overlying tissue plus the

hybrid tracer structure aids its retention within the node.

Early investigations with other hybrid tracers such as

nanocolloidal albumin-IRDye800cw [27] show promising

signal intensity, but many of the brightest fluorescent

tracers have yet to be proven safe for use in humans.

Herein lies the future of tracer molecules if the approval

process can be afforded.

A new radiopharmaceutical (single modality) in the

form of 99mTc-tilmanocept (Lymphoseek�) [28] has re-

cently been tested in oral cancer showing an impressive

FNR of 2.56 % in cohort of 83 patients. This differs from

other colloidal tracers by specifically targeting CD-206

mannose receptors on lymphatic macrophages and den-

dritic cells rather than relying solely on non-specific phy-

sical properties to facilitate lymphatic flow and trapping

within the node. Lymphoseek� [28] appears to be held up

for a prolonged period (well over 24 h) and with a small

molecular weight it may be an advantage at sites where

there is sluggish lymphatic flow.

Further, parallel and complimentary developments in

both nuclear medicine (PET/CT, PET/MR, portable gam-

ma imaging) and surgical technologies (augmented reality,

robotic surgery) are enabling a new era of interspeciality

collaboration. This expanding field has been termed guided

intraoperative scintigraphic tumour targeting (GOSTT)

[29, 30] and in the future should allow patients to benefit

from seamless integration between diagnostic imaging and

minimally invasive tumour excision.

bFig. 6 A 52-year-old female ex-smoker presents with SCC of left

lateral border of the tongue (a). Preoperative staging T2N0M0 and

wide excision plus SNB are recommended by MDT. One-day SNB

protocol using 30 MBq is undertaken with planar lymphoscintigraphy

(b) and SPECT/CT at 2 h showing two SN on the left side.

Intraoperative fhSPECT imaging was suboptimal (c). Two SN were

removed, from left level IIa (positive for metastasis) and III.

Subsequent completion neck dissection found two further positive

nodes, and the patient was recommended adjuvant radiotherapy. After

completion of treatment, she developed a metastatic node in the right

retropharynx. a T2N0M0 SCC Left tongue. b Planar LSG showing

two SN. c Intraoperative fhSPECT showing two dominant SN and

further scattered areas of uptake
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Conclusion

The initial evaluation of fhSPECT for precise localization

of radioactivity hotspots in the HN region has shown its

value; if these promising results can be confirmed in larger

patient cohorts, navigation-guided SLN biopsy can be

safely introduced for the management of the N0 neck in

patients with HN cancer and extended to other solid tu-

mours. Considering up to 75 % of patients with early-stage

oral cancer are currently over treated with elective neck

dissection, then SLN biopsy is a diagnostic technique that

may be practice-changing, allowing many more patients

with clinically N0 necks to benefit from a tailored surgical

approach. Intraoperative sentinel node imaging techniques

described here should provide precise information on the

localization of the SLN, reducing operating time and the

false-negative rate of this procedure. This in turn will en-

hance patient post-operative recovery and most importantly

long-term quality of life for patients diagnosed with early

cancer [14].
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