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Abstract
Purpose  Evaluating the Crystal Cam handheld gamma-camera for preoperative and intraoperative sentinel lymph node 
(SLN) localization in early-stage oral cancer.
Methods  The handheld gamma-camera was used complementary to conventional gamma-probe guidance for intraoperative 
SLN localization in 53 early-stage oral cancer patients undergoing SLN biopsy. In 36 of these patients, a blinded comparison 
was made between preoperative handheld gamma-camera and lymphoscintigraphy outcomes. Of those, the reliability for 
marking the SLN’s location using both handheld gamma-camera and a 57Co-penpoint marker was evaluated in 15 patients.
Results  In the entire cohort, the handheld gamma-camera preoperatively detected 116/122 (95%) of SLNs identified by 
lymphoscintigraphy. In those patients where the observer was blinded for lymphoscintigraphy (n = 36), 71/77 (92%) SLNs 
were correctly identified by handheld gamma-camera. Overlooked SLNs by handheld gamma-camera were mainly located 
near the injection site. The SLN’s marked location by handheld gamma-camera and 57Co-penpoint marker was considered 
accurate in 42/43 (98%) SLNs. The intraoperative use of the handheld gamma-camera led to the extirpation of 16 additional 
‘hot’ lymph nodes in 14 patients, 4 of which harbored metastases, and prevented 2 patients (4%) from being erroneously 
staged negative for nodal metastasis. In those with follow-up ≥ 24 months or false-negative outcomes < 24 months following 
SLNB, a sensitivity of 82% and negative predictive value of 93% was obtained.
Conclusion  The Crystal Cam handheld gamma-camera offers reliable preoperative and intraoperative SLN localization 
and might reduce the risk of missing a malignant SLN during surgery. Detecting SLNs near the injection site by handheld 
gamma-camera remains challenging.

Keywords  Oral cancer · Sentinel lymph node biopsy · Lymphatic metastasis · Lymphoscintigraphy · SPECT · CT · 
Gamma-camera

Introduction

Over the last decade, sentinel lymph node biopsy (SLNB) is 
being increasingly advocated for staging the clinically nega-
tive neck (cN0) in early-stage oral squamous cell carcinoma 
(OSCC) [1, 2].

Recent trials have confirmed the less-invasive character 
of SLNB in OSCC, with lower functional morbidity and 
similar oncological outcomes when compared to elective 
neck dissection (END) [3–5].

However, as the rate of false-negative SLNB still var-
ies between 5 and 15%, with its accompanying oncological 
implications (i.e., comprehensive surgery, adjuvant radio-
therapy and reduced disease-specific survival), efforts are 
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made to further improve the accuracy of SLNB, especially 
in floor-of-mouth cancers [5–10].

Several novel lymphographic techniques have been 
proposed to improve preoperative identification of sen-
tinel lymph nodes (SLN) [9]. However, tracking the pre-
operatively identified SLNs during surgery can remain a 
challenge.

Conventionally, SLNs identified by lymphoscintigra-
phy (including SPECT/CT) are localized intraoperatively 
through gamma-tracing using a handheld gamma-probe [11]. 
Handheld gamma-probes have some limitations as their per-
formance is operator-dependent, lack the ability for visual 
feedback and provide inadequate contrast for differentiating 
between neighboring radioactive signals [11, 12]. Especially 
in cases where SLNs are identified close to the injection site, 
distinction between SLN and injection site by gamma-probe 
can be complicated [10–13].

Optical tracers have been suggested, such as various blue 
dyes and indocyanine green (ICG), but these pose several 
limitations as well. Since unbound optical tracers appear to 
flow quickly to SLNs, yet are not retained in lymph nodes, 
they may washout or migrate to higher echelon nodes (HEN) 
by the time of SLN retrieval [10]. The adjunction of fluo-
rescent dyes to well-known radiotracers (e.g., ICG-99mTc-
nanocolloid), on the other hand, has shown promising results 
for intraoperative SLN localization [14–16]. Nevertheless, 
radioguidance remains the cornerstone of SLN localization, 
owing to the limited tissue penetration of the fluorescent 
signal (0.5–1 cm), hampering the use of fluorescent dyes for 
surgical planning or for tracking SLNs from larger distances 
[10, 15].

Various portable gamma-detecting imaging devices 
have been developed for visualization of radiotracers (e.g., 
freehand SPECT, portable gamma-cameras), allowing for 
real-time image-guided SLN localization while being less 
affected by tissue attenuation compared to fluorescence 
guidance. The complementary use of real-time radioguided 
imaging to standard handheld gamma-probe guidance has 
shown to facilitate more accurate and efficient localization 
of SLNs during surgery [12, 13, 17–21].

However, most portable gamma-cameras and freehand 
SPECT devices are large in size, costly and occasionally 
require an additional operator to establish optimal settings. 
The handheld gamma-camera used in this study (Crystal 
Cam, Crystal Photonics GmbH, Berlin, Germany) is rela-
tively inexpensive and highly portable, owing to its small 
size and low weight (see ‘Specifications Crystal Cam’), 
which can be fully managed by the surgeon in a sterile set-
ting. Previously, the feasibility and utility of this handheld 
gamma-camera for SLN localization has been described in 
melanoma and breast cancer patients [22–25].

In this prospective study, the utilization of this hand-
held gamma-camera is evaluated for preoperative and 

intraoperative SLN localization in early-stage OSCC 
patients undergoing SLNB.

Materials and methods

Patients

This study was performed in line with the principles of 
the Declaration of Helsinki and was approved by the Uni-
versity Medical Center Utrecht’s Ethics Committee (no. 
17/835); informed consent for participation was obtained 
from all the patients.

Between January 2018 and October 2020, a total of 
53 patients with clinically T1-T3N0 OSCC scheduled for 
SLNB were prospectively included (Table 1; TNM Staging 
AJCC UICC 8th Edition [26, 27]). Patients with a tumor 
clinically staged as T3 were only included when staging 
was based on depth-of-invasion of > 10 mm and tumor 
dimensions of > 2 cm and ≤ 4 cm [28].

In all patients, cN0 status was determined by ultra-
sound of the neck. In those with suspect lymph nodes, 
ultrasound-guided fine-needle aspiration cytology was per-
formed. The majority of patients (72%) also underwent 
magnetic resonance imaging of the head and neck as part 
of their clinical staging.

Study design

This study was performed in several phases. Figure 1 pro-
vides an overview of the study procedures and included 
patients for each phase of the study.

First, the clinical utility of this handheld gamma-
camera was evaluated in 17 patients (32%), by assessing 
whether identified SLNs using lymphoscintigraphy could 
be detected preoperatively with the handheld gamma-
camera (Fig. 2).

Subsequently, to evaluate the reliability of SLN identifi-
cation using the handheld gamma-camera, a blinded com-
parison was made between preoperative handheld gamma-
camera and lymphoscintigraphy outcomes in 36 patients 
(68%; see ‘Assessment blinded for lymphoscintigraphy’).

Out of those who underwent blinded SLN assessment 
by handheld gamma-camera (n = 36), the reliability of SLN 
localization using the handheld gamma-camera and a 57Co-
penpoint marker was evaluated in 15 patients (42%; see 
‘Cutaneous marking location SLNs’).

In all patients (n = 53), the handheld gamma-camera was 
used complementary to conventional gamma-probe guid-
ance for intraoperative SLN localization (see ‘Surgical 
procedure’).
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Specifications

The Crystal Cam is a handheld solid-state gamma-camera 
with a cadmium zinc telluride detector (thickness: 5 mm), 
that provides two-dimensional imaging at a field-of-view of 
40 × 40 mm2 with 16 × 16 pixels (Fig. 3). Its physical dimen-
sions (65 × 65 × 180 mm) and total weight of 0.8 kg, includ-
ing a collimator and 3 mm lead integrated side shielding, 
allow for single-handed control of the gamma-camera with-
out an articulated arm. The included low-energy (LE) col-
limators, which can be changed at runtime, facilitate either 
high sensitivity (LEHS collimator; Fig. 3a) or high-resolu-
tion (LEHR collimator; Fig. 3b) imaging. Both the LEHS 
and LEHR collimator were used at discretion of the observ-
ers. Control and visualization software (Crystal Imager) runs 
on a standard laptop to which the handheld gamma-camera 
is connected (Fig. 3c). This handheld gamma-camera is able 
to simultaneously detect both 99mTc and 57Co in different 
energy windows [23].

In this study, quality controls of the handheld gamma-
camera were performed on a regular basis by a nuclear 
physicist for testing sensitivity, homogeneity, peaking and 
null-effect.

Lymphoscintigraphy

Lymphoscintigraphy including SPECT/CT acquisition were 
conducted according to EANM guidelines [11]. Following 
peritumoral injections of a 99mTc-labeled radiotracer (i.e., 
99mTc-nanocolloid or 99mTc-tilmanocept) planar static and 
dynamic scintigraphy as well as SPECT/CT were acquired 
the day prior to surgery (2-day protocol) or the day of 
surgery (single-day protocol) on a Siemens Symbia T16 
SPECT/CT scanner; equipped with low-medium energy 
(LME) collimators to limit septal penetration and reduce 
shine-through [29]. SPECT images were reconstructed using 
clinical reconstruction software (Siemens Flash3D), with 
attenuation and scatter correction (6 iterations, 8 subsets, 
5 mm Gaussian filter). For the 2-day protocol, ~ 120 MBq 
99mTc-nanocolloid or ~ 74  MBq 99mTc-tilmanocept was 
administered, whereas for the single-day protocol, ~ 50 MBq 
99mTc-nanocolloid was administered.

Assessment blinded for lymphoscintigraphy

Immediately following lymphoscintigraphy, SLN assess-
ment was preoperatively performed using the handheld 
gamma-camera by a single observer while blinded for lym-
phoscintigraphy (n = 36; 68%). Identified hotspots using 
the handheld gamma-camera were recorded and designated 
as either SLN or HEN on the basis of their location and 
relative radioactive intensity. Subsequently, the results of 
lymphoscintigraphy including SPECT/CT, as reviewed by 

Table 1   Patient- and tumor characteristics

n number, y years, mm millimeters, SD standard deviation, SLNs sen-
tinel lymph nodes, SLNB sentinel lymph node biopsy, ND neck dis-
section; RT, radiotherapy
a According to AJCC TNM classification, 8th edition

Characteristics n = 53

Gender, n (%)
 Female 24 (45%)

Median age (y) (range) 61.5 (29–97)
History of head and neck cancer, n (%) 10 (19%)
Previous oncological treatment of the neck, n (%)
 Neck dissection 6 (11%)
 Radiotherapy 1 (2%)
 Neck dissection and chemoradiation 1 (2%)

Tumor location, n (%)
 Tongue 31 (59%)
 Floor-of-mouth 5 (9%)
 Buccal mucosa 7 (13%)
 Retromolar trigone 7 (13%)
 Lower gum 3 (6%)

Side primary tumor, n (%)
 Left 21 (40%)
 Right 30 (56%)
 Midline 2 (4%)

Radiotracer, n (%)
 Nanocolloid 39 (74%)
 Tilmanocept 14 (26%)
 Two-day SLNB protocol, n (%) 47 (89%)

Pathological T-stage, n (%)a

 pT1 19 (36%)
 pT2 29 (55%)
 pT3 4 (7%)
 pT4a 1 (2%)

Median harvested SLNs (range) 3 (0–6)
Histopathological status SLNs, n (%)
 Negative 123 (89%)
 Positive 15 (11%)

SLNB outcome, n (%)
 pN0(sn) 43 (81%)
 pN+(sn) 10 (19%)

Complementary neck treatment, n (%)
 Neck dissection 5 (9%)
 Radiotherapy 5 (9%)

Pathological N-stage, n (%)a

 pN1 3 (6%)
 pN2b 5 (9%)
 pN2c 1 (2%)
 pN3b 1 (2%)

Follow-up in months (range) 23 (2–49)
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Fig. 1   Flowchart of study 
procedures. Dotted arrow 
represents patients (n = 15) 
who underwent both blinded 
assessment as well as cutaneous 
marking of the SLNs’ location 
by handheld gamma-camera and 
a 57Co-penpoint marker. n num-
ber, SLN sentinel lymph node

Included patients 
n=53

Evaluation clinical 
utility of Crystal Cam 

(n=17)

Blinded Crystal Cam 
assessment (n=36)

Cutaneous marking 
SLNs with Crystal 

Cam (n=15)

SLN localization using Crystal Cam
 and conventional 

gam
m

a-probe (n=53)

n=21

n=15

n=17

Preoperative Intraoperative

Fig. 2   Comparison SPECT/CT 
(a, c) and Crystal Cam handheld 
gamma-camera images (b, 
d). Coronal plane of SPECT/
CT (a) depicting injection site 
(*) and two SLNs located in 
level Ia and level Ib on the left 
side. Both SLNs (Ia, Ib) and 
injection site could be visual-
ized within the field-of-view of 
the handheld gamma-camera 
(white square, a) (b). Two 
SLNs as identified by SPECT/
CT (c) (sagittal plane; level IIa, 
III), also detected by handheld 
gamma-camera (IIa, III) (d)
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a nuclear physician, were revealed to the blinded observer. 
Any discrepancies between lymphoscintigraphy and hand-
held gamma-camera outcomes were registered. If SLNs 
were missed by blinded assessment using the handheld 
gamma-camera, an additional assessment was conducted 
to determine whether missed SLNs could be identified 
with either the handheld gamma-camera or gamma-probe 
with information provided by lymphoscintigraphy. In all 
patients, lymphoscintigraphy was leading in designating 
SLNs for biopsy.

Cutaneous marking location SLNs

In 15 patients (28%), the location of the SLNs designated 
for biopsy by lymphoscintigraphy were first marked on 
the overlying skin with the handheld gamma-camera and 
a 57Co-penpoint marker using its dual-isotope function 
(Fig. 4). Then, with the patient in a similar position, the 
location of the identified SLNs were marked using the 
conventional gamma-camera (Siemens Symbia T16 sys-
tem) and the 57Co-penpoint marker, according to standard 
protocol. Subsequently, the location of both cutaneous 

Fig. 3   Crystal Cam handheld 
gamma-camera. a Equipped 
with a low-energy high-
sensitivity (LEHS) collimator. 
b Equipped with a low-energy 
high-resolution (LEHR) col-
limator. c Connected to laptop 
with Crystal Imager software 
via USB

Fig. 4   a Cutaneous marking 
of the location of SLNs using 
Crystal Cam handheld gamma-
camera and a 57Co-penpoint 
marker. To simulate the definite 
surgical position, the patient 
is placed in supine position 
with head slightly extended 
and rotated to the opposite 
side. b Separate 57Co-hotspot 
(57Co) and 99mTc-hotspot 
(99mTc) within the handheld 
gamma-camera’s field-of-view. 
(c) Overlapping 57Co-hotspot 
and 99mTc-hotspot, indicating 
that the 57Co-penpoint marker 
is positioned on the SLN’s 
location
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markings were compared, with cutaneous markings based 
on the conventional gamma-camera as reference standard. 
The marked location of SLNs using the handheld gamma-
camera was considered accurate if they deviated ≤ 10 mm 
in any direction from the location as marked with the con-
ventional gamma-camera.

Surgical procedure

Marked SLNs were localized and harvested primarily 
under conventional portable gamma-probe guidance; the 
handheld gamma-camera was available to the surgeon on 
request. During surgery, an experienced operator was pre-
sent to assist in using the handheld gamma-camera. In 10 
patients (19%), also fluorescence guidance was available 
using ICG-99mTc-nanocolloid and near-infrared imaging. 
The location of harvested SLNs including their radioactive 
uptake (in counts per second as measured by the portable 
gamma-probe) were registered. Following extirpation of 
a SLN and check for residual activity with the gamma-
probe, the handheld gamma-camera was used to scan for 
residual activity (Fig. 5).

At the end of SLNB, surgeons were asked whether the 
handheld gamma-camera further assisted SLN localiza-
tion when used complementary to conventional portable 
gamma-probe guidance. To this end, the 3-point subjective 
scoring system as previously published by Heuveling et al. 
was adopted [12]:

(1) the handheld gamma-camera provided confusing 
information and was not helpful; (2) the handheld gamma-
camera could reliably be used, but provided no additional 
helpful information; (3) the handheld gamma-camera pro-
vided additional helpful information for localization of 
SLNs.

Histopathology and follow‑up

Harvested SLNs were sent for histopathological examination 
using step-serial-sectioning (section thickness 150 μm) with 
hematoxylin–eosin and pan-cytokeratin antibody (AE 1/3) 
staining [30, 31]. Patients with histopathologically negative 
SLNs were assigned to a wait-and-scan approach. In those 
with at least one histopathologically positive SLN, comple-
mentary treatment of the affected and adjacent nodal basins 
was employed (i.e., neck dissection and/or (chemo)radiother-
apy). Complementary neck dissection specimens were histo-
pathologically assessed for additional (non-SLN) nodal metas-
tases. Follow-up visits were scheduled according to standard 
oncological care.

False‑negative SLNB

Isolated regional recurrences that occurred in the side of the 
neck staged negative by SLNB, within 3 years following treat-
ment, were regarded as a false-negative outcome for SLNB. 
Regional recurrences in the presence of local recurrence or 
second primary tumors were not considered false-negative 
outcomes for SLNB, as differentiation between missed nodal 
metastasis at initial diagnostic work-up and metastasis devel-
oped from a reseeding local recurrence or second primary 
tumor is unfeasible.

Analyses

All data were analyzed with IBM SPSS Statistics Version 28.0 
(IBM Corp., Armonk, New York, United States). Descriptive 
statistics are presented as number of cases and percentages 
for dichotomous and ordinal variables, whereas continuous 
parametric variables are presented as mean and standard devia-
tion (SD). Non-parametric variables are presented as median 
with interquartile range (IQR). Fisher’s exact test was used 
to compare categorical variables containing small number of 
cases (n ≤ 5).

Spearman’s rank-order correlation tests were conducted 
to determine the association between amount and location of 
identified SLNs by blinded handheld gamma-camera assess-
ment and lymphoscintigraphy for each patient.

On the basis of the false-negative rate for SLNB in this 
cohort, the sensitivity (true positives/(true positives + false 
negatives)) and negative predictive value (NPV; (true nega-
tives/(true negatives + false negatives)) were calculated.

Overall, a p-value ≤ 0.05 was considered to be statistically 
significant.

Fig. 5   Intraoperative use of Crystal Cam handheld gamma-camera
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Results

Patient and tumor characteristics of included patients are 
listed in Table 1. A total of 10 (19%) patients had a his-
tory of head and neck cancer, of which 8 previously under-
went oncological treatment of the neck. In the majority of 
patients, the primary tumor was located in the oral tongue 
(59%). Most tumors were pathologically classified as pT2 
(55%). In one patient, the primary tumor (retromolar trig-
one) was pathologically classified as pT4a on the basis of 
mandibular invasion.

Patients mainly underwent SLNB by 2-day protocol 
(47/53; 89%) using 99mTc-nanocolloid (33/47; 70%). A 
total of 138 SLNs were harvested, on average 3 per patient 
(range 0–6), of which 15 harbored metastasis (11%). Of 
those patients with nodal metastases as assessed by SLNB 
(n = 10; 19%), half underwent complementary neck dis-
section whereas the other half underwent complementary 

radiotherapy. Two patients underwent adjuvant neck irradia-
tion following complementary neck dissection. None under-
went concurrent chemotherapy as part of complementary- or 
adjuvant therapy.

Identification of SLNs

In the 17 patients in whom the clinical utility of the hand-
held gamma-camera was evaluated, 41 out of the 45 SLNs 
(91%) identified by lymphoscintigraphy were also detected 
with the handheld gamma-camera. The undetected SLNs 
(n = 4) in two patients were located in levels Ia, IIa, III and 
V of the ipsilateral neck (Table 2). None of these undetected 
SLNs could be localized intraoperatively as its radioactive 
signal was either indistinguishable from the radioactive sig-
nal deriving from the injection site or on account of their 
marginal radioactive uptake. In both the patients, there was 
no evidence of nodal disease at 31- and 35-month follow-up.

Table 2   Undetected and/or overlooked SLNs by Crystal Cam handheld gamma-camera

SLN sentinel lymph node, LSG lymphoscintigraphy, PA pathological assessment, SND selective neck dissection, MBq megabecquerel, N.A. not 
applicable, +  histopathologically positive for metastasis, – histopathologically negative for metastasis, NED no evidence of disease, ND neck 
dissection, RT radiotherapy
*Undetected by handheld gamma-camera
a According to AJCC TNM classification, 8th edition
b Overlooked by blinded handheld gamma-camera assessment

Primary tumor Previous 
neck treat-
ment

Radiotracer (dosage) Identified 
SLNs LSG

Harvested PA pN(sn)a Complemen-
tary treatment

Follow-up (months)

Buccal mucosa (left) SND left Nanocolloid (126 MBq) IIa Right Yes – pN0 None NED (35)
V Left* No N.A

Tongue (right) None Tilmanocept (74 MBq) IIa Right* No N.A pN2c Bilateral ND NED (31)
III Right* No N.A
Ia Left* No N.A
Ib Left Yes  + 
III Left Yes –

Lower gum (right) None Nanocolloid (117 MBq) Ia Right*,b Yes – pN0 None NED (37)
Ib Right*,b Yes –
IIa Right Yes –
III Right Yes –

Buccal mucosa (left) None Nanocolloid (122 MBq) Ib Left Yes  +  pN1 Unilateral RT NED (30)
Ib Left*,b No N.A

Tongue (right) None Nanocolloid (131 MBq) Ib Rightb Yes – pN0 None NED (29)
III Right Yes –
IIa Left Yes –
III Left Yes –

Tongue (right) SND right Nanocolloid (119 MBq) Ia Left Yes  +  pN0 None NED (26)
IIa Right*,b No N.A

Tongue (right) None Nanocolloid (60 MBq) IIa Right Yes – pN0 None NED (20)
IIa Left Yes –
III Leftb Yes –
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While blinded for lymphoscintigraphy (n = 36), 71 out 
of 77 SLNs were correctly identified using the handheld 
gamma-camera (92%). The SLNs as overlooked by blinded 
handheld gamma-camera assessment were mainly located 
close to the injection site (levels Ia and Ib); one was located 
in the previously treated neck and one was located in the 
contralateral neck of the primary tumor (Table 2). Of the 6 
overlooked SLNs by blinded assessment in 5 patients, only 
4 were surgically harvested since the other two could not be 
located intraoperatively by neither handheld gamma-probe 
nor handheld gamma-camera. Histopathological assessment 
showed no metastasis in these 4 overlooked SLNs. The two 
patients in whom the overlooked SLNs could not be har-
vested intraoperatively showed no evidence of nodal disease 
26 and 30 months following SLNB.

In 4 patients, a total of 6 hotspots were scored as SLN 
based on blinded handheld gamma-camera assessment, but 
designated as HEN based on lymphoscintigraphy. In addi-
tion, 2 SLNs were incorrectly identified with the handheld 
gamma-camera (false-positives): one revealed to be an 
appendix of the injection site whereas the other appeared to 
be an intense hotspot in the contralateral neck, which was 
mistaken for a SLN in the side of the neck being scanned.

Overall, there was a strong agreement between SLNs 
identified using the handheld gamma-camera while blinded 
for lymphoscintigraphy and the SLNs as ultimately des-
ignated for biopsy by lymphoscintigraphy (rs = 0.857, 
p < 0.001).

Cutaneous marking location SLNs

In 15 patients, the location of 43 SLNs designated for 
biopsy was marked on the overlying skin with the handheld 
gamma-camera and the 57Co-penpoint marker. The marked 
location by handheld gamma-camera deviated on one occa-
sion 15 mm from the location as marked by the conven-
tional gamma-camera and for all other instances on average 
1.0 mm (range 0–10 mm).

Intraoperative SLN localization

Intraoperatively, based on the information as provided by 
the complementary use of the handheld gamma-camera, 16 
additional ‘hot’ lymph nodes were harvested in 14 patients 
(26%). Out of these additionally harvested lymph nodes, 
4 harbored metastases as confirmed by histopathological 
assessment (25%) which led to upstaging in 4 patients (8%). 
On account of these additionally harvested metastatic lymph 
nodes, two patients underwent complementary treatment 
of the neck instead of being assigned to a wait-and-scan 
approach [pN0(sn) to pN1(sn)] and one patient was upstaged 
from pN1(sn) to pN2b(sn), which had no therapeutic conse-
quences since the patient chose to undergo complementary 

radiotherapy instead of a complementary neck dissection 
followed by adjuvant neck irradiation. The remaining patient 
was upstaged from pN1(sn) to pN3b(sn), yet opted for com-
plementary radiotherapy only and declined a complementary 
neck dissection or concurrent chemotherapy.

In 29 patients (55%), the surgeon deemed the comple-
mentary use of the handheld gamma-camera as “helpful” for 
localizing SLNs intraoperatively. In the remaining patients 
(n = 24), the performance of the handheld gamma-camera 
was considered reliable, but did not provide additional help-
ful information (45%). None regarded the information pro-
vided by the handheld gamma-camera as “confusing”.

For the 10 patients in whom also fluorescence guidance 
was available, the handheld gamma-camera was still con-
sidered to be of added value in 4 patients (surgeon score 3; 
40%), which did not differ significantly when compared to 
the rate of patients in whom no fluorescence guidance was 
available and the handheld gamma-camera was regarded as 
helpful (58%; p = 0.482). In these 10 patients, 2 additional 
‘hot’ lymph nodes were harvested on account of information 
provided by the handheld gamma-camera, none of which 
harbored metastasis.

Follow‑up

In this cohort, two patients developed an isolated nodal 
recurrence in the side of the neck staged negative by SLNB 
at 5- and 6-month follow-up, corresponding with a false-
negative rate of 3.8%. Accordingly, in those with follow-
up ≥ 24 months or false-negative SLNB within 24-month 
follow-up (n = 39), a sensitivity of 82% and a NPV of 93% 
was obtained. The false-negative rate of SLNB in this cohort 
without the use of the handheld gamma-camera would have 
been 7.6% (4/53), corresponding with a sensitivity of 64% 
and a NPV of 87%.

Discussion

This study evaluated the use of the Crystal Cam handheld 
gamma-camera in 53 early-stage OSCC (cT1-3N0) patients 
undergoing SLNB. Overall, this handheld gamma-camera 
was able to preoperatively detect 95% of SLNs (116/122) 
as identified by conventional lymphoscintigraphy. When 
blinded for lymphoscintigraphy, 92% of SLNs were cor-
rectly identified by handheld gamma-camera. The marked 
location of SLNs by handheld gamma-camera and 57Co-pen-
point marker was considered accurate in 98% of SLNs. Its 
complementary use during surgery led to the extirpation of 
additional ‘hot’ lymph nodes in 14 patients, which ultimately 
prevented two patients from otherwise being falsely staged 
negative for nodal disease (4%). The surgeon deemed the 
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complementary use of the handheld gamma-camera help-
ful for intraoperatively localizing SLNs in 55% of patients.

When considering its accuracy in detecting and localizing 
SLNs, both preoperatively and intraoperatively, the clini-
cal utility of the Crystal Cam handheld gamma-camera in 
early-stage OSCC appears similar to several other gamma-
detecting imaging devices [12, 13, 17–21, 32]. This hand-
held gamma-camera proved to be particularly helpful when 
scanning for residual activity after harvesting a presumed 
SLN [19, 32]; most additional ‘hot’ lymph nodes (possibly 
remaining SLNs) were harvested in this manner. Further-
more, in several patients, tracking SLNs under conventional 
gamma-probe guidance was challenging and time-consum-
ing. In these circumstances, the handheld gamma-camera 
provided more precise information on the SLN’s position, 
thus facilitating its localization and extirpation (surgeon 
score 3). The handheld gamma-camera was even consid-
ered helpful in 4 out of the 10 patients in whom fluorescence 
guidance was also available; its use resulted in the extir-
pation of 2 additional ‘hot’ lymph nodes in these patients. 
More efficient SLN localization may decrease the extent of 
exploration (with its associated postoperative fibrosis and 
risk of complications) required to harvest SLNs, which ben-
efits an eventual complementary neck dissection, and may 
reduce the duration of surgery [12, 13, 20]. However, if more 
‘hot’ lymph nodes are found and harvested on account of 
real-time radioguided imaging, the procedure may as well 
be prolonged [13].

In addition, the dual-isotope capability of this handheld 
gamma-camera has shown to enable accurate preoperative 
localization of designated SLNs by 57Co-penpoint marker. 
Owing to the close proximity of the handheld gamma-cam-
era to the skin, the majority of SLNs can easily be localized 
and marked by the nuclear physician using this dual-isotope 
feature. Since the location of SLNs in definite surgical posi-
tion may slightly differ from the preoperatively marked loca-
tion, the handheld gamma-camera can also be used to adjust 
skin marks intraoperatively [12, 13]. Moreover, as the 57Co-
penpoint marker is small and can easily be incorporated in a 
sterile setting using a surgical glove, the dual-isotope feature 
can even be used after the incision is made to further narrow 
down the exact location of SLNs. Accordingly, this handheld 
gamma-camera has been introduced within the clinical care 
of this institution.

There are a few shortcomings of the handheld gamma-
camera used in this study. First, since it only provides a two-
dimensional view, no real-time information on the depth of 
SLNs can be obtained. Second, as demonstrated by the over-
looked and undetected SLNs using the handheld gamma-
camera in this study, (handheld) gamma-cameras remain 
susceptible to the shine-through phenomenon and may, 
therefore, experience difficulties in detecting SLNs located 
near the injection site [9, 10, 12]. In addition, detecting 

SLNs with low radioactive uptake may be challenging. 
Especially in these situations, near-infrared fluorescence 
imaging can be of added value [12, 14]. Finally, one should 
be aware of intense radioactive signals originating from the 
contralateral neck when using the handheld gamma-camera, 
as these can be mistaken for a hotspot in the side of the neck 
being scanned. This issue can easily be overcome though 
by adjusting the view angle of the handheld gamma-camera 
relative to the hotspot.

Certain limitations of this study have to be acknowledged. 
Most importantly, since the handheld gamma-camera was 
used in all patients, several of its potential benefits (e.g., 
reduced duration of surgery, lower complication rate) can-
not be assessed. Obviously, the surgical procedure cannot be 
performed twice in each patient and considerable interpa-
tient variability renders randomization an unrealistic option. 
Therefore, determining its additional value on these matters 
is unfeasible. Second, due to the number of surgeons (n = 7) 
having used the handheld gamma-camera intraoperatively, 
examination bias is inevitable, even though handling this 
handheld gamma-camera is intuitive and interpretation of 
its images fairly straightforward [24]. Finally, the variability 
in radiotracers and radioactive dosage administered as well 
as protocols used for SLNB (i.e., single-day protocol, 2-day 
protocol) may have affected this study’s outcomes.

In conclusion, the results of this study demonstrate that 
the relatively inexpensive and portable Crystal Cam hand-
held gamma-camera offers reliable preoperative and intra-
operative SLN localization in early-stage OSCC patients, 
which facilitates SLNB and might even reduce the risk of 
missing a malignant SLN during surgery. Still, detecting 
SLNs close to the injection site or with low radioactive 
uptake by handheld gamma-camera can be challenging. In 
those situations, complementary near-infrared fluorescence 
imaging may be of additional value.

Funding  The authors thank the Maurits and Anna de Kock Foundation 
for their contribution to purchase the hardware (Crystal Cam handheld 
gamma-camera) used in this study. The funding source had no role in 
the study design, in the collection, analysis and interpretation of data, 
in the writing of the report and in the decision to submit the article for 
publication.

Data availability  Data are available on a reasonable request.

Declarations 

Conflict of interest  All the authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethics approval  This study was performed in line with the principles of 
the Declaration of Helsinki and was approved by the University Medi-
cal Center Utrecht’s Ethics Committee (no. 17/835). Written informed 
consent was obtained from all the patients included in this study. The 



5528	 European Archives of Oto-Rhino-Laryngology (2023) 280:5519–5529

1 3

authors affirm that included patients provided written informed consent 
for publishing their data and medical images.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Schilling C, Shaw R, Schache A et al (2017) Sentinel lymph node 
biopsy for oral squamous cell carcinoma. Where are we now? Br 
J Oral Maxillofac Surg. 55(8):757–762. https://​doi.​org/​10.​1016/j.​
bjoms.​2017.​07.​007

	 2.	 de Bree R, de Keizer B, Civantos FJ et al (2021) What is the role 
of sentinel lymph node biopsy in the management of oral cancer 
in 2020? Eur Arch Otorhinolaryngol 278(9):3181–3191. https://​
doi.​org/​10.​1007/​s00405-​020-​06538-y

	 3.	 Garrel R, Poissonnet G, Moyà Plana A et al (2020) Equivalence 
randomized trial to compare treatment on the basis of sentinel 
node biopsy versus neck node dissection in operable T1–T2N0 
oral and oropharyngeal cancer. J Clin Oncol 38(34):4010–4018. 
https://​doi.​org/​10.​1200/​JCO.​20.​01661

	 4.	 Hasegawa Y, Tsukahara K, Yoshimoto S et al (2021) Neck dis-
sections based on sentinel lymph node navigation versus elective 
neck dissections in early oral cancers: a randomized, multicenter, 
and noninferiority trial. J Clin Oncol 39(18):2025–2036. https://​
doi.​org/​10.​1200/​JCO.​20.​03637

	 5.	 Gupta T, Maheshwari G, Kannan S, Nair S, Chaturvedi P, Agarwal 
JP (2022) Systematic review and meta-analysis of randomized 
controlled trials comparing elective neck dissection versus senti-
nel lymph node biopsy in early-stage clinically node-negative oral 
and/or oropharyngeal squamous cell carcinoma: evidence-base for 
practice and implications for research. Oral Oncol 124:105642. 
https://​doi.​org/​10.​1016/j.​oralo​ncolo​gy.​2021.​105642

	 6.	 D’Cruz AK, Vaish R, Kapre N et al (2015) Elective versus thera-
peutic neck dissection in node-negative oral cancer. N Engl J Med 
373(6):521–529. https://​doi.​org/​10.​1056/​NEJMo​a1506​007

	 7.	 Flach GB, Tenhagen M, de Bree R et  al (2013) Outcome of 
patients with early stage oral cancer managed by an observation 
strategy towards the N0 neck using ultrasound guided fine needle 
aspiration cytology: no survival difference as compared to elec-
tive neck dissection. Oral Oncol 49(2):157–164. https://​doi.​org/​
10.​1016/j.​oralo​ncolo​gy.​2012.​08.​006

	 8.	 Miura K, Kawakita D, Oze I et al (2022) Predictive factors for 
false negatives following sentinel lymph node biopsy in early 
oral cavity cancer. Sci Rep 12(1):6917. https://​doi.​org/​10.​1038/​
s41598-​022-​10594-1

	 9.	 Mahieu R, de Maar JS, Nieuwenhuis ER et al (2020) New devel-
opments in imaging for sentinel lymph node biopsy in early-
stage oral cavity squamous cell carcinoma. Cancers (Basel) 
12(10):3055. https://​doi.​org/​10.​3390/​cance​rs121​03055

	10.	 Schilling C, Stoeckli SJ, Vigili MG et al (2019) Surgical consen-
sus guidelines on sentinel node biopsy (SNB) in patients with oral 

cancer. Head Neck 41(8):2655–2664. https://​doi.​org/​10.​1002/​hed.​
25739

	11.	 Giammarile F, Schilling C, Gnanasegaran G et al (2019) The 
EANM practical guidelines for sentinel lymph node localisation in 
oral cavity squamous cell carcinoma. Eur J Nucl Med Mol Imag-
ing 46(3):623–637. https://​doi.​org/​10.​1007/​s00259-​018-​4235-5

	12.	 Heuveling DA, van Weert S, Karagozoglu KH, de Bree R (2015) 
Evaluation of the use of freehand SPECT for sentinel node biopsy 
in early stage oral carcinoma. Oral Oncol 51(3):287–290. https://​
doi.​org/​10.​1016/j.​oralo​ncolo​gy.​2014.​12.​001

	13.	 Vermeeren L, Valdés Olmos RA, Klop WM, Balm AJ, van den 
Brekel MW (2010) A portable gamma-camera for intraoperative 
detection of sentinel nodes in the head and neck region. J Nucl 
Med 51(5):700–703. https://​doi.​org/​10.​2967/​jnumed.​109.​071407

	14.	 van den Berg NS, Brouwer OR, Klop WM et al (2012) Concomi-
tant radio- and fluorescence-guided sentinel lymph node biopsy 
in squamous cell carcinoma of the oral cavity using ICG-(99m)
Tc-nanocolloid. Eur J Nucl Med Mol Imaging 39(7):1128–1136. 
https://​doi.​org/​10.​1007/​s00259-​012-​2129-5

	15.	 KleinJan GH, van Werkhoven E, van den Berg NS et al (2018) 
The best of both worlds: a hybrid approach for optimal pre- and 
intraoperative identification of sentinel lymph nodes. Eur J Nucl 
Med Mol Imaging 45(11):1915–1925. https://​doi.​org/​10.​1007/​
s00259-​018-​4028-x

	16.	 Almhanedi H, McGurk M, Wan S, Schilling C (2021) Novel 
double injection technique for sentinel lymph node biopsy in 
oral cancer. Br J Oral Maxillofac Surg. https://​doi.​org/​10.​1016/j.​
bjoms.​2021.​07.​008

	17.	 Schilling C, Gnansegaran G, Thavaraj S, McGurk M (2018) 
Intraoperative sentinel node imaging versus SPECT/CT in oral 
cancer—a blinded comparison. Eur J Surg Oncol 44(12):1901–
1907. https://​doi.​org/​10.​1016/j.​ejso.​2018.​08.​026

	18.	 de Bree R, Pouw B, Heuveling DA, Castelijns JA (2015) Fusion 
of freehand SPECT and ultrasound to perform ultrasound-
guided fine-needle aspiration cytology of sentinel nodes in head 
and neck cancer. AJNR Am J Neuroradiol 36(11):2153–2158. 
https://​doi.​org/​10.​3174/​ajnr.​A4426

	19.	 Sieira-Gil R, Paredes P, Martí-Pagés C et al (2015) SPECT-CT 
and intraoperative portable gamma-camera detection protocol 
for sentinel lymph node biopsy in oral cavity squamous cell 
carcinoma. J Craniomaxillofac Surg 43(10):2205–2213. https://​
doi.​org/​10.​1016/j.​jcms.​2015.​10.​006

	20.	 Vidal-Sicart S, Paredes P, Zanón G et al (2010) Added value 
of intraoperative real-time imaging in searches for difficult-to-
locate sentinel nodes. J Nucl Med 51(8):1219–1225. https://​doi.​
org/​10.​2967/​jnumed.​110.​074880

	21.	 Dietze MMA, Kunnen B, Brontsema F et al (2022) A compact 
and mobile hybrid C-arm scanner for simultaneous nuclear 
and fluoroscopic image guidance. Eur Radiol 32(1):517–523. 
https://​doi.​org/​10.​1007/​s00330-​021-​08023-4

	22.	 Ozkan E, Eroglu A (2015) The utility of intraoperative handheld 
gamma camera for detection of sentinel lymph nodes in mela-
noma. Nucl Med Mol Imaging 49(4):318–320. https://​doi.​org/​
10.​1007/​s13139-​015-​0341-5

	23.	 Knoll P, Mirzaei S, Schwenkenbecher K, Barthel T (2014) Per-
formance evaluation of a solid-state detector based handheld 
gamma camera system. Front Biomed Technol 1(1):61–67

	24.	 Barrou J, Cohen M, Brenot-Rossi I et al (2017) Sentinel node 
detection by Crystal Cam in breast cancer: accuracy and 
contribution to ambulatory surgery. Eur J Gynaecol Oncol 
38(6):878–882

	25.	 Koç ZP, Kara PPÖ, Berkeşoğlu M, Akça T (2018) First expe-
rience with a new technique: Portable gamma camera usage 
for sentinel lymph node identification in a patient with breast 
cancer. Turk J Surg 34(1):57–59. https://​doi.​org/​10.​5152/​UCD.​
2016.​3654

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bjoms.2017.07.007
https://doi.org/10.1016/j.bjoms.2017.07.007
https://doi.org/10.1007/s00405-020-06538-y
https://doi.org/10.1007/s00405-020-06538-y
https://doi.org/10.1200/JCO.20.01661
https://doi.org/10.1200/JCO.20.03637
https://doi.org/10.1200/JCO.20.03637
https://doi.org/10.1016/j.oraloncology.2021.105642
https://doi.org/10.1056/NEJMoa1506007
https://doi.org/10.1016/j.oraloncology.2012.08.006
https://doi.org/10.1016/j.oraloncology.2012.08.006
https://doi.org/10.1038/s41598-022-10594-1
https://doi.org/10.1038/s41598-022-10594-1
https://doi.org/10.3390/cancers12103055
https://doi.org/10.1002/hed.25739
https://doi.org/10.1002/hed.25739
https://doi.org/10.1007/s00259-018-4235-5
https://doi.org/10.1016/j.oraloncology.2014.12.001
https://doi.org/10.1016/j.oraloncology.2014.12.001
https://doi.org/10.2967/jnumed.109.071407
https://doi.org/10.1007/s00259-012-2129-5
https://doi.org/10.1007/s00259-018-4028-x
https://doi.org/10.1007/s00259-018-4028-x
https://doi.org/10.1016/j.bjoms.2021.07.008
https://doi.org/10.1016/j.bjoms.2021.07.008
https://doi.org/10.1016/j.ejso.2018.08.026
https://doi.org/10.3174/ajnr.A4426
https://doi.org/10.1016/j.jcms.2015.10.006
https://doi.org/10.1016/j.jcms.2015.10.006
https://doi.org/10.2967/jnumed.110.074880
https://doi.org/10.2967/jnumed.110.074880
https://doi.org/10.1007/s00330-021-08023-4
https://doi.org/10.1007/s13139-015-0341-5
https://doi.org/10.1007/s13139-015-0341-5
https://doi.org/10.5152/UCD.2016.3654
https://doi.org/10.5152/UCD.2016.3654


5529European Archives of Oto-Rhino-Laryngology (2023) 280:5519–5529	

1 3

	26	 Amin MB, Greene FL, Edge SB et al (2017) The Eighth Edition 
AJCC Cancer Staging Manual: Continuing to build a bridge from 
a population-based to a more “personalized” approach to cancer 
staging. CA Cancer J Clin. 67(2):93–99. https://​doi.​org/​10.​3322/​
caac.​21388

	27.	 Brierley JD, Gospodarowicz M, Wittekind C (2017) UICC TNM 
classification of malignant tumours, 8th edn. Wiley, Chichester

	28.	 Ebrahimi A, Gil Z, Amit M et al (2014) Primary tumor staging for 
oral cancer and a proposed modification incorporating depth of 
invasion: an international multicenter retrospective study. JAMA 
Otolaryngol Head Neck Surg 140(12):1138–1148. https://​doi.​org/​
10.​1001/​jamao​to.​2014.​1548

	29.	 Yoneyama H, Tsushima H, Kobayashi M, Onoguchi M, Nakajima 
K, Kinuya S (2014) Improved detection of sentinel lymph nodes 
in SPECT/CT images acquired using a low- to medium-energy 
general-purpose collimator. Clin Nucl Med 39(1):e1-6. https://​
doi.​org/​10.​1097/​RLU.​0b013​e3182​8da362

	30.	 Dhawan I, Sandhu SV, Bhandari R, Sood N, Bhullar RK, Sethi 
N (2016) Detection of cervical lymph node micrometastasis and 

isolated tumour cells in oral squamous cell carcinoma using 
immunohistochemistry and serial sectioning. J Oral Maxillofac 
Pathol. 20(3):436–444

	31.	 Alkureishi LW, Burak Z, Alvarez JA, European Association of 
Nuclear Medicine Oncology Committee; European Sentinel Node 
Biopsy Trial Committee et al (2009) Joint practice guidelines for 
radionuclide lymphoscintigraphy for sentinel node localization in 
oral/oropharyngeal squamous cell carcinoma. Ann Surg Oncol. 
16(11):3190–3210. https://​doi.​org/​10.​1245/​s10434-​009-​0726-8

	32.	 Valdés Olmos RA, Vidal-Sicart S, Nieweg OE (2010) Techno-
logical innovation in the sentinel node procedure: towards 3-D 
intraoperative imaging. Eur J Nucl Med Mol Imaging 37(8):1449–
1451. https://​doi.​org/​10.​1007/​s00259-​010-​1468-3

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
https://doi.org/10.1001/jamaoto.2014.1548
https://doi.org/10.1001/jamaoto.2014.1548
https://doi.org/10.1097/RLU.0b013e31828da362
https://doi.org/10.1097/RLU.0b013e31828da362
https://doi.org/10.1245/s10434-009-0726-8
https://doi.org/10.1007/s00259-010-1468-3

	The potential of the Crystal Cam handheld gamma-camera for preoperative and intraoperative sentinel lymph node localization in early-stage oral cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Study design
	Specifications
	Lymphoscintigraphy
	Assessment blinded for lymphoscintigraphy
	Cutaneous marking location SLNs
	Surgical procedure
	Histopathology and follow-up
	False-negative SLNB
	Analyses

	Results
	Identification of SLNs
	Cutaneous marking location SLNs
	Intraoperative SLN localization
	Follow-up

	Discussion
	References


