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Sentinel node biopsy guided by 3D SPECT/CT-based navigation: 
transferring molecular imaging to the operating room

Submitted 

Methods: Following tracer injection in penile carcino-
ma patients (n=10) who were scheduled for sentinel 
node biopsy, preoperative SPECT/CT was performed 
with a reference target (ReT) fixed on the patient. Repo-
sitioning of a sterile ReT shortly before surgery allowed 
3D SPECT/CT mixed reality-based navigation of the 
gamma probe (also containing an ReT). The accuracy 
of the navigation approach was determined in relation 
to the incision site pointed out by the conventional 
gamma probe (coronal plane) and the depth estimation 

measured on the axial CT slices (sagittal plane).

Results: The average navigation error in the coronal- 
and sagittal plane was 5.0±3.9mm and 5.3±3.9mm, 
respectively. 

Conclusion: Intraoperative navigation based on pre-
operatively acquired SPECT/CT images is feasible. This 
approach opens the way to translate molecular imaging 
data to the operating room. 

Purpose: To explore the clinical feasibility and accuracy of intraoperative navigation based on preoperatively 
acquired SPECT/CT images.  
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InTroDuCTIon
Sentinel nodes (SNs) are traditionally identified by lymphoscintigraphy after injection 

of a radiocolloid. The introduction of SPECT/CT considerably improved preopera-

tive SN identification allowing SNs to be visualized in their anatomical landscape.1 

These 3D images provide surgeons with a helpful roadmap to plan the biopsy. 

However, transferring the 3D diagnostic information from SPECT/CT into real-time 

feedback that can guide the surgeon during the operation remains challenging. 

Acoustic gamma tracing does not provide visual information nor depth estimation, 

and spatial orientation is difficult/time-consuming. Although the use of a portable 

gamma camera can help improve the spatial resolution, it does not provide depth 

estimation.2 In addition to tracing of the radiocolloid, optical (fluorescence) signals 

are commonly used to provide additional visual guidance during the biopsy. Yet 

the tissue penetration of the optical signals (<10mm) provides only limited in-depth 

information.3,4 In an ideal situation, the preoperatively acquired 3D SPECT/CT 

imaging data would be available during the operation to help navigate the surgeon 

to the areas of interest in real-time. Recently, we provided a proof of concept 

demonstrating how the navigation of a fluorescence endoscope using mixed reality 

can potentially help translate the preoperatively acquired SPECT/CT images to 

the operating room in the form of 3D SPECT/CT-based navigation.5 This study 

explored the clinical feasibility and accuracy of navigating a gamma probe to the 

SN in 10 penile carcinoma patients.

 

MaTErIal anD METhoDS
Patient selection and preoperative imaging procedure

Ten patients with penile carcinoma (≥T1G2 tumors) scheduled for SN biopsy were 

prospectively included after obtaining informed consent. ICG-99mTc-nanocolloid 

was prepared as previously described.3 All procedures were performed under good 

manufacturing practice (GMP-z) and under supervision of the institution’s pharma-

cist. 

ICG-99mTc-nanocolloid was intradermally administered in 4 deposits proximal to the 

tumor (0.4mL; average 78MBq). Dynamic lymphoscintigraphy was performed dur-

ing the first 10 minutes after injection followed by static images at 15 minutes and 

2 hours post-injection (dual-head gamma camera (Symbia T; Siemens, Erlangen, 

Germany) and SPECT/CT imaging. Shortly before acquiring the SPECT/CT images, 

a reference target (ReT) was fixed on the patient’s mons pubis and its location 

was marked with indelible ink. SNs were anatomically localized using multiplanar 

reconstruction which enabled fusion of SPECT images with the corresponding CT 

(Osirix software; Pixmeo, Switzerland). 
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navigation of the gamma probe 
The study protocol is depicted in Figure 1, the general concept of the mixed reality 

navigation approach is illustrated in Figure 2. The SPECT and CT reconstructed 

data were loaded into the navigation system (declipseSPECT; SurgicEye, Germa-

ny) prior to the start of the surgical procedure (Fig. 2A). After sterile exposure of 

the surgical field, a sterile ReT (identical to the one used during the preoperative 

SPECT/CT acquisition) was fixed on the previously marked location on the patient’s 

skin (Fig. 2B). A second ReT was attached to the gamma probe (Fig. 2B). The 

camera of the navigation system (Fig. 2C1) was positioned in such a way that it 

could identify and register the location of both ReTs simultaneously during the op-

eration. As such, the navigation system could virtually extrapolate the 3D SPECT/

CT information to the position of the patient (Fig. 2D). A mixed reality view and 

distance estimation towards the center of the radioactive hotspot could then be 

generated from the perspective of the tip of the gamma probe. Both features were 

used to navigate towards the SN depicted in the 3D mixed reality view (Fig. 2E). 

More detailed information on the data processing, calibration, and optical tracking 

system was described previously.5

navigation accuracy
To determine the accuracy in the coronal plane (Fig. 1), the surgeon navigated the 

tracked gamma probe (Crystal probe; Crystal Gamma Probes, USA), as close as 

possible to the SN prior to incision with the gamma probe system turned off. The 

gamma probe was held in 90° with respect to the skin without pressing it (Fig. 3A). 

The location of the SN according to the navigation system was then marked on 

the skin, and the depth estimated by the navigation system was noted (Fig. 3B). 

Subsequently, the procedure was repeated guided by the acoustic signal of a con-

ventional gamma probe (Neoprobe; Johnson & Johnson Medical, Germany), and 

the point of highest activity was also marked on the skin. The distance between 

these two was then measured with a ruler (Fig 3C). To enable assessment of the 

accuracy in the sagittal plane (depth, Fig. 1), the depth estimated by the navigation 

system was postoperatively compared to the measured depth on the axial CT 

images (Fig. 3D).  

Sentinel node biopsy
After incision, all SNs were identified and excised guided by gamma tracing, blue 

dye and/or fluorescence imaging (PhotoDynamic Eye; Hamamatsu Photonics, 

Japan).5 A portable gamma camera (Sentinella; Oncovision, Spain) was used to 

verify complete SN removal. Residual radioactivity in a SN at the same site was 

also harvested. 
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Pathology and ex vivo analyses
Harvested SNs were bisected, formalin-fixated, paraffin-embedded and cut at 6 or 

more levels (50-150 μm intervals). Paraffin sections were stained with hematoxylin 

and eosin and cytokeratin using an anti-cytokeratin antibody, clone AE1/AE3 (cat. 

no. MS-343-P; Thermo Scientific, Netherlands). 

rESulTS
Following ICG-99mTc-nanocolloid injection, bilateral lymphatic drainage was ob-

served in all 10 patients. Preoperative lymphoscintigraphy and SPECT/CT imaging 

revealed a total of 28 SNs dispersed over 18 groins. Two groins were excluded 

from SN biopsy as a tumor positive SN was found at preoperative fine needle 

aspiration cytology; these patients underwent an inguinal lymph node dissection of 

the affected groin. No tracer related adverse reactions were observed. Preoperative 

results are further specified in Table 1. 

Placement of a sterile ReT on the same marked location on the patient’s mons pu-

bis did not interfere with the surgical procedure (Figs. 2, 3) and provided a steady 

basis for patient tracking. Patient deformation due to breathing, or differences in 

patient positioning compared to SPECT/CT acquisition, were minimal. As this study 

aimed to evaluate the clinical feasibility and accuracy of the proposed navigation 

approach, navigation was performed to a single SN in each patient (10 SNs; 36% 

of the preoperatively identified SNs), before proceeding with biopsy of the remain-

ing SNs. The mean localization error in the coronal plane was 5.0±3.9mm (range 

0-10mm, Table 2). In 3 patients (33%), 3D SPECT/CT navigation pointed to the 

exact same location on the skin as was determined using the conventional gamma 

probe. Comparing the depth estimation indicated by the navigation system to the 

depth measured in the SPECT/CT image (sagittal plane) revealed a mean error of 

5.3±3.9mm (range 0-12mm,Table 2). In patients with drainage to higher echelon 

nodes in the iliac zone, the depth estimation provided by the navigation approach 

enabled distinction between iliac SNs and SNs in the inguinal zone (Fig. 4). 

All preoperatively defined SNs could be harvested using combined radio- and 

fluorescence-guidance (Fig. 4; Table 1). A total of 33 SNs was removed of which 

only 52% was blue (Table 1). All excised nodes were radioactive and fluorescent. 

DISCuSSIon
Since Milgram and Kishino6, the concept of mixed reality refers to the merging of 

real and virtual elements to produce new environments. Where SPECT/CT was 

initially used for preoperative planning, in mixed reality it now enables real-time 

positioning of surgical tools relative to the patient. Intraoperative navigation based 

on optical tracking is commonly used for guidance toward lesions in “rigid” areas 

such as the brain and spine.7 More recently, Kohan et al. performed intraoperative 

registration of preoperatively placed fiducials after placement of a sterile ReT on the 

skull of patients scheduled for ear surgery. With this approach the authors showed 
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that the error of navigation was 0.8-1.0mm.8 

However, navigation in “non-rigid” areas has been deemed more challenging as the 

navigation accuracy is severely influenced by the precision and consistency of ReT 

positioning or artifacts that may occur due to motion/deformation.9 This can be 

(partially) overcome by placement of the ReT at a rigid reference point in relation to 

the soft tissue target lesion, helping to minimize deformation artifacts. Continuous 

tracking of the ReTs also enables compensation for movement; in this study, the 

mons pubis proved to be a suitable location for ReT placement as it remained 

in constant view of the navigation system during the operation. This resulted a 

navigation error of approximately 5mm. It must be noted that a limitation of this 

study is that it is difficult to precisely quantify the errors using a ruler. On the CT-

scan the depth of the SN could be accurately measured, but the depth estimation 

of the navigation system is considerably influenced by the angle with which the 

gamma probe is positioned on the skin and whether the skin was (slightly) pressed. 

Therefore, the exact error quantification presented in this study should be interpret-

ed with a margin of a couple of mm. To further improve the navigation accuracy in 

the future, the navigation system also enables generation of intraoperative freehand 

SPECT images.10 Though this requires additional scanning with the gamma probe 

during surgery, it may help compensate for possible errors due to patient deforma-

tion.

One advantage of mixed reality-based navigation using preoperatively acquired im-

aging data in combination with hybrid tracers, is that even if the radioactive signal 

has (partially) decayed at the time of surgery, navigation based on the preoperative 

SPECT/CT images can still lead the surgeon close enough to detect the fluores-

cent signal of the SN. The tissue penetration of near-infrared dyes is <10mm.11 In 

practice, this means that with decreasing distance towards the SN, the fluorescent 

signal will gradually become visible.5 This feature is aided by the real-time depth 

feedback that the navigation system provides during the operation. This last feature 

allowed quick differentiation between the inguinal SNs and more deeply located 

higher echelon nodes (Fig. 4). 

Although several other groups have evaluated surgical navigation based on mixed 

reality models12, the reports using preoperatively acquired molecular imaging data 

derived form SPECT/CT are limited. The latter opens a whole new perspective in 

surgical navigation, as other molecular imaging technologies like PET/CT and PET/

MR imaging may be incorporated in the nearby future. The dissemination of the 

technology is further strengthened by the fact that the surgical instrument that is 

used for navigation can essentially be any device. Ideally however, the device gives 

a functional real-time read-out that can compensate for small navigation errors e.g. 

a gamma probe, an ultrasound head, a PET probe, or a fluorescence endoscope.5
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ConCluSIon
Surgical navigation based on a mixed reality protocol utilizing preoperatively 

acquired SPECT/CT images is feasible. Although real-time confirmation of the nav-

igation accuracy remains indispensable, this approach opens the way to translate 

molecular imaging data to the operating room. 
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FIGurES

Figure 1. Schematic overview of the study pro-

tocol. ReT=reference target, SN=sentinel node

Figure 2. Concept of mixed reality 3D SPECT/

CT-based navigation. SPECT/CT images are 

acquired with the ReT fixed on the patient 

(A, circle) and loaded into the navigation 

system (C2). The optical tracking system (C1) 

detects the ReT on both the patient (B, black 

circle) and the gamma ray detection probe (B, 

white circle). As such, the navigation system 

translates the SPECT/CT to the patient in 

the intraoperative setting on screen (C3) in 

an overlay view (D) or a virtual 3D view (E) in 

which one can navigate using the probe as a 

pointing device (crosshair) while the navigation 

system provides distance estimation to the SN 

of interest (E, upper right).
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Figure 3. Evaluation of navigation accuracy. 

A) Before incision, the surgeon navigated the 

tracked gamma probe to a SN in 3D mixed 

reality as displayed on the navigation system’s 

screen (B, IS=injection site), after which the 

procedure was repeated using the acoustic 

signal of the conventional gamma probe. C) 

Both measurements were marked on the skin 

(N, P, respectively) and the distance between 

the 2 markings was measured with a grad-

uated ruler (black arrow) D) Postoperatively, 

the navigation system’s depth estimation was 

compared to the depth measured on the axial 

SPECT/CT image te determine depth error. 

Figure 4. Concept of navigated SN biopsy using 

a hybrid radioactive and fluorescent tracer in a 

patient with penile carcinoma. A) Lymphoscin-

tigraphy following ICG-99mTc-nanocolloid 

injection allows the identification of the SNs 

(black arrows). B) SPECT/CT was performed 

with a ReT fixed on the mons pubis (circle). C) 

3D volume rendered SPECT/CT image showing 

the injection site (IS), the SNs (black arrows), 

the ReT placed on the mons pubis and the 

iliac higher echelon node (white arrow). D) 

Intraoperative navigation to the most cranial left 

inguinal SN after repositioning of a sterile ReT 

(black arrow) using a tracked gamma probe 

(white arrow). E) 3D SPECT/CT-based mixed 

reality view of the inguinal SNs (white arrows). 

The distance estimation and 3D virtual-reality 

enabled quick distinction the SN and the more 

deeply located iliac second echelon node 

(dotted arrow). F) After incision, the fluorescent 

component of ICG-99mTc-nanocolloid enables 

fluorescence-guided biopsy of both inguinal 

SNs. SN=sentinel node; IS=injection site.
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