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1 Solid malignancies have the potential to metastasize. For most cancers, metastatic 

spread can arise through two separate pathways; via the lymphatic system to re-

gional lymph nodes, or via the bloodstream. Lymphatic dissemination often occurs 

first. Because the presence of metastatic disease drastically influences the patient’s 

prognosis, the knowledge whether or not a tumor has disseminated is highly rele-

vant for treatment planning. For many years, regional lymph node dissection was 

routinely performed alongside primary tumor surgery, even if the nodes appeared 

clinically normal.1 Unfortunately, routine regional lymph node dissection exposes 

the patients without lymph node metastases to unnecessary potential morbidity 

without providing any survival benefit. With the introduction of the sentinel node 

concept, a minimally invasive diagnostic modality emerged for early detection of 

occult lymph node metastases. Since its introduction, the sentinel node procedure 

has gone through a major development process. Nevertheless, there is still room 

for further improvement. This thesis focuses on the clinical introduction of novel 

multimodal approaches that help optimize SN detection in cancer patients.

The sentinel node in a historical perspective
Lymphatic tumor spread and its implications for treatment have been studied for 

centuries. At the end of the 19th century, the American surgeon William S. Halsted 

hypothesized that cancer spreads through the lymphatic system in a stepwise 

pattern, generally metastasizing to a regional lymph node first.2 The term ‘gland 

sentinel’ was introduced in 1923 by Braithwaite to describe a direct tumor-drain-

ing lymph node that he identified after dye injection.3 In the 1950s, investigators 

observed lymphatic transport of radioactive gold particles after subcutaneous 

injection and in 1960, Gould et al. described a ‘sentinel node’ as the first node to 

be involved in parotid cancer.4-6 Nearly two decades later, the Paraguayan urologist 

Ramon Cabañas referred to the ‘sentinel lymph node’ in penile cancer as a node 

in a specific location in the groin that receives the initial lymphatic drainage.7 It 

was not until the late 1980s that the concept of lymphatic mapping to selectively 

remove lymph nodes on the direct drainage pathway from the primary tumor 

was proposed by Donald L. Morton et al. This innovative technique has evolved 

throughout the years to become the sentinel node procedure as we know it today.8 

Definition of the sentinel node
A sentinel node (SN, first-tier node, first-echelon node) is defined as any lymph 

node on a direct drainage pathway from the primary tumor.9 This definition reflects 

the physiology of lymphatic drainage and the stepwise dissemination of cancer to 

a regional lymph node basin; it also acknowledges the possibility that more than 

one lymph node can be directly connected with the tumor and thus be a potential 

first site to harbor metastasis before further progression to so called higher-tier / 

higher-echelon nodes (Fig. 1). The SN procedure is a multidisciplinary diagnos-

tic modality based on the combination of preoperative imaging, intraoperative 
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1detection and refined histopathological analysis to enable detection of subclinical 

metastases. Finding a tumor-positive SN subsequently allows patients with lymph 

node metastases to be treated in an early phase, avoiding an unnecessary lymph 

node dissection in case of node-negative findings. At present, the SN procedure is 

routinely performed in patients with melanoma and breast cancer,10-12 but the appli-

cation is continuously expanding for staging and to guide further regional treatment 

in head and neck, urological, and gynaecological malignancies.13-16 

lymphatic mapping using lymphoscintigraphy
Lymphoscintigraphy was incorporated into the SN procedure to enable preopera-

tive lymphatic mapping. In patients scheduled for SN biopsy lymphoscintigraphy is 

traditionally performed after intra/peritumoral injection of radiolabeled colloid parti-

cles. In Europe, the most frequently used radiotracer is 99mTc-nanocolloid. Following 

injection, radioactive colloid particles migrate through the lymphatic system and 

retain in the SNs due to incorporation into the macrophages by phagocytosis. This 

enables prolonged lymph node retention and an adequate detection window. By 

acquiring dynamic, early and delayed planar images, lymphoscintigraphy can visu-

alize the SNs in the majority of cases. Correct identification of SNs requires careful 

interpretation of the dynamic and static images. The main criteria to identify lymph 

nodes as SNs are the visualization of lymphatic ducts, the time of appearance, the 

lymph node basin, and the intensity of lymph node uptake. Following these criteria, 

visualized radioactive lymph nodes on scintigraphy may be classified as17:

1) Definitely SNs: this category includes all lymph nodes draining from the site of 

the primary tumor through an own lymphatic vessel, or a single radioactive lymph 

node in a lymph node basin.

2) Highly probable SNs: this category includes lymph nodes appearing between the 

injection site and a first draining node, or nodes with increasing uptake appearing 

in other lymph node stations.

3) Less probable SNs: all higher echelon nodes (in trunk and extremities) or lower 

echelon nodes (head and neck) may be included in this category.

Primary Tumor

Lymphatic Vessels

Sentinel
Nodes

Higher-echelon
Nodes

Figure 1. Lymphatic channels originating from 

the primary tumor running to three different 

SNs (SN) followed by several second / higher 

echelon nodes.  

Figure by Jornt van Dijk. 
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1 SPECT/CT
Lymphoscintigraphy solely provides two-dimensional information. SPECT/CT is a 

hybrid modality that combines the functional information of single photon emission 

computed tomography (SPECT) with the morphological information of computed 

tomography (CT), adding the third-dimension. The resulting fused SPECT/CT 

images are able to depict SNs in their anatomical landscape providing a helpful 

roadmap for surgeons. In recent years, SPECT/CT has proven to be a valuable 

addition to lymphoscintigraphy for various malignancies with the ability to detect 

additional SNs and to identify aberrant drainage patterns.18-21 However, dynamic 

imaging using lymphoscintigraphy remains indispensable in distinguishing SNs from 

higher echelon nodes. In this thesis, SPECT/CT imaging was a part of the applied 

protocols and was performed (preceded by lymphoscintigraphy) in all studied 

patients.  The SPECT/CT camera used is this thesis is shown in Fig. 2.

noVEl MoDAlITIES foR InTRAoPERATIVE Sn DETECTIon
Portable gamma camera
Intraoperatively, the conventional gamma ray detection probe allows for SN 

detection based on acoustic tracing. Unfortunately, this technique does not provide 

visual information nor depth estimation. Moreover, spatial resolution can be a limita-

tion, especially when SNs are located in the vicinity of the injection site. A portable 

gamma camera allows for visualization of radioactive hotspots in the operating 

room.22 Another advantage of this device compared to a handheld gamma probe 

is that it has a larger area of detection. The portable gamma camera used in this 

thesis is equipped with a 4-mm pinhole collimator and its head can be positioned 

in different angles towards the patient. The field of view depends on the distance 

between the camera and the imaging plane. By placing the camera head closer to 

the patient, the detection sensitivity and resolution are increased compared to the 

conventional gamma probe. A laser pointer cross corresponds with a red cross in 

the center of the screen, which enables localization of the hotspots in the field of 

view. This is valuable in determining the site of incision and for post-excision con-

firmation that all radioactive lesions of interest have been removed, or that there is 

remaining activity lodging in an adjacent SN that needs to be removed. In addition, 

two-dimensional intraoperative navigation to SNs using a portable gamma camera 

was shown to be feasible by placing a 125I-seed on a (laparoscopic) gamma probe 

or pointer device and performing dual-isotope gamma-imaging.23 In this thesis, 

two models of the portable gamma camera (Fig. 3)  were used during SN biopsy in 

more than 250 patients.  Both cameras have similar properties.  

fluorescence imaging
Since the introduction of the SN procedure, additional intraoperative injection(s) 

of vital blue dye are used to visualize SNs and their afferent lymphatic ducts in 

real-time during the surgical act.8,24 Recently, fluorescence agents have been 
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1introduced to facilitate optical SN identification. Near-infrared (NIR) fluorescence 

imaging differs markedly from the visual detection of the more common vital blue 

dye. Blue dye visualization is a result of light absorbance, which is maximal in the 

visual range and minimal in the NIR range, whereas fluorescence is based on light 

emission by so-called fluorochromes.25 The process of fluorescence can be divided 

into three steps: 1) Excitation of the molecule by light of a certain wavelength; 2) 

Internal conversion; and 3) Emission of fluorescent light. Each fluorochrome has 

its own particular excitation and emission maximum wavelenghts. In practice, this 

means that one needs both a light source matching the excitation maximum of 

the fluorochrome and a camera system for the detection of the emission light. For 

NIR fluorochromes this is especially important since the emission wavelengths lie 

beyond the visual spectrum of the human eye. In general, emissions are classified 

in visual emissions with a wavelength of 400-650 nm, far-red emissions (650-700 

nm), and the by eye invisible NIR emissions 700-1000nm. Because light in the 

NIR field penetrates through tissue better than light in the visual spectrum, the NIR 

dyes can help visualize tissue-embedded SNs before they can be identified by the 

naked eye using blue dyes.26 However, since surrounding tissues also cause signal 

attenuation via absorbance and/or scattering, the depth at which a fluorescent 

signal can be detected is still limited to approximately 10mm.27 The most widely 

applied NIR tracer is indocyanine green (ICG).28 Originally applied for NIR fluores-

cent angiography29, it is now increasingly being used for other indications, including 

SN visualization.30 This thesis describes the clinical introduction of a novel hybrid 

approach in which the beneficial properties of both the standardly used radiocolloid 

and NIR fluorescence imaging are combined in one tracer (applied for SN biopsy in 

more than 250 patients). One of the two fluorescence cameras which were used in 

this thesis is depicted in Fig. 4.

Intraoperative image navigation
Translating the 3D diagnostic information from SPECT/CT into real-time feedback 

that can guide the surgeon during the operation remains a challenge. A recently 

developed device (Fig. 5) enabling navigation through optical tracking of a pointer 

device within a mixed reality virtual view based on preoperatively acquired imag-

ing data may help transfer 3D functional imaging to the operating room. The first 

clinical experiences with this intraoperative navigation approach are reported in this 

thesis. 

ouTlInE of THE THESIS
Part 1 of this thesis focuses on the clinical introduction of a hybrid SN tracer. In 

this compound, the fluorescent indocyanine green (ICG) is combined with the 

radioactive 99mTc-nanocolloid yielding ICG-99mTc-nanocolloid. A first step in the 

clinical introduction of this new tracer was to ensure that the lymphatic drainage 

pattern is not altered compared to the original (gold standard) radiocolloid. To this 
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1 end, chapter 2 compares the drainage patterns of both tracers using lymphoscin-

tigraphy and SPECT/CT. In chapter 3, the feasibility of using this hybrid tracer for 

both preoperative SN identification and combined radio- and fluorescence guided 

SN biopsy is evaluated in head and neck melanoma patients.  Whether or not the 

addition of fluorescence imaging can assist in the localization of SNs for oral cavity 

carcinoma is assessed in chapter 4. The objective of chapter 5 was to compare the 

intraoperative SN visualization rate of the fluorescence component of the hybrid 

tracer ICG-99mTc-nanocolloid to that of blue dye in a large group of patients with 

penile carcinoma. Additionally, this chapter studies the distribution of ICG-99mTc-na-

nocolloid within the lymph nodes in ex-vivo specimens. Chapter 6 aims to identify 

the melanoma indications and draining basins where the hybrid approach is of 

most added value. Surgery is gradually shifting from the open approach towards 

less invasive laparoscopic and robot- assisted techniques. Chapter 7 introduces the 

application of the hybrid approach in a laparoscopic setting during robot-assisted 

prostatectomy followed by SN biopsy. By postoperatively relating the fluorescence 

deposits in the embedded prostate tissue specimens to the preoperatively de-

tected SNs, chapter 8 evaluates the influence of the location of intraprostatic tracer 

placement on the lymphatic drainage pattern.

Part 2 describes how the 3D anatomical information provided by SPECT/CT imag-

ing can help identify aberrant drainage patterns and can act as a roadmap towards 

intraoperative navigation. The purpose of Chapter 9 was to investigate whether 

lymphoscintigraphy and SPECT/CT after intralesional injection of radiopharma-

ceutical into each tumor separately in patients with multiple malignancies in one 

breast yields additional SNs compared to intralesional injection of the largest tumor 

only (as is common practice). Chapter 10 evaluates the utility of SPECT/CT and 

intraoperative portable gamma camera imaging for laparoscopic SN localization in 

stage I testicular cancer. In chapter 11, a case series is presented where SPECT/

CT visualized lymphatic drainage from renal cell carcinoma along the thoracic duct. 

Chapter 12 provides a proof of concept using phantom studies and one clinical pilot 

case on how intraoperative navigation based on the already available preoperative 

3D SPECT/CT images may help improve the efficacy of the hybrid approach in 

laparoscopic surgery. Chapter 13 aims to explore the clinical feasibility and accuracy 

of this SPECT/CT-based 3D navigation approach.   

This thesis ends with concluding remarks and future perspectives, followed by 

summaries in English, Dutch and Spanish (chapter 14).
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Figure 2. Symbia T SPECT/CT system, 

Siemens, Erlangen, Germany

fIGuRES
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1

 Figure 3. Portable gamma cameras: Sentinella 

S1 (left) and S102 (right), Oncovision, Valencia, 

Spain

Figure 4.  Hamamatsu PDE NIR fluorescence 

camera, Hamamatsu, Japan
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Figure 5.  DECLIPSE-Spect navigation system, 

SurgicEye, Munich, Germany
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Hybrid radio- and fluorescence guided sentinel node biopsy
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Comparing the hybrid fluorescent and radioactive tracer ICG-99mTc-
nanocolloid with 99mTc-nanocolloid for sentinel node identification: 

A validation study using lymphoscintigraphy and SPECT/CT

J Nucl Med. 2012;53:1034–40

Methods: Twenty-five patients with either a melanoma 
in the head and neck region (n=10), a melanoma on 
the trunk (n=6), or penile carcinoma (n=9) who were 
scheduled for sentinel node (SN) biopsy were prospec-
tively included. First, the standard 99mTc-nanocolloid 
procedure was performed. After injection at the lesion 
site, lymphoscintigraphy was performed with a 10 
minute dynamic study and static planar images at 10 
minutes and 2 hours post injection, followed by SPECT/
CT. The exact scintigraphic procedure was repeated 
after injection of hybrid ICG-99mTc-nanocolloid the 
same afternoon in 10 patients, or the next morning in 
15 patients. The paired images of both injections were 
evaluated and count rates in the SNs were calculated 
and compared. SNs were surgically localized using blue 
dye, a gamma ray detection probe, a portable gamma 
camera and a fluorescence camera.
 

Results: Lymphatic drainage was visualized in all 25 
patients using 99mTc-nanocolloid leading to the iden-
tification of 66 SNs in total. These very SNs were also 

identified during the second scintigraphic procedure 
with ICG-99mTc-nanocolloid. Moreover, a high correlation 
between the radioactive counts rates in the SNs of both 
scintigraphic studies was observed (mean R2 = 0.83). 
Intraoperatively (4-23 hours after the second injection), 
all preoperatively identified SNs could be localized 
using radio- and fluorescence guidance combined. 
In total, 95% of the SNscould be intraoperatively 
visualized by means of fluorescence imaging, where-
as merely 54% stained blue. Ex vivo, all radioactive 
SNs were found to be fluorescent and vice versa. No 
adverse reactions were observed. 

Conclusion: The lymphatic drainage pattern of 
ICG-99mTc-nanocolloid is identical to that of 99mTc-nano-
colloid. This observation, together with the added value 
of intraoperative fluorescence guidance, warrants wider 
evaluation of hybrid ICG-99mTc-nanocolloid as a tracer 
for SN procedures.

Oscar R. Brouwer, Tessa Buckle, Lenka Vermeeren, W. Martin C. Klop, Alfons J.M. Balm, Henk G. van der Poel, Bas W. van Rhijn, 

Simon Horenblas, Omgo E. Nieweg, Fijs W.B. van Leeuwen, Renato A. Valdés Olmos

Purpose: To compare the lymphoscintigraphic drainage patterns of a novel hybrid sentinel node tracer consist-
ing of the fluorescent dye indocyanine green (ICG) and 99mTc-nanocolloid, to 99mTc-nanocolloid alone, the current 
standard tracer in many European countries. 
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2 InTroduCTIon
Based on the hypothesis of sequential tumor spread, sentinel node (SN) biopsy is 

increasingly being used as a staging procedure for various malignancies.1-7 In the 

preoperative setting, the lymphatic drainage pattern can be gradually visualized 

using sequential lymphoscintigraphy, enabling identification of the first tumor drain-

ing (sentinel) lymph nodes.8 Single photon emission computed tomography with 

computed radiographic tomography (SPECT/CT) complements lymphoscintigraphy 

with three-dimensional anatomic data and can sometimes reveal additional SNs.9-11 

Intraoperative SN identification traditionally relies on the combination of acoustic 

signals generated by a gamma ray detection probe and optical SN visualization 

using a visible blue dye.12,13 Because the probe has a limited spatial resolution and 

SNs do not always stain blue, SNs can be difficult to localize in areas with a com-

plex anatomy and when SNs are located close to the injection site.14,15 Although the 

incorporation of a portable gamma camera in the intraoperative procedure partially 

addresses these limitations by increasing the detection sensitivity and providing an 

intraoperative overview image of the radioactive SNs, this device does not depict 

the surrounding anatomical structures in the surgical field.16-18

Near-infrared fluorescence imaging has the potential to address the drawbacks 

of radioguided SN detection by providing better spatial resolution and allowing for 

real-time optical detection of the SN within the surrounding anatomy.19-22 Yet, be-

cause the signal penetration of fluorescent probes is limited by tissue attenuation, 

radio-guidance to the general area of interest is still indispensable.23 To combine 

the beneficial properties of both modalities, a hybrid tracer comprising the fluores-

cent dye indocyanine green (ICG) and the human serum albumin based radiocolloid 
99mTc-nanocolloid was developed.24,25 Recently, hybrid ICG-99mTc-nanocolloid was 

introduced for laparoscopic and open SN biopsies in patients with prostate cancer 

or head and neck melanoma.23,26,27

Before this hybrid tracer can be used routinely, it is imperative to ensure that the 

addition of the fluorescent moieties does not alter the biological properties of the 

parental radiocolloid. Therefore, the main purpose of the present study was to 

assess the concordance between the lymphatic drainage pattern of 99mTc-nanocol-

loid (the current standard in many European countries) and hybrid ICG-99mTc-na-

nocolloid, using lymphoscintigraphy and SPECT/CT. In addition, this study further 

evaluated the value of combined radio- and fluorescence guided SN biopsy in 

various malignancies with superficial lymphatic drainage to areas such as the groin, 

axilla, and neck.
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2MATErIAl And METhodS
Patients 
Twenty-five patients with either a melanoma in the head and neck region (n=10), a 

melanoma on the trunk (n=6), or penile carcinoma (n=9) who were scheduled for 

SN biopsy were prospectively enrolled in the study. Patient characteristics are listed 

in Table 1. The mean age of the patients was 54 years (range 26–75 years). All 

patients were clinically node-negative at the time of SN biopsy. The study protocol 

was approved by the medical ethical committee of our institution and all patients 

provided written informed consent. 

Tracer preparation
99mTc-nanocolloid was prepared by adding 2 mL of pertechnetate in saline (approxi-

mately 1400 MBq) to a commercial vial of nanocolloid containing 0,5 mg of albumin 

colloid (GE Healthcare, Eindhoven, the Netherlands). After 30 minutes of incubation 

at room temperature, the 99mTc-nanocolloid solution (pH 6-7) was exposed to air via 

a needle to get rid of any excess reactive elements. Subsequently, a 0,25-mg dose 

of ICG (ICG-Pulsion, Pulsion Medical Systems, Munich, Germany) was added to 

form hybrid ICG-99mTc-nanocolloid as described previously.23 Next, approximately 

90 Mbq +/- 10% was subtracted from the vial containing the ICG-99mTc-nanocolloid 

solution. Saline was then added to reach a total volume of 0.4 mL in the syringe. 

All preparations were performed under good manufacturing practices and with 

approval of The Netherlands Cancer Institute’s pharmacist. 

Preoperative procedure and image analysis
To determine the concordance between the lymphatic drainage patterns of 

ICG-99mTc-nanocolloid and 99mTc–nanocolloid, both tracers were injected in con-

secutive order in the same patients, and the lymphoscintigraphic findings of both 

tracers were directly compared. First, 99mTc-nanocolloid was injected, in a volume 

of 0.4 mL containing 0.05 mg human serum albumin. Before tracer injection, the 

planned sites of injection were carefully marked with an indelible felt-tip pen (Fig. 1). 

In the melanoma patients, 4 injections were placed intradermally around the scar 

of the primary melanoma excision. For penile carcinoma, the same dosage was 

intradermally administered divided in 3 injections proximally around the tumor. The 

mean radioactivity dose of the first injection calculated on the basis of net adminis-

tered doses was 71 MBq (range 54–88 MBq). Immediately after injection, anterior 

and lateral dynamic images were obtained with a dual-head gamma camera 

(Symbia T; Siemens, Erlangen, Germany) over 10 minutes to visualize the lymphatic 

flow and to identify lymph nodes on a direct lymphatic drainage pathway. Subse-

quently, static planar images were acquired at 15 minutes. Two hours after injection 

of 99mTc-nanocolloid, delayed planar images were obtained to further differentiate 

first-echelon nodes from higher-echelon nodes and to identify SNs in other basins. 

In the same session, SPECT/CT (Symbia T; Siemens) was performed. The lymph 
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2 nodes draining directly from the injection site were classified as SNs.8 When there 

were multiple visible nodes without visible afferent vessels, the first node appearing 

in the basin was considered to be the SN.

The same afternoon (10 patients: 1-day protocol), or the next morning (15 patients: 

2-day protocol), the complete scintigraphic sequence was repeated after injection 

of hybrid ICG-99mTc-nanocolloid. Shortly before the injection, a 5-minute static 

image was obtained as a point of reference for the second injection in 6 patients. 

Hybrid tracer administration was then performed at the locations previously marked 

on the skin, by the same nuclear physician, using a similar tracer concentration 

(0.05 mg human serum albumin  in 0.4 mL, mean 74 MBq, range 57–98 MBq). The 

mean interval between the 2 injections was 19 hours (median 21, range 2.5–24 

hours, Table 1). Paired images of both injections were evaluated with regard to sim-

ilarity of the depicted draining lymph node basins and the location and number of 

the SNs. Count rates (maximum counts per pixel) were measured from the planar 

anterior images at 2 hours after each injection and the reference images before the 

second injection using regions of interest drawn around the SN(s). Trendline-based 

linear regression correlations (Excel; Microsoft) were used to establish the correla-

tion between the radioactive count rates of both scintigraphic studies in patients 

with more than 2 preoperatively identified SNs. 

Intraoperative procedure 
Shortly before surgery, 1.0 mL patent blue dye (Laboratoire Guerbet, Aulnay-Sous-

Bois, France) was injected in all patients except those with melanoma located on 

the face to prevent nonesthetic long-lasting skin marks by the blue dye. Next, a 

portable gamma camera (Sentinella; Oncovision, Valencia, Spain) was used to 

guide the skin incisions and to obtain a pre-excision overview image of the SNs. 

Intraoperatively, the SNs were firstly pursued using the acoustic guidance pro-

vided by a gamma ray detection probe (Neoprobe, Johnson & Johnson Medical, 

Hamburg, Germany). During this initial exploration, attempts were made to optically 

detect the SNs via the blue dye (by eye) and the hybrid tracer’s fluorescent 

component (ICG) using a hand-held near-infrared fluorescence camera (PDE; 

Hamamatsu). After excision of each SN, a post-excision image was acquired with 

the portable gamma camera to ensure its complete removal. 

Ex vivo analyses and histopathological examination
Excised lymph nodes were postoperatively analyzed for the presence of a radi-

oactive or fluorescent signal using the portable gamma camera and an ex vivo 

fluorescence camera system (IVIS 200; Caliper Lifesciences), respectively. All 

harvested nodes were fixed in formalin, bisected, embedded in paraffin, and cut at 

a minimum of 6 levels at 50 to 150-μm intervals. Pathological evaluation included 

haematoxylin-eosin and immunohistochemical staining (Anti-cytokeratin; CAM 5.2; 

Becton Dickinson).
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rESulTS
Preoperative image analysis
Lymphoscintigraphy and SPECT/CT after injection of 99mTc –nanocolloid showed at 

least 1 SN in all 25 patients. The conventional lymphoscintigrams depicted 65 SNs, 

of which 89% were visualized on the early static planar images. SPECT/CT showed 

the anatomic location of these nodes and revealed 1 additional SN that was not 

visualized on the conventional lymphoscintigrams. These 66 SNs were distributed 

over 51 nodal basins (Table 1; average 2.6 SNs per patient). In the 10 patients with 

a melanoma in the head and neck region, 25 SNs were observed in various neck 

lymph node basins (n=17), the parotid gland (n=2), the submandibular region (n=2), 

and the suboccipital region (n=3). The 6 patients with a melanoma on the trunk had 

14 SNs in nine axillae and groin (n=2). In the 9 patients with penile carcinoma, 27 

SNs were visualized in the groin (n=16). 

The second scintigraphic study using ICG-99mTc-nanocolloid yielded an identical 

drainage pattern, with the same number of SNs in the corresponding nodal basins 

for all patients (Table 1; Figs. 1-3). A comparison of the radioactive count rates in 

the individual SNs at 2 hours after both injections revealed a high intensity corre-

lation (R2) of 0.85 ± 0.20 for the patients injected twice on the same day (1-day 

protocol) and 0.83 ± 0.19 for the patients within the 2-day protocol (Table 1). In the 

1-day protocol, radioactive count rates measured 2 hours after the second injec-

tion (ICG-99mTc-nanocolloid) were higher than count rates measured 2 hours after 

the first injection (99mTc-nanocolloid) in 90% of the SNs. For the 2-day protocol, in 

which more of the original activity has decayed at the time of the second injection, 

this was 66%. Furthermore, in the 6 patients in whom a reference image had been 

acquired shortly before the second scintigraphic procedure (both 1- and 2-day 

protocols), an increased radioactive count rate was found in each SN 2 hours after 

the second injection  (average 85%, range 47-96%). This indicates that in both the 

1- and 2-day protocol, ICG-99mTc-nanocolloid drained to the very SNs identified 

during the first scintigraphic study (using 99mTc-nanocolloid).   

 

Intraoperative results 
On average, SN biopsy started 6 hours after injection of the hybrid tracer (range 

4–23 hours, median 5 hours, Table 2). Image acquisition using the portable gamma 

camera ranged between 20 seconds and 1 minute. Near-infrared fluorescence 

imaging using the hand-held fluorescence camera was performed in real-time. 

Intraoperatively, all scintigraphically visualized SNs could be localized and excised 

using radio- and fluorescence guidance combined. In 6 patients, post-excision 

imaging with the portable gamma camera identified considerable residual radioac-

tivity at the original location of the SN, resulting in the pursuit and removal of 13 ad-

ditional SNs. Of the total of 79 SNs, 74 (94%) could be localized using the gamma 

ray detection probe. The remaining 5 nodes were identified using the fluorescence 
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2 camera (Table 2). Three of these SNs concerned melanomas in the temporal region 

and were located in front of the ear. Although these SNs could be distinguished 

using the portable gamma camera, the overwhelming radioactive signal from the 

nearby injection site hampered probe guidance. Two SNs in the inguinal region in 

penile carcinoma patients were difficult to localize using the probe and portable 

gamma camera because of the low radioactive count rate in the SNs compared 

with the high background.  

A total of 75 SNs (95%) could be visualized by fluorescence imaging after initial 

surgical exploration (exemplified in Fig. 4), whereas only 54% of the SNs were 

stained when patent blue was used (21 patients, Table 2). The 4 SNs that eluded 

fluorescence imaging were probably not sufficiently exposed to enable detection 

of the fluorescent signal. Nevertheless, a fluorescent signal could be visualized in 

all radioactive SNs (including the above 4) ex vivo using the more sensitive IVIS 

fluorescence imaging system. In addition, none of the excised nodes exclusively 

contained fluorescence. This underlines the stability of the ICG-99mTc-nanocolloid 

complex. 

Histopathological examination revealed metastases in 6 excised SNs in 4 patients 

(Table 2). The use of ICG-99mTc-nanocolloid was not associated with adverse 

reactions.

dISCuSSIon
This study showed that the hybrid radioactive and fluorescent tracer ICG-99mTc-na-

nocolloid has the same lymphatic drainage pattern as 99mTc-nanocolloid, the current 

standard radiopharmaceutical in most European countries. Lymphoscintigraphy 

and SPECT/CT after injection of ICG-99mTc-nanocolloid did not reveal any SNs at 

other locations, and all preoperatively identified SNs were found to contain ICG 

after excision. This confirms that ICG-99mTc-nanocolloid drains to the same SNs 

as 99mTc-nanocolloid and accumulates in the SNs accordingly. The high correlation 

between count rates measured in the SNs on the lymphoscintigrams 2 hours after 

each tracer injection in both the 1-day and 2-day protocol further substantiates 

these findings. Combined with the absence of adverse reactions, these findings 

validate the use of ICG-99mTc-nanocolloid as a tracer for preoperative lymphatic 

mapping and SN identification. 

The reproducibility of lymphoscintigraphy with 99mTc-nanocolloid when performed 

twice has been studied by us in the past for penile carcinoma and melanoma.28,29 

Although our present results are in agreement with the 100% reproducibility rate 

found for penile carcinoma, a discordance in lymphoscintigraphy results after the 

second scintigraphic study could have been anticipated for melanoma, as Kapteijn 

et al. found a reproducibility rate of 88% for lymphoscintigraphy repeated after 2-4 

weeks in melanoma patients.29 A possible explanation for the high reproducibility 

observed in the current study might lie in the significantly shorter interval between 

both injections. The placement of the second injection at the exact same locations 
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2previously marked on the skin is also likely to have had a positive influence on the 

high reproducibility rate found in the current study (Fig. 1).

In recent years, the fluorescent dye ICG has been evaluated as a single agent for 

intraoperative lymphatic mapping and SN identification.19,20,30 Like vital blue dyes, 

ICG is a small-particle organic dye and migrates quickly through the lymphatic sys-

tem, resulting in a relatively short detection window after injection and the necessity 

for careful timing to intraoperatively identify the SNs. In practice, this may require 

the use of 50-fold higher ICG dosages than the one used in the current study.20 

Moreover, rather than visualizing lymph flow with fluorescence imaging, the hybrid 

approach individually illuminates the very nodes identified on lymphoscintigrams 

and SPECT/CT. The high rate of fluorescen SNs visualized in the operating room 

(95%) compared with the relatively low percentage of SNs that were stained blue 

(54%), underline how the fluorescent extension provided by ICG-99mTc-nanocolloid 

can improve intraoperative visualization of the SNs. On top of this, the time window 

for fluorescent detection of the SNs was extended up to 23 hours post-injection in 

the current study. The improved tissue penetration that fluorescence imaging offers 

over vital blue dyes and the high resolution that can be obtained compared with 

gamma-tracing modalities help enhance optical identification of the SNs. This ad-

vantage proved to be especially helpful when high radioactive background signals 

impeded SN localization using the probe, in accordance with previous findings in 

patients with head and neck melanoma or prostate cancer.23,27 

In the present study, the application of hybrid ICG-99mTc-nanocolloid was success-

fully extended to anatomic areas such as the axilla and the groin. This success 

encourages further extension of this technique to other areas where radioguided 

surgery can be challenging. The introduction of hybrid tracers also poses new 

technological challenges for manufacturers of imaging systems. In the current 

study, separate devices for radioguided and optical SN detection were used. In the 

future, the development of hybrid devices combining the 2 techniques may further 

improve the logistics in daily clinical practice.

ConCluSIon
The lymphatic drainage pattern of hybrid ICG-99mTc-nanocolloid is identical to that 

of 99mTc-nanocolloid, and no adverse reactions were observed. These findings, 

together with the added value of intraoperative fluorescence guidance, warrant 

further evaluation of hybrid ICG-99mTc-nanocolloid as a tracer for SN procedures.
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FIGurES
FIGURE 1. Comparison of the lymphatic 

drainage pattern of 99mTc-nanocolloid and 

ICG-99mTc-nanocolloid in a patient with a 

melanoma on the right posterior flank. (A) 

Firstly 99mTc-nanocolloid was injected after 

the planned sites of injection were carefully 

marked with an indelible felt-tip pen. (B) Planar 

lymphoscintigram two hours post injection 

shows 4 deposits at the injection site (i) and 

2 SNs (SN), 1 in each axilla. (C) axial SPECT/

CT image revealing the anatomic information 

for both SNs. (D) Same patient was injected 

with ICG-99mTc-nanocolloid 24 hours later 

at previously marked locations. (E) Planar 

lymphoscintigram 2 hours post-injection 

reveals the same 2 axillary SNs. (F) Axial 

SPECT/CT image confirms that both SNs 

are located at exactly the same locations 

compared to the first scintigraphic study using 

99mTc-nanocolloid.  

FIGURE 2. Comparison of the lymphatic 

drainage pattern of 99mTc-nanocolloid and 

ICG-99mTc-nanocolloid in a patient with a 

melanoma on the parietal scalp. (A) Planar 

lymphoscintigram 2 hours after injection of 

99mTc-nanocolloid showing 2 SNs (arrows) in 

the left neck region with second-echelon activ-

ity in caudal direction. (B) 3D volume-rendered 

SPECT/CT image revealing the 2 SNs (arrows) 

in level V of the left side of the neck and a sec-

ond-echelon node located more caudally. (C) 

3D volume-rendered SPECT/CT revealing a SN 

in level V on the right side of the neck (which 

was also visible on the anterior planar image, 

not shown). (D) Planar lymphoscintigram 2 

hours after injection of ICG-99mTc-nanocol-

loid (23 hours after the 99mTc-nanocolloid 

injection) showing the same 2 SNs on the left 

side, with increased higher-echelon activity. 

(E) 3D volume-rendered SPECT/CT image 

showing the same SNs at the same location 

compared to the first scintigraphic study, 

with more notable higher-echelon activity. (F) 

Injection of ICG-99mTc-nanocolloid also led 

to the identification of the same SN on the 

right side, as seen on the 3D volume-rendered 

SPECT/CT image.  
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FIGURE 3.  Comparison of the lymphatic 

drainage pattern of 99mTc-nanocolloid and 

ICG-99mTc-nanocolloid in a patient with penile 

carcinoma. (A) Planar lymphoscintigram 2 

hours after injection of 99mTc-nanocolloid 

showing drainage to 3 SNs in the left inguinal 

region (arrows). (B) The next morning, the 

residual image before ICG-99mTc-nanocolloid 

injection shows decreased activity in the 3 

nodes due to radioactive decay. (C) Planar 

lymphoscintigram 2 hours after injection of 

ICG-99mTc-nanocolloid shows drainage to the 

same 3 SNs in the left inguinal region (later 

confirmed by SPECT/CT).

FIGURE 4. Combined intraoperative radio- and 

fluorescence-guided SN biopsy in a head and 

neck melanoma patient. (A) After initial explora-

tion guided by the gamma probe and portable 

gamma camera, the hand-held fluorescence 

camera is used to visualize the SN. (B) 

Near-infrared fluorescence image shows the 

exact location and margins of an infraauricular 

SN. (C) The portable gamma camera is used 

to make a pre- and post-excision image of the 

radioactive SNs. (D) By comparing the pre-ex-

cision (left) and post-excision (right) image on 

the screen of the portable gamma camera, the 

surgeon can confirm successful removal of 

each SN (arrow) in the operating room.
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2 TAblES

Table 1. Patient characteristics and lymphoscintigraphy results

Study 1 Study 2

Patient Age (y) Sex Primary Tumor Interval between 
injections (h) 

dose
(Mbq)

Sns
(n)

basins
(n)

dose
(Mbq)

Sns
(n)

basins
(n)

r2

1 33 M Melanoma trunk 24 71 2 1 80 2 1 *

2 66 M Melanoma trunk 21 88 3 2 77 3 2 0.91

3 26 F Melanoma trunk 24 74 2 2 79 2 1 *

4 65 M Melanoma trunk 20 78 2 1 80 2 2 *

5 50 F Melanoma trunk 5 71 2 2 68 2 2 *

6 30 F Melanoma trunk 4 68 3 3 73 3 3 0.99

7 74 M Head/Neck 23 61 3 3 70 3 3 0.99

8 55 M Head/Neck melanoma 3 59 2 2 76 2 2 *

9 32 F Head/Neck melanoma 2.5 54 1 1 67 1 1 *

10 39 M Head/Neck melanoma 4.5 87 2 2 86 2 2 *

11 70 F Head/Neck melanoma 22 64 3 3 67 3 3 0.93

12 32 F Head/Neck melanoma 2.5 64 3 2 72 3 2 0.85

13 49 M Head/Neck melanoma 23 67 1 1 60 1 1 *

14 66 F Head/Neck melanoma 20 61 2 2 58 2 2 *

15 56 F Head/Neck melanoma 2.5 82 6 6 98 6 6 0.58

16 67 F Head/Neck melanoma 22 74 2 2 96 2 2 *

17 57 M Penile carcinoma 2.5 80 2 2 87 2 2 *

18 61 M Penile carcinoma 2.5 69 5 2 57 5 2 0.96

19 72 M Penile carcinoma 19 70 3 2 73 3 2 0.93

20 72 M Penile carcinoma 24 61 3 2 83 3 2 0.71

21 48 M Penile carcinoma 20 70 3 1 59 3 1 0.51

22 34 M Penile carcinoma 20 69 3 2 71 3 2 0.99

23 64 M Penile carcinoma 23 67 3 1 66 3 1 0.99

24 71 M Penile carcinoma 20 75 3 2 81 3 2 0.49

25 65 M Penile carcinoma 2.5 83 2 2 74 2 2 *

* = Correlation between count rates measured two hours after each injection could only be calculated in patients with > 2 SNs. Study 1 = First examination, using 
99mTc-nanocolloid; study 2 = Second examination, using ICG-99mTc-nanocolloid; R2 = correlation of sentinel node count rates in both studies



Chapter 2: Clinical validation of a hybrid sentinel node tracer | 35

2

Table 2. Intraoperative sentinel node and pathology results

Tumor type Patients (n)

Sns  
preoperatively 
identified with 
SPECT/CT (n)

Injection 2* 
to operation 
(hours)

Additional 
Sns found 
with portable 
gamma 
camera (n)

Excised Sns 
(n)

Sns localized 
with probe blue Sns

intraop-
eratively 
fluorescent 
Sns 

Sn metas-
tases (n)

Melanoma, 
trunk

6 14 4 – 23 1 15 100% (15/15) 74% 
(11/15)

93% 
(14/15) 

1 

Melanoma, 
head/neck

10 25 4 – 6 2 27 89% 
(24/27)

37% 
(7/19)** 

93% 
(25/27) 

0

Penile 
carcinoma

9 27 4 – 7.5 10 37 95% 
(35/37)

54% 
(20/37) 

97% 
(36/37) 

5 

Total 25 66 4 – 23 13 79 94% 54% 95% 6

* Injection of hybrid ICG-99mTc-nanocolloid
** Patent blue was injected in 6 patients with head and neck melanoma outside facial area (19 sentinel nodes)
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Feasibility of sentinel node biopsy in head and neck melanoma 
using a hybrid radioactive and fluorescent tracer

Ann Surg Oncol. 2012;19:1988–94.

Methods: Eleven patients scheduled for SN biopsy in 
the head and neck region were studied. Approximately 
5 hours prior to surgery, the hybrid nanocolloid labeled 
with  indocyanine green (ICG) and technetium-99m 
(99mTc) was injected intradermally in 4 deposits around 
the scar of the primary melanoma excision. Subse-
quent lymphoscintigraphy and single photon emission 
computed tomography with computed tomography 
(SPECT/CT) were performed to preoperatively identify 
the SNs. In the operating room, patent blue dye was 
injected in 7 of the 11 patients. Intraoperatively, SNs 
were acoustically localized with a gamma ray detec-
tion probe and visualized using patent blue dye and/or 
fluorescence-based tracing with a dedicated near-infra-
red light camera. A portable gamma camera was used 
before and after SN excision to confirm excision of all 
SNs.

Results: A total of 27 SNs were preoperatively 
identified on the lymphoscintigraphy and SPECT/CT 
images. All SNs could be localized intraoperatively. In 
the seven patients in whom blue dye was used, 43% 
of the SNs stained blue, while all were fluorescent. The 
portable gamma camera identified additional SNs in 
two patients. Ex vivo, all radioactive lymph nodes were 
fluorescent and vice versa indicating the stability of the 
hybrid tracer. 

Conclusion: ICG-99mTc-nanocolloid allows for preop-
erative SN visualization and concomitant intraoperative 
radio- and fluorescence guidance to the same SNs in 
head and neck melanoma patients.

Oscar R. Brouwer, W. Martin C. Klop, Tessa Buckle, Lenka Vermeeren, Michiel W.M. van den Brekel, Alfons J.M. Balm, 

Omgo E. Nieweg, Renato A. Valdés Olmos & Fijs W.B. van Leeuwen 

Purpose: To examine the feasibility of combining lymphoscintigraphy and intraoperative sentinel node (SN) 
identification in patients with head and neck melanoma using a hybrid protein colloid that is both radioactive 
and fluorescent.  
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3 INTroducTIoN
The intricate anatomy and the presence of several vital structures in the neck 

render lymphatic mapping in this region more difficult than elsewhere.1,2 The limited 

value of vital dye compared to other regions means that the surgeon has to rely 

mainly on the preoperative lymphoscintigraphy and the intraoperative gamma ray 

detection probe.3-5 As a result, the sentinel node (SN) identification rate is relatively 

low and the false-negative rate is high.6 Single photon emission computerized 

tomography with computed tomography (SPECT/CT) provides three-dimensional 

images and shows the SN in its anatomic habitat, facilitating the preoperative 

planning of the surgical approach.7,8 An additional intraoperative detection tool 

could improve the identification rate considerably, since SNs in the head and neck 

region are often located in close proximity to the injection site and high background 

signals can hamper SN detection with the probe. A portable gamma camera was 

introduced with a better spatial resolution than the probe and initial studies showed 

promising results in the intraoperative visualization of radioactive SNs, but this 

device cannot depict the surrounding anatomy.9,10

Some surgeons, including us, prefer not to use vital blue dyes in the face to pre-

vent long-term tattooing effects.11 The fact that near-infrared fluorescent dyes such 

as indocyanine green (ICG) are invisible to the human eye avoids this drawback.12 

Moreover, near-infrared dyes have an improved detection sensitivity and tissue 

penetration, which may facilitate the detection of a SN and its afferent lymphatic 

duct.13-16 Yet like vital blue dye, ICG migrates quickly through the lymphatic system 

resulting in a limited diagnostic time window.17 

To address the limitations of current radioguided and vital dye based intraoperative 

SN detection, we developed a hybrid tracer by combining ICG and 99mTc-nano-

colloid into ICG-99mTc-nanocolloid. This tracer is both radioactive and fluorescent 

and exhibits the same macrophage based accumulation in lymph nodes as the 
99mTc-labeled radiocolloid.18 It permits SN detection using conventional lymphoscin-

tigraphy and SPECT/CT, as well as fluorescence imaging as was initially shown in 

laparoscopic SN biopsy in prostate cancer patients.19 The current study of patients 

with a melanoma in the head and neck region is the first one exploring this new 

approach in open SN procedures. The main purpose of the study was to examine 

whether the hybrid tracer enables successful lymphoscintigraphy, SPECT/CT, and 

intraoperative radio- and fluorescence guidance to all the SNs that were visualized 

preoperatively. A comparison to patent blue was made in patients in whom both 

tracers were used.
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3MaTerIal aNd MeThodS
Patients
Patient characteristics are outlined in Table 1. Eleven patients were prospectively 

enrolled after a diagnostic excision with 2 mm margins of a melanoma in the head 

or neck with a Breslow thickness of at least 1 mm or Clark level IV. All patients were 

clinically node negative (palpation, ultrasound, cytology) and were scheduled for SN 

biopsy and re-excision of the melanoma scar. The mean age of the patients was 

54 years (range 32-75 years). The study protocol was approved by the Institutional 

Review Board and all patients were included after giving informed consent. 

Tracer preparation
After the preparation of  99mTc-nanocolloid (GE Healthcare, Eindhoven, the Neth-

erlands), hybrid ICG-99mTc-nanocolloid was formed using a dose of 0,25 mg 

ICG (ICG-Pulsion, Pulsion Medical Systems, Munich, Germany) as previously 

described, with the exception of the addition of 2 ml volume of saline during the 
99mTc-nanocolloid preparation.19 This adaptation was made to achieve a nanocolloid 

concentration identical to the 99mTc-nanocolloid commonly used at our institution. 

All procedures were performed under good manufacturing practice (GMP-z) and 

under supervision of the institution’s pharmacist. 

Tracer administration and preoperative imaging
A schematic overview of the study set-up is depicted in Fig. 1. Four to six hours 

prior to the operation, 70 MBq ICG-99mTc-nanocolloid in 0.4 ml was injected 

intradermally in four deposits around the scar of the primary melanoma excision. 

Anterior and lateral dynamic images were obtained during the first 10 minutes 

after injection using a dual-head gamma camera (Symbia T, Siemens, Erlangen, 

Germany) to visualize the lymphatic duct. Static planar gamma camera images 

were acquired at 15 min and 2 hours post injection (Fig. 2A). SPECT/CT (Symbia 

T, Siemens, Erlangen, Germany) was performed 2 hours post injection (Fig. 2B). 

After SPECT/CT fusion, the exact location of the SN(s) was determined in relation 

to the surrounding anatomical structures. A SN was defined as a lymph node on a 

direct lymphatic drainage pathway from the primary tumor.20 The location of a SN 

was marked on the skin to provide an external focal spot for the laser pointer of the 

portable gamma camera during the operation. 

Surgical procedure
SN biopsy and re-excision of the melanoma scar started within 6 hours after 

injection of the tracer. Immediately before the operation, a mean volume of 1.0 ml 

of patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, France) was injected 

intradermally at the primary tumor site in the seven patients with melanoma located 

outside the facial area. Patent blue dye is not used in the face at our institution. 

Subsequently, the SNs were visualized using a portable gamma camera (Sentinella, 
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3 Oncovision, Valencia, Spain) in order to decide on the location for the incision(s) 

(Fig. 2C,D). Image acquisition times ranged between thirty seconds and one minute 

in accordance with previous reports.10 After incision, the SNs were initially pursued 

with a hand-held gamma ray detection probe (Neoprobe, Johnson & Johnson 

Medical, Hamburg, Germany). During surgical exploration, SNs were visualized 

using either the near-infrared fluorescence camera system (Photodynamic eye, 

Hamamatsu Photonics, Hamamatsu, Japan, Fig. 2E) or the blue dye. Fluorescence 

imaging required the lights in the operating room to be dimmed to minimize the 

background signal, while reflection of the excitation light was used to visualize 

the surrounding tissues (Fig. 2F). There are multiple near-infrared fluorescence 

cameras available.21 The cost-friendly camera used in the current study required no 

additional set-up time other than the time needed for sterile draping and visualizes 

the fluorescent signal in real-time.  After excision of a SN, the portable gamma 

camera was used to search for potential additional SNs as previously described.10 

Additional SNs were removed and second-echelon nodes were left in situ. 

ex vivo specimen analysis
Quantitative ex vivo images of the excised tissue specimens were acquired with 

the portable gamma camera and with a more sensitive preclinical fluorescence 

camera system (IVIS200, Xenogen, Caliper Life Sciences, Hopkinton, Mass., USA) 

in order to determine the radioactive and fluorescent signal intensities as described 

previously.17,19 Trend line based linear regression correlations were used to study 

the correlation between the radioactive and fluorescent signal intensities. All SNs 

were fixed in formalin, bisected, embedded in paraffin and cut at a minimum of six 

levels at 50 to 150 μm intervals. Pathologic evaluation included hematoxylin and 

eosin and immunohistochemical staining using S-100 and HMB-45.

reSulTS
Characteristics and intraoperative findings of all 11 patients are outlined in Table 

1. Preoperatively, conventional lymphoscintigraphy and SPECT/CT visualized a 

total of 27 SNs, at least one in each patient, with a mean of 2.5 per patient and a 

maximum of 6. SPECT/CT provided accurate anatomical reference points to plan 

the surgical procedure in all patients. 

Intraoperatively, the combination of radioactivity and fluorescence enabled localiza-

tion and excision of all 27 preoperatively identified SNs. In patients 10 and 11, a SN 

in the parotid gland could neither be identified with the probe nor with the portable 

gamma camera due to the overwhelming background signal from the nearby injec-

tion site (temporal scalp, Table 1). These SNs were localized using the fluorescence 

camera. Fluorescence imaging visualized the SNs in ten of the eleven patients. Two 

SNs in patient 4 could not be visualized using the fluorescence camera, but these 

nodes could still be localized using the portable gamma camera and probe despite 

the low radioactivity count rate compared to the background. Nevertheless, the 
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3more sensitive IVIS200 fluorescence camera did demonstrate a faint fluorescent 

signal in both nodes ex vivo. A case exemplifying the penetration of the fluorescent 

signal through the skin is provided in Figure 3.

In the 7 patients in whom blue dye was used, only 9 of the 21 SNs (43%) stained 

blue, while all were fluorescent (Table 1). In 2 patients, the portable gamma camera 

revealed substantial residual radioactivity at the very location from which the SN 

had been excised. Further exploration resulted in localization and removal of an 

additional SN that was blue and fluorescent in patient 6, and only fluorescent in 

patient 10. Preoperative lymphoscintigraphy and SPECT/CT had not shown these 

SNs separately due to their close proximity. In hindsight, the corresponding CT 

images revealed 2 adjacent nodes at these locations (see Fig. 4). 

Ex vivo, all radioactive lymph nodes were found to be fluorescent and vice versa, 

showing a strong intensity correlation with an average R2 of 0.91 (Table 1). This in-

dicates that the tracer is stable throughout the entire process. None of the excised 

lymph nodes were found to contain metastasis at histopathological examination. 

dIScuSSIoN
This pilot study demonstrates the feasibility of combining preoperative SN visuali-

zation with intraoperative radio- and fluorescence-guided SN identification using a 

single injection of the hybrid tracer ICG-99mTc-nanocolloid in open surgery, after this 

approach had been introduced in laparoscopic procedures.19 The preoperatively 

observed drainage patterns and the numbers of removed SNs were similar to the 

results in studies in which 99mTc-nanocolloid alone was used for lymphatic mapping, 

suggesting that that hybrid tracer behaves like the original radiocolloid.8 Intraoper-

atively, ICG-99mTc-nanocolloid enabled both radioguided and optical (fluorescence) 

guidance to the very SNs depicted on the preoperative images. Conventional 

techniques using optical dye(s) separately have several disadvantages. Firstly, 

small organic dyes such as vital blue dyes or ICG alone quickly pass through the 

SNs downstream to subsequent nodes, which may be confusing and lead to the 

unnecessary removal of higher-tier nodes.17 The fast migration may also leave the 

SN unstained after a while.4,5 The hybrid approach using ICG-99mTc-nanocolloid 

overcomes these drawbacks. The finding that the radioactive and fluorescent 

signal intensities overlap ex vivo (average R2 0,91, Table 1) illustrates that the 

hybrid tracer remains stable throughout the entire process and largely remains 

trapped in the SN. This results in a long intraoperative detection window of 6 hours 

in the current study, and we have already seen in a separate study that the hybrid 

tracer is still effective after 20 hours (unpublished data). In the head and neck 

region, lymph nodes are relatively small (3-4 mm), frequently clustered together 

and often located close to the injection site. This renders SN localization with 

the probe notoriously difficult. Blue or fluorescent dyes are not hampered by the 

background signal coming from the injection site and enable visual identification of 

the SN because it stands out among a cluster of lymph nodes and the surrounding 



46 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

3 structures. The current study confirms the findings of other investigators that only 

a limited percentage of the SNs stain blue in this region.2,4 In the present study, the 

57% of nodes that did not stain blue were all intraoperatively visualized exploiting 

the fluorescent signature of the hybrid tracer.

The radioactive component of the hybrid tracer enables preoperative lymphoscin-

tigraphy, which remains indispensable to identify the SN in this area of unpredicta-

ble lymphatic drainage.22 Furthermore, the sequential early images are essential to 

identify a first-echelon node (SN) because some of the tracer may pass through to 

lodge in higher-echelon nodes.20 SPECT/CT is of particular value for surgical plan-

ning because it visualizes the complex anatomy in the neck.8 Intraoperatively, the 

sensitive portable gamma camera enables the surgeon to obtain an image depict-

ing all radioactive hot spots, which can serve as an additional reference irrespective 

of tissue movement or changes in patient position.9 After removal of the SN(s), the 

portable gamma camera can also help assess whether all SNs have been re-

moved, regardless of their location and depth.10 Illustrating this point, post-excision 

gamma ray imaging led to the identification of additional SNs in 2 patients in this 

series, although we cannot exclude that these nodes would have been found with 

the probe as well. These advantages of gamma ray imaging cannot be replaced 

by fluorescence imaging because the near-infrared light can only penetrate a tissue 

layer of 1.5 cm at most.23 

Taken together, radioactivity and fluorescence have complementary properties and 

their combination in the hybrid tracer ICG-99mTc-nanocolloid facilitates SN proce-

dures in complex areas. This approach may be particularly valuable when SNs are 

located close to the injection site and in regions where small organic dyes such as 

patent blue are of limited value.

coNcluSIoN
A single injection of the hybrid tracer ICG-99mTc-nanocolloid enables preoperative 

SN visualization and concomitant intraoperative radio- and fluorescence-guidance 

to the same SNs in head and neck melanoma patients. The fluorescent component 

in this hybrid approach offers a more generous time window than the currently 

used blue dye, it can be visualized through a layer of tissue and allows for optical 

detection of SNs that do not stain blue. A larger study is now in progress to sub-

stantiate these preliminary findings. 
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FIG. 1 Schematic overview of the study set-up. 

(a) After injection of ICG-99mTc-nanocolloid, 

preoperative imaging of the SNs is performed. 

Intraoperatively, SN localization is guided by 

the gamma ray detection probe, the portable 

gamma camera and the near-infrared (NIR) 

fluorescence camera.  Post-excision gamma 

camera imaging confirms complete excision 

of all SNs. (b) In the patients with melanoma 

outside the facial region, patent blue was 

intraoperatively injected for optical detection 

of blue-stained SNs and a comparison with 

fluorescence imaging was made

FIG. 2 Combined preoperative lymphatic 

mapping and intraoperative radio- and 

fluorescence-guided SN biopsy (patient 3, 

Table 1). (a) Early static anterior preoperative 

lymphoscintigram at 10 minutes after infraor-

bital peritumoral injection of ICG-99mTc-na-

nocolloid showing the injection site (T) with 

lymphatic drainage to 2 SNs in the neck on the 

right (R) side and a third one on the left (L) side 

(arrows). (b) 3D SPECT/CT image 2 hours post 

injection providing additional anatomical infor-

mation with visualization of a lymphatic duct 

(arrow) originating from the injection site (T). (c, 

d) Intraoperatively, the radioactive component 

of the hybrid tracer in the left SN is visualized 

using a portable gamma camera, and its laser 

pointer guides placement of the incision. (e, f) 

A near-infrared fluorescence camera is used 

to visualize the fluorescent component of the 

hybrid tracer in the same (non-blue) SN

FIgureS
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FIG. 3 Visualization of superficial SNs through 

the skin before the incision using the portable 

gamma camera and the near-infrared fluo-

rescence camera. (a, b) The portable gamma 

camera visualizes the radioactive component of 

the hybrid tracer and depicts 3 hotspots. (c, d) 

Using the fluorescence camera, the fluorescent 

component of the hybrid tracer in the same 

nodes is visible through the intact skin

FIG. 4 A single hotspot on the lymphoscinti-

gram and SPECT/CT fused images is visible 

as 2 separate nodes on the axial CT slices 

in hindsight, after intraoperative identication 

of an additional SN with the portable gamma 

camera (patient 6, Table 1). (a) Early static 

lateral preoperative lymphoscintigram 10 

minutes after peritumoral injection (scapular 

region, arrow 1) of ICG-99mTc-nanocolloid 

showing one hotspot in lower neck (arrow 2). 

(b) 3D SPECT/CT image 2 hours post injection 

providing additional anatomical information. (c, 

d) The single hotspot on the axial fused SPECT/

CT image corresponds to 2 lymph nodes as 

visible on the axial CT slice (arrows). (e, f) 

After removal of 1 SN, the additional SN was 

also identified (arrow) using the near-infrared 

fluorescence camera
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3 TableS

Table 1 Patient characteristics, sentinel node locations, and intraoperative 
findings
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Concomitant radio- and fluorescence-guided sentinel node biopsy 
in squamous cell carcinoma of the oral cavity using ICG-99mTc-

nanocolloid

Eur J Nucl Med Mol Imaging. 2012;39:1128–36.

Methods: Fourteen patients with oral cavity squa-
mous cell carcinoma were peritumorally injected 
with ICG-99mTc-nanocolloid. SNs were preoperatively 
identified with lymphoscintigraphy followed by single 
photon emission computed tomography (SPECT)/CT 
for anatomical localization. During surgery, SNs were 
detected with a handheld gamma ray detection probe 
and a handheld near-infrared fluorescence camera. 
Pre-incision and post-excision imaging with a portable 
gamma camera was performed to confirm complete 
removal of all SNs.

Results: SNs were preoperatively identified using 
the radioactive signature of ICG-99mTc-nanocolloid. 
Intraoperatively, 43 SNs could be localized and excised 
with combined radio- and fluorescence guidance. 
Additionally, in 4 patients, an SN located close to the 
primary injection site (in 3 patients this SN was located 
in level I) could only be intraoperatively localized using 
fluorescence imaging. Pathological analysis of the SNs 
revealed a metastasis in 1 patient. 

Conclusion: Combined preoperative SN identification 
and intraoperative radio- and fluorescence guidance 
during SN biopsies for oral cavity cancer proved 
feasible using ICG-99mTc-nanocolloid. The addition of 
fluorescence imaging was shown to be of particular 
value when SNs were located in close proximity to the 
primary tumor.
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Purpose: To evaluate the value of adding intraoperative fluorescence imaging to the conventional radiogu-
ided sentinel node (SN) biopsy in patients with oral cavity malignancies. For this we used indocyanine green 
(ICG)-99mTc-nanocolloid, a hybrid tracer that is both radioactive and fluorescent. 
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4 INTroduCTIoN
The incidence of lymph node metastases in patients with squamous cell carcinoma 

of the oral cavity is 20–30%.1,2 By using sentinel node (SN) biopsy to select patients 

with occult metastases, an unnecessary elective neck dissection (END) may be 

avoided in 70–80% of patients.1,3 SN biopsy has several advantages over END: (I) 

reduced morbidity 4; (II) improved identification of so-called skip metastases and 

aberrant lymphatic drainage patterns 5–7; and (III) improved pathological specimen 

analysis for the detection of (micro-)metastases.8, 9 For SN biopsy, overall sensi-

tivity rates of 91% after 5-year follow-up have been reported.10 However, for floor 

of mouth (FOM) tumors, the sensitivity and the negative predictive values were 

much lower compared to other sites, 80 vs 97% and 88 vs 98%, respectively.10 A 

prospective multi-institutional trial reported false-negative rates of 25 and 10% for 

FOM and tongue tumors, respectively, whereas this was said to be 0% for other 

types of oral cavity cancers.11 In oral cavity malignancies, SNs are often located in 

close proximity to the primary tumor site, which can render SN biopsy difficult.

Conventional SN mapping is performed by injecting a radiocolloid (99mTc-nanocol-

loid or 99mTc-sulphur colloid) in or around the primary tumor followed by sequential 

lymphoscintigraphy to identify the lymph nodes on a direct drainage pathway from 

the primary tumor (the SNs).12 To provide an overview of the SNs with regard to 

their anatomical location, single photon emission computed tomography com-

bined with computed tomography (SPECT/ CT) was introduced. Additionally, with 

SPECT/CT more SNs can be visualized compared to conventional lymphoscintig-

raphy.13 Intraoperatively, SN localization is commonly guided by the acoustic signal 

coming from a handheld gamma ray detection probe. However, since for oral cavity 

cancers SNs are often located in close proximity to the primary tumor site, the high 

radioactive background signal coming from the injection site may hamper intraop-

erative radioguidance towards these SNs.6,14 Recently, the intraoperative use of a 

portable gamma camera was shown to improve the localization of SNs near the 

injection site.15

Vital blue dyes are generally applied to enable intraoperative visual detection of the 

SNs, but have shown to be of limited value in oral cavity tumors as SNs in the head 

and neck area are less frequently stained blue compared to other primary tumor 

sites.16–18 Moreover, the use of blue dye may blur the visibility of intraoral tumor 

margins.1,19

To enable visual detection of SNs without affecting the surgical field, the near-in-

frared (NIR) fluorescence tracer indocyanine green (ICG) was introduced for SN 

mapping in various tumor types such as breast, colon and gastric cancers.20,21 Re-

cently, Bredell evaluated the use of ICG for SN mapping in oropharyngeal cancer.22 

ICG is not visible by the naked eye and does, therefore, not interfere with the visual 

identification of tumor margins.23 However, similar to vital blue dyes, ICG rapidly 

migrates through the lymphatic system leading to a limited diagnostic window and 

staining of higher echelon nodes.24 To address these migratory limitations of optical 
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4dyes, the self-assembled hybrid radiocolloid ICG-99mTc-nanocolloid was clinically 

introduced for selective SN biopsy.25,26 In this complex, ICG adopts the lymphatic 

migration properties of the radiocolloid, resulting in a significantly longer retention 

time in the SNs as compared to ICG alone. With this hybrid tracer being both radi-

oactive and fluorescent, preoperative surgical planning can be combined with intra- 

operative radioguidance towards the SNs. The fluorescent properties of the hybrid 

tracer extend the radioguided procedure by providing real-time optical localization 

using an NIR fluorescence camera. For head and neck melanoma it was shown 

that with this approach fluorescence-based SN identification was superior over 

the use of blue dye.26 The aim of the current study was to explore the utility of the 

hybrid tracer during SN biopsy for squamous cell carcinoma of the oral cavity.

MaTerIal aNd MeThodS
Patients
Between May 2011 and January 2012, 14 patients with squamous cell carcinoma 

of the oral cavity were included in this study after obtaining written informed con-

sent. Patients were scheduled for surgical removal of the primary tumor followed 

by SN biopsy. All patients were staged with T1/2 tumors and were clinically node 

negative as assessed by ultrasound and fine-needle aspiration cytology (US-

FNAC). Further patient characteristics are listed in Table 1. The study protocol was 

approved by the Institution’s Medical Ethics Committee. 

Tracer preparation
99mTc-Nanocolloid was prepared by adding 1400 MBq pertechnetate in 2 ml saline 

to a vial of nanocolloid (GE Health-care, Eindhoven, The Netherlands). The mixture 

was then incubated for 30 min. at room temperature after which the excess of re-

active elements was removed. Before adding ICG, a quality check was performed 

in which the colour, clarity and pH were determined (colorless, clear and pH 6–7, 

respectively).

ICG was prepared by adding 5 ml sterile water to a vial containing 25 mg ICG (vial 

concentration 5 mg/ml; Pulsion Medical Systems, Munich, Germany). Then, 50 μl 

of ICG solution was added to the 99mTc-nanocolloid to form ICG-99mTc-nanocolloid. 

All procedures were performed under good manufacturing practice (GMP-z) and 

under supervision of the institution’s pharmacist.

Tracer administration and preoperative imaging
A median of 77 MBq (range 67–94 MBq) ICG-99mTc- nanocolloid was injected in 3 

or 4 deposits around the primary tumor (total volume 0.4 ml; Fig. 1). To visualize the 

lymphatic duct(s) with the subsequent SN (s), anterior and lateral dynamic images 

were obtained during the first 10 min. after injection using a dual-head gamma 

camera (Symbia T, Siemens, Erlangen, Germany). Static planar gamma camera 

images were acquired 15 min. and 2 h post-injection (Fig. 2a). The latter was 
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4 immediately followed by SPECT/CT (Symbia T, Siemens, Erlangen, Germany; Fig. 

2b). SPECT and CT images were obtained on the basis of 2-mm slices. After tissue 

attenuation correction for the SPECT, fused SPECT/CT images were generated. 

SPECT, CT and fused SPECT/CT were simultaneously evaluated using orthogonal 

multiplanar reconstruction. In addition, 3D display using volume rendering was 

performed in order to improve anatomical neck level recognition (Fig. 2c).

SNs were defined as the lymph nodes on a direct lymphatic drainage pathway from 

the primary tumor.12 Early draining lymph nodes in a basin were considered to be 

the SNs in case of multiple visualized lymph nodes without visible afferent vessels.

Surgical procedure
SN biopsy started 3–19 h after ICG-99mTc-nanocolloid administration. In the 

operating room, a portable gamma camera (Sentinella equipped with Sentinella 

suite software version 7.5; Oncovision, Valencia, Spain) was used to acquire a 

pre-incision overview image (Fig. 3b, pre-incision) and to determine the location 

for the incision(s).15 Initial SN exploration was guided by a handheld gamma ray 

detection probe (Neoprobe, Johnson & Johnson Medical, Hamburg, Germany; Fig. 

3d). Fluorescence imaging with a dedicated handheld NIR fluorescence camera 

(PhotoDynamic Eye, Hamamatsu Photonics, Hamamatsu, Japan; Fig. 3e) was 

used to optically detect the SNs. After excision of the SN(s), the portable gamma 

camera was used to search for remaining radioactive hot spots in the SN excision 

area (Fig. 3b, post-excision) as was previously described by Vermeeren et al.15 

Second echelon nodes (defined by preoperative lymphoscintigraphy and SPECT/ 

CT) were left in situ.

Pathology
Harvested SNs were fixed in formalin, bisected, embedded in paraffin, cut at a 

minimum of 6 levels at 50- to 150-μM intervals and histologically evaluated for the 

presence of (micro)metastases (haematoxylin and eosin (H&E) and anti-cytokeratin 

(CAM 5.2; Becton Dickinson, San Jose, CA, USA) staining).

reSulTS
Preoperative findings
Distribution of tumor locations in the 14 included patients was as follows: FOM 

(n=5), tongue (n=7), lower lip (n=1) and buccal mucosa (n=1). Further patient char-

acteristics and the pre- and intraoperative findings of all 14 patients are outlined 

in Table 1. A schematic overview of primary tumor and intraoperative SN location 

is provided in Fig. 4a and b, respectively. Lymphatic drainage was visualized in all 

patients. Bilateral lymphatic drainage was found in 8 patients. In only 3 of these pa-

tients (patients 1, 12 and 14) the tumor had crossed the midline. Using convention-

al lymphoscintigraphy, a total of 37 SNs were visualized. Four additional SNs were 

only visible on the SPECT/CT images in 3 patients (patients 8, 9 and 12) resulting 
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4in a total of 41 preoperatively defined SNs (median of 3 SNs per patient; range 1–5) 

dispersed over 34 basins (median of 2 basins per patient; range 1–5 basins per 

patient) (Table 1). In all 14 patients, the fused SPECT/CT images provided an accu-

rate anatomical reference point for surgical planning of the SN biopsy procedure, 

including the SNs that were found to be located close to the primary injection site 

(an example is given in Fig. 2).

Intraoperative findings
The SN biopsy procedure started 3–19 h post ICG-99mTc-nanocolloid injection and 

could be completed in all but 2 patients (patients 7 and 10; Table 1). A total of 47 

SNs (median of 3 SNs per patient; range 0–7) was intraoperatively detected and 

excised; 43 SNs could be intraoperatively localized with the combined radio- and 

fluorescence guidance approach (Fig. 4b). In 4 patients (patients 5, 9, 12 and 14), a 

total of 4 SNs were found to be located close to the injection site (level I or II; Table 

1 and Fig. 4b). In these patients, SN identification with the handheld gamma ray 

detection probe was hampered due to the high background signal coming from the 

injection site (Fig. 3). Although the portable gamma camera was able to distinguish 

these SNs from the injection site after masking the injection site using the “blackout 

zone” function (Fig. 3b), fluorescence imaging proved to be the most accurate 

technology for the identification of these SNs during surgery. To optimize fluores-

cence-based SN identification, lights were dimmed in the operating room. The SNs 

could be pointed out or taken hold of with a surgical forceps (Fig. 3e). Subsequent-

ly, the light was turned back on and the SN could be excised.

In 4 patients (patients 3, 8, 10 and 12), a total of 7 additional SNs were identified 

with the handheld gamma ray detection probe. These SNs were not previously 

identified as separate hot spots on the preoperative images (most probably these 

SNs were part of a cluster of SNs). These nodes also proved to be fluorescent 

and were subsequently harvested. Post-excision control with the portable gamma 

camera revealed residual radioactivity in the excision area in 3 patients (patients 1, 

11 and 14). This resulted in the removal of three additional SNs, again guided by a 

combination of handheld gamma probe tracing and fluorescence imaging.

In 2 patients, the SN biopsy was not completed to prevent possible vital structure 

damage. In patient 7 an SN was located medially of the mandible and very close to 

the main trunk of the facial nerve (see Supporting Information Fig. S1). Despite suc-

cessful detection with the handheld gamma ray detection probe and the portable 

gamma camera, visualization of this SN with the NIR fluorescence camera was not 

possible. In patient 10, an SN was located near branches of the marginal mandib-

ular nerve. This SN could be detected with the portable gamma camera, but its ex-

act location could not be identified with the handheld gamma ray detection probe. 

Initial exploration with the NIR fluorescence camera also did not reveal the location 

of the SN. To reduce the invasiveness of the procedure and to prevent the possible 

risk of paresis of the lower lip, it was decided not to proceed with the excision. In 
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4 both cases, the lack of a fluorescent signal suggested that the SN left in situ was 

located >0.5 cm deeper from the surface imaged; the penetration depth of ICG is 

limited to 0.5–1.0 cm (Fig. 3). Both patients will be closely monitored following the 

“watch and wait” protocol.

Pathological findings
Although the SNs were clearly defined in vivo by fluorescence imaging, it was 

impossible to solely dissect the single SN separately in 5 patients (patients 1, 5, 

8, 10 and 13). Subsequently, in these patients some additional tissue was also 

excised. This resulted in the identification of 13 addiional lymph nodes in these 

tissue specimens. All of these lymph nodes were evaluated as SNs. Histopatho-

logical examination revealed SNs with largest diameters varying from 2 to 25 mm 

with a median of 6 mm. In one patient (patient 5) a level III lymph node metastasis 

of 3 mm was found. This patient received a subsequent therapeutic neck dissec-

tion during which 34 additional tumor-negative lymph nodes from level I–V were 

removed. 

dISCuSSIoN
The present study shows that a single injection of ICG-99mTc- nanocolloid enables 

preoperative SN mapping and intraoperative radio- and fluorescence-guided 

identification of the SNs draining from primary oral cavity cancers. SPECT/CT and 

the portable gamma camera allowed for accurate surgical planning, even when 

SNs were found in close proximity to the injection site. Intraoperatively, surgeons 

experienced the optical detection of the SNs provided by the fluorescent label of 

the hybrid tracer as valuable, especially in cases where localization with the hand-

held gamma ray detection probe was impeded by high radioactive background 

signals. In FOM tumors, SN biopsy is discouraged due to its low sensitivity10 which 

we reason may partially be a result of the difficulty to intraoperatively localize such 

SNs in the vicinity of the injection site. The addition of fluorescence imaging to the 

conventional radioguided procedure may be of particular benefit in this patient 

group. In this study, a total of 4 SNs was found in level I in the 5 patients with FOM 

tumors. Three (75%) of these could only be accurately detected with fluorescence 

imaging.

Contralateral lymph node involvement ranges from 0.9 to 34.7%.27 Bilateral lym-

phatic drainage was observed on the lymphoscintigrams in 54 % (n=8) of patients, 

even though the primary tumor had crossed the midline in only 3 of these patients. 

Hence, by performing an upfront unilateral END, such (potentially tumor-positive) 

contralateral draining nodes might be missed.

With the rise of minimally invasive surgery, SN biopsy becomes more favoura-

ble over END procedures. Lymph nodes are generally small (3–4 mm) and are 

frequently found in close proximity to each other.18 These conditions create high 

demands on the limited spatial resolution of the handheld gamma ray detection 
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4probe. In the current study, the high spatial resolution (down to the micrometer 

level) provided by fluorescence imaging enabled the detection and removal of 

individual SNs as small as 2 mm.

The use of a non-covalent self-assembly approach to generate imaging agents 

is appealing as it allows for the formation of hybrid agents by combining “simple” 

and often commercially available, clinically approved building blocks.28 The hybrid 

tracer ICG-99mTc-nanocolloid was built from 99mTc- nanocolloid particles (used for 

conventional SN mapping in Europe) and the NIR fluorescent dye ICG. GMP-z 

preparation of ICG-99mTc-nanocolloid only adds one additional step to the con-

ventional radiocolloid preparation process, namely the addition of 0.25 mg ICG 

to a solution of fully prepared 99mTc-nanocolloid. The pH of the 99mTc-nanocolloid 

solution is 6–7, and therefore the preparation protocol does not negatively influence 

the optical properties of ICG.29 With this hybrid approach SNs could be accurately 

visualized using approximately 100 times lower quantities of ICG compared to 

the study of Bredell.22 Although one may reason that non-covalent particles may 

disintegrate in vivo, a large degree of signal overlap was found in the lymphatic 

system in both preclinical models24,30,31 and in patients.25,26 In none of our clinical 

studies performed thus far did we find nodes that solely contained a fluorescent or 

a radioactive signal.

The use of ICG alone for SN mapping of oropharyngeal cancer was set to be opti-

mal 5 min post ICG injection.22, while in the current study SNs were still fluorescent 

at 19 h after ICG-99mTc-nanocolloid injection. Clearly the retention of the hybrid 

tracer in the SNs yields a superior diagnostic window. It therefore does not require 

additional (intraoperative) injections which helps to optimize the logistics in daily 

practice.

The limited penetration depth of fluorescence imaging compared to modalities 

based on radioactivity may even be useful, since it can help the surgeon to 

estimate the depth at which an SN can be localized in order to decide if further 

exploration is needed (as described for patients 7 and 10).

The NIR fluorescence signal coming from ICG is invisible to the naked eye and can 

only be visualized with a dedicated NIR fluorescence camera system. As such ICG 

does not interfere with primary tumor margin visibility like blue dyes do.23  This study 

demonstrates how optical guidance provided by the hybrid tracer’s fluorescent 

label offers an excellent alternative over visual blue dyes and facilitates accurate SN 

localization, even when an SN resides in close proximity to the primary tumor.

Supplementing the conventional radioguided SN biopsy procedure with fluores-

cence only moderately increases the costs of the procedure as the NIR fluores-

cence imaging system used in this study is in the same price range as a handheld 

gamma ray detection probe. The costs of ICG are also not higher than that of the 

original tracer 99mTc-nanocolloid and one vial of ICG can be used for multiple tracer 

preparations.
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4 CoNCluSIoN
In conclusion, the hybrid tracer ICG-99mTc-nanocolloid allows for both preoperative 

lymphatic mapping and intra-operative SN detection up to 19 h post-injection. The 

added guidance provided by fluorescence imaging proved especially valuable for 

the detection of SNs located close to the primary tumor site.
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Figure 1. Hybrid ICG-99mTc-nanocolloid 

injection surrounding the primary tumor site. 

(A) Axial diagnostic MRI image showing a 

tumor on the tongue (T). (B) Zoom in on the 

tongue tumor. (C–D) ICG-99mTc-nanocolloid 

is peritumorally injected in 3 to 4 deposits. (e) 

Intraoperative NIR fluorescence-based visuali-

zation of the injection sites (T tumor).

Figure 2. Preoperative SN identification. (A) 

A late planar anterior lymphoscintigram 2 

h post-injection showing 2 SNs on the right 

side and 1 SN on the left side (arrow). (B) 

Axial SPECT/CT slice showing 2 level II SNs 

(bilateral) and a level I SN close to the injection 

site (arrow). (C) The 3-D volume rendered 

SPECT/ CT showing 2 SNs on the left side, 

in level I (arrow) and level II (these SNs were 

not visible as separate hot spots on the planar 

lymphoscintigram)

FIGureS

Figure 3. Intraoperative SN identification. (A) 

Schematic overview depicting how detection 

of an SN residing close to the primary tumor/

injection site (arrow) can be difficult with 

radioguidance alone because of the high 

background signal coming from the injection 

site. (B) Intraoperative gamma imaging with a 

portable gamma camera is performed before 

and after excision of the SN(s) to localize and to 

confirm complete removal of all predetermined 

SNs, respectively. The “blackout zone” feature 

of the portable gamma camera enables mask-

ing of the primary injection site, increasing the 

signal intensities of the weaker radioactive hot 

spots. (C) The fluorescence signal penetration 

depth of the NIR dye ICG is limited to approx-

imately 0.5–1.0 cm, whereas the penetration 

depth of the radioactive signal is much greater 

depending on the imaging modality used. (D) 

Intraoperatively, SNs are acoustically traced 

with a handheld gamma ray detection probe. 

(E) NIR fluorescence imaging allows for visual 

identification and excision of the SN(s)
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4

Figure 4. Schematic overview of primary tumor 

location and the intraoperative SN identification 

results. (A) Primary tumor location. L left, 

R right, M midline. (B) Intraoperative SN 

identification method. The nodes that could be 

best identified with NIR fluorescence imaging 

during surgery (green dots in the figure) were 

also radioactive
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A hybrid radioactive and fluorescent tracer for sentinel node 
biopsy in penile carcinoma as a potential replacement for blue dye

Submitted

Methods: 65 patients with penile squamous cell 
carcinoma were prospectively included between April 
2011 and November 2012. Preoperative SN mapping 
was performed using lymphoscintigraphy and SPECT/
CT after peritumoral injection of ICG-99mTc-nanocolloid. 
Surgery was performed within 27 hours after injec-
tion. Patients underwent sentinel node (SN) biopsy 
of the cN0 groin and treatment of the primary tumor. 
SNs were initially approached using a gamma probe 
followed by patent blue dye (used in all patients) and/or 
fluorescence imaging. A portable gamma camera was 
used to confirm excision of all SNs. The number and 
location of preoperatively identified SNs was docu-
mented. Intraoperative SN identification rates using 
radio- and/or fluorescence guidance were assessed 
and compared to blue dye.  

Results: Preoperative imaging after injection of 
ICG-99mTc-nanocolloid enabled SN identification in all 
patients (total 183 SNs dispersed over 119 groins). 
Intraoperatively, all SNs identified by preoperative 
mapping were localized using combined radio-, fluo-
rescence and blue dye guidance. 96.8% of SNs could 
be visualized using fluorescence imaging, while only 
55.7% was stained by blue dye. Tissue penetration of 
the fluorescent signal and the rapid flow of blue dye 
limited the detection sensitivity. A tumor-positive SN 
was found in 7 patients. 

Conclusions: ICG-99mTc-nanocolloid allows for both 
preoperative SN mapping and combined radio- and 
fluorescence guided SN biopsies in penile carcinoma 
patients and significantly improves optical SN detection 
compared to blue dye (p<0.0001).  
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Purpose: To explore the added value of sentinel node biopsy using ICG-99mTc-nanocolloid in patients with penile 
carcinoma.
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5 InTroduCTIon
Penile carcinoma predominantly shows metastatic spread via the lymphatic sys-

tem. As a consequence, lymph node (LN) staging in penile carcinoma has strong 

prognostic implications.1 Since only 20-25% of patients have regional metastases, 

performing a complete LN dissection (LND) may be overtreatment, associated 

with considerable morbidity.2 Sentinel node (SN) biopsy has proven to be a valid 

procedure to stage clinically node-negative penile cancer, yet the reliability of SN 

biopsy is dependent on successful pre-, intra-, and postoperative identification of 

all (tumor-positive) SNs.3,4 

Currently, SNs are preoperatively identified using lymphoscintigraphy after per-

itumoral injection of a radioactive tracer (99mTc-nanocolloid as gold standard in 

Europe). With the introduction of single photon emission computed tomography 

supplemented with computed tomography (SPECT/CT), it has become possible 

to detect the SNs in their anatomical context.5 This 3D information can be used to 

accurately plan the surgical approach.

The intraoperative procedure traditionally relies on localization of the radioactive sig-

nal using a handheld gamma ray detection probe generating an acoustic readout. 

More recently, a portable gamma camera was introduced with the ability to acquire 

intraoperative overview images of radioactive hotspots. Unfortunately, the current 

portable gamma cameras are not able to provide adequate anatomical information, 

leaving the radioactive signal depicted against a 2D black background.6 To ana-

tomically visualize the SNs within the surgical field, a second injection with blue dye 

is usually administered shortly before surgery. However, one of the disadvantages 

of blue dye is that SNs may not always be stained blue at the time of excision.7 

Moreover, such dyes stain the injection site blue, potentially hindering the tumor 

resection which is generally performed after SN biopsy.

The use of near-infrared (NIR) fluorescence imaging has several characteristics 

that can be advantageous for intraoperative SN detection: I) an improved tissue 

penetration compared to blue dye, and II) the fluorescent signal is only visible using 

a dedicated NIR fluorescence camera system, leaving the surgical field unstained.8 

Similar to blue dye, fluorescence normally also requires an additional injection of 

e.g. the clinically approved indocyanine green (ICG). Just like blue dye, ICG is a 

small organic dye which migrates quickly trough the lymphatic system resulting in a 

limited diagnostic window. The larger radioactive 99mTc-nanocolloid does not suffer 

from this limitation.9 Another shortcoming of single fluorescent agents is the lack of 

preoperative mapping. 

To combine the beneficial properties of both radioguidance and fluorescence 

imaging, the hybrid tracer ICG-99mTc-nanocolloid was developed.9,10 This tracer was 

recently clinically introduced in pilot studies.11-13, yet its added value remains to be 
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5assessed in a more extensive study population. The purpose of this study was to 

evaluate the added value of SN biopsy using ICG-99mTc-nanocolloid compared to 

blue dye in a large cohort of patients with penile carcinoma. 

MATerIAl And MeThods
Patients
Between April 2011 and November 2012, a total of 84 consecutive patients 

presenting with ≥T1G2 tumors were prospectively included. The study proto-

col was approved by the institutions Medical Ethics Committee (N09DRF, NL 

26699.031.09). 

A total of 17 patients were excluded from the study. 9 patients were previously 

included in a reproducibility study.14 Of 5 patients, excised SNs could only be eval-

uated ex vivo. In 1 patient no blue dye was used, 1 patient presented with a penile 

melanoma, and another patient presented with a carcinoma of the urethra.  

Patient characteristics of the remaining 65 evaluated patients are listed in Table 

1. Only patients with at least one cN0 groin were enrolled. In patients with proven 

unilateral nodal involvement (n=10) or with a previous unilateral LND (n=1), only 

the contralateral cN0 groin was included for SN biopsy resulting in a total of 119 

included groins. Patients were scheduled for SN biopsy or repeat SN biopsy (n=6) 

in case of a recurrent tumor followed by treatment of the primary tumor, or for SN 

biopsy only in case of previous penile surgery in another center. 

Tracer preparation 
Hybrid ICG-99mTc-nanocolloid was prepared as previously described.13,14 Subse-

quently, approximately 90 Mbq +/- 10% was subtracted from the vial containing 

the ICG-99mTc-nanocolloid solution.  Saline was then added to reach a total volume 

of 0.4 mL in the syringe. All procedures were performed under good manufacturing 

practice (GMP-z) and under supervision of the institution’s pharmacist. 

Preoperative procedure
A schematic overview of the study set-up is depicted in Fig. 1. ICG-99mTc-nano-

colloid was intradermally injected proximally around the tumor in 3 or 4 deposits 

on the same day, or the day before surgery. In case of previous tumor resection, 

tracer administration was performed proximally of the resection area. No adverse 

reactions were observed. 

Dynamic lymphoscintigraphy was performed during 10 minutes immediately after 

injection using a dual-head gamma camera (Symbia T, Siemens, Erlangen, Germa-

ny). Static planar gamma camera images were acquired 15 minutes (early) and 2 

hours post injection (late), followed by SPECT/CT (Symbia T, Siemens, Erlangen, 

Germany). LNs draining from the site of injection through an own lymphatic vessel 

or a single radioactive lymph node in the groin were identified as SNs on lym-

phoscintigraphy.15 SNs were anatomically localized using multiplanar reconstruction 
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5 which enabled comparison of fused SPECT/CT images with concomitant CT. 

Additionally 3D SPECT/CT display of SNs in relation to the anatomical structures 

was accomplished using volume rendering. Distribution of the SNs on SPECT/CT 

was determined by dividing the groin into five different zones according to Daseler, 

obtained by drawing a vertical and horizontal line over the saphenofemoral junction 

and one zone directly overlying this junction (Fig. 2E).

Intraoperative procedure
Shortly before surgery, approximately 1 mL patent blue dye (Laboratoire Guerbet, 

Aulnay-Sous-Bois, France) was intradermally administered in all patients in the 

same fashion as the ICG-99mTc-nanocolloid injection. A portable gamma camera 

(Sentinella, Oncovision, Valencia, Spain; Fig. 3A) was then used to acquire a 

pre-incision reference image as previously described.16 After incision, SNs were 

initially pursued with a hand-held gamma ray detection probe (Neoprobe, Johnson 

& Johnson Medical, Hamburg, Germany). During surgical exploration, alternating 

attempts were made to optically visualize the SNs via NIR fluorescence imaging us-

ing a handheld fluorescence camera (PhotoDynamic Eye, Hamamatsu Photonics, 

Hamamatsu, Japan; Fig. 3C) and/or visual detection of the blue dye. Fluorescence 

imaging required the lights in the operating room to be dimmed for a brief period 

of time to minimize the background signal. After excision of the SNs, the surgical 

area was scanned using the gamma probe and palpated to search for clinically 

suspicious nodes. After SN resection, a second image was acquired with the 

portable gamma camera to verify complete SN removal. If remaining radioactivity 

was observed at the site of a previously excised SN, it was considered part of a 

cluster of multiple SNs close together and thus as an additional SN which was also 

harvested. 

Intraoperative SN identification rates using radio- and/or fluorescence guidance 

were assessed and compared to blue dye. Statistical evaluation of the difference 

between the number of fluorescent and blue dye stained nodes was performed 

using a 2-sample test for equality of proportions with continuity correction. 

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). To study the distribution of ICG-99mTc-nanocol-

loid in tumor-positive SNs, 5 um sections of 4 tumor-positive SNs (2 patients) were 

cut and deparaffinized with xylene (2x 10 min) and rehydrated in 100% EtOH (2x 10 

min), 70% EtOH (2x 5 min) and water (2x 5 min). Slides were subsequently air dried 

for 2 hours and scanned on an Odyssey scanner (LI-COR Biosciences) for the 

presence of ICG (800 nm settings; focus offset 0 mm; intensity 10).
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5resulTs
Preoperative findings
Lymphoscintigraphy and SPECT/CT visualized at least one SN in all patients (100% 

visualization rate). Only 89 SNs (48.5%) were visible on the early planar lymphoscin-

tigrams, whereas 160 SNs (87.4%) were identified on the late planar lymphoscinti-

grams. One patient declined to undergo SPECT/CT due to claustrophobia (4 SNs 

at lymphoscintigraphy). In the remaining 64 patients, SPECT/CT revealed 26 SNs 

in 18 patients that were not seen on the lymphoscintigrams. Furthermore, SPECT/

CT helped to define 3 lymph nodes (in 3 patients) as iliac second echelon nodes 

(that had been considered as inguinal SNs on lymphoscintigraphy). Summed up, a 

total of 183 SNs were preoperatively identified dispersed over 119 groins (median 3 

SNs/patient, range 1-6; Table 2). 

Bilateral drainage was observed in 52 of the 54 patients (96.3%) with clinically N0 

groins. The remaining 2 patients received tracer re-injection and lymphoscintigra-

phy one hour later showing bilateral drainage in both cases. In 7 of the 10 patients 

with a clinically N1 groin based on fine needle aspiration cytology (FNAC), bilateral 

drainage was observed. The remaining 3 patients only showed drainage to the 

unaffected groin. One patient that presented with a recurrent tumour already had 

received a previous unilateral LND and only showed drainage to the contralateral 

side. 

The majority (64.2%) of SNs was located in the medial superior zone, 10.1% in 

the lateral superior zone, and 23.5% in the central zone (Fig. 2E). Drainage to an 

inferior quadrant was seen in 4 patients (2.2%) with a recurrent tumor whom had 

already received a previous SN biopsy, which may have caused an altered lymphat-

ic drainage pattern.    

Intraoperative findings
SN biopsy started 3 to 27 hours (average 13 hours; median 7) after injection of 

ICG-99mTc-nanocolloid. All 183 preoperatively defined SNs could be localized using 

a combination of radio- and fluorescence guidance. Only 1 blue node was found 

during surgery that was neither radioactive nor fluorescent. This node was also 

considered an SN and harvested.

Post-excision imaging with the portable gamma camera (see Methods section) 

revealed remaining activity at the location of the previously excised SN in 22/65 

patients (33.8%). In these patients, the area was explored once again yielding 37 

additional SNs which were probably part of a cluster of nodes seen as a single hot-

spot on SPECT/CT or lymphoscintigraphy. In 6 of these cases, a remaining SN was 

identified using the portable gamma camera after no residual activity was detected 

during initial scanning with the gamma probe (Fig. 5). 

Of the total of 221 excised SNs (Table 2), 97.3% could be localized using the 

gamma probe. The remaining 2.7% (in 4 patients) could not be localized using the 

gamma probe because the radioactive signal was too weak due to radioactive 
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5 decay (surgery was performed >24 hours after tracer injection and relatively low 

initial uptake in these SNs was observed on preoperative images). These nodes 

were localized using fluorescence imaging, which does not suffer from decay. 

In total, 96.8% of the excised SNs were visualized with the fluorescence camera 

during surgery, while merely 55.7% had stained blue at the time of excision. This 

means that 41.1% more SNs could be optically identified via fluorescence imaging 

(p<0.0001). In only 22 patients, all of the preoperatively defined radioactive SNs 

were also stained blue. In 8 patients, no blue SN was found at all, while a fluores-

cent SN could be visualized in every patient. Furthermore, fluorescence imaging 

offered an improved tissue penetration compared to blue dye, allowing earlier 

visualization of the SNs. This is exemplified by cases where superficially located 

SNs were visible through the skin in patients with a low BMI (Fig. 3). 

histopathological findings and ex vivo analyses
Pathological analyses of the excised SNs revealed metastases in 10 SNs (7/65 

patients (19.8%), 7/119 groins (0.06%). 3 of the patients with a tumor-positive SN 

also had a tumor-positive node at FNAC in the contralateral groin for which they 

received a LND in the same session. 

The median size of the SN metastases was 8 mm (average 7.94 mm; range 1.5-14 

mm). In 1 patient, one of the tumor-positive SNs was an additional SN which 

was excised after being identified using the portable gamma camera (Fig. 5). All 

tumor-positive SNs were both radioactive and fluorescent; only 7 stained blue. The 

non-radioactive/non-fluorescent SN that was blue was tumor-negative. Additional 

ex vivo examination of 4 tumor-positive SNs revealed that the fluorescent signal 

was mainly present in the unaffected lymphatic tissue of the SN (Fig. 6). All 7 

patients with a tumor-positive SN were scheduled for a LND of the affected groin.

dIsCussIon
This is the first study in a large cohort of penile carcinoma patients demonstrating 

that intraoperative fluorescence imaging using hybrid ICG-99mTc-nanocolloid im-

proves SN detection in comparison to blue dye. In this series of 65 patients which 

were all injected with both hybrid ICG-99mTc-nanocolloid and blue dye, 97.3% of the 

SNs could be intraoperatively visualized using the fluorescence camera, whereas 

merely 55.7% of all SNs was blue at time of excision (p<0.0001). This statistically 

significant difference suggests that optical SN detection using ICG-99mTc-nanocol-

loid can potentially replace blue dye.

The low percentage of blue stained nodes found in this study is in line with a recent 

meta-analysis of 19 studies by Sadeghi et al. which reported a pooled detection 

rate of 60% with a confidence interval ranging 15-95% for SN detection using blue 

dye.7 There are several potential explanations as to why more than 40% of the SNs 

where not stained blue at the time of excision. Consistent with previous reports in 

areas with rapid lymphatic drainage e.g. the head and neck region, the blue dye 
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5may already have passed the SN at the time of excision.12,17 On the other hand, 

lymphatic drainage in penile carcinoma can be more delayed as demonstrated by 

the limited number of visualized SNs on early lymphoscintigraphy in this series. 

Hence, the blue dye may not yet have reached the SN at the time of excision in 

some cases. Together, these factors result in a limited detectability window, and a 

potential need of better timed (re-)injections prior or during the operation. 

SN distribution in this study was similar to a previous anatomical SN mapping 

study using SPECT/CT, showing that drainage was mainly directed to the superior 

and central inguinal zones.5 The current study also further substantiates results 

from a previous reproducibility study showing that ICG-99mTc-nanocolloid preserves 

the gold standard in preoperative SN mapping, namely lymphoscintigraphy and 

SPECT/CT.14 The addition of the fluorescent moiety extends the window for optical 

SN detection using fluorescence imaging up to (or possibly even beyond) 27 hours 

after tracer injection. This enables the use of ICG-99mTc-nanocolloid in both one and 

two day protocols, without the need for additional injections during surgery. 

Ex vivo imaging confirmed fluorescence in all radioactive SNs. Therefore, the 2.7% 

of SNs that could not be visualized intraoperatively using the fluorescence camera 

were probably covered with overlying (fatty) tissue that blocked the fluorescent 

signal. This illustrates that while the tissue penetration of NIR fluorescence imaging 

is superior to blue dye, it is still limited compared to the radioactive signal. This is 

further demonstrated by the finding that SNs were only visible through the skin 

when located superficially in patients with a low BMI (Fig. 3), which is in line with a 

previous report on the use of ICG in vulvar cancer.18 Improvement of fluorescence 

camera systems may help further expansion of the applicability of intraoperative 

fluorescence guidance.19 Consequently, the radioactive signature of the hybrid 

tracer still remains crucial to enable reliable SN mapping. Moreover, the ability to 

acquire an overview image with the portable gamma camera during surgery allows 

detection of residual SNs which could have been missed with the gamma probe or 

fluorescence camera as shown in the present study (Fig. 6).  

The fluorescent signature of ICG-99mTc-nanocolloid also provides the unique possi-

bility to study tracer distribution in ex vivo tissue specimens, long after the radioac-

tive signal has decayed.20 In this study, ex vivo imaging using a sensitive fluores-

cence camera confirmed the presence of a fluorescent signal in all tumor-positive 

SNs with metastases up to 14 mm (Fig. 6).  Apparently, when unaffected lymphatic 

tissue is still present, the presence of metastatic tumor tissue in a node does not 

necessarily cause re-routing of the lymph flow.21 
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5 ConClusIon
ICG-99mTc-nanocolloid allows for combined radio- and fluorescence guided SN 

biopsies in penile carcinoma patients, while retaining the properties of the radiocol-

loid that are optimal for preoperative SN identification using lymphoscintigraphy and 

SPECT/CT. The fluorescent label significantly improved intraoperative optical SN 

identification compared to blue dye indicating that by using this hybrid approach, 

blue dye may be omitted. 
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Figure 1. Schematic overview of the study 

set-up. A) After injection of ICG–99mTc-na-

nocolloid, preoperative imaging of the SNs 

is performed using lymphoscintigraphy and 

SPECT/CT (B). C) Shortly before surgery, blue 

dye is also administered. D) Intraoperatively,  

the radioactive component of the hybrid 

tracer allows for radioguided SN localization 

using a gamma ray detection probe (1) and 

the portable gamma camera (2). In addition, 

the fluorescent component allows for SN 

visualization using a near- infrared (NIR) 

fluorescence camera (3). Intraoperative SN 

identification rates using radio- and/or fluores-

cence guidance were assessed and compared 

to blue dye (4). IS=injection site, SN=sentinel 

node, HE=higher echelon node

FIGures
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Figure 2. SN mapping after ICG-99mTc-nano-

colloid injection using lymphoscintigraphy and 

SPECT/CT. A) Early lymphoscintigram showing 

drainage to a right inguinal SN (arrow). B) Late 

lymphoscintigraphy also reveals drainage to 

the a left sided SN, as well as higher (iliac) 

echelon drainage on the right side (arrows). 

C) Axial fused SPECT/CT images depicting 

both radioactive SNs, with the corresponding 

lymph nodes on CT (D, arrows). E) Drainage in 

penile cancer and the five inguinal zones of 

Daseler: In this study, The majority (64.2%) 

of SNs was located in the medial superior 

zone, 10.1% in the lateral superior zone, and 

23.5% in the central zone, which is concordant 

with the expected drainage pattern using 

99mTc-nanocolloid alone [5]. IS=injection site; 

SN=sentinel node; HE=higher echelon node; 

SPECT/CT = single photon emission com-

puted tomography combined with computed 

tomography.

Figure 3. Combined intraoperative radio- and 

fluorescence guided SN biopsy. A) The radioac-

tive signature of the hybrid tracer enables initial 

SN detection using a conventional gamma 

probe (black arrow) and a portable gamma 

camera (white arrow). B) The portable gamma 

camera provides an overview image of the 

SNs which can be used to verify complete SN 

removal after excision (figure inlay). C) As the 

SN is approached the fluorescent signature 

of the hybrid tracer enables SN visualization 

using a fluorescence camera. D) In some 

patients, the SN (arrow) and its afferent 

lymphatic duct as well as the injection site 

(IS) could be visualized through the skin. E, F) 

A radioactive, non blue SN clearly visualized 

using fluorescence imaging. G,H) The improved 

tissue penetration of fluorescence imaging 

enables clearer visualization of the SN and its 

borders compared to blue dye. IS=injection 

site; SN=sentinel node
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Figure 4. The fluorescent signal is only visible 

using a dedicated NIR fluorescence camera 

system, leaving the surgical field unstained. A) 

After administration of ICG-99mTc-nanocol-

loid, the injection sites are only visible using 

a fluorescence camera (B-C). D) Blue dye 

injections stain the surgical field blue, which 

may be hindersome during penile surgery (E-F). 

NIR=near-infrared.

Figure 5. Post-excision confirmation of 

complete SN removal using a portable gamma 

camera. A) Lymphoscintigraphy showing 

the injection site (IS) with 3 SNs on the right 

side and 1 SN on the left side. B) 3D volume 

rendered SPECT/CT image revealing that the 

most caudal SN on the right side is located in 

an inferior Daseler zone. C) An initial image ac-

quired with the portable gamma camera during 

surgery mainly depicting the high radioactive 

signal coming from the injection site (IS). D) 

Blocking the injection site using the Sentinella 

suite software (BL) visualizes the 3 SNs on the 

right side. E) Post-excision image after removal 

of 3 radioactive/fluorescent nodes shows that 

the most caudal SN is still in situ. F) After 

excision of the remaining SN, which proved to 

be tumor-positive at histopathology, complete 

SN removal is verified. IS=injection site; 

SN=sentinel node; HE=higher echelon nodes; 

BL = blocked injection site using Sentinella 

Suite software.
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Figure 6. Ex vivo examination of the fluorescent 

signal in tumor-positive SNs. A) A SN 

containing micrometastases (black circle) B, C) 

Ex vivo fluorescence imaging reveals that the 

fluorescence signal is mainly present in the 

remaining unaffected lymphatic tissue of the 

SN. D-F) In a patient with macrometastases 

(black circles), a clear fluorescent signal could 

also be detected. 

Figue 7. Ex vivo SN evaluation. Excised nodes 

were radioactive, fluorescent and/or blue. Of 

the excised SNs, 220 were both radioactive 

and fluorescent. 123 of these were also 

blue. Only 1 SN was neither radioactive, nor 

fluorescent, but blue. 

radioactive Blue

Fluorescent

0

0

1123

123

220 123
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Table 1: Patient characteristics
no of included patients 65

Average age (yr) 67 (range 34-93, median 66)

recurrence (repeat sn biopsy) 6

Tumor stage

T1 25

T2 34

T3 6

Groins

cN0 (with or without) FNAC 119

cN1 (tumor + FNAC) 10

Previous LND 1

Total included groins for sn biopsy 119

SN=sentinel node, FNAC=fine needle aspiration cytology
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5 Table 2: Pre-, intra-, and postoperative results

Preoperative sn results

Lymphoscintigraphy, early 89 

Lymphoscintigraphy, late 160

SPECT/CT* 179

Total number of identified sns 183 (average 2.9; median 3, range 1-6)

location of sns

Medial superior zone 115 (64.2%)

Lateral superior zone 18 (10.1%)

Central zone 42 (23.5%)

Medial inferior zone 3 (1.7%

Lateral inferior zone 1 (0.6%)

Total 179*

Intraoperative sn results

Traceable with probe (in vivo)

Radioactive (ex vivo) 215 (97.3%)

220 (99,6%)

Fluorescent (in vivo)

Fluorescent (ex vivo) 214 (96.8%)**

220 (99,6%) 

Blue (+ radioactive/fluorescent) 123 (55.7%)**

Blue (non radioactive/fluorescent) 1 (0.45%)

Total number of excised sns 221 (average 3.4; median 3; range 1-9)

Pathology

Total number of SNs 221 (average 3.4; median 3; range 1-9)

Total number of lymph nodes 239

Number of positive SNs 10 (7 patients, 7 groins)

*One patient refused to undergo SPECT/CT 
**Statistical significant difference between surgically visualized fluorescent and blue SNs (p<0.0001
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Image-guided sentinel node biopsy in 104 melanoma patients; a 
hybrid approach

Submitted

Methods: One-hundred-and-four patients with 
melanoma of the head and neck (n=53), trunk (n=33) 
or an extremity (n=18) were evaluated. Lymphoscintig-
raphy with subsequent SPECT/CT was performed after 
intradermal administration of ICG-99mTc-nanocolloid. 
The operation was performed 3-27 hours after tracer 
injection. Patent blue dye was injected prior to surgery, 
except in patients with a melanoma in the face (n=35). 
Intraoperatively, SNs were pursued via gamma ray trac-
ing, followed by optical verification using fluorescence 
and/or blue dye. A portable gamma camera was used 
to confirm removal of all SNs. 

Results: Preoperative imaging revealed at least one 
SN in all patients. Intraoperatively, an SN could only 

be localized using fluorescence imaging in 17 patients 
(16%). Overall, 98% of SNs could be intraoperatively 
visualized with the near-infrared fluorescence camera, 
whereas only 63% of SNs were blue (p<0.05).  

Conclusions: ICG-99mTc-nanocolloid enabled preopera-
tive lymphoscintigraphy and SPECT/CT imaging, togeth-
er with intraoperative radio- and fluorescence-guided 
SN detection in all 104 patients. The addition of 
fluorescence  imaging was particularly useful for the 
identification of SNs located near the injection site, 
located in a complex anatomical area, and for optical 
visualization of SNs that failed to accumulate blue dye. 
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Purpose: To explore the value of indocyanine green (ICG)-99mTc-nanocolloid for sentinel node (SN) identification 
in a cohort of melanoma patients and to compare this to optical SN identification with blue dye.
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6 INTroduCTIoN
For melanoma, sentinel node (SN) biopsy has evolved into the routine procedure 

to determine the presence of lymph node metastasis allowing patients with nodal 

metastasis to be treated in a relatively early phase of their disease. A combination 

of radioalabeled colloid and a vital blue dye are commonly used to identify the SN. 

Radiolabeled colloids enable preoperative lymphoscintigraphy and intraoperative 

SN detection using a hand-held gamma ray detection probe (hereafter referred to 

as gamma probe).1 Vital blue dyes allow for optical detection of the SNs and their 

afferent lymphatic vessel during surgery. Although generally successful, this tech-

nique has limitations. A blue lymph vessel may be difficult to find and its dissection 

requires substantial expertise. Occasionally, blue dye causes an allergic reaction 

and it can stain the injection site for months.2,3 Also, SNs not always take up blue 

dye, particularly in the neck. As a result, the false-negative rate of SN biopsy in 

patients with melanoma is high.4 

Over the last decade several techniques have been introduced to improve SN 

identification. In the preoperative setting, single photon emission computed 

tomography with computed tomography (SPECT/CT) was shown to provide useful 

anatomical reference points regarding the anatomical context of the SNs enabling 

accurate planning of the operation.5-7 In the operating room, the introduction of a 

portable gamma camera was shown to be useful for visualization of the radioactive 

hotspots on-screen as an addition to the traditional acoustic guidance generated 

by a gamma probe.8 Near-infrared fluorescence imaging of indocyanine green (ICG) 

provides an alternative mode of intraoperative SN identification.9 

The hybrid tracer ICG-99mTc-nanocolloid was developed to combine the attractive 

migrational properties of radiolabeled colloids with the favorable optical imaging 

feature of ICG.10,11 With this hybrid tracer being both radioactive and fluorescent, 

one single compound allows for: I) conventional lymphoscintigraphy and SPECT/

CT imaging. II) During the operation, SNs can be radiotraced using a gamma 

probe. III) In addition, SNs can be optically detected via fluorescence imaging. The 

feasibility of this hybrid approach was demonstrated in several pilot studies.12-15 The 

present study evaluates the value of ICG-99mTc-nanocolloid for SN biopsy in a large 

population of patients with melanoma. Secondly, a comparison between fluores-

cence and blue dye-staining was made after SN identification.
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6MeThodS
Patients
Between March 2010 and March 2013, a total of 104 patients with melanoma of 

the head and neck (n=53), trunk (n=33) or an extremity (n=18) were studied. The 

first 13 patients were also included in previous feasibility trials.12,13 Patients were 

prospectively enrolled after a diagnostic excision of a melanoma with a Breslow 

thickness of at least 1.0 mm (average 2.7 mm). All clinically node-negative patients 

were scheduled for SN biopsy and re-excision of the biopsy wound. The study pro-

tocol was approved by the Institutional Review Board (N09DRF, NL 26699.031.09), 

and all patients were included after giving informed consent.

Tracer preparation
After preparation of  99mTc-nanocolloid with a final pH of 6-7 (GE Healthcare, 

Eindhoven, The Netherlands), hybrid ICG-99mTc-nanocolloid was formed by adding 

0.25 mg of ICG (ICG-Pulsion, Pulsion Medical Systems, Munich, Germany) to the 
99mTc-nanocolloid solution as previously described.12-14 Subsequently, approximately 

90 MBq ± 10% was subtracted from the vial containing the ICG-99mTc-nanocolloid 

solution. Saline was then added to reach a total volume of 0.4 ml in the syringe. 

All procedures were performed under good manufacturing practice (GMP-z) and 

under supervision of the institution’s pharmacist. 

Preoperative procedure
An average of 77 MBq (range 54-113 MBq) ICG-99mTc-nanocolloid was injected 

intradermally in 4 deposits around the excisional biopsy scar (total volume 0.4 ml). 

Anterior and lateral dynamic lymphoscintigrapy was performed using a dual-head 

gamma camera (Symbia T, Siemens, Erlangen, Germany) during the first 10 min-

utes after injection to visualize the draining lymphatic vessel(s) and the first draining 

lymph nodes. Static planar gamma camera images were acquired 15 minutes and 

two hours post-injection. SPECT and CT imaging (Symbia T) was performed 2 

hours post-injection. After correction for scatter and tissue attenuation, the SPECT 

was fused with the low dose CT (40 mAs). 

Lymph nodes draining from the site of injection through an own lymphatic vessel 

were identified as SNs.16,17 SNs were anatomically localized using multiplanar 

reconstruction which enabled comparison of fused SPECT/CT images with con-

comitant CT. Additionally 3D SPECT/CT display of SNs in relation to the anatomical 

structures was accomplished using volume rendering. 

Surgical procedure
In the 1-day protocol, the surgical procedure started 5 hours after injection on 

average (range 3-9.5 hours; 58 patients), whereas in the 2-day protocol this was 

21 hours (range 18-27 hours; 46 patients). 

Immediately before the operation a mean volume of 1.0 ml of patent blue dye 
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6 (Laboratoire Guerbet, Aulnay-Sous-Bois, France) was injected intradermally around 

the original melanoma site in the patients with melanoma located outside the facial 

area (n=69). Immediately preceding the incision, an overview image of the hotspots 

was acquired using a portable gamma camera (Sentinella, Oncovision, Valencia, 

Spain) as a reference image. Image acquisition times ranged from 15 seconds to 1 

minute in accordance with previous reports.8 During surgical exploration, SNs were 

initially pursued with a gamma probe (Neoprobe, Johnson & Johnson Medical, 

Hamburg, Germany). Alternating attempts were then made to optically visualize 

the SNs through fluorescence imaging using a handheld near-infrared fluorescence 

camera (PhotoDynamic Eye; Hamamatsu Photonics, Hamamatsu, Japan) and/

or visual detection of the blue dye. Fluorescence imaging required the lights in 

the operating room to be dimmed to minimize the background signal, whereupon 

reflection of the excitation light was used to visualize the surrounding tissues.

After excision of a SN, a second portable gamma camera image was acquired to 

verify SN removal. If residual radioactivity was observed at the site of a previously 

excised SN, it was considered part of a cluster of multiple adjacent SNs and also 

harvested. 

Pathology and ex vivo analyses
All SNs were fixed in formalin, bisected, embedded in paraffin, and cut at a 

minimum of six levels at 50-150 μm intervals. Histopathologic evaluation included 

a hematoxylin and eosin, S-100 (cat. no. Z0311; DAKO, Heverlee, Belgium) and 

MART-1 (cat. no. M7196; DAKO) staining.

Statistical analysis
Statistical evaluation of the difference between the number of fluorescent and blue 

nodes was performed for each subgroup (head and neck, trunk, and extremity) 

and for all groups together using a 2-sample test for equality of proportions with 

continuity correction. A p-value of <0.05 was considered significant.

reSulTS
Preoperative results
A schematic overview of the procedure is depicted in Fig. 1. Preoperative SN map-

ping results for each subgroup (head and neck, trunk, and extremity) are specified 

in Table 1. The combination of lymphoscintigraphy and SPECT/CT revealed at least 

one SN in 103 of the 104 patients (99%) with a total of 245 SNs. Neither lym-

phoscintigraphy nor SPECT/CT depicted a SN in the remaining patient presenting 

with a pre-auricular melanoma. In this case, the portable gamma camera located 

the SN close to the injection site as demonstrated in Fig. 2. A total of 246 SNs 

were preoperatively identified (average 2.4 SNs per patient, range 1-6). No adverse 

reactions to ICG-99mTc-nanocolloid were observed. 
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6Intraoperative results
Intraoperative SN biopsy results are specified in Table 2. All but 4 preoperatively 

identified SNs could be intraoperatively localized using a combination of radio- and 

fluorescence guidance and blue dye detection (Fig. 3). In 9 patients, fluorescence 

allowed the surgeon to localize the SN in the parotid area or close to the injection 

site; where radioactivity-based detection of the SNs was hampered. In 14 patients 

(26%) with drainage to the head and neck, fluorescence imaging was particularly 

useful for depth estimation and “pinpointing” of the SN. Fluorescence imaging also 

facilitated the identification when low radioactive counts were present in the SN. 

For example, in one patient with a truncal melanoma and a patient with a melano-

ma on a lower extremity, a SN was difficult to find using the probe because of a 

low initial radioactive count rate due to radioactive decay (the operation started 21 

and 20 hours after injection, respectively). In these patients, fluorescence imaging 

enabled localization of the SNs after which the SNs could be excised. Similarly, 

when SNs had failed to take up blue dye, fluorescence imaging allowed optical 

verification of the location of the SN. 

In 33 patients, 59 additional SNs were excised. In retrospect, re-analysis of the 

CT and the fused SPECT/CT images revealed the presence a cluster of nodes. 

Examples are illustrated in Fig. 4. A total of 301 SNs was ultimately harvested 

(average 2.9 SNs; range 1-9). Ninety-five percent of these nodes could be localized 

using the gamma probe. Ninety-eight percent of the SNs could be intraoperatively 

visualized using the fluorescence camera (Figure 3), whereas only 63% of the SNs 

were blue in the 69 patients in whom blue dye was used (p<0.05). 

Pathological analysis revealed a total of 310 excised SNs. SNs metastases were 

found in 26 patiens (25%). Of the 39 tumor-positive SNs 13% contained isolated 

tumor cells, 51% micrometastases (diameter 0.2-2 mm), and 36% macrometasta-

ses (diameter >2.5 mm). 

dISCuSSIoN
With this study in a cohort of 104 melanoma patients, we strengthen previous 

reports indicating that the hybrid tracer approach using ICG-99mTc-nanocolloid 

adds specific fluorescence guidance to the otherwhise standard SN biopsy 

procedure.12-15 Intraoperative fluorescence imaging was found to be especially 

valuable in cases with intricate anatomy, for example for the detection of intra-pa-

rotid SNs. Through fluoresence imaging optical SN identification was facilitated, 

even when the SNs were located in close vicinity to the injection site; an indication 

where SN identification via conventional gamma tracing is notoriously difficult. 

Fluoresence-based SN identification significantly outperformed blue dye-based SN 

identification, 98% vs. 63%, respectively (p<0.05, Table 2). Combining the fluores-

cent and radioactive signature in one compound (ICG-99mTc-nanocolloid) prevents 

discrepancies in drainage patterns which may occur after separate injections of 

e.g. radiocolloid and blue dye. Although blue dye may potentially also allow the 
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6 identification of SNs that failed to accumulated radiocolloid, in this study no SNs 

were found that were only blue. 

The difference in the optical detection mechanisms for blue dye and ICG may ex-

plain the superior efficiency found for ICG-99mTc-nanocolloid. Blue dye is visible only 

when the SN or lymphatic vessel is already (partially) exposed.18 The generation of 

a near-infrared fluorescence signal is a process in which the dye is excited by light 

with a near-infrared wavelength (±780 nm) whereafter near-infrared emission light 

is produced. This emission signal is of a higher wavelength (±820 nm) and can be 

detected with a near-infrared fluorescence camera. Since the latter takes place in 

the tissue transparence window, it has a superior tissue penetration going as deep 

as 0.5-1.0 cm.11,19 The value of the superior tissue penetration is demonstrated by 

the several cases where near-infrared fluorescence imaging allowed (transcutane-

ous) detection of the SN, before visual identification using blue dye was possible 

(Fig. 3). Unfortunately, the fluorescence camera used in the current study makes it 

difficult to follow lymphatic vessels, though not impossible. Nevertheless, camera 

sysems with more a powerful excitation light source, e.g. the (mini-)FLARE system20 

may allow the real-time detection of the draining lymphatic vessels thereby further 

reducing the need for blue dye.  

The intraoperative detection of additional SNs is not uncommon, but it is striking 

that 20% additional SNs were intraoperatively identified by improving the identifi-

cation technique(s) through the combined use of a portable gamma camera and 

fluorescence imaging. This finding indicates that thorough confirmation of SN 

removal, e.g. by using a portable gamma camera, remains of importance. Retro-

spective analyses suggest that more careful evaluation of the CT scan in combina-

tion with the fused SPECT/CT scan may help to better predict the number of SNs 

in a certain area. Not surprising, the largest number of additionally identified SNs 

was found in the area with the most complex anatomy, namely the head and neck 

area (Table 2). 
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6CoNCluSIoN
In conclusion, the hybrid tracer ICG-99mTc-nanocolloid enabled preoperative 

imaging and intraoperative radio- plus fluorescence-guided SN biopsy in all 104 

melanoma patients. The fluorescent moiety was found to be of added value for the 

detection of SNs close the the injection site, SNs located in a complex anatomy, 

and SNs that failed to accumulate patent blue dye.
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6 FIGureS

Figure 1. Schematic overview of the SN biopsy procedure for melanoma. The hybrid tracer 

ICG-99mTc-nanocolloid is injected in four deposits (total volume 0.4 ml) intradermally surrouding 

the melanoma scar (A). Immediately after tracer injection, dynamic lymphoscintigraphy is performed 

followed by static images at fifteen minutes and two hours post-injection. Thereafter a SPECT/CT 

scan is acquired (B). Prior to the start of the operation, a volume of approximately 1.0 ml patent blue 

dye is injected after which the injection site is massaged (C). Intraoperatively, SNs are detected using 

a combination of radioguidance, fluorescence imaging and blue dye detection (D). 

Figure 2. Identification of a SN located in close proximity to the injection site not seen with conven-

tional lymphoscintigraphy. Preoperative lymphoscinigraphy (A) and SPECT/CT imaging (B) did not 

reveal any SN. However, with a portable gamma camera (C) it was possible to distinguish a SN directly 

next to the injection site (IS) (right panel) (D; arrow). The signal of the SN could not be distinguished 

using the conventional gamma probe (E), but with the handheld near-infrared fluorescence camera 

(F) the SN could be visualized (G; arrow). After removal of the SN, another portable gamma camera 

image was taken (H) confirming that indeed the SN was removed. The left panel shows the location of 

the SN before excision (arrow) whereas this spot is no longer visible after SN excsion (right panel).  



Chapter 6: Image-guided sentinel node biopsy in 104 melanoma patients; a hybrid approach | 97

6

Figure 3. SN identification via fluorescence 

imaging. Occasionally, when SNs are located 

superficially, SNs can be seen through the skin 

(A). Detection of a SN when no blue dye was 

used (B), when only a blue vessel was found 

running to the SN (C) or when the lymphatic 

vessel and SN had stained blue (D). 
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6

Figure 4. Preoperative SN mapping. 

Conventional lymphoscintigrams (A panels) and 

SPECT/CT images (B panels) showing the SNs 

with regard to the injection site (IS). Intraoper-

atively, additional SNs were removed in several 

patients. Retrospective analysis revealed these 

SNs being part of clusters (C and D panels). 
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6TAbleS

Table 1: Preoperative results per melanoma site
head and Neck Trunk extremity Total

# Patients 53 33 18 104

Preoperative SN mapping

early lymphosicntigraphy 113 (82%) 62 (82%) 28 (85%) 203 (83%)

late lymphoscintigraphy 127 (93%) 73 (96%) 32 (97%) 232 (94%)

SPeCT/CT 136 (99%) 76 (100%) 33 (100%) 245 (99%)

Portable gamma camera 1 (1%) - - 1 (1%)

Total # SNs (av; range) 137 (2.6; 1-6) 76 (2.3; 1-4) 33 (1.8; 1-3) 246 (2.4; 1-6)

# SN basins (av; range) 111 (2.1; 1-5) 53 (1.6; 1-4) 19 (1.1; 1-2) 183 (1.8; 1-6)

basins Suboccipital: 7% 
Temporal: 1% 
Parotid: 7%% 
Auricular: 16% 
Neck: 67% 
Supraclavicular: 2%

Neck: 2% 
Supraclavicular: 4% 
Scapular: 4% 
Pectoral: 2% 
Axillar: 75% 
Intermediate trunk: 2% 
Inguinal: 11%

Epitrochlear: 5% 
Axillar: 21% 
Inguinal: 74%

Suboccipital: 4% 
Temporal: 0.5% 
Parotid: 4% 
Auricular: 10% 
Neck: 41% 
Supraclavicular: 2% 
Scapular: 1% 
Pectoral: 0.5% 
Epitrochlear: 0.5% 
Axillar: 24% 
Intermediate trunk: 0.5% 
Inguinal: 11% 

# = number; SN = sentinel node; av = average.

Table 2: Intraoperative results 
head and Neck Axillar Inguinal Abberant% other@ Total

# Patients 54 36 18 4 4 -

# basins 110 44 20 4 5 183

# SNs not excised (# 
patients)

3 (2) 1(1) - - - 4 (3)

# Additional exised SNs 

(# patients) 46 (24) 10 (6) 2 (2) - 1 (1) 59 (33)

Total # excised SNs 179 74 38 4 6 301

Intraoperative SN detection

radio tracing 165 (92%) 73 (99%) 38 (100%) 4 (100%) 6 (100%) 286 (95%)

Fluorescence guidance 176 (98%) 71 (96%) 38 (100%) 4 (100%) 6 (100%) 295 (98%)

blue dye visualization 23 (37%)* 55 (74%) 35 (92%) 1 (25%) 2 (50%)& 116 (63%)

* In the 19 patients in which blue dye was used, 63 SNs were excised. & In the two patients in which blue dye was used, a 
total of 4 SNs was excised. 
% Abberant: Intermediate trunk, pectoral or scapular area. @ Other: Supraclavicular and epitrochlear basin. 
# = number; SN = sentinel node. 
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Intraoperative laparoscopic fluorescence guidance to the sentinel 
node in prostate cancer patients: clinical proof of concept of an 

integrated functional imaging approach using a multimodal tracer 

Eur Urol. 2011;60:826–33.

Methods: Before surgery, multimodal indocyanine 
green (ICG)-99mTc-nanocolloid was injected into 
the prostate. Subsequent lymphoscintigraphy and 
single-photon emission computed tomography/
computed tomography (SPECT/CT) imaging of pelvic 
nodes was performed to determine the location of the 
sentinel nodes (SNs) preoperatively. During the surgical 
procedure a fluorescence laparoscope, optimized 
for detection in the near infrared range, was used to 
visualize the nodes identified on SPECT/CT. Eleven 
patients scheduled for robot-assisted laparoscopic 
prostatectomy (RALP) with an increased risk of nodal 
metastasis, based on Memorial Sloan-Kettering Cancer 
Center/Kattan nomogram estimation, participated in a 
pilot assessment (N09IGF). Surgical procedure: Patients 
underwent RALP with LN dissection for prostate cancer. 
Radioactive and fluorescent signals were monitored 
using different modalities, and the correlation between 
the two types of signals was studied. The location of 
preoperatively detected SNs was documented.  

Results: Preoperatively, SNs were identified by SPECT/
CT, and the multimodal nature of the imaging agent 
also enabled intraoperative detection via fluorescence 
imaging. Fluorescence particularly improved surgical 
guidance in areas with a high radioactive background 
signal such as the injection site. Ex vivo analysis re-
vealed a strong correlation between the radioactive and 
fluorescent content in the excised LNs. Fluorescence 
detection is limited by the severe tissue attenuation 
of the signal. Therefore, radio guidance to the areas of 
interest is still desirable. 

Conclusions: Initial data indicate that multimodal 
ICG-99mTc-nanocolloid, in combination with a lapa-
roscopic fluorescence laparoscope, can be used to 
facilitate and optimize dissection of SNs during RALP 
procedures.  

Henk G. van der Poel, Tessa Buckle#, Oscar R. Brouwer#, Renato A. Valdés Olmos, Fijs W.B. van Leeuwen 

# shared second authorship

Purpose: To show the applicability of combining preoperative, intraoperative, and postoperative sentinel 
node imaging using an integrated diagnostic approach based on an imaging agent that is both radioactive and 
fluorescent.
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7 InTroducTIon
Functional (optical) imaging holds great promise to supplement surgeons’ eyes and 

improve surgical outcome.1,2 One very practical clinical application where imaging 

can help guide the surgical intervention is the identification of lymph nodes (LNs) 

draining directly from the tumor (sentinel nodes, SNs). Functional imaging of SNs 

depends on lymphatic migration and nodal accumulation of the imaging agents.3,4 

Such imaging agents can be relatively simple in design, improving their translational 

character. For this reason SN imaging can act as the first clinical precedent for the 

introduction of new surgical guidance technologies. 

The identification of SNs is common practice in breast cancer and melanoma, 

for example.5,6 Although the role of SN dissection in prostate cancer is still un-

der debate, sentinel lymphadenectomy has been shown to be accurate for LN 

staging.7,8 SNs outside the area of extended pelvic lymphadenectomy have also 

been described, underlining the need to document lymphatic drainage pathways 

for each patient.9 We reasoned that a more accurate removal of prostate cancer– 

associated SNs would help identify the value of nodal resection in prostate cancer 

patients and might provide better staging. Preoperative single-photon emission 

computed tomography/computed tomography (SPECT/CT) imaging provides 

useful anatomic information regarding the location of the SNs and allows for the 

identification of SNs that lie beyond the standard dissection margins.10 In addition 

to their diagnostic purposes, these preoperative images can act as a (rough) guide 

during surgery. 

Prostatectomy for cancer has shifted from the open approach toward less invasive 

laparoscopic and robot-assisted techniques.11 Although advances in surgical 

instrumentation have been made, fluorescence-guided (robotic) surgery is still 

in its infancy. The next step in the technical evolution of surgical interventions is 

the integration of optical imaging modalities that specifically visualize the areas of 

interest. Most clinical studies regarding optical surgical guidance to the SNs have 

focused on the use of a fluorescent imaging agent, for example, indocyanine green 

(ICG).12,13 However, this rapidly migrating imaging agent has to be administered 

intraoperatively, and its pharmacokinetics and biodistribution cannot be monitored 

accurately. To circumvent these problems, we developed a hybrid multimodal 

radiocolloid (ICG-99mTc-nanocolloid; Fig. 1A) that is both radioactive and fluores-

cent. The principal advantage of this multimodal tracer is that in addition to its 

optical properties, it retains the well-established functional properties of the original 

radiocolloid, including accumulation in the SNs.14,15 

Here, we present the first human studies of an integrated method that enables pre-

operative planning of the SN procedure and allows for intraoperative visualization of 

the SNs. For this study we used a hybrid radiocolloid that is detectable by gamma 

camera, SPECT/CT, and near infrared (NIR) fluorescence imaging .
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7MeThods
This pilot study applied the concept of a novel multimodal radiocolloid that can 

be integrated into clinical logistics based on radiocolloids (Fig. 1). The protocol 

(N09IGF, NL28143.031.09) was approved by the local ethics committee of the 

Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital. Between June 

2010 and January 2011, 11 patients with prostate carcinoma scheduled for 

robot-assisted laparoscopic prostatectomy (RALP) with an increased risk of nodal 

metastasis, based on Memorial Sloan-Kettering Cancer Center/Kattan nomogram 

estimation, participated in the pilot assessment. The criteria for inclusion were 

the presence of one or more of the following characteristics: clinical stage >T2b, 

prostate serum antigen level >10.0 ng/ml, or Gleason sum score >6. Table 1 lists 

the patient characteristics. The surgical intervention was performed using the da 

Vinci S robotic system (Intuitive Surgical, USA). During the surgical procedure, both 

the prostate and SNs were excised. In addition, in all cases, the nodal areas of the 

internal, obturator, and external LNs were dissected (retroperitoneal lymph node 

dissection [RPLND]). LNs proximal to the ureter vessel crossing were only removed 

when SNs were detected in this area. All patient studies were performed conform 

to protocol after written patient consents were obtained. 

Tracer preparation 
99mTc-nanocolloid was prepared by adding 1 ml pertechnetate (approximately 700 

MBq) in saline to a vial containing NanoColl (GE Healthcare, the Netherlands). 

After 30 min of incubation at room temperature, 99mTc-nanocolloid formed after the 

solution was exposed to air via a needle to get rid of any excess reactive elements. 

ICG-PULSION (Pulsion Medical Systems, Germany) was prepared by dissolving 25 

mg of solid ICG in 5 ml of water (suitable for injection). 

The ICG-99mTc-nanocolloid injections were prepared by adding 0.050 ml (0.250 mg 

ICG) of the ICG-PULSION solution to the 1-ml solution of 99mTc-nanocolloid. The 

multimodal radiocolloid then formed in situ as reported previously (Fig. 1A).14–16 

All procedures were performed under good manufactoring practice -z (GMP-z) 

and Nuclear Energy Statute (kern energie wet, KEW) and with the approval of the 

local pharmacist. For diagnostic purposes, ICG can be used intravenously with a 

dose up to 25 mg/kg; we only used a dose of 0.25 mg for local administration. 

The 99mTc-nanocolloid was used in a dose (0.5 mg albumin per milliliter of solution) 

commonly used for SN imaging of the prostate in our institution10 without adverse 

effects. 

Tracer administration and imaging 
The patients (n=11) were injected in the peripheral zone of the prostate8 under 

antibiotic prophylaxis, with ICG-99mTc-nanocolloid (approximately 280 MBq; 0.4 ml) 

3 h before surgery. The ICG-99mTc-nanocolloid tracer was injected under transrectal 

ultrasound guidance (Hitachi, Japan) in both lobes of the prostate; each injection 
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7 was followed by flushing of the needle and tubing with approximately 0.7 ml of 

saline. A portable gamma camera equipped with a pinhole collimator (Sentinella, 

Oncovision, Spain) was used to confirm adequate concentration of the tracer in the 

prostate using its radioactive 99mTc label. Static planar gamma camera images were 

acquired at 15 min and 2 h postinjection. These were used to distinguish between 

SNs and second echelon nodes as well as to identify unexpected drainage pat-

terns. SPECT/CT (Siemens, Germany) was performed directly after planar imaging 

at 2 h postinjection. SNs were anatomically localized after image fusion. The first 

node in each nodal basin appearing on early planar imaging was considered the 

SN. LNs appearing later in the same basin were considered higher echelon nodes. 

SPECT/CT images were displayed in the operating room to guide laparoscopic 

detection during RALP. 

surgical technique
After removal of the prostate and ex vivo confirmation of the ICG-99mTc-nanocolloid 

presence in the prostate, the SNs preoperatively localized by SPECT/CT were 

dissected guided by a laparoscopic gamma probe (Europrobe, London, UK) and 

the Karl Storz fluorescence laparoscope (Karl Storz, Germany). Both systems were 

handled by the surgical assistant. In the fluorescence imaging system, 760-nm 

light, emitted by an internal light source, is guided through a special fluid light cable 

to a 30 degrees infrared-optimized rigid laparoscope containing an optical filter 

system. The image was recorded using a charge-coupled device camera. Intraop-

erative gamma tracing and NIR fluorescence imaging was performed through two 

12-mm laparoscopy ports positioned 5 cm lateral to the umbilicus or 2 cm medial 

from the anterior iliac spine. These are the routinely used assistant ports during 

RALP and did not interfere with the robotic arms. The fluorescence detection was 

based on integrated white light and NIR imaging (Fig. 1b3). Via an additional screen 

attached to the laparoscope, the fluorescent signal was also depicted in green 

due to a change in the RGB output (Fig. 1b3,I). The laparoscopic image was also 

projected into the surgeon’s goggles (fluorescence in blue) of the da Vinci S using 

the system’s Tile/Pro function (Fig. 1b3, II) during NIR imaging. 

ex vivo specimen analysis 
Ex vivo examination of the radioactive signal in the excised LNs was performed 

using a portable gamma camera (Sentinella, Oncovision, Spain; Fig. 2A). The 

radioactive content of the excised tissue was evaluated by placing the head of 

the gamma camera at a standardized distance of 10 cm above each excised 

specimen. Radioactive counts were measured using an acquisition time of 1 min. 

Signal intensities were quantified using Sentinella Suite (Oncovision) software. 

Fluorescence signal intensities were measured using an IVIS 200 camera (Xenogen 

Corp, San Francisco, CA, USA; Fig. 2A). Images were acquired with standard 

ICG (excitation 710–760 nm and emission 810–875 nm) filter settings. Measured 
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7intensities (photons/s/cm2/sr) were quantified using Living Imaging Acquisition and 

Analysis software (Xenogen Corp, San Francisco, CA, USA). Trendline-based linear 

regression correlations (determined using Excel, Microsoft) were used to study the 

correlation between the radioactive and fluorescent signal intensities per patient 

(Table 1). Fluorescence imaging of paraffin-embedded material was used to visu-

alize the location of the tracer injection and its distribution throughout the prostate 

(Fig. 2B). Lymphoid tissue specimens were analyzed in a similar manner to evaluate 

their fluorescent content and the location of the imaging agent in the LNs (Fig. 

2C). Unfortunately, our IVIS scanner was not capable of visualizing this distribution 

on microscale. Trendline-based linear regression correlations (Excel) were used to 

establish the correlation between the fluorescence intensities  and the radioactive 

count rate findings.16

resulTs
We have previously shown that using the self-assembled ICG-99mTc-nanocol-

loid tracer, the lymphatic migration of ICG is positively influenced by the carrier 

molecule 99mTc-nanocolloid.14–16 This results in a gradual and specific migration 

of the tracer from the primary injection site into the draining lymph nodes of the 

prostate (Fig. 1B; detectable for at least 3–6 h). At 15 min after injection, SNs were 

visualized in 55% of the patients. This visualization rate increased to 91% after 2h. 

Similar to what has previously reported by Jeschke et al.17 and Vermeeren et al.10, 

it was not possible to detect a SN in all patients. A total of 27 SNs were preopera-

tively detected by SPECT/CT (Table 1); a median number of 2 SNs (range: 0–4) per 

patient was found. Important to note is that the preoperative SN detection method 

was not influenced by the presence of nodal tumor involvement because in 2 out 

of 11 patients nodal metastases were found (three nodes in total; Table 1), and 

tumors containing SNs were not highlighted by the procedure. 

During the surgical procedure the SNs were identified in real time using a combina-

tion of a gamma probe and a NIR-optimized fluorescence laparoscope. In the pros-

tatic fossa the background 99mTc signal from the injection site prevented accurate 

gamma probe–based navigation to the preoperatively SPECT/CT-defined SNs. In 

these cases, however, SNs could be identified via NIR laparoscopy. In areas where 

a background signal was less prominent, the fluorescent signal provided guidance 

during the last centimeter/millimeter of the SN identification process. The fluores-

cent signal output of the NIR-optimized fluorescence laparoscope was presented 

in both blue and green (Fig. 1B). For proper detection of the fluorescent signal, 

it was required to dim the white-light intensity of the da Vinci system. Generally, 

overlying tissue (e.g. fat, vessels, etc.) obscured the fluorescent image and had to 

be removed before visualization. One of the 27 preoperatively detected nodes was 

only detected on SPECT/CT and could not be identified during surgery using either 

the gamma probe or NIR-optimized laparoscope (Fig. 3). Four of 27 SNs (15%) 

could not be detected intraoperatively using the fluorescence laparoscope (Fig. 



108 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

7 3). In these cases the LNs were completely embedded in tissue/fat, resulting in a 

significant attenuation of the fluorescent signal. Overall, no background staining of 

‘‘free’’ ICG was observed. 

Ex vivo gamma and fluorescence imaging of dissected nodes (Fig. 2A) showed a 

high signal intensity correlation for all the individual patient samples (R2 0.71; total 

112 LNs investigated; Table 1). This underlines that all radioactive nodes were 

indeed fluorescent and to a similar extent. Consequently, visualization difficulties 

encountered during the surgical procedure (Fig. 3) are not related to the hybrid 

imaging agent and its migration.  As expected, the improved spatial resolution 

of fluorescence imaging allows the visualization of the exact location of the 

ICG-99mTc-nanocolloid tracer, and as such the (superficial) nodes within the resect-

ed tissue specimens (Fig. 2A). Figure 2 also illustrates that ex vivo fluorescence 

imaging can provide pathologic guidance toward the SNs embedded in the excised 

tissue specimens. Three months after the decay of the radioactive signal, the 

fluorescent signal could still be detected in embedded specimens of the prostate 

(location of the primary tracer deposits) and lymph nodes (Fig. 2B and 2C). Finally, 

the anatomic locations of the by SPECT/CT, intraoperative gamma probe, and/or 

intraoperative fluorescence imaging identified SNs were documented (Fig. 3). Five 

of 27 removed SNs were located outside the extended dissection field (obturator 

fossa plus internal iliac plus bifurcation iliac vessels plus common iliac vessels; Fig. 

3)18 and would normally have been missed. In 36% of the patients we found SNs 

outside of the extended dissection field, and in two patients these SNs contained 

nodal metastases. 

dIscussIon
The integrated surgical guidance concept we present here is based on a hybrid 

imaging tracer (ICG-99mTc-nanocolloid) that allows for both surgical planning via 

three-dimensional SPECT/CT and real-time fluorescence-based surgical guidance 

(Fig. 1B). The radioactive antenna (99mTc) was used for preoperative imaging and 

intraoperative guidance to the region of interest. The fluorescent antenna (ICG) is 

used for improved intraoperative identification of the SNs. 

Migration of ICG-99mTc-nanocolloid from the injection site was comparable with the 

migration pattern previously established for 99mTc-nanocolloid, the most frequently 

used radiocolloid in Europe for SN procedures in the prostate.8 This underlines that 

ICG-99mTc-nanocolloid retains the functional properties of the original radiocolloid 

and depicts the uptake in macrophages of the SN.4 This behavior is different from 

blue dyes and ‘‘free’’ ICG, which are rapidly clearing lymphatic perfusion markers. 

We have previously also shown that nanocolloid-based procedures are superior to 

those based on ‘‘free’’ ICG or ICG bound to (radiolabeled) human serum albumin.16 

In the described procedure any ‘‘free’’ ICG present during injection will thus already 

have cleared at the time of dissection. 

The radioactive component in ICG-99mTc-nanocolloid enables accurate preoperative 
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7assessment of the pharmacokinetics and distribution via lymphoscintigraphy and 

SPECT/CT. The anatomic information provided by the latter was shown to improve 

the SN detection accuracy up to 98%.10 During the surgical procedure the SPECT/

CT image provides guidance toward the area of the SN, but the spatial orientation 

is often related to large anatomic structures such as vessels and bone. Movement 

of internal anatomy of the patient during the surgical procedure limits the accuracy 

of sole SPECT/CT-based navigation. Real-time gamma probe detection allows 

acoustic tracing of the SN location. This technique, however, suffers from back-

ground signals from the injection site (eg, prostatic fossa) and collimator issues 

that hamper depth perception. The use of ICG-99mTc-nanocolloid enables us to 

integrate the advantages of optical fluorescence guidance in these procedures. We 

found that fluorescence imaging enabled intraoperative identification of the SNs 

in the areas where acoustic gamma tracing is inefficient (Fig. 3). In the other areas 

fluorescence helped identify the exact location of the SNs with a higher precision. 

One of the limitations of fluorescence imaging is the limited tissue penetration of 

the fluorescent signal, especially through fat and blood. In our study this pre-

vented real-time detection of 15% of the SNs; only fully exposed nodes could be 

detected accurately. This limitation of fluorescence imaging also underlines that 

fluorescence guidance benefits from additional guidance (of the laparoscope) to the 

regions of interest. Such guidance can be provided by the radioactive component 

in multimodal imaging agents like ICG-99mTc-nanocolloid. The next challenge is to 

investigate if SPECT/CT-based image navigation may help improve the guidance of 

the tip of the laparoscope to the SNs.19 

Most clinically used cameras for intraoperative fluorescence guidance are designed 

for open surgery, for example, photodynamic eye (Hamamatsu Photonics, Hamam-

atsu City, Japan), the self-built fluorescence-assisted resection and exploration-sys-

tem20, and the light-absorption corrected (multispectral) real-time surgical guidance 

system.21 Due to the less invasive character of laparoscopic surgery, there is also 

a clear need to translate the fluorescence guidance technology to laparoscopic 

surgery. This translation was facilitated by the D-light NIR-optimized fluorescence 

laparoscope provided by Karl Storz. We found that integration of this laparoscope 

into the RALP procedures was feasible. The laparoscope could be inserted through 

one of the existing access ports, and the readout of the fluorescence laparoscope 

could be integrated into the surgical da Vinci goggles. Limiting in the current setting 

is that the surgical assistant still has to guide the fluorescence laparoscope manu-

ally toward the lesions. Future developments that allow the surgeon independently 

to guide the tip of the laparoscope toward the lesion via integration in the robotic 

system are expected to improve the accuracy even further. 

In our opinion the widespread development of surgical fluorescence cameras 

and the development and clinical implementation of new imaging agents are all 

essential in improving surgical efficacy. Integration of these developments into 

technical surgical procedures such as minimally invasive robot-assisted surgery is 
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7 crucial. The radioactivity/fluorescence hybrid approach presented here can easily 

be expanded into other surgical guidance applications such as tumor bracketing.22 

and receptor-targeted tumor imaging.23–25 Limiting for these extended applications, 

however, is obtaining approval for the clinical use of new imaging agents. The 

multimodal ICG-99mTc-nanocolloid imaging agent circumvents this problem because 

a cocktail of the ICG and 99mTc-nanocolloid, both clinically approved in Europe, 

is used to form the multimodal complex without the requirement of any chemical 

modifications or altering the toxicologic profile. As such, ICG-99mTc-nanocolloid 

facilitates the clinical introduction of the multimodal surgical guidance concept. 

conclusIon
The hybrid radiocolloid ICG-99mTc-nanocolloid that is both radioactive and fluores-

cent enabled us to link preoperative SPECT/CT guidance to intraoperative NIR 

fluorescence laparoscopy. Our initial data also show the feasibility of integrating 

surgical fluorescence guidance into the RPLND as performed with the da Vinci 

system. The real-time fluorescence guidance proved particularly valuable in areas 

where accurate gamma tracing was hindered by background signals. 
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Figure 1. Protocol setup. (A) In situ formation of 

the multimodal radiocolloid that contains both 

a radioactive and a fluorescent component. (B) 

(1) Transrectal ultrasound-guided intraprostatic 

injection of the indocyanine (ICG)-99mTc-na-

nocolloid tracer; (2) preoperative single-photon 

emission computed tomography/computed to-

mography (SPECT-CT) (arrows indicate sentinel 

lymph nodes [SNs]); and (3) intraoperative SN 

detection using a near infrared (NIR)-laparo-

scopic D-light angio NIR fluorescence imaging 

system (screen I fluorescence depicted in 

green). The da Vinci S surgical goggles using 

the system’s Tile/Pro function were used to 

simultaneously depict the three-dimensional 

surgical field and the intraoperative NIR-lapa-

roscopic image in blue (blue arrow; II). White 

circles highlight the fluorescent area. 
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Figure 2. Ex vivo analysis. (A) Comparison 

of ICG-99mTc-nanocolloidoid signals in an 

excised tissue specimen that contains lymph 

nodes. The radioactive signal is detected using 

the Sentinella gamma camera, and the fluores-

cent emission was detected using the IVIS 200 

fluorescence imager. (B) Fluorescence imaging 

of the mega-blocks prepared from the excised 

prostate (order: I–IV) depicts the injection 

site and the distribution of ICG-99mTc¬na-

nocolloid throughout the prostate (measured 

3 months after the surgical intervention). (C) 

Fluorescence analysis also allows detection of 

the tracer accumulation in embedded SNs 3 

months after the procedure. 
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Figure 3. Schematic representation of the 

excised SNs based on the preoperative 

single-photon emission computed tomography/

computed tomography (SPECT/CT) images, 

which acts as the gold standard in this 

scheme, and the modalities with which they 

could be accurately identified during the sur-

gical procedure. The red circles represent SNs 

that contained metastases. The blue dotted 

lines encompass the extended lymph node (LN) 

dissection field. Note: The inability to detect 

some of the SNs in real time using either the 

near infrared–optimized laparoscope or the 

gamma probe is a technical limitation related 

to the emission type and the modality used 

because the high R2 values in Table 1 prove 

the fluorescent/radioactive signal intensity in all 

112 LNs correlates very well. 
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Table 1: Patient characteristics and ex vivo analyses of excised nodes

age (yrs) Preop. Psa (ng/ml) Prostate size (cc) cT 
pT

cn 
pn

cM cg 
pg

cg1 
pg1

cg2 
pg2

sns lns removed sns with tumor r2

1 60 16.3 41 cT2b 
pT3a 

cN0 
pN

cMx 7 
7

3 
 3

4  
4

3 8 0 0.97

2 64 8.4 78 cT2c 
pT2c 

cN0 
pN0

cMx 7 
6

3 
 3

4 
 3

0 11 0 0.79/ 
0.97*$

3 67 12.2 46 cT2b 
pT3a 

cN0 
pN0

cMx 7 
8

3 
 3

4 
 5

2 11 0 0.91

4 63 16 26 cT2b 
pT2c 

cN0 
pN0

cM0 7 
9

3  
4

4 
 5

2 13 0 0.98

5 50 4.3 40 cT2b 
pT2c 

cNx 
pN0

cMx 6 
7

3  
4

3 
 3

3 9 0 0.81

6 74 9.8 47 cT2a 
pT3a

cN0 
pN0

cM0 7 
7

3  
3

4 
 4

4 10 0 0.99

7 63 27 40 cT2b 
pT3a

cN0 
pN1

cM0 8 
 10

5  
5

3 
 5

2 6 1 0.91

8 62 24 77 cT2c 
pT3a

cN0 
pN0

cM0 6 
 6

3  
3

3 
 3

3 16 0 0.71*

9 63 17 35 cT2c 
pT2c

cN0 
pN0

cM0 7 
 7

3  
3

4 
 4

2 12 0 0.64/ 
0.99*

10 58 5.1 22 cT3b cN0 
pN1

cMx 7 4 3 3 4 2§ 0.95

11 62 7.9 23 cT2c 
pT2c

cN0 
pN0

cMx 7  
7

3 
 3

4  
3

3 12 0 0.80

TNM staging 2010; T = tumor N = nodes, M = metastases, G = Gleason sum score;  c and p represent the clinical and pathological values respectively; SNs = sentinel 
nodes; R2 = the ex vivo correlation between the fluorescent and radioactive signal intensities. * One large piece of excised tissue in which the LN was fully surrounded 
by a thick layer of tissue was omitted in the correlation; the fluorescent signal could not be accurately detected in this specimen.$ This patient did not undergo prosta-
tectomy and due to a lack of lymphatic drainage, no SN was detected.§ Metastases had a tumor size of 0.15 mm and 0.02 mm.
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Tessa Buckle, Oscar R. Brouwer, Renato A. Valdés Olmos, Henk G. van der Poel and  Fijs W.B. van Leeuwen

Relationship between intraprostatic tracer deposits and sentinel 
node mapping in prostate cancer patients.

J Nucl Med. 2012;53:1026–33.

Methods: Nineteen patients with prostate carcinoma 
scheduled for robot assisted laparoscopic prostatec-
tomy and lymph node (LN) dissection were included. 
ICG-99mTc-nanocolloid was injected intraprostatically 
guided by ultrasound. Sentinel node (SN) biopsy was 
performed using a combination of radio- and fluores-
cence-guidance. Tracer distribution was visualized in 
paraffin-embedded prostate samples using ex vivo 
fluorescence imaging. This distribution was correlated 
to the number and location of the SNs identified on 
preoperative lymphoscintigraphy and SPECT/CT.

Results: ICG-99mTc-nanocolloid helped guide excision 
of the SNs. Ex vivo fluorescence imaging revealed a 
large variation in locations of the intraprostatic tracer 
deposits among individual patients. Tracer deposition 

in the peripheral zone could be correlated to a higher 
amount of visualized LNs compared to tracer deposi-
tion in the central zone (on average 4.7 vs 2.4 LNs per 
patient). Furthermore, tracer deposits in the midgland 
could be correlated to more visualized LNs compared to 
deposits located near the base or apex of the prostate 
(on average 6 vs 3.5 LNs per patient).

Conclusion: The hybrid nature of the tracer not only 
enables surgical guidance but also provides an oppor-
tunity to study the correlation between the location of 
tracer deposits within the prostate and the number and 
location of preoperatively visualized SNs. These data 
suggest that the location at which a tracer deposit is 
placed influences the lymphatic drainage pattern..

Purpose: To evaluate whether the location of intraprostatic tracer deposits for sentinel node biopsy in prostate 
cancer patients is of influence on the observed lymphatic drainage pattern. 
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8 InTRoducTIon
Lymph node (LN) metastases are often the initial step in the cascade of metastatic 

(prostate) cancer spead. Unfortunately, diagnostic imaging modalities such as CT, 

MRI and 18F-FDG PET lack sensitivity in identifying (micro)metastases.1,2 Currently, 

laparoscopic sentinel node (SN) biopsy followed by histopathological examination 

of the excised tissue is routinely used to assess the nodal status in prostate cancer 

patients.3,4

The concept of SN biopsy has been studied extensively in breast cancer and 

melanoma.5-7 For prostate cancer, the principle of SN detection is based on the 

assumption that accurate SN identification is possible after intraprostatic injection 

of a radioactive tracer guided by ultrasound.8,9 As the majority of adenocarcinomas 

arise in the peripheral zone of the prostate.10,11 placement of tracer deposits into 

this zone is considered favorable for the detection of the tumor draining SNs.  It 

is currently not clear whether the lymphatic drainage pattern is dependent on the 

location of the tracer deposits. Accurate placement of the intraprostatic tracer 

deposits may increase the reliability of the entire SN procedure. However, monitor-

ing the injection accuracy using the radioactive signature of the injected tracer is 

difficult. 

The extent of lymph node dissection in prostate cancer has been topic of de-

bate.8,12 Where some have argued that sole excision of the SN is a sensitive meth-

od to detect (micro)metastases, others favor extensive nodal dissection. In case of 

SN biopsy, it is crucial that SNs are accurately identified preoperatively as well as 

intraoperatively, since unexpected locations of SNs outside the field of an extended 

pelvic lymphadenectomy are not rare.9

As radioguided intraoperative SN localization based on the acoustic signal generat-

ed by a gamma probe has its drawbacks, we previously expanded radioguided SN 

biopsies with the use of fluorescence imaging. To this end, we developed a hybrid 

radiocolloid that can be visualized by lymphoscintigraphy, single photon emission 

computed tomography/computed tomography (SPECT/CT), and via near infrared 

(NIR) fluorescence imaging.3,14 This hybrid radiocolloid enabled us to link preop-

erative SN identification to intraoperative visualization of the SNs in patients with 

prostate carcinoma.15 Ex vivo assessment of embedded tissue specimens revealed 

that the fluorescent signal could still be detected long after the radioactivity had 

decayed. Reasoning that this may provide an opportunity to postoperatively assess  

the intraprostatic tracer distribution, we have analyzed the presence of fluorescent 

signals in the prostate specimens. Hereafter,  the locations of the tracer deposits 

were correlated to the number and location of the SNs identified by lymphoscintig-

raphy and SPECT/CT.
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8MeThods
Patients
The protocol (N09IGF, NL28143.031.09) was approved by the local ethics com-

mittee of the Netherlands Cancer Institute - Antoni van Leeuwenhoek Hospital. 

Between June 2010 and February 2011, 19 patients with prostate carcinoma of 

intermediate prognosis scheduled for robot-assisted laparoscopic prostatectomy 

(RALP) and retroperitoneal lymph node dissection (RPLND) were included after 

obtaining written informed consent. Inclusion criteria and patient characteristics are 

listed in the supporting information section. In the current study we performed ex 

vivo analyses on the prostate specimens obtained during the surgical intervention 

described below. 

Tracer preparation 
Tracer preparation was performed as previously described.15 In brief, 99mTc-nano-

colloid was prepared by adding 1ml pertechnetate (approximately 700 MBq) in sa-

line to a vial containing NanoColl (GE-Healthcare, the Netherlands). ICG-PULSION 

(Pulsion Medical Systems, Germany) was prepared by dissolving 25mg of solid ICG 

in 5ml demineralized water. The ICG-99mTc-nanocolloid solution was prepared by 

adding 0.050ml (0.250mg ICG) of the ICG-PULSION solution to 1ml 99mTc-nanocol-

loid solution (pH 6-7).  ICG-99mTc-nanocolloid (also named ICG-99mTc-NanoColl) was 

formed via non-covalent interactions between ICG and albumin molecules.13-15  All 

procedures were performed under GMP-z and KEW and with approval of the local 

pharmacist. 

Tracer administration and preoperative imaging 
Tracer administration took place approximately 3 hours prior to surgery (Fig. 1). 

Injections were performed by 3 different urologists. Transrectal positioning of the 

needle into the prostate was guided by ultrasound (Hitachi, Japan). Subsequently, 

both lobes of the prostate were injected with 2 tracer deposits of 0.1ml each 

(total volume 0.4ml, average dose 280 MBq). The needle and tubing were flushed 

with approximately 0.7ml of saline after each tracer deposit. To confirm adequate 

delivery of each tracer deposit, intraprostatic tracer retention was monitored using 

a portable gamma camera equipped with a pinhole collimator (Sentinella; Oncovi-

sion, Spain). Planar lymphoscintigraphy (anterior and lateral 5 minute images) was 

performed in the nuclear medicine department at 15 minutes and 2 hours post 

injection using a hybrid dual-head camera (Symbia T, Siemens, Germany). The 

first node in each nodal basin appearing on early planar imaging was considered 

to be the SN (SN1), whereas LNs appearing later in the same basin were consid-

ered as higher echelon nodes. For anatomical localization of the nodes, SPECT/

CT was performed directly after planar imaging at 2 hours post injection using the 

same hybrid camera system. If SPECT/CT revealed additional hot spots in caudal 

areas or on a side without previously visualized drainage, these hotspots were also 
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8 considered to be SNs. The amount of radioactivity in the SNs was determined by 

measuring the counts/cm2 per LN using OsiriX software (Pixmeo). The total activity 

on the left and right side of the body was determined by calculating the sum of the 

measured count rates on each side. Using these count rates, the total percentage 

of radioactivity (%RA) per patient and the mean percentage of radioactivity on each 

side were calculated. To determine the mean percentage of radioactivity in SN1, 

only count rates in that SN were used.

surgical procedure
SNs were intraoperatively localized and excised after prostatectomy using a lapa-

roscopic gamma probe (Europrobe, Euro Medical Instruments, UK) and a fluores-

cence laparoscope (D-light system, Karl Storz Endoscopes, Germany). A RPLND 

was performed after SN excision in all patients. When no SNs were visualized on 

the preoperative images, a LN dissection was performed comprising the internal/

external iliac and obturator nodes.15 

  

ex vivo specimen analysis 
Fluorescence imaging of the paraffin-embedded prostate tissue was used to 

visualize the location of the injections and the tracer distribution throughout the 

prostate. For each patient, 2-6 sections were analyzed. An overview of the tracer 

deposits throughout the prostate was created by combining the analyzed sections 

of each patient. Fig. 2 illustrates the different zones and orientation of the prostate; 

the x-axis visualizes the difference between the left and right side of the prostate, 

the y-axis follows the path from the bottom (peripheral zone) to the top (central 

zone) and the z-axis can be followed from the apex to the base of the prostate. 

No discrimination was made between the transition and central zone (both are 

specified as the central zone). Fluorescence signal intensities were measured using 

an IVIS 200 camera (Xenogen Corp., USA). Images were acquired with standard 

ICG filter settings (excitation 710-760 nm and emission 810-875 nm). Measured 

intensities (photons/s/cm2/sr) were quantified using Living Imaging Acquisition and 

Analysis software (Xenogen Corp., USA). For analysis, the prostate was divided into 

four quadrants (Q1-Q4, See Fig. 2B); Q1 and Q3 representing the left side of the 

prostate and Q2 and Q4 representing the right side. The distribution of the fluores-

cent signal was evaluated per section and the (mean) percentage of fluorescence 

in each quadrant was calculated. The mean percentage per quadrant in all sections 

was calculated per patient. Q1 and Q2 were deemed to include the largest part 

of the central zone of the prostate, whereas Q3 and Q4 were deemed to mostly 

represent the peripheral zone.  
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8ResulTs
We previously reported on the use of ICG-99mTc-nanocolloid for combined preop-

erative detection and intraoperative radio- and fluorescence guided dissection of 

SNs in 11 patients with prostate carcinoma.15 In the current study we expanded the 

studied population with 8 patients (total of nineteen patients) and explored the pos-

sibility to postoperatively assess the placement of the tracer deposits with ex vivo 

fluorescence imaging.  The efficacy of the intraoperative hybrid guidance procedure 

in this enlarged patient population remained similar to the previous report (Fig. 3).  

Pathological analysis of the embedded prostate samples showed that in all 

prostate samples, tumor tissue was mainly present in Q3 and Q4 (84%), which 

corresponds with the bottom half/peripheral zone of the prostate (Fig. 2). 

ex vivo fluorescence imaging of tracer deposits 
Within the paraffin-embedded sections of the prostate, fluorescence could still be 

detected >2 months after prostatectomy. Overlay pictures wherein the fluores-

cent image was superimposed on a photograph of that specific prostate section 

were used to determine the location of the tracer deposits. Fig. 4A depicts the 

fluorescent signal in the different sections of the prostate and the accompanying 

lymphoscintigraphy image in 2 representative patients; in patient 8 the tracer was 

injected into the peripheral zone, and in patient 6 the tracer was injected into 

the central zone of the prostate. The location of tracer deposits for all individual 

patients are graphically represented in Fig. 4B. (fluorescent deposits are depicted in 

green). Clearly, deposits vary in size, intensity (light green deposits depict identical 

or low intensities, dark green deposits depict deposits with high fluorescent intensi-

ty), and location. Furthermore, variation in the injection depth was observed (Fig. 2 

y-axis; Figure 4A y-axis; Table 1).

To provide a more quantitative read-out, the mean percentage of fluorescence in 

every quadrant of the prostate (Q1-Q4; Fig. 2) per patient is shown in Table 1. In 

most patients, the sum of Q3 and Q4 (mostly representing the peripheral zone) was 

higher than the sum of Q1 and Q2 (including the largest part of the central zone). 

In 68% of the patients a clear difference in signal presence was observed between 

the left and right side. In 53% of patients, the tracer was injected into the peripheral 

zone of the prostate, in 31% in the peripheral and central zone, and in 16% only in 

the central zone (Fig. 2; y-axis). 

Evaluation of the tracer distribution from the base to the apex of the prostate (Table 

1 and Fig. 2; z-axis) revealed that in 47% of patients the fluorescent signal was 

evenly distributed over all sections. In 21% of patients a larger deposit near the 

base or the apex was detected. In 16% of patients the fluorescent signal was only 

present near the base and apex whereas in another 16%, the fluorescent signal 

was only present in the midgland of the prostate. 
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8 Radioactivity based evaluation of lymphatic drainage
Portable gamma camera images were used to confirm adequate tracer delivery in 

the prostate (see supporting information), while lymphoscintigraphy and subse-

quent SPECT/CT imaging were used to visualize the SNs and second echelon 

nodes. 

Except for patient number 6 where no SNs could be visualized, SNs were pre-

dominantly found in the region of the obturator nerve and internal/external iliac 

vessels. It must be noted that in patient number 15 the SN could only be visualized 

by SPECT/CT at 2 hours post injection, whereas in all other patients a SN was 

visualized with lymphoscintigraphy at 15 minutes post injection. In 6 patients (32%; 

patient number 2, 5, 7, 9, 14 and 17), SNs situated further along the obturator- in-

ternal/external iliac drainage route were identified. 

As listed in Table 2, the lymphatic drainage was not equally distributed over both 

sides of the patients. In 11 patients, more LNs were found on the left side (61%) 

whereas in 3 patients more LNs were found on the right side (17%). In 4 patients, 

the same amount of LNs was found on both sides (22%). Besides the number of 

LNs visualized, the activity measured in the first SN (SN1) on each side was also 

slightly different. In Table 2 the side with the highest activity in SN1 is noted as †. In 

12 patients a higher signal was measured in SN1 on the left side (67%), whereas 

in 6 patients a higher signal was measured in SN1 on the right side (33%). This 

same trend was seen when the total activity per side was assessed (See ‡ in Table 

2 for the highest activity); in 13 patients the total activity was higher on the left side 

compared to the right side (72%). 

Relation between tracer deposit location (fluorescence based) and the lym-
phatic drainage pattern (radioactivity based)
To evaluate the relation between tracer deposit location and LN drainage, the 

quantified fluorescent signals were directly correlated to the measured activity in 

the visualized LNs. Patient 6 was excluded from the comparison as in this patient 

no drainage was observed on the preoperative images. 

Comparison of the fluorescence detected on the left and right side of the prostate 

(Fig. 2; x-axis) to the radioactivity measured on each side of the body (Table 3) 

resulted in a positive trend in ten patients (56%). In these patients the highest 

percentage of fluorescence was found on the side where most of the radioactivity 

(highest count rates) was detected. When the fluorescence and the radioactivity in 

SN1 were compared, this percentage increased to 67%. In patients where tracer 

was placed predominantly on one side of the prostate, a larger number of LNs was 

visualized by lymphoscintigraphy on that side (Table 2). These findings suggest that 

the lymphatic drainage pattern may be influenced by the injection location (x-axis).

The influence of the injection site is underlined by the evaluation of the 8 patients 

wherein no positive correlation between fluorescence and radioactivity was found 

(Table 3). In 2 patients the lack of a correlation could not be explained, yet in the 
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8remaining 6 patients a clear deposit in the central zone of the prostate (patient 

number 1, 3, 7 and 12-14; See Fig. 4 and Table 1) was observed. The possible link 

between tracer placement at different locations in the prostate (Fig. 2; y-axis) and 

the drainage pattern was further evaluated. Herefore the locations of fluorescent 

deposits in the prostate (Table 1) were correlated to the amount of LNs detected 

on lymphoscintigraphy (Table 2). Presence of fluorescence in the central zone of all 

prostate sections resulted in visualization of a mean of 2.4 LNs per patient (patient 

number 15-19). However, when the fluorescence was predominantly situated in 

the peripheral zone of all sections of the prostate the number of visualized LNs 

increased to an average of 4.7 per patient (patient number 3, 5, 7, 9, 10, 12 and 

14). Apparently, the drainage is reduced when the injection is placed partially or 

completely in the central zone. 

A difference in drainage was also observed after injection in different sections of the 

prostate (Fig. 2; z-axis). When tracer deposits were unevenly distributed between 

the different sections, no positive correlation between the site of the fluorescent 

deposit and the radioactivity in the LNs was found (Table 3). Placement of tracer 

deposits in the peripheral zone near the base or apex resulted in visualization of 

on average 3.5 LNs per patient (patient number 1, 7, 11 and 14). When tracer 

deposits were placed in the peripheral zone in the midgland of the prostate, the 

number of visualized LNs per patient increased to an average of 6 (patient number 

2, 4, 8 and 9). 

In addition to the number of visualized LNs, a clear correlation between the 

distribution of tracer deposits (Table 1) and the location of the visualized SN (Table 

2) was observed. Injection into the peripheral zone near the base of the prostate 

resulted in visualization of a SN in the common iliac area (patient number 7, 14 and 

17), whereas in one patient the injection was localized more near the apex of the 

prostate, yielding a paracaval SN (patient number 9).

dIscussIon
Although we evaluated a relatively small patient group, the results obtained in this 

study underline the value of the hybrid surgical guidance technology. The present 

study also shows that intraprostatic tracer location may indeed be of influence on 

the lymphatic drainage pattern and that large variations in tracer placement do 

occur in practice. The first point is underlined by Wawroschek et al. who showed 

that in canines, the site of injection influences the lymphatic drainage pattern of the 

prostate.16

Overall, our data suggests that lymphatic drainage from the peripheral zone seems 

to be more extensive than from the central zone; injection into the peripheral zone 

of the prostate resulted in visualization of more LNs per patient (Tables 2 and 3). 

This is in line with the hypothesis stated by Brössner et.al that different zones of 

the prostate follow a distinct lymphatic drainage pattern. Possibly this difference in 

lymphatic drainage can be explained by the fact that the structure of the peripheral 



126 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

8 zone is more densely packed.11 As such, injection of the radiotracer may result in 

a local increase of the interstitial fluid pressure leading to augmented lymphatic 

drainage. The relation between increased fluid pressure after injection and lymphat-

ic drainage may also explain why deposits situated only on the left or right side of 

the prostate result in a greater number of visualized SNs and LNs and/or higher 

radioactive count rates in SN1 (Table 2). 

Tracer placement in different regions (along the z-axis; Fig. 2) of the prostate also 

resulted in visualization of LNs different basins (Table 2). Deposits clearly situated 

near the base of the prostate led to the visualization of LNs in the common iliac 

region whereas a deposit near the apex of the prostate yielded a paracaval SN. In 

all cases drainage tended to occur via the standard lymphatic drainage route of 

the prostate including the obturator, internal iliac, external iliac, common iliac and 

presacral nodes17 which are also the most frequent sites of lymphatic metastatic 

spread.18

Ideally, tumor draining LNs (SNs) are identified, as these nodes are most likely to 

harbor possible metastases. Unfortunately, actual visualization of prostate tumor 

tissue in vivo is difficult using current standard imaging methods. When taken into 

account that prostate cancer predominantly develops in the peripheral zone (9,10), 

which is in line with the results shown in Table S2, we suggest that distribution of 

tracer over the peripheral zone (Q3-Q4) yields the highest chance of visualizing the 

tumor draining LNs. To compensate for injection errors such as loss of tracer into 

the bladder, possibly resulting in less drainage to one side, it can be recommended 

to always perform a contralateral RPLND in case of unilateral SN visualization by 

lymphoscintigraphy and SPECT/CT.

In the current setting, tracer was deposited into the prostate under ultrasound 

guidance, which has a poor sensitivity for tumor visualization. Zonal anatomy of the 

prostate can be visualized using T2-weighted MR images.19,20 Therefore, fusion of 

MR images with real-time transrectal ultrasound may provide a solution for more 

accurate injection procedures, without resulting in major adaptations to current 

patient logistics. Also, as MR guided biopsies21 and MR guided focal therapy22 

allow real-time visualization of needle placement, methods for MR guided tracer 

injections could be explored.  

The recently developed hybrid radiocolloid allowed us to accurately document 

tracer locations in archived prostate material. These findings may have implications 

for SN biopsies in prostate cancer patients, but more extensive research/study is 

necessary to draw conclusions.
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8conclusIon
Apart from the potential to improve surgical guidance during SN biopsies, hybrid 

ICG-99mTc-nanocolloid provides a unique tool to postoperately monitor the location 

of tracer deposits in the prostates of individual patients. This study suggests that 

the location of intraprostatic tracer deposition may influence the preoperatively 

visualized lymphatic drainage pattern and as such, the SN procedure in prostate 

cancer patients as a whole.

FIguRes

FIGURE 1. Injection procedure. (A) Intraprostat-

ic tracer deposits are administered transrectally 

guided by ultrasound (B, C). A portable gamma 

camera is used to confirm adequate tracer 

retention in the prostate (D).

FIGURE 2. Schematic representation of the 

prostate. (A) Within the prostate, discrimination 

can be made between the peripheral and 

central zone due to differences in tissue 

morphology. The base of the prostate is 

wider than the apex and is located next to the 

bladder. (B) For quantificantion purposes, the 

embedded sections of the prostate samples 

were divided into four quadrants (Q1-4). Q1 

and Q2 represent the central zone whereas Q3 

and Q4 respresent the peripheral zone.
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FIGURE 3. Intraoperative robot-assisted hybrid 

SN biopsy. (A) The preoperatively acquired 

SPECT/CT image is displayed in the operating 

room. (B) A fluorescence laparoscope was 

uses for fluorescence imaging during surgery 

(arrow). (C) The SN is firstly pursued guided 

by a laparoscopic gamma probe. (D) The 

fluorescence laparoscope is then used to 

visualize the SN.  

FIGURE 4. Variations in tracer distribution 

throughout the prostate (A) Two representative 

patient examples wherein the tracer was inject-

ed evenly distributed over the left and right 

side of the peripheral zone (patient number 

8), and mostly in the central zone on the right 

with a single deposit in the peripheral zone on 

the left (patient number 6). These images also 

illustrate the variation in the z-direction. (B) A 

schematic overview of the tracer deposits per 

prostate sample. Prostate is depicted in blue, 

fluorescent deposits are depicted in green. Dis-

crimination has been made between deposits 

with comparable or low intensity (light green) 

and deposits with high intensity (dark green). 
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Table 1: Fluorescence distribution observed ex vivo

Patient nr Q1 Q2 Q3 Q4 Injection site # Tracer distribution throughout the  
prostate (base-central-apex) *

1 12 ± 5 16 ± 5 34 ± 8 37 ± 15 L peripheral zone, R peripheral and 
central zone

No FL in  midgland; deposits near base 
and apex

2 19 ± 3 13 ± 1 40 ± 9 28 ± 7 Mostly peripheral zone  FL mostly in midgland; hotspot L central 
zone

3 12 ± 4 17 ± 8 36 ± 6 37 ± 7 Central zone, peripheral zone Evenly over all sections

4 11 ± 2 13 ± 3 35 ± 13 41 ± 11 Central zone, peripheral zone FL mostly in central section

5 13 ± 3 26 ± 8 23 ± 6 36 ± 4 Central zone, peripheral zone Evenly over all sections

6 15 ± 4 35±18 23 ± 6 33 ± 12 Mostly central zone Evenly over all sections

7 16 ± 8 12 ± 5 52 ± 16 20 ± 4 Mostly peripheral zone FL in all sections; largest deposit near 
base 

8 12 ± 2 12 ± 5 44 ± 9 32 ± 7 Peripheral zone FL mostly in midgland 

9 12 ± 6 21 ±13 43 ± 19 27 ± 14 L peripheral zone, R mostly central zone FL in all sections; largest deposit near 
apex 

10 13 ± 5 15 ± 5 31 ± 4 41 ± 7 Central zone, peripheral zone Evenly over all sections

11 10 ± 3 9 ± 2 55 ± 5 26 ± 4 Peripheral zone No FL in midgland; deposits near base 
and apex

12 14 ± 4 25 ±12 24 ± 4 37 ± 12 Central zone, peripheral zone Evenly over all sections

13 12 ± 4 13 ± 3 44 ± 14 30 ± 12 Peripheral zone No FL in midgland; deposits near base (L) 
and apex (R) 

14 23 ± 11 19 ± 9 34 ± 15 24 ± 10 Peripheral zone FL in all sections; largest deposit near 
base

15 6 ± 1 24 ±11 32 ± 12 37 ± 11 L peripheral zone and R central zone Evenly over all sections

16 28 ± 13 16 ± 5 40 ± 13 16 ± 5 L central zone and peripheral zone Evenly over all sections

17 43 ± 13 8 ± 3 41 ± 12 8 ± 2 L central zone Evenly over all sections

18 18 ± 8 10 ± 5 52 ± 9 20 ± 7 L mostly central zone Evenly over all sections

19 7 ± 3 40 ±12 12 ± 5 48 ± 11 R mostly central zone FL in all sections; largest deposit near 
base of prostate 

In Q1-Q4 the mean percentage of fluorescence per quadrant is shown. The injection site was determined by evaluation of the fluorescent signal in the different zones of 
the prostate (central: Q1-Q2; peripheral Q3-Q4). Distribution throughout the prostate was determined by evaluating the fluorescence in each section of the prostate L = 
left, R = right, FL = fluorescence. * For a schematic overview of the distribution of the signal throughout the prostate per patient, see Fig. 4.
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8 Table 2: Radioactivity based distribution in preoperatively defined sns.

Patient nr sns on lymphoscintigram number of  ln l sn1 l (counts) Total l (counts) number of ln R sn1 R (counts) Total R (counts)

1 L: 2 (ext. + int.) 
R: 1 (ext.)

4* 1971 
†

3943 
‡

1 1573 1573

2 L: 2 (int. + presacral) 
R: 1 (ext.)

4* 1808 
†

4714 
‡

1 1705 1705

3 L: 3 (obt.) 
R: 1 (obt.)

2* 1973 
†

2928 
‡

1 799 799

4 L: 3 (obt.) 
R: 1 (obt.)

3* 553 1435 
‡

1 1051 
†

1051

5 L: 1-2 (obt.) 
R: 1 (comm. bif.)

1 796 796 1 1367 
†

1367 
‡

6 L: - 
R: -

- - - - - -

7 L: 1 (ext.) 
R: 1 (comm.)

1 2292 
†

2292 
‡

1 1505 1505

8 L: 2 (obt. , aorta bifurcation) 
R: 1(obt.)

3 4087 
†

10008 
‡

2 2998 4022

9 L: 1 (obt.)  
R: 2 (obt., paracaval)

5 2396 
†

6507 
‡

5 1772 5622

10 L: 2 (ext., int.) 
R: 2 (ext., int.)

4* 3050 
†

5053 
‡

2 1576 2084

11 L: 1 (obt.) 
R: 1 (ext.)

2* 639 1134 1 1784 
†

1784 
‡

12 L: 2 (ext., int.) 
R: 1 (ext.)

4* 3233 
†

7787 
‡

2 1188 3128

13 L: 1 (obt.) 
R: 1 (obt.)

1 585 585 2* 982 
†

1324 
‡

14 L: 2 (obt., comm.) 
R: -

3* 1851 
†

3967 
‡

1 - 632

15 L: - 
R: 1 (obt.)

- - 371 - -§ 
†

404 
‡

16 L: 2 (obt., int., ext.) 
R: 1 (obt.)

2 4005 
†

5775 
‡

2 877 1745

17 L: 2 (int., comm.) 
R: -

2* 1305 
†

2131 
‡

- - 772

18 L: 1 (obt.) 
R: 1 (obt.)

2* 691 
†

1120 
‡

1 454 454

19 L: - 
R: 1 (ext.)

- - 760 2* 1227 
†

2093 
‡

*Highest numbers of visualized LNs (L or R). † highest amount of counts in SN1 (L or R). ‡ highest acitivity (total; L or R) § SN visualized only on SPECT/CT.
  ext. = external iliac; int. = internal iliac; obt. = obturator; comm. bif. = common iliac bifurcation; comm. = common iliac.
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Patient nr Fl% l Fl% R Ra% Total l Ra % Total R correlation between %Fl/ 
%Ra total

Ra% 
sn1 l

Ra% 
sn1 R

correlation between %Fl/ 
%Ra in sn1

1 47 ± 11 53 ± 11 71 29 No (inverted) 55 45 Yes (large variance FL)

2 59 ± 6 41 ± 6 73 27 Yes (larger difference RA) 52 48 Yes

3 49 ± 7 54 ± 4 79 21 No (inverted) 71 29 No (inverted)

4 46 ± 13 54 ± 13 58 42 Yes (larger difference FL) 35 65 Yes (difference RA larger)

5 39 ± 7 61 ± 7 37 63 Yes 37 63 Yes

6 38 ± 6 69 ± 9 - - No (no drainage) - - No (no drainage)

7 68 ± 8 32 ± 8 37 63 No (inverted) 60 40 Yes

8 56 ± 9 44 ± 9 71 29 Yes (larger difference RA) 58 42 Yes

9 55 ± 21 48 ± 24 54 46 Yes 58 42 Yes

10 45 ± 4 55 ± 4 71 29 No 66 34

11 65 ± 4 35 ± 4 39 61 No (inverted) 26 74 No (inverted)

12 38 ± 0 66 ± 0 71 29 No (inverted) 73 27 No (inverted)

13 57 ± 13 43 ± 13 31 69 No (inverted & difference RA 
larger)

37 63 No

14 57 ± 18 43 ± 18 86 14 No (no difference FL, clear 
difference RA)

100 - Yes

15 38 ± 12 61 ± 12 48 52 Yes - - Yes§

16 68 ± 4 32 ± 4 77 23 Yes 82 18 Yes (difference RA larger)

17 84 ± 3 16 ± 3 73 27 Yes 100 - Yes

18 70 ± 11 30 ± 11 71 29 Yes 60 40 Yes

19 20 ± 5 87 ± 16 27 73 Yes - 100 Yes

In each patient the fluorescence within the different sections of the prostate was determined and the mean percentage of fluorescence (%FL) was calculated on both 
sides of the body (L/R). To evaluate the relation between the presence of fluorescence and radioactivity, the percentages on the L and R were compared. When the 
highest percentage of FL and RA was measured on one side of the body (L or R), this was noted as a positive correlation. § SN visualized with SPECT/CT instead of 
lymphoscintigraphy. FL=fluorescence, RA=radioactivity

Table 3: Relation between location of fluorescent tracer deposits and lym-
phatic drainage pattern.
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Lymphoscintigraphy and SPECT/CT in  
multicentric and multifocal breast cancer:  

does each tumor have a separate drainage pattern?  
Results of a Dutch multicenter study (MULTISENT)

Eur J Nucl Med Mol Imaging. 2012;39:1137–43.

Methods: Patients were included prospectively in 4 
centres in the Netherlands. Lymphatic flow was studied 
using planar lymphoscintigraphy and SPECT/CT until 
four hours after administration of 99mTechnetium-nano-
colloid in the largest tumor. Subsequently, intratumoral 
injection of the smaller tumor(s) was performed fol-
lowed by the same imaging sequence. Sentinel nodes 
(SNs) were intraoperatively localized using a gamma 
ray detection probe and vital blue dye.

Results: 50 patients were studied. Additional lymphatic 
drainage was depicted after the second and/or third 
injection in 32 patients (64%). Comparison of planar 
images and SPECT/CT after consecutive injections 
enabled visualization of the number and location of 
additional SNs (32 axillary, 11 internal mammary chain, 
2 intramammary and one interpectoral. A SN contained 

metastases in 17 patients (34%). In 5 patients with a 
tumor-positive node in the axilla that was visualized 
after the first injection, an additional axillary involved 
node was found after the second injection. In 2 patients, 
isolated tumor cells were found in SNs that were only 
visualised after the second injection, whilst the SNs 
identified after the first injection were tumor-negative.

Conclusion: Lymphoscintigraphy and SPECT/CT 
after consecutive intratumoral tracer injections enable 
lymphatic mapping of each tumor separately in patients 
with multiple malignancies within one breast. The high 
incidence of additional SNs draining from tumors other 
than the largest one suggests that separate tumor 
related tracer injections may result in a more accurate 
approach for mapping and sampling of SNs in patients 
with multicentric or multifocal breast cancer.  

Purpose: To investigate whether lymphoscintigraphy and SPECT/CT after intralesional radiocolloid injection in 
each tumor separately in patients with multiple malignancies within one breast yields additional sentinel nodes 
compared to intralesional injection in the largest tumor only.
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INTRoDUCTIoN
Sentinel node (SN) biopsy has become the standard staging procedure for patients 

with unifocal breast cancer. In case of multiple malignancies in one breast, axillary 

lymph node dissection is still commonly performed. More recently, the SN proce-

dure has been evaluated for this patient category; however, both lymphatic map-

ping and SN identification have been related to the largest tumor only.1,2 Lymphatic 

mapping of patients with more than one tumor in the breast using a single injection 

of the radiotracer has led to identification rates ranging from 86% to 100%, yet 

false negative rates vary from 4-14%.3-7

If only one tracer injection is administered in or around the tumor with the largest 

diameter, lymphatic drainage related to solely that tumor will be detected, instead 

of the drainage pattern of each tumor separately. This theory is supported by 

former studies showing that drainage patterns may differ amongst tumors located 

in different quadrants.8-10  If the tracer is injected superficially, lymphatic drainage 

related to the subareolar plexus will be depicted. This will lead to the identification 

of a SN in the majority of the patients, but it may not represent lymphatic drainage 

related to the tumors themselves.8-11  Although superficial tracer administration is 

frequently applied for staging the axilla in patients with multicentric/multifocal breast 

cancer12-14, a substantial number of hospitals and cancer centres also sample SNs 

in levels II/III or outside the axilla. For this purpose, peri- or intratumoral injections 

are routinely used.15-16 In this context, it is important to establish if the pattern of 

lymphatic distribution using two (or more) injections is different compared to the 

use of a single injection. 

Therefore, the aim of the current study was to investigate whether lymphoscintigra-

phy and SPECT/CT after intralesional injection of the radiopharmaceutical in each 

tumor separately yields additional SNs compared to intralesional injection in the 

largest tumor only in patients with multiple malignancies within one breast. 

METhoDS
From June 2009 to April 2011 patients were asked to participate in a prospective 

multicenter study aimed to establish the feasibility of the SN procedure in multicen-

tric and multifocal breast cancer (the MULTISENT study). The study was conducted 

in 4 participant centres in The Netherlands after approval of the protocol by their 

medical ethical committees. 

Patients
Patients with multiple invasive tumors in one or more quadrants of the breast 

referred to one of the participating centres were included after obtaining written in-

formed consent. Eligible patients should have at least 2 invasive tumors detectable 

by ultrasound. Both patients with multifocal (multiple tumors in one breast quad-

rant) and patients with multicentric (multiple tumors in more than one quadrant) 

disease were included, as long as the distance between the 2 tumors was at least 
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2 centimeters. Before inclusion, histopathological confirmation of multicentric or 

multifocal breast cancer was obtained by fine-needle aspiration cytology or core bi-

opsy of each breast lesion. Ultrasonography of the axilla with fine-needle aspiration 

cytology in case of a suspicious node, was routinely performed before lymphatic 

mapping. Patients were excluded if one of the tumors had a diameter of more than 

five centimetres, if the patient had more than three invasive foci in one breast, or if 

there was clinical evidence of disseminated breast cancer related disease. 

Lymphatic mapping
Tracer injection of non-palpable tumors was guided by ultrasound. The largest 

tumor was injected first, followed by image acquisition. The same afternoon or in 

the morning of the second day (after 4-26 hours), the second tumor was injected, 

and the same scintigraphic imaging sequence was repeated using reference mark-

ers for patient positioning and image acquisition. In case of 3 tumors, the second 

and third tumor were injected at the same time. If the second/third tumor(s) were 

injected on the second day, a 5-minute static anterior image was performed before 

injection, in order to exclude other delayed draining lymph node stations (which 

were not seen on the first day) and to estimate remaining SN radioactivity. 

An average dosage of 123 MBq (range 95-141 MBq) 99mTechnetium-nanocolloid 

(GE- Healthcare, Eindhoven, The Netherlands) was injected intratumorally for the 

first tumor and approximately 120 MBq (range 110-133 MBq)  was injected in 

the second and/or third tumor(s). Lymphoscintigraphy was based on anterior and 

lateral planar images performed ten minutes, two and four hours after injection of 

the radiopharmaceutical. A cobalt-57 flood source was placed behind the patient 

to outline the body contour. SPECT/CT (Symbia T, Siemens, Erlangen, Germany) 

images were acquired immediately after the 4-hour conventional images. SPECT 

acquisition (matrix 128x128, 60 frames at 25 seconds per view) was performed 

using 6° angular steps steps. After correction for attenuation and scatter, SPECT 

and CT axial five millimetre slices were generated and fused. Both orthogonal multi-

planar reconstruction and volume rendering were generated to visualize SPECT/CT. 

This imaging protocol was exactly repeated after the second or third injection.

The number and location of the SNs was determined for each tumor by an 

experienced nuclear medicine physician. Using lymphoscintigraphy and SPECT/

CT, draining lymph nodes were localized in relation to the anatomical structures to 

enable accurate comparison with studies obtained after subsequent injection(s). 

Lymph nodes with an own afferent lymphatic vessel draining directly from the 

injection site were considered as SNs. In case of multiple nodes appearing with 

no afferent vessels on the lymphoscintigram, the first node appearing in the basin 

was considered as a SN. Following our experience, lymphatic distribution is usually 

completed 3-4 hours after tracer injection.17 Therefore, for the second scintigraphic 

study (4-26 hours after the first injection), lymph nodes appearing in other basins or 

besides the original SNs in the same basin were considered as additional SNs. The 
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location of each SN was marked on the skin with indelible ink before surgery. 

SN biopsy and histopathology
Immediately before the operation, 1 mL patent blue dye (Laboratoire Guerbet, 

Aulnay-Sous-Bois, France) was injected into or around each tumor (intra- or 

peritumoral injection). Intraoperatively, the dye and a gamma ray detection probe 

(Neoprobe, Johnson & Johnson Medical, Amersfoort, The Netherlands) were used 

to localize the SN(s). Frozen section histology was routinely performed, except 

in patients who received breast conserving therapy. All harvested nodes were 

postoperatively fixed in formalin, bisected, embedded in paraffin, and cut at a 

minimum of six levels at 50 to 150 μm intervals. Deferred pathological evaluation 

included haematoxylin-eosin and immunohistochemical staining (CAM 5.2; Becton 

Dickinson, San Jose, CA, USA). Axillary clearance was only performed in case of a 

tumor-positive SN.

Study endpoints and analysis
All data from each hospital were prospectively collected in one database at The 

Netherlands Cancer Institute. Analyses included: number and location of SNs after 

the first injection, additional SNs and other draining basins after second injection, 

as well as the differences in lymphatic drainage between patients with multifocal 

and multicentric tumors. 

RESULTS
50 patients with a mean age of 56 years (range 31-84) were included. Tumors were 

located in one quadrant of the breast (multifocal disease) in 29 patients, and in 2-3 

quadrants of the breast (multicentric disease) in 21 patients. Patient characteristics 

and SN results are outlined in Table 1.

In all 50 patients, lymphatic drainage was visualized after the first tracer injection of 

the largest tumor with a total of 76 SNs (mean 1.5 SN per patient, median 1, range 

1-4). 2 of these nodes were only seen on SPECT/CT and not visualized on planar 

images. In 32 patients (64%), additional lymphatic drainage was depicted after 

the second and/or third injection with a total of 46 additional SNs. Visualization of 

additional drainage was seen in 18/29 (62%) patients with multifocal lesions (Figure 

1) and in 14/21 (67%) patients with multicentric lesions (Figures 2 and 3). The mean 

number of SNs per patients after injection of all tumours was 2.4 (median 2, range 

1-5) . The extra SNs after second/third injection were localized as follows: 32 in the 

axilla (70%), eleven in the internal mammary chain (24%), two intramammary (4%) 

and one interpectoral SN (2%). In 18/32 (56%) patients with additional lymphatic 

drainage, SNs were localized in a different nodal basin than SNs after the first 

injection. All additionally identified SNs could be surgically removed, except for 2 

internal mammary nodes (total excised SN range 1-5). 

Pathological examination of the mastectomy specimen showed more tumor foci 
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than the preoperatively detected (2-3) lesions in 4 patients. In 3 other patients, one 

of the preoperative detected foci showed ductal carcinoma in situ on pathologic 

examination, while preoperative cytology and imaging were suspect for invasive 

disease. 

The SN biopsy was tumor-positive in 17 patients (34%) and isolated tumor cells 

were found in 5 other patients (10%). Five patients with additionally identified drain-

age patterns after second injection showed an extra SN that was tumor-positive 

(10%). One of these nodes was palpable on careful palpation during the operation 

and would therefore have been excised anyway. Furthermore, in all 5 patients the 

first injection had already revealed an involved SN in the same nodal basin.  In 1 

patient, isolated tumor cells were found in both an axillary and an additional internal 

mammary SN. In 2 patients, isolated tumor cells were found in SNs that were only 

visualised after the second injection, whilst the SNs identified after the first injection 

were tumor-negative.

DISCUSSIoN
This study demonstrates that lymphoscintigraphy and SPECT/CT after separate 

tracer injections in each tumor in patients with multiple tumors within one breast 

may yield additional SNs compared to intralesional injection in the largest tumor 

only. More than half of the patients in the present study showed additional SNs af-

ter tracer injection into a second tumor at a different location. Interestingly, this was 

even true for separate tumors located in the same quadrant of the breast. These 

results emphasize once again that the breast should not necessarily be regarded 

as one single entity with regards to its lymphatic drainage.8-11

The percentage of patients with multiple carcinomas within one breast that 

have lymph node involvement may range from 41% to 71%.3-5,18-22 Coombs and 

Boyages reported that 52.1% of patients with multicentric/multifocal disease have 

lymph node involvement, compared to 37.5% in patients with unifocal lesions.23 

In view of these numbers, accurate staging seems particularly relevant in case of 

multiple malignancies within one breast. Yet, the reported false negative rate of 

the SN biopsy is high.7, 24-25 Ozmen et al. found a significant association between 

multicentric/multifocal disease and a false-negative procedure and Fearmonti et al. 

particularly mention the risk of a false-negative procedure in case of large additive 

tumor burden.24-25 A recent prospective multi-institutional study by Giard et al. 

reported a 13,6% false negative rate of SN biopsy after a single tracer injection in 

the breast.7 Possibly, the fact that not all breast lesions are taken into account can 

cause (tumor-positive) SNs to be missed.

Whether harvesting additionally identified SNs after tracer injection in the second 

or third tumor is relevant, depends on the potential of these smaller tumors to 

spread before the larger tumor disseminates. Vlastos et al. found comparable 

outcomes for patients with unifocal versus multicentric disease and conclude that 

the diameter of the largest tumor only can be used to stage tumor size.26 Other 
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studies however, have shown that the risk of lymphatic dissemination in multicen-

tric tumors is dependant of the tumor-load of all lesions.18,21 Andea et al. found 

that tumor specimens with multiple nodules had a higher frequency of lymph node 

involvement compared to unifocal tumors of a similar volume or area.20 This might 

imply that an aggressive small lesion could give rise to a positive SN, while the first 

draining node from the largest lesion can be negative. Additionally detected nodes 

(belonging to tumors other than the largest one) contained tumor in 5 cases in the 

present study. This finding will only lead to upstaging if no positive SNs belonging 

to the largest tumor are found in the same nodal basin, which has not been the 

case in our population. In 2 patients, the additional SN found after injection of the 

second lesion contained isolated tumor cells (one internal mammary node, one 

axillary node), whereas the SNs identified after injection of the first tumor were 

tumor-negative. Although the demonstration of isolated tumor cells in the SN did 

not change the clinical management in these patients, its occurrence does suggest 

that the additional SNs draining from tumors other than the largest one can 

potentially be a route for occult metastases. A larger prospective study is currently 

in preparation to establish the clinical relevance of this assumption.  

Although sequential lymphoscintigraphy remains mandatory to identify the SNs, the 

rather laborious methodology used in the current study can be simplified in daily 

clinical practice by simultaneous administration of both injections followed by only 

one scintigraphic study.  

With the introduction of a new generation of gamma cameras with the possibility 

to perform SPECT/CT, lymphatic mapping in breast cancer has become more ac-

curate providing relevant information for the surgeon in cases concerning patients 

with single malignant breast lesions.27 In the present study, the combination of 

lymphoscintigraphy and SPECT/CT enabled determination of the separate drain-

age patterns of each lesion using a sequential protocol of image acquisition and 

well-defined criteria to identify SNs.28 This led to the depiction of 64% additional 

SNs in the same or in a different node basin. 
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CoNCLUSIoN
Lymphoscintigraphy and SPECT/CT after consecutive intratumoral tracer injec-

tions enable lymphatic mapping of each tumor separately in patients with multiple 

malignancies within one breast. The high incidence of additional SNs draining from 

tumors other than the largest one suggests that separate tumor related tracer 

injections may result in a more accurate approach for mapping and sampling of 

SNs in patients with multicentric or multifocal breast cancer. 
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FIgURES
Figure 1. Additional draining basins after 

second injection in a patient with 2 tumors in 

the lower outer quadrant of the right breast 

(multifocal breast cancer). A) Planar 

lymphoscintigram 4 hours after injection in the 

largest tumor (T1) showing drainage towards 

one SN in the axilla (SN1). B) Axial SPECT/

CT slice depicting the axillary SN. C) Planar 

lymphoscintigram 4 hours after injection in 

the second tumor the next morning, showing 

a second axillary SN (*) which was not seen 

on the residual image acquired shorty before 

the second injection. The planar image also 

shows a clear (additional) SN in the internal 

mammary chain (SN2), and a (supraclavicular) 

second-echelon node. D) Axial SPECT/CT 

image showing the internal mammary chain SN 

in the third intercostal space.

Figure 2. An additional SN after a second 

injection of 99mTechnetium-nanocolloid in a 

patient with 2 tumors in different quadrants 

of the breast. A,B) After the first injection in 

the largest tumor (T1), drainage towards a SN 

(SN1) in the left axilla is visualized with planar 

lymphoscintigraphy and with volume rendered 

SPECT/CT 4 hours after injection. C) After 

intratumoral injection of the second tumor lo-

cated centrally in the left breast (T2), drainage 

towards a second SN (SN2) in the axilla is de-

picted on the early planar lymphoscintigram 15 

minutes after injection. D) 3D volume rendered 

SPECT/CT shows an overview of the 2 injection 

sites (T1,T2) and the SNs (SN1, SN2).

Figure 3. Additional SN after separate injec-

tions of 99mTc-nanocolloid in a patient with 

2 tumors in different quadrants of the breast. 

A) 3D volume rendered SPECT/CT image four 

hours after intratumoral tracer injection in the 

largest tumor (T1), showing drainage towards 

an internal mammary chain SN (SN1). B) After 

intratumoral injection of the second tumor (T2), 

drainage towards an additional SN in the axilla 

was observed, as depicted on the SPECT/CT 

image (SN2).
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TAbLES

Table 1: Patient characteristics and sentinel node results
Multifocal Multicentric

Number of patients 29 21

Median age 53 years (range 31-84) 53 years (range 39-81)

Mean tumor diameter
• Largest lesion 
• Smaller lesion(s)

 
2.0 cm (range 1.0-3.8) 
1.0 cm (range 0.6-1.6)

 
2.3 cm (range 0.7-4.5) 
1.4 cm (range 0.6-3.4)

Number of tumors
• Two 
• Three

 
26 patients 
3 patients

 
18 patients 
3 patients

Additional drainage
• Extra SN

» In other basin^

 
18 patients (62%) 
9 patients

 
14 patients (67%) 
9 patients

SN status
• Negative 
• ITC* 
• Positive

 
15 patients (52%) 
4 patients (14%) 
10 patients (34%)

 
13 patients (62%) 
1 patients (5%) 
7 patients (33%)

* Isolated tumor cells
^ extra SN seen in another draining basin (basin which the largest tumor does not drain to)
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SPECT/CT and a portable gamma camera for image guided 
laparoscopic sentinel node biopsy in testicular cancer
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Methods: Ten patients with clinical stage I testicular 
cancer were studied between November 2006 and 
November 2010. Their mean age was 37 years (range 
25-50). The primary tumors were situated on the right 
side in 5 patients and on the left side in 5. Following 
a funicular block with lidocaine 2% an average dose 
of 80 MBq (range 59-98 MBq) 99mTc-nanocolloid in a 
volume of 0.2 ml was injected into the testicular pa-
renchyma. Shortly after injection, a 10 minute dynamic 
study was performed followed by static planar images 
at 15 minutes and 2 hours. SPECT/CT was performed 
at 2 hours. After image fusion SNs were visualized and 
their exact anatomic location was determined. The 
SPECT/CT images were displayed in the operation room 
to guide SN detection using a laparoscopic gamma ray 
probe and a portable gamma camera.

Results: Lymphatic drainage to the retroperitoneum 
was seen in all patients. SPECT/CT identified in-
ter-aortocaval or paracaval SNs in the 5 patients with 
right-sided tumors, in one patient with an additional 
SN adjacent to the testicular vessels. In all 5 patients 
with left-sided tumors para-aortic SNs were visualized 
and a node along the testicular vessels in 2 patients. A 
total of 26 SNs were laparoscopically removed (range 
1-4 per patient). A SN contained metastases in one 
case. No recurrences developed in the 9 patients with a 
tumor-free SN during a median follow-up of 21 months 
(range 2-50 months).

Conclusion: SPECT/CT enables accurate anatomical 
localization of retroperitoneal SNs in patients with 
testicular cancer facilitating their laparoscopic retrieval. 
Real-time image guidance by a portable gamma cam-
era improves intraoperative SN detection and appears 
to identify (20%) additional SNs. 

Purpose: The purpose of this study was to evaluate the utility of SPECT/CT and real-time intraoperative imag-
ing with a portable gamma camera for laparoscopic sentinel node localisation in stage I testicular cancer..
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InTroduCTIon
The optimal management of regional lymph nodes in stage I testicular cancer 

remains controversial. A surveillance policy requires an intensive, frequent follow-up 

with costly examinations, and defers detection and treatment of lymph node 

metastases to a later stage. The established treatment options for non-seminoma-

tous germ cell tumors consist of surveillance, retroperitoneal lymphadenectomy or 

chemotherapy, resulting in overtreatment in 65%–75% of the patients.1,2 Treatment 

options for seminomatous germ cell tumors at this stage are surveillance, radio-

therapy or chemotherapy. Here, overtreatment is even more frequent, because 

occult metastases are present in less than 20% of patients.2-5 There is a need 

for diagnostic techniques that enable patients with lymph node dissemination 

to be treated at an early stage while preventing unnecessary treatment of those 

without dissemination. To this end, the sentinel node (SN) biopsy was introduced 

for patients with stage I testicular cancer using intratesticular radiocolloid adminis-

tration.6 In this study, preoperative lymphatic mapping was performed using planar 

lymphoscintigraphy only. However, this technique solely provides two-dimensional 

information and exact preoperative anatomical SN localization was not possible. 

The introduction of hybrid SPECT/CT imaging appears to solve this limitation. With 

the new generation of large field gamma cameras the functional information of 

SPECT can be combined with the morphological one of CT by acquiring images in 

one session. This innovative approach enables accurate localisation of retroperito-

neal SNs.7  

Intraoperatively, the urologist localizes a SN guided by acoustic signals from the 

laparoscopic gamma ray detection probe. However, intraoperative spatial orien-

tation using this device can be difficult, as a laparoscopic probe does not provide 

visual information. Recently, our initial experience with the use of a portable gamma 

camera to provide real-time intraoperative visual guidance for laparoscopic SN 

localization in several urological malignancies was reported.8 In the present study, 

our experience with SPECT/CT for preoperative SN localization combined with 

the use of a portable gamma camera for image guided laparoscopic SN biopsy in 

stage I testicular cancer patients is evaluated.

METhodS
Patients 
The study involved ten patients with clinical stage I testicular cancer referred to The 

Netherlands Cancer Institute between November 2006 and November 2010 with a 

mean age of 37 years (range 25-50). All patients had a testicular germ cell tumor, 

situated on the right side in 5 and on the left side in 5 of them (table 1). Three 

patients had a past history of stage I testicular cancer on the contralateral side for 

which they had undergone orchidectomy without SN procedure or lymphadenec-

tomy. Two of them (seminoma) had also received adjuvant radiotherapy, and a third 

patient (nonseminoma) had been treated with standard platinum-based chemo-
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therapy because of elevated serum tumor markers during follow-up. The study 

protocol was approved by the Medical Ethical Committee and all patients were 

included after giving informed consent.  

Preoperative procedure
Local anesthesia was obtained with a funicular block using lidocaine 2%, per-

formed by the urologist in the out-patient clinic approximately 30 minutes before 

tracer administration. In the nuclear medicine department, an average dose of 80 

MBq (range 59-98 MBq) 99mTc-nanocolloid (GE-Healthcare, Eindhoven, the Neth-

erlands) in a volume of 0.2 ml with approximately 0.1 ml of air behind the solution 

to flush any remaining radioactivity in the syringe, was injected with a fine needle 

(25G) into the affected testicular parenchyma guided by palpation. Immediately 

after injection, anterior and lateral dynamic images were obtained with a dual-head 

gamma camera over 10 minutes to visualize the lymphatic flow and to identify early 

draining lymph nodes. Subsequently, static planar images were acquired. Two 

hours after injection of the tracer, delayed planar images were obtained to differ-

entiate first-echelon nodes from higher-echelon nodes and to identify unexpected 

drainage patterns. In the same session, SPECT/CT was performed using a hybrid 

camera (Symbia T, Siemens, Erlangen, Germany). After correction for attenuation 

and scatter, the SPECT was fused with CT and analyzed using two-dimensional 

orthogonal reslicing. The first node in each nodal basin appearing on early planar 

imaging were considered to be the SN. Nodes appearing later in the same basin 

were considered to be higher-echelon nodes. The level of a SN was marked on 

the skin to provide an external centering spot for the laser pointer of the portable 

gamma camera during the operation.

Intraoperative procedure 
All patients underwent SN excision and orchidectomy within 6 hours after injection 

of the tracer. The SPECT/CT images were displayed in the operation room to guide 

the laparoscopic detection with a laparoscopic gamma ray probe (Europrobe, 

Euro Medical Instruments, London, UK). In addition, SNs were intraoperatively 

identified using a portable gamma camera (Sentinella, Oncovision, Valencia, Spain) 

in 9 patients. In the remaining patient, the portable gamma camera was not yet 

available. SN localization with the portable gamma camera was facilitated using 

a radioactive 125I seed set on the tip of the laparoscopic probe as previously 

described.8  This 125I seed is used as a pointer, being displayed separately (as a 

yellow circle) on the screen of the portable gamma camera. The camera could thus 

visualize the proximity of the probe to the 99mTc-signal and thereby provide visual 

guidance to the SN. Post-excision images were obtained with the portable gamma 

camera to provide certainty about the completeness of the surgical procedure. A 

hot node remaining after excision of a SN at the same location was considered part 

of a cluster SNs and was also removed. All removed SNs were formalin-fixated, 
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bisected, paraffin-embedded, and cut at a minimum of 6 levels at 50 to 150 μm 

intervals. Pathological examination included haematoxilin and eosin staining as well 

as immunohistochemistry staining.

rESulTS
Intratesticular administration of 99mTc-nanocolloid under local anesthesia proved to 

be easy to perform and was well tolerated. No side effects were observed. Lym-

phoscintigraphy in combination with SPECT/CT showed lymphatic drainage in all 

ten patients (100%) and a total of 21 SNs were preoperatively identified. SPECT/CT 

enabled accurate localization of the SNs and provided anatomical reference points 

to plan the laparoscopy in all patients. The five patients with right-sided tumors 

had SNs at inter-aortocaval or paracaval locations (figures 1-2). One of them also 

had a SN adjacent to the testicular vessels. All 5 patients with left-sided tumors 

had drainage to para-aortic SNs and two of them had an additional SN along the 

testicular vessels as well (figure 3). 

All preoperatively identified SNs were localized and excised (table 1). Higher-ech-

elon nodes were left in place. The portable gamma camera enabled real-time 

SN visualization in all 9 patients in whom the device was used (100%). Moreover, 

intraoperative images after excision of a SN showed unexpected significant residual 

radioactivity at the same location in 3 of these patients, resulting in identification 

and removal of 5 additional SNs (20%). In total, 26 SNs were laparoscopically 

removed (range 1-4 per patient). 

Histopathological examination revealed metastases in 1 excised SN alongside the 

testicular vessels. This patient was treated with 4 cycles of carboplatin, etoposide, 

and bleomycin chemotherapy. All other patients were observed in a surveillance 

program. No recurrences developed in the 9 patients with a negative SN during a 

median follow-up of 21 months (range 2-50 months).

dISCuSSIon
This study demonstrates the ability of SPECT/CT to provide preoperative anatom-

ical localization of retroperitoneal SNs in patients with stage I testicular cancer. 

Furthermore, it demonstrates the feasibility and additional value of the use of a 

portable gamma camera for real-time intraoperative SN visualisation.

The route of administration of 99mTc-nanocolloid has previously been studied.6 Fu-

nicular administration showed only lymph node uptake in the inguinal region, which 

does not reflect testicular tumor drainage. Intratesticular administration resulted in 

retroperitoneal SN visualization, in accordance with known drainage patterns. In 

the above-mentioned study, preoperative lymphatic mapping was performed using 

planar lymphoscintigraphy only.  Planar lymphoscintigraphy images are not able 

to visualize SNs in relation to the surrounding anatomical structures. This aspect 

remains crucial when laparoscopy is used to remove SNs located in retroperitoneal 

areas. In the current study, SPECT/CT visualized SNs in their anatomic habitat in 
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paracaval, inter-aortocaval, and para-aortic regions in all patients. Moreover, retro-

peritoneal SNs along the testicular vessels were found in 3 patients, an uncommon 

area of lymphatic drainage in testicular cancer.9 Their position was accurately 

indicated by preoperative SPECT/CT, but not by conventional lymphoscintigraphy 

(figure 2). In one of these nodes micrometastases were found. Previous reports 

on the use of SPECT/CT in SN detection also showed favorable results using this 

modality in other malignancies.10 Sequential planar images remain essential to 

distinguish between first- and second-echelon nodes. 

Accurate staging with SN biopsy can be achieved only if all nodes on a direct 

drainage pathway from the tumor are identified and harvested. The procedure in 

the operating room is facilitated by the anatomical information preoperatively given 

by SPECT/CT. A portable gamma camera was introduced and evaluated as an 

additional tool to improve intraoperative SN retrieval in laparoscopic procedures for 

urological malignancies. An iodine-125 seed pointer was introduced to further facili-

tate intraoperative SN localization.8 The use of this device enables real-time display 

and combination of the visual and acoustic signals to find the site of the SN. This 

protocol provides good results in terms of laparoscopic SN detection rates (100%). 

The portable gamma camera can detect residual radioactivity caused by other SNs 

after removal of the initial SN at the same site. Such adjacent additional SNs are 

not depicted separately on the SPECT/CT images. This feature resulted in the re-

moval of 20% additional SNs in these series. The intraoperative camera increased 

the certainty about the completeness of the surgical procedure and complements 

the laparoscopic gamma probe. The latter does not always detect remaining nodes 

located deeply in the retroperitoneum because it is difficult to position the tip at 

the correct angle. We expect that with increasing experience, these aspects will 

shorten the procedure and increase its reliability.

The refinement of the SN procedure may enable better selection of patients who 

would benefit from adjuvant treatment after orchidectomy, avoiding costly surveil-

lance and decreases the risk of finding lymph node metastases at a later stage. 

Further study is required to substantiate the clinical value of the SN procedure in 

this disease. 

ConCluSIon
SPECT/CT enables anatomical localization of retroperitoneal SNs in patients with 

testicular cancer. In addition, real-time image guidance using a portable gamma 

camera together with a laparoscopic gamma ray detection probe improves intraop-

erative SN detection and appears to identify 20``% additional SNs. 
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FIgurES

Figure 1. A) Planar anterior image showing 

drainage of 99mTc-nanocolloid from de 

injection site in the right testicle to 2 abdominal 

lymph nodes as well as radioactivity along the 

lymphatic channel which decreased in time; 

indicating lymphatic tract visualization B) Cor-

onal SPECT/CT fusion showing both sentinel 

lymph nodes (displayed in yellow) alongside 

the inferior vena cava  C) Laparoscopic SN 

procedure using a portable gammma camera 

and a laparoscopic gamma ray detection 

probe D) Pre-excision image acquired with the 

portable gamma camera showing both SNs on 

the left on screen in the operation room. After 

excision no significant remaining activity is 

seen on the right

Figure 2. A) Planar anterior image showing 

drainage from the right testicle to 2 adjacent 

lymph nodes in the medial area of the 

abdomen. Some uptake is also seen in a more 

lateral located lymph node (arrow) B) Coronal 

fused SPECT/CT showing both medial lymph 

nodes between aorta and vena cava, and the 

lateral one in the trajectory of the right testicu-

lar vessels C-D) Transverse SPECT/CT showing 

2 SNs  displayed in yellow C). The CT image 

(D) shows that the medial SN corresponds with 

a small lymph node ventral from the area be-

tween aorta and cava whereas the lateral one 

is seen in the ventral area of the psoas muscle 

(circles). In this funicular SN micrometastases 

were found at histopathology



Chapter 10: SPECT/CT and a portable gamma camera for laparoscopic sentinel node biopsy in testicular cancer | 155

1 
0

Figure 3. A) Planar anterior image showing 

drainage from the injection site in the left tes-

ticle to 2 abdominal lymph nodes (arrows) and 

radioactivity along the lymphatic channel indi-

cating lymphatic tract visualization. B) Fused 

SPECT/CT displayed with 3D volume rendering 

showing the cranial lymph node alongside the 

aorta and the caudal one in the retroperitoneal 

trajectory of the left testicular vessels (arrows). 

Some remaining activity is seen in the lymphat-

ic channels C-D) Transversal fused SPECT/CT  

C) showing the caudal SN (displayed in yellow) 

and CT showing the corresponding lymph 

node ventral from the left psoas muscle (within 

circle) E-F) The para-aortic SN is displayed 

in both fused SPECT/CT (yellow on E) and CT 

(within circle on F) 
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Patient Age (yrs) Side Pathology SPECT/CT findings Excised nodes Sn metastases recurrence Follow-up (mos)

1 50 Left Seminoma 1 SN para-aortic zone  1 - - 50

2 29 Right Seminoma 1 SN paracaval zone 1 SN 
inter-aortocaval zone

4 - - 46

3 34 Right Seminoma 2 SNs inter-aortocaval zone 2 - - 39

4 33 Left Seminoma 2 SNs para-aortic zone 4 - - 39

5 34 Right Nonseminoma 2 SNs inter-aortocaval zone 1 SN 
right common iliac zone 

3 - - 23

6 41 Left Seminoma 1 SN para-aortic zone 1 - - 19

7 48 Right Seminoma 2 SNs inter-aortocaval zone 1 
SN  adjacent to (right) testicular 
vessels

3 + - 11

8 37 Right Seminoma 2 SNs paracaval zone 2 - - 6

9 35 Left Seminoma 1 SN para-aortic zone 1 SN adja-
cent to (left) testicular vessels

3 - - 6

10 25 Left Nonseminoma 2 SN para-aortic zone 1 SN adja-
cent to (left) testicular vessels 

3 - - 2

TAblES

Table 1. Patient characteristics and Sn results
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Lymphatic drainage from renal cell carcinoma along the thoracic 
duct visualized with SPECT/CT

Submitted

Methods: Patients with renal tumors <10 cm 
(cT1-cT2) and clinical absence of metastases (cN0, 
cM0) took part in an prospective institutional review 
board approved studies investigating sentinel node 
(SN) mapping. After ultrasound-guided percutaneaus 
intratumoral injection of 99mTc-nanocolloid (0.4 ml, 
200 MBq) the day before surgery, planar sequential 
lymphoscintigraphy was obtained after 20 min and 2–4 
h. Subsequently, SPECT/CT imaging was performed 
(Symbia T, Siemens). 

Results: Of 42 patients, 4 showed early lymphatic 
drainage following the course of the thoracic duct on 
lymphoscintigraphy and SPECT/CT images. In one 
patient, this was observed without any retroperitoneal 

lymph node interposition. In relation to patients with 
sentinel nodes on SPECT imaging the frequency of this 
drainage pattern was (4/22) 18.2%.

Conclusion: SN mapping of renal tumors using func-
tional imaging modalities such as lymphoscintigraphy 
and SPECT/CT enables identification and sampling 
of SNs outside the area of routine dissection. Direct 
aberrant drainage through the thoracic duct can be ob-
served in vivo as demonstrated in this study. This may 
support a hypothesis for certain anatomical metastatic 
sites and the failure to demonstrate a survival benefit 
of retroperitoneal lymph node dissections in renal cell 
carcinoma.

Purpose: To evaluate the frequency of renal lymphatic drainage patterns along the thoracic duct and describe 
these cases in the frame of an ongoing phase II imaging study using lymphoscintigraphy and SPECT/CT.
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InTroduCTIon
Lymphatic mapping with planar lymphoscintigraphy and SPECT/CT can preopera-

tively identify lymph nodes draining directly from the primary tumor (sentinel nodes, 

SNs). By selectively harvesting the SNs during surgery, SN biopsy might enhance 

early detection of lymph node metastases, without the associated morbitiy of an 

extensive lymph node dissection (LND). Furthermore, SN biopsy provides the 

possibility to map all nodes on a direct drainage pathway, in contrast to nodal 

dissection following recommended templates with which some aberrantly draining 

SNs may be missed. The SN procedure is currently applied for staging in several 

urological malignancies including penile carcinoma and prostate cancer1,2, and its 

feasibility was recently demonstrated for kidney tumors.3,4 

Lymphatic drainage from the kidney is generally considered to be directed towards 

the hilar region branching off into the paracaval, interaortocaval or para-aortic 

retroperitoneal lymph nodes depending on the tumor side. However, the lym-

phatic drainage of renal tumors may not always follow the known pattern, as has 

frequently been found for other tumor entities. We previously described that the 

majority of SNs in renal cell carcinoma (RCC) were not located in the hilar region, 

but had a retrocaval, interaortocaval or para-aortic predilection.3 In addition, renal 

lymphatic tributaries directly joining the thoracic duct without traversing any lymph 

nodes have been described in cadaver studies.5,6 However, direct lymphatic drain-

age through the thoracic duct has never been visualized using functional imaging 

in vivo to date. The purpose of this retrospective analysis was to evaluate the 

frequency of renal lymphatic drainage patterns along the thoracic duct in a series 

of patients from a feasibility study and an ongoing phase II imaging study using 

lymphoscintigraphy and SPECT/CT.

METhodS  
Patients
The patients described in this study have been extricated from a series of 42 

patients who underwent SN mapping for kidney cancer in a feasibility study 

and an ongoing phase II imaging study. Both studies were approved by the 

local ethical committee and registered under www.ccmo.nl (NL16017.031.07;

NL26406.031.08). The ongoing phase II trial is designed to detect a 25% location 

of SNs on imaging outside the locoregional retroperitoneal lymphatics (alpha 

of 0.05, power of 80%) and will require 40 patients. All patients signed written 

informed consent and were informed about the objective of the studies. Inclusion 

criteria were as follows: renal tumor <10 cm (cT1-cT2), no metastatic disease on 

imaging and clinical examination (cN0, cM0), age >18 years, life expectancy >3 

months, WHO performance status 0 or 1 and fit for surgery). Patients with prior 

systemic treatment were not included.
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Lymphatic mapping
The radiocolloid (99mTc-nanocolloid) was injected percutaneously (0.4 ml, approx-

imately 200 MBq) into the tumor guided by ultrasound the day before surgery as 

described previously.7 Planar lymphoscintigraphy was obtained after 20 min and 

2–4 h. Subsequently, SPECT and low-dose CT were acquired (SymbiaT, Siemens, 

Erlangen, Germany), and corresponding axial 2 mm slices were generated. After 

correction for tissue attenuation and scattering, the SPECT and CT images were 

fused (Osirix Dicom Viewer, Bernex, Switzerland). Using multiplanar reconstruction, 

fused images were displayed together with SPECT and CT and cross-reference 

lines allowed the navigation between axial, coronal, and saggital views. Addition-

ally, fused SPECT/CT was three-dimensionally displayed using volume rendering 

assigning different colours to vessels, muscle, bone, skin, and radioactive lymph 

nodes. The nodes appearing on (early) planar lymphoscintigraphy were considered 

to be SNs. Nodes appearing on the delayed images in the same stations were 

considered to be second echelon nodes.

Intraoperative procedure
The approach for renal surgery was decided per case. SNs were intraoperatively 

localized using a gamma ray detection probe (Neoprobe, Hamburg, Germany) 

in combination with a portable gamma camera (Sentinella, Valencia, Spain) as 

described previously.7 Patent blue was not used. SNs were separately excised, 

followed by a retroperitoneal LND. As all studied patients were part of aforemen-

tioned feasibility trial, only SNs that could be approached through the access for 

renal surgery were removed following the study protocol.3

rESuLTS
Of 42 patients, 4 showed early lymphatic drainage following the course of the 

thoracic duct on lymphoscintigraphy and SPECT/CT images. In 20 patients no SN 

could be visualized by SPECT/CT. In 3/20 hilar active nodes were found during 

surgery. In relation to patients with SNs on SPECT imaging the frequency of this 

drainage pattern was (4/22) 18.2 %.

The first of these 4 cases was a 57-year-old man diagnosed with a lower pole tu-

mor of the right kidney (diameter 6 cm). There was no evidence for distant metas-

tases on CT imaging (cT1bN0M0). Preoperative planar lymphoscintigraphy after 2 

hours showed a first draining LN (Fig. 1A) corresponding with an interaortocaval SN 

on SPECT/CT (Fig. 1B, C), and a second LN located paracavally (Fig 1B, D). How-

ever, lymphoscintigraphy also revealed focal uptake in the left supraclavicular area 

without interposition of retrocrural or mediastinal LNs (Fig 2A). SPECT/CT enabled 

tracer localization alongside the subclavian vessels, with elongated accumulation in 

the supraclavicular area (Fig. 2E) corresponding with a dilated duct on CT (Fig. 2F). 

After nephrectomy, the interaortocaval and paracaval SNs were excised followed 

by LND in the standard template for right-sided RCC. Histopathology revealed a 
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clear cell RCC (Fuhrmann grade III). No metastases were found in the excised LNs. 

The second case was a 39 year-old man who presented with macroscopic he-

maturia and an upper pole mass of the left kidney. CT revealed a tumor of 5.5 cm 

diameter and no enlarged LNs (cT1bN0Mx). Early preoperative planar lymphoscin-

tigraphy showed para-aortic, infra-diaphragmatic, as well as mediastinal lymphatic 

drainage. SPECT/CT after 2 hours enabled accurate anatomical localization of all 

radioactive nodes (Fig. 3). At laparoscopic nephrectomy, a chain of para-aortic 

radioactive SNs was removed, followed by left-sided standard template LND. 

Histopathology revealed papillary RCC type II in the primary tumor, two para-aortic 

SNs contained metastases of this subtype, all other excised nodes were tumor 

negative.

The third case was a 63 year-old man diagnosed with a cT1bN0M0 right upper 

pole tumor (6 cm diametre). Preoperative planar lymphoscintigraphy in combina-

tion with SPECT/CT showed no drainage to retroperitoneal SNs, but did reveal 

elongated mediastinal activity along the course of the thoracic duct (Fig. 4). Due to 

extreme obesity LND was abandoned during partial nephrectomy. Histopathology 

revealed a clear cell RCC Fuhrman grade II. 

In the fourth case, ultrasound revealed a lower pole tumor of the left kidney (5.4 

cm diameter) and possible liver metastases in a 43 year-old woman. Subsequent 

biopsies and PET/CT did not confirm distant metastases (cT1bN0M0) and robot 

assisted laparoscopic partial nephrectomy and SN dissection were performed. 

Lymphoscintigraphy and SPECT/CT revealed drainage to two para-aortic SNs to-

gether with evident left supraclavicular tracer accumulation without any mediastinal 

or infradiaphragmatic interposition, most likely due to drainage along the thoracic 

duct (Fig 5A-D).  Both para-aortic SNs were excised followed by standard template 

LND. All harvested LNs proved tumor-negative at histopathology. The primary 

tumor was a chromophobe RCC. 

dISCuSSIon
Traditionally, lymphatic drainage from the kidney is considered to be directed 

towards the hilar region branching off into the paracaval, interaortocaval or 

para-aortic retroperitoneal lymph nodes depending on the tumor side. Clinically 

however, isolated mediastinal and pulmonary lymph node metastases are more 

frequently observed in RCC compared to tumors in other organs.8,9 The lymphatic 

drainage of renal tumors may therefore not always follow the expected pattern, as 

has repeatedly been found for other tumor sites.10 

Renal drainage patterns were previously assessed by analyzing lymphatic me-

tastases within lymphadenectomy specimens or on autopsy. In a cadaver study 

by Saitoh et al. which included  over 1800 cases of renal cell carcinoma, a wide 

diversity in location of lymph node metastases was observed.11 The interesting find-

ing that ipsilateral renal hilar lymph node metastases were only found in 7%, while 

pulmonary lymph node metastases were found in 66.2%, retroperitoneal in 36%, 
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para-aortic in 26.8% and supraclavicular in 20.7%, suggests that single lymph 

node metastases without interposition of hilar metastases might occur. Yet, since 

most patients had multiple lymphatic metastases, it was not possible to pinpoint 

which node was involved first. Single lymph node metastases have been described 

by Hultén et al. in a supraclavicular lymph node in 1 patient and an iliac LN in 2 

patients without any further metastasis.12 A left supraclavicular lymph node metas-

tasis found in another case at our institute is exemplified in Figure 5E. Furthermore, 

Johnsen et al. detected single lymph node metastases in 10 patients, with a single 

mediastinal, supraclavicular and axillary node in respectively 8, 1 and 1 patient(s).13 

These lesions may chronologically be the first site of metastasis.  

SN mapping using lymphoscintigraphy and SPECT/CT after intratumoral injec-

tion of a radiotracer may help to support the hypothesis that aberrant lymphatic 

drainage can be a cause for isolated mediastinal and supraclavicular lymph node 

metastases which are frequently observed in renal cell carcinoma.8,9,14,15 Clinically, 

a possible explanation might lie in direct drainage through the thoracic duct. In 

this study we described 4 patients with kidney tumors scheduled for SN mapping 

showing supraclavicular and mediastinal drainage on preoperative lymphoscintig-

raphy. The anatomical information provided by fused and volume rendered SPECT/

CT enabled the exact localization of the accumulated radiotracer. The mediastinal 

and supraclavicular lymph nodes observed in case 1, 2 and 4 are connected with 

the thoracic duct which has valves to prevent reflux and may distribute the tracer 

along these basins, forming indirect evidence for drainage along the thoracic duct. 

Moreover, In one patient (case 3), elongated mediastinal drainage was observed 

without any other lymph node interposition, suggesting direct drainage through the 

thoracic duct (Fig. 4). 

Our findings are supported by a study from Assouad and Riquet et al. who injected 

normal kidneys of 26 cadavers with a blue modified Gerota mass and dissected 

lymph vessels until their termination.5,6 Renal lymphatics reached distant nodes 

as classicaly described (e.g. retrocaval, para-aortic). More surprisingly however, 

posterior lymphatic vessels connecting to the thoracic duct were also found in 

all cases, in several (38% on the right and 16% on the left) even directly without 

interposition of any lymph node. Such posterior renal tributaries leading directly to 

the thoracic duct may also explain why supraclavicular activity was observed with 

simultaneous activity in retroperitoneal SNs, but without any mediastinal interval 

nodes in case 1 and 4.  In addition, the frequently observed isolated mediastinal 

lymph node metastases in RCC may be a consequence of this drainage pattern. 

As the thoracic duct drains into the subclavian vein with subsequent circulation into 

the lungs it was argued that the lung may be one of the primary metastatic landing 

sites.5 More intriguingly, it may explain why retrospective studies and prospective 

randomized trials of LND in RCC fail to demonstrate an undisputable survival 

benefit for dissection of clinically insuspicious retroperitoneal lymph nodes.16 

The feasibility of lymphoscintigraphy of kidney tumors has been previously 
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demonstrated in 2 pilot studies.3,4  In our previous series of SN mapping in the 

first 20 included kidney cancer patients, intratumoral tracer injection also led to 

drainage outside the locoregional retroperitoneal lymphatics in 2 (out of 14) patients 

(mammary chain, mediastinal, pleural), though there was simultaneous retroperito-

neal drainage.3 Six patients however (30%), showed no lymphatic drainage on the 

preoperative images. This may be explained by lack of drainage through lymphatic 

vessels or loss of tracer to the bloodstream during injection. Another possible 

explanation might be direct drainage to the thoracic duct without any interposi-

tion of lymph nodes which was missed on the early planar images. In the study 

by Sherif et al. including 13 patients the percentage of cases with no visualized 

lymphatic drainage was considerably lower (9%).4 In this study however, injections 

were placed in the periphery of the tumor instead of intratumorally which may 

lead to the depiction of lymph nodes on the preoperative images (which were all 

localized within the locoregional retroperitoneal templates), but may not necessarily 

reflect the lymphatic drainage of the tumor itself.17 In this series, one patient had 2 

tumor-positive SNs at histopathology. The fact that all other excised lymph nodes 

during retroperitoneal LND were tumor-negative, confirms the feasibility of SN 

procedure in kidney cancer patients, although more extensive research is needed 

to further substantiate the diagnostic and therapeutic value of renal SN biopsy. Our 

retrospective study is further limited by absence of histological examination of the 

extra-retroperitoneal nodes. The primary endpoint of the ongoing trial is analysis of 

potential metastatic landing sites on SPECT/CT imaging in vivo  and not the clinical 

significance of the SN technique in renal cancer. It was therefore deemed unethical 

to extend harvesting of SNs into the thoracic area without further proof that SN 

mapping has clinical relevance in renal cancer. 

ConCLuSIon
SN mapping of renal tumors using functional imaging modalities such as lym-

phoscintigraphy and SPECT/CT enables identification and potentially sampling of 

SNs outside the area of routine dissection. Although SNs from the kidney are main-

ly localized in the para-aortic, paracaval and interaortocaval region, direct aberrant 

drainage through the thoracic duct may occur as demonstrated in this study. 
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FIGURE 1. Common drainage pattern in a 

patient with a kidney tumor in the right lower 

pole. A) Planar anterior image obtained 2 hours 

after ultrasound guided intratumoral injection of 

99mTc-nanocolloid in the right kidney showing 

a first draining lymph node (black arrow). B) 

On SPECT/CT fusion coronal image the first 

SN is seen between the aorta and vena cava 

with a second lymph node along the vena cava 

(white arrows). Both lymph nodes are indicated 

(arrows) on axial SPECT/CT (C, D).

FIGURE 2.  In the same patient focal tracer 

uptake is seen in the left supraclavicular area 

(arrow) as seen on the planar anterior image  

performed 2 hours after tracer injection (A). 

This hot spot is localized along the subclavian 

vessels as seen on coronal SPECT/CT (B) and 

3D volume rendering (C). Both axial and 3D 

volume rendered SPECT/CT (E, D) show an 

elongated accumulation in the supraclavicular 

area (arrows) corresponding with a dilated duct 

(arrow) on CT (F).

FIgurES

FIGURE 3. Mediastinal drainage in a patient 

with a kidney tumor in the left upper pole. 

A) 3D volume rendered SPECT/CT image 

showing the injection site in the left kidney (i), 

para-aortic drainage (sn) and right infra-dia-

phragmatic as well as left mediastinal drainage 

(arrows) which was already visible on the early 

lymphoscintigraphic images. B,C) Fused axial 

SPECT/CT slice showing the right infra-dia-

phragmatic activity corresponding to the course 

of the thoracic duct on CT. D,E) Axial SPECT/CT 

showing the left superior mediastinal activity 

above the crossing of the thoracic duct.
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FIGURE 4. Mediastinal drainage along the 

course of the thoracic duct in a patient with 

no drainage to retroperitoneal SNs after intratu-

moral tracer injection in the right kidney. A) 

Coronal CT slice B) Fused SPECT/CT showing 

the injection site in the right kidney, diffuse 

activity in the liver, and elongated mediastinal 

uptake along the thoracic duct.

FIGURE 5. SN mapping in a patient with a 

tumor in the left kidney. A, B) 3D volume 

rendered SPECT/CT image showing the 

injection site in the left kidney, drainage to 2 

para-aortic SNs (B, arrows), and supraclavicu-

lar drainage (A, arrow). C) Axial fused SPECT/

CT with supraclavicular tracer accumulation. 

D) The corresponding CT slice shows that the 

supraclavicular activity possibly corresponds to 

drainage along the thoracic duct (arrow). E) Left 

supraclavicular lymph node metastasis of renal 

origin in another patient (arrow). 
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Image navigation as a means to expand the boundaries of 
fluorescence guided surgery

Phys Med Biol. 2012;57:3123–36.

Methods: A hybrid navigation approach based on op-
tical tracking of a fluorescence endoscope was applied 
in a phantom study and one clinical pilot case. After 
placing/injection of a hybrid radioactive and fluorescent 
tracer consisting of 99mTc-nanocolloid and the fluores-
cent dye indocyanine green, preoperative SPECT/CT im-
ages are acquired with a fixed reference target placed 
on a rigid structure on the phantom/patient. By also 
attaching a reference target to the fluorescence endo-
scope, the preoperative SPECT/CT can be processed by 
the navigation system to a virtual view of the SPECT/CT 
images from the perspective of the endoscope. 

Results: After feeding the SPECT/CT images to the 
navigation system, optical tracking could be used to po-
sition the tip of the fluorescence endoscope relative to 

the preoperative 3D imaging data. This hybrid naviga-
tion approach allowed us to accurately identify marker 
seeds in a phantom set-up. In addition, the approach 
was used to navigate towards the prostate in a patient 
undergoing robot assisted prostatectomy. Navigation of 
the tracked fluorescence endoscope towards the target 
identified on SPECT/CT resulted in real-time gradual 
visualization of the fluorescent signal in the prostate, 
thus providing an intraoperative confirmation of the 
navigation accuracy.

Conclusion: Image navigation in hybrid surgical 
guidance procedures appears to be technically feasible, 
and may be a next step to fine-tune the hybrid surgical 
guidance process.

Purpose: To provide a proof of how intraoperative navigation based on preoperative SPECT/CT images may 
help improve hybrid radio- and fluorescence guided surgery.
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InTroduCTIon
Fluorescence based surgical guidance is a rapidly growing field of clinical research, 

that has been predominantly focused on the near-infrared (NIR) dye indocyanine 

green (ICG).1,2 The visible dye fluorescein, which has very limited tissue penetration, 

has also shown its clinical potential in selected indications.3-5 However, even with a 

1-1.5 cm penetration of the NIR emission of ICG in tissue, fluorescence guidance is 

suboptimal for the localization of deep lesions and ends up requiring an exploratory 

surgical approach.6 Furthermore, fluorescence imaging does not enable the acqui-

sition of preoperative images for surgical planning, which could help minimize the 

region of exploration. It is for this reason that to date, clinical fluorescence guidance 

has mostly been restricted to superficial sentinel nodes (SNs) of e.g. the breast or 

to lesions on the surface of an organ.7-11

To extend the use of currently available fluorophores for fluorescence guided 

surgery to deeper structures, our group introduced the use of a hybrid tracer 

that is both radioactive and fluorescent.12,13 The radioactive signal emitted by this 

tracer allows for the identification and localization of the lesions in 3D prior to the 

intervention using imaging modalities such as Single Photon Emission Computed 

Tomography with X-ray computed tomography (SPECT/CT), thereby facilitating 

preoperative surgical planning. Intraoperatively, the radioactive label helps the sur-

geon to identify the region of interest using gamma-tracing techniques.14-16 On top 

of this radio-guidance, the hybrid tracer enables additional fluorescence guidance. 

Fluorescence is used to visualize the exact location of the lesion and its margins 

during the excision. This hybrid-guidance concept was clinically introduced for the 

visualization of deeply situated pelvic SNs17 and SNs in the head and neck region.18 

Preclinically, our group has shown that this technology can be expanded to the use 

of radioactive and fluorescent marker seeds and the visualization of specific tumor 

biomarkers.19-21 By targeting the tumor, this hybrid technology can be exploited to 

its full potential as it may provide guidance towards both the primary tumor and 

distant metastases. 

Still, even when fluorescence imaging is combined with preoperative surgical 

planning based on SPECT/CT and intraoperative gamma ray detection, surgical 

orientation in minimally invasive surgery can be difficult. In our previous study, 

focused on laparoscopic biopsy of pelvic SNs in prostate cancer patients, the 

limited tissue penetration of the fluorescent emission of ICG prevented intraoper-

ative visualization of deeper lying or tissue embedded nodes (4 out of 27 SNs).17. 

In addition, SN identification using the laparoscopic gamma probe was sometimes 

hindered by background signals from the nearby injection site. This practical ex-

perience suggests that more accurate intraoperative image navigation towards the 

areas of interest, e.g. based on the intraoperative use of 3D scintigraphic images, 

could help to further improve SN identification in complex areas.22

Rigid navigation is common in surgical guidance towards lesions in the brain, 

spine and in musculoskeletal surgery.23 However, navigation alone does not always 
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provide exact localization of the target lesions in soft movable tissues like in pelvic 

SN procedures. In these areas, the intervention may alter the position of the lesions 

of interest relative to more rigid reference points such as the skeleton. Current 

navigation systems cannot compensate for such deformation, rendering them less 

accurate.24 As such, an additional modality for intraoperative confirmation of the 

navigation accuracy (e.g. via fluorescence imaging) remains desirable. 

In this manuscript we provide a proof of concept using phantom studies and one 

clinical pilot case to illustrate how intraoperative navigation based on preoperative 

3D scintigraphic images may help improve hybrid radio- and fluorescence guided 

surgery. 

METhodS
General system set-up
The concept of the hybrid navigation approach is to combine rigid navigation 

based on preoperative SPECT/CT data with real-time intraoperative detection of 

fluorescent light. For the rigid navigation we use reference targets (fiducials) fixed 

both on the phantom/patient and on a fluorescence endoscope, which are clearly 

distinguishable by CT and by an optical tracking system (Figure 1). By generating 

a 3D view of the SPECT/CT data from the perspective of the endoscope, the endo-

scope can be navigated to the target lesions identified by SPECT/CT.

SPECT/CT
For preoperative surgical planning, a SPECT/CT data set was acquired. To enable 

intraoperative navigation, fiducials where fixed to the phantom/patient before 

acquiring the CT to serve as reference targets. These fiducials are clearly distin-

guishable on the CT images and also are detectable by the optical tracking system. 

The registered coordinates of these optically tracked fiducials are later used for the 

navigation process. 

For the acquisition of the SPECT/CT a dual head gamma-camera SPECT/CT 

system was used (Symbia T, Siemens, Erlangen, Germany), providing the data-pro-

cessing unit with 2 3D images (the SPECT and the CT image) and the relative 

transformation between them in order to be properly fused (the relative position and 

orientation of the 2 images can be completely specified by a 4x4 transformation 

matrix SPECTTCT which describes the rigid transformation in homogeneous coordi-

nates from any point in the coordinate system of the CT to its corresponding point 

in the coordinate system of the SPECT). The SPECT was acquired using LEAP col-

limators, 30s/view, 20 views, an OSEM based iterative reconstruction – Siemens’ 

“Flash 3D” reconstruction25 for a matrix of 128x128 with voxels of 4.8x4.8x5mm3 

and a 8.4mm Gauss filter. For the CT; 130kV, 40mAs, a B30s medium kernel 

and 2mm slices were used. As mentioned above, the CT was performed with a 

3-fiducial reference target fixed to the patient/phantom within the field of the CT as 

shown in figure 1b. The fiducials (see below) used in the patient/phantom reference 
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target were placed at 50.33, 83.29 and 67.27mm from each other forming an 

asymmetric triangle for unambiguous tracking.

Fluorescence endoscope
In the fluorescence imaging system, light emitted by an internal Xenon light source 

is guided through a special fluid light cable to an infrared-optimized rigid laparo-

scope (D-light system, Karl Storz Endoscopes, Tuttlingen, Germany) containing an 

optical filter system that can differentiate between, white light, auto-fluorescence 

(AF-settings), and ICG (ICG-settings). The laparoscopic system provides two light 

settings, one with 410 nm excitation light to visualize fluorescein (max emission 

wavelength 520nm) and one with 760 nm excitation light to visualize ICG (max 

emission wavelength 820nm). The optics of the laparoscope are placed under a 

30o angle. 

With the aim of enabling navigation of the fluorescence laparoscope, this device 

was also equipped with a second 3-fiducial reference target using an ad-hoc de-

signed interface that enabled to work under sterile conditions without the need of 

recalibrating the endoscope tip after each use (see figure 1a). This target could also 

be detected by the optical tracking system. The interface for mounting the refer-

ence target consisted on a rounded asymmetric conic male connector fixed rigidly 

to the camera housing and one corresponding rounded asymmetric cone female 

connector on the side of the fiducials, both kept together by a clamping mecha-

nism. Such interface was designed in a way that the camera could be covered by 

the sterile draping. This avoids having to sterilize the camera, while the fiducials can 

be mounted over the cover in order to guarantee visibility by the optical tracking 

system. In the case of this ‘endoscope’ reference target, the fiducials were placed 

at 50.00, 56.60 and 78.34mm from each other forming an asymmetric triangle for 

proper tracking. After a rigid calibration, the position of the tip of the endoscope 

could be determined in real-time (see below).

Images were recorded using a single Storz CCD camera that can detect both 

visible and NIR emissions. To improve the detection accuracy of the ICG detection, 

the blue and green cables of the RGB output were swapped places. Swapping 

RGB cables allows for visualization of the ICG emission in green (originally in blue 

which is not optimally visible by the human eye) and depicts the signal from fluores-

cein (which can be seen by the bare eye as yellow/green) in bright blue. 

optical tracking system
The aforementioned fiducials were configured in so called “reference targets”. 

These reference targets (made of mat surgical degree stainless steel or medical 

degree PEEK, SurgicEye, Munich, Germany) are unique asymmetric configurations 

of at least three fiducials. In the system used in this project, the fiducials are infrared 

reflectors (11.5mm diameter retro-reflective spheres of polyurethane and polyvinyl-

chloride covered with retro-reflective tape, also called fiducials, figure 1a) which can 
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be detected by the infrared cameras of the optical tracking system (OTS; Polaris 

Vicra, Northern Digital, Waterloo, Canada), integrated in the declipseSPECT system 

(SurgicEye, Munich, Germany, figure 1c,d). The identification of the reference tar-

gets by the OTS is based on detection of white round spots in the infrared images 

as the fiducials significantly reflect the infrared light emitted by the OTS. By firstly 

loading their mechanical drawings to the image processing software the configu-

rations of each reference target are known to the OTS.  The OTS output is the 3D 

position and orientation of the individual components (here; endoscope reference 

target – ERT and patient/phantom reference target – PRT). The 3D position and 

orientation of an object is a 6D vector, which is often referred to as 3D pose. Such 

a pose can be rewritten as a 3D rigid transformation 4x4 matrix from the coordinate 

system of the OTS to the coordinate system of the respective targets (ERTTOTS and 
PRTTOTS respectively, figure 1). These matrices are then used to calculate the trans-

formation between each reference target according to: ERTTPRT = ERTTOTS (
PRTTOTS)

-1.  

To determine the pose of the tip of the endoscope in relation to the reference 

target, calibration was needed. Calibration was performed using a mechanical 

construction (a “calibrator”) with a 12mm bore of 30mm depth with a tolerance of 

0.1mm in which the 12mm tip of the endoscope could be placed. Via a 3-fiducial 

reference target with known geometry, this mechanical construction could also 

be detected by the OTS system. The axis of the bore and its bottom position 

(obtained from the mechanical drawing of this calibrator) were fed to the OTS in 

the coordinates of the calibrator’s reference target. Once the endoscope was fixed 

to the calibrator, the pose of the endoscope was assumed to be the same as the 

pose of the center of the construction and was stored. The calibration process 

does not correct for the 30o viewing angle of the laparoscope, it merely calibrates 

the tip of the laparoscope. The quantitative error of the calibration relative to the 

reference target on the CCD camera was evaluated by repeating the calibration 

procedure 200 times and analyzing the standard deviation of the transformation 

pose. In our set-up the pose standard deviation was 0.53°, 0.35mm in the axis of 

the endoscope and 4.42mm in the plane of camera (equivalent lever was 476mm). 

The static bias was derived from the construction tolerance of the calibrator to 

be 0.2mm. The calibration step described above provides a 4x4 transformation 

matrix from the ERT to the tip of the endoscope – TE (matrix TETERT), which further 

enables the relative transformation from the endoscope tip to the patient/phantom 

reference target according to: TETPRT = TETERT  
ERTTPRT.

The OTS used in the present study works with a tracking frequency of 20 Hz and a 

pulsed wavelength of 980 nm. The infrared light used by the OTS does not excite 

the fluorophores. As such, it does not interfere during the surgical procedure. The 

tracking accuracy of the system (for non-occluded or partially occluded fiducials 

within the tracking volume) is 0.2mm RMS, 1.0mm maximum and the tracking 

volume is approximately 50x50x50cm3.
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display system
The system set-up included 2 (RGB) displays, one for depicting the video image 

generated by the endoscope (toggling between fluorescent and white imaging, 

figure 1f, analogue display) and one for displaying the 3D render of the SPECT/CT 

data from the perspective of the endoscope (figure 1e, digital 1280x1024 display).

data processing
In our set-up, the SPECT/CT data and the pose data of the OTS are fed to a data 

processing unit consisting of an i7 processor with 8GB RAM running Windows 7 

(figure 1d). The data processing unit has the task to generate a view of the SPECT/

CT data  from the perspective of the (calibrated) endoscope. This view can then 

be used to navigate the tip of the endoscope to the target radioactive/fluorescent 

structures.  

registration of patient/phantom pose data to the SPECT/CT images
In conventional navigation, the imaging data (here SPECT/CT) has to be put in 

the coordinate system of the tracking device (here the coordinate system of the 

OTS). This step is called registration. In the proposed setup the registration can be 

performed automatically as we use fiducials that are visible with CT and also can 

be detected by the OTS.

After acquiring the SPECT/CT image with the reference target fixed to the patient/

phantom, the CT data is segmented in order to define the pose of the reference 

target on the CT image. Subsequently, the 4x4 transformation matrix between CT 

image coordinates and PRT coordinates can be calculated (matrix CTTPRT, figure 1).

In the experimental set-up we used a threshold-based segmentation for detecting 

the reference targets as they are built from known material (i.e. their Hounsfield 

units are known). An automatic ‘grow region’ algorithm was then used to dilate the 

detected fiducial “candidates” and a centroid algorithm provided their 3D position 

in the CT image. The segmented image was then registered to the geometry of 

the PRT by point matching and the Umeyama registration algorithm running on the 

fiducial candidates. Finally the transformation from CT coordinates to the tip of the 

endoscope could be calculated according to: TETCT = TETPRT  
PRTTCT. The average 

registration error for the PRT and the CT was calculated to be 0.49mm with a 

standard deviation of 0.18mm. This error was measured from a set of several CT 

scans acquired with the hardware of the used set-up and the residual error provid-

ed by the Umeyama registration.

Furthermore, since the transformation between SPECT and CT can be read from 

the DICOM tags of the fused SPECT/CT data (patient image position and patient 

image orientation tags), the 4x4 transformation matrix of the CT to the SPECT 

(matrix SPECTTCT) can also be calculated. By performing this registration, the intraop-

erative pose data of the ERT can be related to the SPECT/CT image and as such, 

it can be used for intraoperative navigation using: TETSPECT = TETCT  
CTTSPECT.
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Generation of SPECT/CT render from view of endoscope
Visualizing the SPECT/CT images from the perspective of the endoscope is the 

essence of the proposed navigation approach. The visualization of 3D imaging data 

from a particular perspective is called rendering. Here we render the SPECT/CT 

images in real-time using the perspective of the tracked endoscope calculated by 

the OTS.

In order to render the SPECT/CT images properly on the 3D data display, a virtual 

view from the tip of the endoscope can be used. The virtual view (VV) can be a 3D 

render of the combined volumetric CT and SPECT data from the perspective of a 

virtual camera using different 4D transfer functions (RGB and transparency channel) 

and a 3x4 projection matrix (VVPCT and VVPSPECT respectively). In our set-up, this vir-

tual camera was set to have an equivalent 8mm optics (for a ½” sensor) point with 

a 0° angle from the TE. These parameters were used to compute the projection 

matrix from the TE to the VV (matrix VVPTE) following the standard photometric mod-

el of a camera. As a result the projection matrices for the 3D images are provided 

following: VVPCT = VVPTE  
TETCT  and VVPSPECT = VVPTE  

TETSPECT .

For volume rendering a standard ray casting algorithm was used and adapted for 

SPECT/CT in order to be able to render both the CT and SPECT fused. For the CT 

data different transfer functions were implemented. Transfer functions provide color 

values to different CT values. Here, a trapezoid transfer function similar to the bone 

window used in Osirix was used (Pixmeo, Bernex, Switzerland). For the SPECT a 

maximum intensity projection (MIP) was used in which the transfer function consist-

ed of an adjustable linear color scale which enables the operator to optimally set 

the proper contrast and brightness. A dark blue to light pink color scale was used 

for the SPECT data. Thus, low radioactive structures were seen as dark blue while 

high radioactive structures were depicted as pink (see Figure 1e), 

Experimental set-up
In order to validate the feasibility of the hybrid navigation system set-up, phantom 

experiments were performed followed by a proof of concept experiment in a 

prostate cancer patient.

Phantom experiment
Small multimodal marker seeds were made out of glass capillaries (diameter 

1.0mm, length 8.0mm), as described in a previously reported procedure.19 Larger 

seeds consisted of sealable plastic 1.5ml Eppendorf vials. The marker seeds were 

filled with a mixture of: 100µl ICG (1mg/ml) + 100μl fluorescein (1mg/ml) + 50μl 

Magnevist (Gd-DTPA; used as MRI contrast medium, 1/100 diluted from clinical 

stock) + 15μl 99mTc (200 MBq / 50μl). After closure the small seeds contained 

approximately 10μl of the tracer mixture, whereas the large seeds were filled with 

100μl of the mixture.

A 20cm x 14cm x 10.5cm piece of pork, including a rib segment, was fixed to 
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a plate of Styrofoam using three wooden pins (figure 2a). Two large and 2 small 

markers seeds were placed at different positions in this phantom (figure 2b-f). The 

smaller seeds were implanted using a hollow implantation needle (AccuNeedle; 

18G, 20cm; Oncura, Brussels, Belgium). The larger seeds were implanted after 

making a small incision. Similar to the preoperative routine we used during our 

preclinical and clinical studies using hybrid tracers and/or marker seeds for surgical 

guidance, an initial SPECT/CT was made to plan the ‘surgical procedure’, only this 

time with a reference target for optical tracking fixed to the Styrofoam plate (figure 

2a, b).

Clinical pilot case
To evaluate the preclinical phantom approach in a clinical setting, a 63 year old 

patient with prostate cancer (cT2cNxMx, Gleason score 7) scheduled for robot 

assisted prostatectomy was included after informed consent was obtained. For this 

clinical pilot case, we used the clinically approved hybrid radioactive/fluorescent 

tracer (ICG-99mTc-nanocolloid), which was prepared as previously described.17 

Approximately 4 hours prior to surgery, the tracer was transrectally injected 

(197MBq; 0.4mL; 4 injections) into both lobes of the prostate guided by ultra-

sound. Subsequently, preoperative lymphoscintigraphic imaging was performed 

followed by SPECT/CT. Before the start of the SPECT/CT acquisition, the reference 

target was fixed on the patient’s skin adjacent to the right superior anterior iliac 

spine using medical tape, and the location was marked with indelible ink. In the 

operating room, a sterilized PRT was placed at the previously marked position on 

the patient’s skin and fixed with sterile tape. Similarly, a sterilized ERT was placed 

over the sterile cover on the calibrated fluorescence laparoscope using the clipping 

mechanism (figure 5b).

In previous experiments we measured the repositioning error of the PRT as well as 

the error due to breathing and changes in leg positioning separately in a group of 

test subjects. The repositioning error in that series was 1.08mm for 10s acquisi-

tions, the maximum error being 2.15mm. For the pelvic area the breathing and 

deformation due to different patient positioning was 244mm with maximum error of 

6.02mm.
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rESulTS
Phantom experiment
The radioactive component within all four marker seeds could be visualized within 

the phantom by SPECT/CT (figure 2b). The average error found in the registration 

(in 3D) as provided by SPECT/CT was 1.89mm (SD 0.81mm). This error was quan-

tified using a manual segmentation of the SPECT and CT images of the radioactive 

seeds and a posterior error analysis of the centroids of these seeds using Osirix.

After feeding the DICOM files of the SPECT/CT images to the navigation system, 

the latter could be used to help position the tip of the endoscope relative to the 3D 

imaging data. This enabled accurate navigation towards the radioactive hot spots 

(figure 3).  During the exposure of the marker seeds, the endoscope (in its ICG 

setting) was used to excite ICG and gradually enable the fluorescent visualization of 

the marker seed. This combined approach allowed us to accurately identify all the 

marker seeds that were positioned in the phantom. 

Since we incorporated 2 dyes in the marker seeds (fluorescein and ICG), which 

have a different degree of tissue penetration6, the navigation process could be ac-

curately visualized via multispectral fluorescence imaging. As the tip of the tracked 

endoscope was gradually navigated towards the fluorescent marker, the NIR 

emission with a signal penetration <1.5cm could be detected first. When the tip of 

the scope was navigated on top of a marker seed (< 2mm distance), it could be 

visualized using both the fluorescein settings (blue; figure 4b) and the ICG settings 

(green; figure 4c). Because the tissue penetration of fluorescein is limited, it could 

only be detected very superficially, improving the resolution range in which the 

margins of the marker seed can be visualized. Removal of the markers was further 

aided by the fact that superficially, the fluorescence emission of fluorescein can also 

be detected by eye (green; figure 4d).

Clinical pilot case
After providing the proof of concept in phantom tissues, the next challenge was to 

apply the navigation approach in a clinical setting. Following our previous expe-

riences in hybrid surgical guidance during robot assisted procedures, we initially 

focused our clinical proof of concept on laparoscopic navigation towards the tracer 

deposits in the prostate. In spite of the challenging logistics and robotic arms 

blocking the detection of the reference targets (both the ERT and the PRT) by the 

OTS at certain times, it was possible to use the navigation system during a robot 

assisted laparoscopic prostatectomy procedure (figure 5a). 

To maximize the intraoperative navigation accuracy, a relatively rigid location (su-

perior anterior iliac spine) near to the location where the fluorescence endoscope 

is inserted was found to be most suitable for the placement of the reference target 

(figure 5b). During surgery, the navigation system enabled accurate navigation to 

the prostate and was able to provide real-time distance estimations of the tip of 

the fluorescence endoscope to the center of radioactivity/fluorescence within the 
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prostate (figure 5c,d). Navigation of the tracked fluorescence endoscope towards 

the target identified on SPECT/CT resulted in real-time gradual visualization of the 

fluorescent signal in the prostate. Herein the fluorescent signal provided intraoper-

ative confirmation that the navigation accuracy is within the <10-15mm penetration 

rate of the ICG emission in soft tissue (figure 5e,f).

dISCuSSIon
This pilot study demonstrates the feasibility of combined rigid navigation based on 

preoperative SPECT/CT images and intraoperative fluorescence imaging for soft 

tissue navigation within a small range of deformation in complex surgical proce-

dures. When combined with the use of hybrid (radioactive and fluorescent) tracers, 

such a navigation set-up may enable preoperative surgical planning as well as 

intraoperative image navigation towards the lesions using the radioactive signature, 

while accurate target localization and visualization can take place using the fluores-

cent signature. The ability to perform navigation with a multispectral camera system 

allows for the simultaneous use of the 2 most common and clinically approved 

dyes used for optical surgical guidance, namely fluorescein and ICG. 

One important feature provided by the SPECT/CT based navigation made possible 

using hybrid tracers, is on one hand that the limited tissue penetration of the 

fluorescent signal is of less influence on the surgical guidance towards the target 

lesion. On the other hand, the limited accuracy of surgical navigation based on 

preoperative data is of less influence on the surgical procedure too as the intraop-

erative real-time fluorescence helps the surgeon to compensate for deformations, 

positioning errors and changes in the anatomy from the moment of imaging and 

the surgical procedure. In this sense the main premise for an approach like the one 

presented here is that the penetration of the fluorescence signal should be greater 

than the registration error of the preoperative images. In this setup, such a premise 

can be achieved. In addition, the ability to include different fluorescent signals, 

which each give different degrees of tissue penetration opens up possibilities to 

intraoperatively monitor the surgical safety margins in real-time using a so-called 

“traffic light approach”.19 

As our initial studies were based on our experiences with radioactive gamma 

emitters and fluorescent hybrid tracers, the surgical planning and navigation in 

this study was based on SPECT/CT.12,17 However, it should be noted that such 

a system can also be expanded to other imaging modalities. For example, the 

navigation system can also be used to help provide ultrasound guided navigation 

towards radioactive lesions or for instance help place marker seeds in or around 

a lesion (figure 2d).19 Alternatively, imaging modalities like MRI can be included, 

which provide better soft tissue contrast and can include functional information on 

e.g. vascular physiology and tissue spectroscopy. MRI can be used as a basis for 

navigation or as an alternative for CT in fused form with SPECT information (figure 

2e-f). Realizing that switching the isotope in a marker seed or on an imaging agent 
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to a positron emitter is relatively straightforward, this opens the way to include 

positron emitted tomography with computed tomography (PET/CT), or even PET/

MRI in the guidance process. Furthermore, next to navigation based on preop-

erative imaging modalities, intraoperatively acquired images using the previously 

described freehand SPECT system could also be used for navigation in the current 

phantom study (figure 2c, data not shown), but is not yet available for laparoscopic 

procedures.22

As stated in the introduction, non-rigid surgical navigation is challenging. A hybrid 

navigation approach like the one presented here may provide a way to avoid 

complex deformable registration methods and still provide accurate (hybrid) 

intraoperative guidance. Although we encountered logistical challenges that need 

further optimization; such as the positioning of the PRT and the positioning of the 

OTS relative to the patient and the endoscope, the current study provides a proof 

of concept of the hybrid navigation approach.  Further studies are needed in order 

to determine the overall accuracy and sources of error so that the process can be 

optimized for routine use. A larger study to substantiate these preliminary findings 

is currently in preparation. 

ConCluSIon
Image navigation in hybrid surgical guidance procedures appears to be technically 

feasible and can be performed with an error lower than the tissue penetration of 

the used fluorophores. We believe that such an approach makes optimal use of all 

available preoperative data and may be a next step to fine-tune the hybrid surgical 

guidance process.
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Figure 1. Hybrid navigation approach. (a,b) The 

set-up includes two different input systems: the 

reference targets shown in figure 1a are placed 

on the patient and fluorescence endoscope. 

The preoperative SPECT/CT images are 

acquired with a fixed reference target placed 

on a rigid structure on the patient/phantom 

(figure 1b, white circle). (c) An optical tracking 

system (OTS) determines the pose of the 

reference targets. (d,e) The preoperative 

SPECT/CT and the poses determined by the 

OTS are processed by the data-processing unit 

to a virtual view of the SPECT/CT images from 

the perspective of the endoscope, as shown in 

figure 1e. (f) Navigation of the tracked fluores-

cence endoscope towards the target identified 

on SPECT/CT (figure 1e) results in real-time 

gradual visualization of the fluorescent signal 

on a second display (figure 1f), thus providing 

confirmation of the navigation accuracy.

Figure 2. Current and future incorporation of 

imaging modalities in the hybrid navigation 

procedures. (a) The phantom is imaged with a 

fixed reference target for later pose matching 

enabling intraoperative navigation. (b) SPECT/

CT image displaying the radioactive component 

in the four multimodal marker seeds. (c) Using 

a tracked gamma probe, real-time freehand 

SPECT images can also be acquired for naviga-

tion. (d) Visualization of the marker seeds using 

ultrasound (arrow). (e,f) High resolution of the 

tissue morphology using MRI can be matched 

with the SPECT data (SPECT/MRI) increasing 

the amount of detail even further.

FIGurES
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Figure 3. Endoscopic navigation procedure. 

(a,b,c) As the tracked fluorescence endoscope 

approaches the phantom; (d,e,f) the data-pro-

cessing unit enables navigation towards the 

lesion based on the preoperative SPECT/CT 

images. (g,h,i) Synchronously, the fluorescence 

camera system enables stepwise visualization 

of the fluorescent signal of the hybrid tracer.

Figure 4. Multispectral fluorescence guidance. 

(a) Based on the SPECT/CT images the lapa-

roscope can be navigated towards the lesion. 

(b,c) The multispectral nature of the near-infra-

red optimized fluorescence endoscope enables 

visualization of both fluorescein (blue) and ICG 

(green). Note: the RGB input of the endoscopic 

signal is altered (green/blue cables swapped 

place), therefore, fluorescein appears blue 

instead of green. (d) The visual fluorescence 

emitted by fluorescein can be readily detected 

by the naked eye.
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Figure 5. Laparoscopic navigation towards 

the prostate in a patient undergoing robot 

assisted prostatectomy. (a) Intraoperative 

set-up depicting the surgical robot system, the 

navigation system display (1), the fluorescence 

camera system display (2), and the position of 

the optical tracking system (3). The area within 

the white circle is enlarged in figure 5b. (b) The 

reference targets are placed on the patient and 

fluorescence endoscope. The latter is inserted 

through a seperate access port. (c,d) Based on 

the preoperative SPECT/CT, the fluorescence 

endoscope can be navigated towards the pros-

tate, while the system provides distance esti-

mations in mm. (d,f) Navigation of the tracked 

fluorescence endoscope towards the target 

identified on SPECT/CT resulted in real-time 

gradual visualization of the fluorescent signal 

in the prostate, thus providing an intraoperative 

confirmation of the navigation accuracy.
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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.



Chapter 13: Sentinel node biopsy guided by 3D SPECT/CT-based navigation | 197

1 
3

rEFErEnCES

1. van der Ploeg IMC, Valdés-Olmos RA, Nieweg OE, Rutgers EJT, Kroon BBR, Hoef-
nagel CA. The additional value of SPECT/CT in lymphatic mapping in breast cancer 
and melanoma. J Nucl Med. 2007;48:1756–60.  

2. Vermeeren L, Valdés Olmos RA, Meinhardt W, Bex A, van der Poel HG, Vogel WV, et 
al. Intraoperative radioguidance with a portable gamma camera: a novel technique 
for laparoscopic sentinel node localisation in urological malignancies. Eur J Nucl 
Med Mol Imaging. 2009;36:1029–36.  

3. Brouwer OR, Buckle T, Vermeeren L, Klop WMC, Balm AJM, van der Poel HG, et al. 
Comparing the hybrid fluorescent-radioactive tracer indocyanine green-99mTc-na-
nocolloid with 99mTc-nanocolloid for sentinel node identification: a validation study 
using lymphoscintigraphy and SPECT/CT. J Nucl Med. 2012;53:1034–40. 

4. van den Berg NS, Valdés-Olmos RA, van der Poel HG, van Leeuwen FWB. Sentinel 
Lymph Node Biopsy for Prostate Cancer: A Hybrid Approach. J Nucl Med. 2013 
[Epub]. 

5. Brouwer OR, Buckle T, Bunschoten A, Kuil J, Vahrmeijer AL, Wendler T, et al. Image 
navigation as a means to expand the boundaries of fluorescence-guided surgery. 
Phys Med Biol. 2012;57:3123–36. 

6. Milgram P, Kishino F. A Taxonomy of Mixed Reality Visual Displays. IEICE Transactions 
on Information and Systems. The Institute of Electronics, Information and Communi-
cation Engineers; 1994;E77-D:1321–9. 

7. Peters TM. Image-guidance for surgical procedures. Phys Med Biol. 2006;51:R505–
40. 

8.  Kohan D, Jethanamest D. Image-guided surgical navigation in otology. Laryngo-
scope. 2012;122:2291–9.

9. Baumhauer M, Feuerstein M, Meinzer H-P, Rassweiler J. Navigation in endoscopic 
soft tissue surgery: perspectives and limitations. J Endourol. 2008;22:751–66. 

10. Navab N, Blum T, Wang L, Okur A Wendler T. First deployments of augmented reality 
in operating rooms, Computer. 2012;45:48-55.

11. van den Berg NS, van Leeuwen FWB, van der Poel HG. Fluorescence guidance in 
urologic surgery. Curr Opin Urol. 2012;22:109–20. 

12. Rassweiler JJ, Müller M, Fangerau M, Klein J, Goezen AS, Pereira P, et al. iPad-as-
sisted percutaneous access to the kidney using marker-based navigation: initial 
clinical experience. Eur Urol. 2012;61:628–31. 



PART

III



Part III

Conclusions and future perspectives
Summaries (EN/NL/ESP)

Appendix
PhD Portfolio
Dankwoord

Curriculum Vitae



14
-1-



CONCLUSIONS AND FUTURE PERSPECTIVES



202 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

1 
4 
1

Accurate staging with SN biopsy can only be achieved if all nodes on a direct path-

way from the tumor are identified and harvested. At present, the SN procedure is 

routinely performed for staging patients with breast cancer and melanoma yielding 

good results using the standard procedure with lymphoscintigraphy followed by 

intraoperative SN detection with a gamma probe and blue dye.1,2 However, the 

last decade, the procedure has evolved with expansion to other malignancies with 

lymphatic drainage to areas of more intricate anatomy like e.g. the head and neck, 

or deep lymphatic drainage to the pelvis like e.g. for prostate cancer.3-5 For these 

malignancies SN biopsy may be challenged by e.g. unexpected lymphatic drainage 

patterns, by SNs that lie in close vicinity to the injection site, or by SNs that do not 

stain blue.6,7 It is in these circumstances that novel technologies such as the ones 

presented in this thesis can be of particular benefit. 

PART I
This thesis shows that one injection of the novel hybrid radio- and fluorescent 

compound ICG-99mTc-nanocolloid preserves preoperative SN identification using 

lymphoscintigraphy and SPECT/CT, without alteration of the lymphatic drainage 

pattern of the original radiocolloid. The fluorescent component of this versatile SN 

tracer adds real-time intraoperative fluorescence-based SN identification to the 

traditional radioguided procedure. No adverse reactions were observed in over 250 

studied patients. 

As evidenced in this thesis one of the main advantages of the hybrid approach 

is that surgical identification of SNs preoperatively identified on SPECT/CT can 

be aided by the use of a fluorescence camera. The results of the studies where 

blue dye was also injected are consistent in demonstrating that intraoperative 

fluorescence imaging using hybrid ICG-99mTc-nanocolloid improves SN detection 

in comparison to blue dye in terms of tissue penetration (illustrated by the cases 

where SNs where visible through the skin) and SN visualization rates. One possible 

explanation for the observed difference in SN visualization rates is the fact that 

blue dye is injected separately and may already have passed through the SN at 

the time of excision due to its fast migration through the lymphatic system. Due to 

a functional tracer uptake mechanism the hybrid approach using ICG-99mTc-nano-

colloid thereby addresses the migrational limitations of optical dyes such as blue 

dye or ICG alone. As there is no need for additional injections during surgery, using 

ICG-99mTc-nanocolloid may provide a logistical improvement. The detection window 

with this tracer is effective up to at least 30 hours. As evaluated by Vermeeren 

et al. a few years ago, the incorporation of a pin-hole portable gamma camera 

in addition to the conventional gamma probe increases the effectiveness of the 

intraoperative SN detection in the head and neck. In the present thesis, the SN 

procedure for oral cavity cancer and melanoma was further refined using high-res-

olution fluorescence imaging. This was shown to be especially valuable in an area 

like the neck with a high lymph node density and where SNs are often located in 
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close proximity to the injection site. 

Following the shift of surgery towards less minimally invasive approaches the 

feasibility of using ICG-99mTc-nanocolloid as a SN tracer was also demonstrated 

during SN biopsy next to robot-assisted laparoscopic prostatectomy. Besides the 

potential to improve surgical guidance during (robot-assisted) SN biopsy, hybrid 

ICG–99mTc- nanocolloid provides a unique tool to postoperatively monitor the loca-

tion of tracer deposits in e.g. the lymph nodes, but also the injected organ/tumor. 

More investigations using this feature may help us to gain more knowledge on or-

gan specific lymphatic drainage patterns in the future. In turn, this may help further 

improve the SN injection procedure. It should however be noted that despite the 

added value of fluorescence imaging, the radioactive component remains indispen-

sable for reliable pre- and intraoperative SN identification (the tissue penetration of 

fluorescence imaging is still limited to approximately 10mm). 

The successful clinical introduction of this hybrid approach encourages broader 

implementation of the hybrid surgical guidance concept and opens doors for 

new hybrid imaging applications like e.g. the current preclinical development 

of tumor-targeted hybrid tracers. Yet the implementation of the hybrid surgical 

guidance concept is not limited to the field of oncology alone. Current preclinical 

efforts are also focused on the potential application of this approach to visualize 

vital structures during surgery (like e.g. nerves), in order to facilitate to minimize 

iatrogenic damage. The introduction of hybrid tracers also poses new technologic 

challenges for manufacturers of imaging systems. At present, separate devices for 

radioguided and optical sentinel detection are used. In the future, the development 

of hybrid devices combining the 2 techniques may further improve the logistics in 

daily clinical practice.

Taken together, the combination of the beneficial properties of both the radi-

oguidance and fluorescence imaging in ICG-99mTc-nanocolloid may help further 

optimize pre- intra and postoperative SN identification and contribute to lowering 

false-negative rates for SN biopsies in areas of complex lymphatic drainage. Larger 

prospective follow-up studies are necessary to definitively establish the additional 

clinical value of these new technologies.  
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PART 2
Conventional lymphoscintigraphy is not always able to define the exact anatomical 

location of a SN. The lymphatic drainage pattern may be unusual or may not be 

shown at all. We found that SPECT/CT helps overcome these difficulties. 

Previous literature reports8 demonstrated that SPECT/CT is able to reveal addi-

tional SNs which where not visible at lymphoscintigraphy. This observation was 

confirmed in several chapters of this thesis. SPECT/CT enabled identification 

of aberrant drainage patterns in patients with testicular cancer and for the first 

time SNs adjacent to the testicular vessels were visualized. As these aberrantly 

draining nodes are potentially the first site to harbor metastases, it is important to 

identify and harvest them together with the other SNs within the standard field of 

dissection. The clinical relevance of this observation was underlined by the finding 

of metastases in one of the SNs along the testicular vessels.  SPECT/CT also 

identified aberrant drainage through the thoracic duct in kidney cancer patients. 

Although renal lymphatic tributaries directly joining the thoracic duct without 

traversing any lymph nodes have been described in cadaver studies, this is the first 

time this has been visualized in vivo. This drainage pattern may yield fundamental 

insights into metastatic spread from renal cancer as it may be associated with the 

lung often being the primary metastatic site. In addition, it may partially explain 

why randomized trials of lymph node dissection in renal cell carcinoma have not 

demonstrated an impact on survival.

In patients with multiple malignant tumors within one breast, SPECT/CT demon-

strated that separate tracer injections of each tumor might yield additional SNs in 

more than half of the patients. This suggests that if only the largest tumor is inject-

ed, which is common practice, a (tumor-positive) SN might be missed. A larger 

prospective trial is currently in preparation to substantiate this assumption. 

Another important point is the necessity to correlate findings of fused SPECT/

CT with those of CT. In many cases, radioactive SNs correspond with single 

lymph nodes. However, in some cases, a radioactive hotspot on SPECT/CT may 

correspond with multiple lymph nodes on CT. The observation of these clusters 

of SNs on the low dose CT component of the SPECT/CT provides important 

preoperative information that can predict the presence of multiple radioactive SNs 

at the excision site. Such information may facilitate the surgical procedure. It is 

important to note that SPECT/CT does not replace lymphoscintigraphy. Sequential 

lymphoscintigraphy remains essential to distinguish SNs from higher-tier nodes. 

Therefore, SPECT/CT should be considered as a complementary modality.
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In the coming years, SPECT/CT may increasingly be performed routinely in patients 

where the planar images are difficult to interpret. In melanoma, the universal appli-

cation of SPECT/CT has been associated with a significant higher 4-year disease–

free interval when compared with patients where no SPECT/CT was used.9 SPECT/

CT was performed in more than 300 patients in the studies presented in this thesis. 

In all patients, SPECT/CT provided useful anatomical landmarks to plan the surgi-

cal procedure. However, transferring this preoperative information to the surgical 

act remains a challenge. Ideally, the 3D diagnostic information from SPECT/CT 

can be converted into real-time feedback, which can guide the surgeon during the 

operation. Navigation using mixed reality protocols can potentially help translate 

the preoperatively acquired SPECT/CT images to the operating room in the form 

of 3D navigation. Using optical tracking of a reference target placed on the patient 

(during SPECT/CT acquisition and intraoperatively) and on the gamma probe, we 

were able to navigate towards inguinal SNs visualized on SPECT/CT with an error 

lower than 1 cm. This error however, still renders an additional real-time intraoper-

ative tool to confirm the exact SN location essential. In this sense, this navigation 

approach fits perfectly in the hybrid surgical guidance concept presented in part I, 

as the radioactive component enables preoperative functional imaging and errors 

below 1 cm can be compensated  by fluorescence imaging of the ICG component.

Because the accuracy of navigation is greatly influenced by the precision and 

consistency with which the reference target can be repositioned on the patient, 

this form of navigation is currently more appropriate for the more rigid areas of the 

body. In order to improve the accuracy of this navigation approach in laparoscopic 

procedures in the future, adjustments in patient tracking methodology are required. 

The application of 3D navigation based on preoperatively acquired functional 

nuclear imaging is a step towards further development with the potential to open a 

whole new perspective in (hybrid) image-guided surgery, as PET/CT and PET/MRI 

may be incorporated in the nearby future.
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Founded on Halsted’s hypothesis of sequential tumor spread, selective biopsy of 

the tumor draining lymph nodes enables early detection of clinically occult nodal 

metastases while sparing patients the morbidity of an unnecesary lymph node 

dissection. Originally introduced for melanoma and breast cancer, the sentinel node 

(SN) biopsy is a multidisciplinary diagnostic procedure based on the injection of a 

radiocolloid followed by lymphatic mapping using lymphoscintigraphy and SPECT/

CT to identify the SNs. Intraoperatively, SNs are traditionally localized using a gam-

ma ray detection probe and a separate injection of blue dye to visualize the SNs. 

Over the last decade, the procedure has expanded to malignancies with lymphatic 

drainage to areas of more complex anatomy or located deeply in the abdomen. SN 

biopsy in these patients may be challenging and may benefit from additional intra-

operative tools. This thesis focuses on the clinical introduction of novel multimodal 

approaches in order to help optimize the SN procedure.

PART I: HYbRId RAdIo- And flUoReScence gUIded SenTInel 
 node bIoPSY
The first part of this thesis unveils the clinical introduction of a hybrid radioactive 

and fluorescent tracer (ICG-99mTc-nanocolloid) allowing for both preoperative SN 

mapping and combined radio- and fluorescence guided SN biopsies.  

Chapter 2 describes a validation study comparing the lymphatic drainage pattern of 

ICG-99mTc-nanocolloid with the drainage pattern of 99mTc-nanocolloid as the gold 

standard in 25 patients with various malignancies. This study showed that the lym-

phatic drainage patterns of ICG–99mTc-nanocolloid and 99mTc-nanocolloid are identi-

cal, indicating that the addition of the fluorescent moieties does not alter the biolog-

ic properties of the parental radiocolloid and warranting further clinical evaluation of 

hybrid ICG–99mTc-nanocolloid. Chapter 3 examines the feasibility of combining lym-

phoscintigraphy and intraoperative radio- and fluorescence guided SN identification 

in patients with head and neck melanoma using ICG–99mTc- nanocolloid. Lymphatic 

drainage was observed in all 11 patients. All preoperatively identified SNs could be 

intraoperatively localized using combined radio- and fluorescence guidance. In the 

7 patients in whom blue dye was used, 43% of the SNs stained blue, whereas all 

were fluorescent. In chapter 4, the added value of intraoperative fluorescence im-

aging to the conventional radioguided procedure using ICG–99mTc-nanocolloid was 

evaluated for oral cavity malignancies. At least one SN was preoperatively identified 

using the radioactive signature of ICG-99mTc-nanocolloid in all 14 patients. The 

addition of intraoperative fluorescence imaging was shown to be of particular value 

when SNs were located in close proximity to the primary tumor, since in 4 patients 

a SN located close to the primary injection site could only be localized using fluo-

rescence imaging. Chapter 5 demonstrates how fluorescence imaging enabled by 

ICG-99mTc-nanocolloid significantly improves optical SN detection compared to blue 

dye in 65 patients with penile carcinoma. All patients were injected with both hybrid 

ICG-99mTc-nanocolloid and blue dye (the latter shortly before surgery). Preoperative 
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imaging enabled SN identification in all patients (total 183 SNs dispersed over 119 

groins). Intraoperatively, all SNs identified by preoperative mapping were localized 

using combined radio-, fluorescence and blue dye guidance. 96.8% of SNs could 

be visualized using fluorescence imaging, while merely 55.7% was stained by blue 

dye (p<0.001). Furthermore, fluorescence imaging offered an improved tissue pen-

etration compared to blue dye, allowing earlier visualization of the SNs, which was 

exemplified by cases where superficially located SNs were visible through the skin. 

Additional ex vivo examination of 4 tumor-positive SNs revealed that the fluorescent 

signal was mainly present in the unaffected lymphatic tissue of the SN. Chapter 6 

aimed to evaluate the value of ICG-99mTc-nanocolloid for SN biopsy in a large pop-

ulation of patients with melanoma with drainage to the neck, axilla and groin. 104 

patients were prospectively included. A total of 246 SNs were preoperatively identi-

fied. No adverse reactions to ICG-99mTc-nanocolloid were observed. Intraoperatively 

98% of the SNs could be intraoperatively visualized using the fluorescence camera, 

whereas the 69 patients in whom blue dye was used, only 63% of the SNs had 

stained blue at the time of excision (p<0.05). Fluorescence imaging was particularly 

valuable for intraoperative SN detection in 17 patients (16%). In these cases SNs 

were localized close to the injection site or located in a complex anatomical area. 

Chapter 7 shows that ICG-99mTc-nanocolloid is also applicable during minimally inva-

sive procedures. Eleven patients undergoing robot-assisted prostatectomy followed 

by SN biopsy were included. Intraoperatively, SNs were identified in real-time using 

a combination of a laparoscopic gamma probe and a NIR- optimized fluorescence 

laparoscope. Although fluorescence imaging facilitated SN localization in areas 

with a high radioactive backgrounds signal such as the injection site, fluorescence 

detection was limited by the severe tissue attenuation of the signal. Therefore, 

radio guidance to the areas of interest is still indispensable. Ex vivo gamma and 

fluorescence imaging of the dissected nodes showed a high signal intensity corre-

lation for all individual patient samples, underlining that all radioactive nodes were 

indeed fluorescent and radioactive. In Chapter 8, additional ex vivo fluorescence 

imaging revealed a large variation in the locations of intraprostatic tracer deposits 

in embedded prostate samples of 19 patients. Tracer deposits in the peripheral 

zone correlated with a higher number of visualized LNs than deposits in the central 

zone (on average, 4.7 vs. 2.4 LNs per patient). Furthermore, tracer deposits in the 

mid gland correlated with a higher number of visualized LNs than deposits near 

the base or apex of the prostate (on average, 6 vs. 3.5 LNs per patient). As such, 

ICG–99mTc- nanocolloid also provides a unique tool to postoperatively investigate 

the influence of the location of tracer deposits on lymphatic drainage patterns, long 

after the radioactive signal has decayed. The results from this study suggest that 

the location of intraprostatic tracer deposition may be of influence on the lymphatic 

drainage pattern, and as such, the SN procedure as a whole.
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PART II: SPecT/cT AS A 3d RoAdMAP foR InTRAoPeRATIve
 nAvIgATIon
The second part of this thesis is focused on the value of SPECT/CT and describes 

the first steps in translating SPECT/CT to the operating room using mixed reality 

models for intraoperative navigation in 3D. Chapter 9 underlines that the breast should 

not necessarily be regarded as one single entity with regard to its lymphatic drainage. 

In a 4-center effort, 50 patients with multiple tumors in one breast were prospectively 

included to investigate whether lymphoscintigraphy and SPECT/CT after intralesional 

injection of radiopharmaceutical into each tumor separately yields additional SNs 

compared to intralesional injection of the largest tumor only. Additional lymphatic 

drainage was depicted after the second and/or third injection in 32 patients (64%), 

suggesting that separate tumor-related tracer injections may be a more accurate 

approach to mapping and sampling of SNs in patients with multicentric or multifocal 

breast cancer. In chapter 10, ten patients with clinical stage I testicular cancer were 

studied to evaluate the utility of SPECT/CT and real-time intraoperative imaging with 

a portable gamma camera for laparoscopic SN localization. SPECT/CT was shown 

to enable accurate anatomic localization of retroperitoneal SNs in all patients. In 3 

patients aberrant drainage was observed to SNs adjacent to the testicular vessels. 

The portable gamma camera enabled real-time intraoperative SN visualization in all 

9 patients in whom the device was used. Histopathologic examination revealed me-

tastases in 1 excised SN alongside the testicular vessels. Chapter 11 shows another 

example of how SPECT/CT is able to accurately identify aberrant drainage patterns 

in patients with renal cell carcinoma (RCC). Of 42 patients included in an ongoing 

trial, 4 showed early lymphatic drainage following the course of the thoracic duct. In 

one patient, this was observed without any retroperitoneal lymph node interposition. 

This drainage pattern may be associated with the lung frequently being the primary 

metastatic site. Ideally, the detailed 3D information provided by SPECT/CT would 

be available in a form of real-time feedback that can guide the surgeon during the 

operation. Chapter 12 provides a proof of concept and technical overview in a phan-

tom study demonstrating how the navigation of an optically tracked fluorescence 

endoscope by means of mixed reality can potentially help translate the preoperatively 

acquired SPECT/CT images to the operating room in the form of 3D navigation. The 

aim of chapter 13 was to explore the clinical feasibility and accuracy of this approach 

using a navigated gamma probe in 10 patients with penile carcinoma undergoing 

SN biopsy. The average error in the coronal and saggital planes were 5.0 and 5.3 

mm, respectively. In 3 patients, 3D SPECT/CT navigation pointed to the exact same 

location on the skin as the conventional probe. Taken together, surgical navigation 

based on a mixed reality protocol using preoperatively acquired SPECT/CT images 

was shown to be feasible. Although real-time confirmation of the navigation accuracy 

through gamma tracing and/or fluorescence imaging remains indispensable, the 

application of 3D navigation based on preoperatively acquired functional nuclear 

imaging data opens a whole new perspective in (hybrid) image guided surgery, as 
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PET/CT and PET/MRI may be incorporated in the nearby future.
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Bij patiënten met kanker is de tumorstatus van lymfeklieren van groot belang voor 

de prognose en de therapiekeuze. Er is echter nog geen consensus bereikt over 

de optimale vroegtijdige detectiemethode van lymfekliermetastasen. Chirurgisch 

stadiëren middels een uitgebreide klierdissectie maakt het mogelijk om microsco-

pische metastasen die met hedendaagse beeldvorming nog niet zichtbaar zijn te 

detecteren. Echter, dit betreft een invasieve methode met het risico op complicaties 

zoals trombose, lymfoedeem en lymfoceles. Een alternatieve methode voor vroege 

detectie van lymfekliermetastasen is de sentinelnodebiopsie. De sentinelnode 

(schildwachtklier, poortwachterklier, eerste-echelonklier) is een lymfeklier waar 

de tumor rechtstreeks op draineert. Om de sentinelnodes te identificeren, wordt 

een radioactieve speurstof op de plaats van de tumor geïnjecteerd, waarna het 

lymfedrainagepatroon door middel van nucleaire beeldvorming (sequentiële lym-

foscintigrafie met een gammacamera) stapsgewijs in beeld kan worden gebracht. 

Het radiofarmacon wordt in de lymfeklier opgenomen. Bij de operatie kan het 

lymfevat met patentblauw worden zichtbaar gemaakt en worden uitgeprepareerd 

tot de sentinelnode. De radioactieve sentinelnode kan ook worden gelokaliseerd 

met behulp van een gammastralendetectieprobe of met gebruikmaking van een 

sensitievere mobiele gammacamera. Als de sentinelnode bij histopathologisch 

onderzoek tumorvrij blijkt te zijn kan patiënten een uitgebreide klierdissectie worden 

bespaard. De sentinelnodeprocedure werd in 1993 in het Nederlands Kanker 

Instituut - Antoni van Leeuwenhoek Ziekenhuis geïntroduceerd. Sindsdien heeft de 

procedure zich ontwikkeld tot een gevalideerde detectiemethode van micrometas-

tasen bij patiënten met borstkanker of melanoom en de techniek wordt de laatste 

jaren ook steeds meer toegepast bij andere typen tumoren. Hierdoor worden er 

steeds meer sentinelnodes ontdekt in gebieden met complexe anatomie. Het in dit 

proefschrift beschreven onderzoek evalueert nieuwe technieken en multimodale 

benaderingen die gebruikt kunnen worden om de sentinelnodes in deze gebieden 

beter te kunnen lokaliseren. 

DEEl I: HybrIDE rADIo- EN fluorEScENTIEGElEIDE 
 SENTINElNoDEbIopSIE
Het gebruik van de blauwe kleurstof resulteert niet altijd in detectie van de sentinel-

node. Het eerste deel van dit proefschrift beschrijft de waarde van het toevoegen 

van peroperatieve fluorescentiebeeldgeleiding aan de gebruikelijke radiogeleide 

procedure door toepassing van een nieuwe hybride tracer die zowel radioactief als 

fluorescent is (ICG-99mTc-nanocolloid). 

In hoofdstuk 2 wordt het gebruik van ICG-99mTc-nanocolloid voor sentinelnodede-

tectie gevalideerd door in 25 patiënten met uiteenlopende tumoren het lymfedrain-

agepatroon van de Europese gouden standaard 99mTc-nanocolloid te vergelijken 

met de nieuwe hybride tracer ICG-99mTc-nanocolloid. In alle 25 patiënten werd bij 

de nucleaire beeldvorming een identiek drainagepatroon gevonden voor beide 
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radiofarmaca. Dit toont aan dat het lymfedrainagepatroon niet verandert door 

toevoeging van de fluorescente (ICG) deeltjes, waardoor verdere evaluatie van deze 

hybride tracer verantwoord is. Hoofdstuk 3 laat zien dat ICG-99mTc-nanocolloid zowel 

preoperatieve sentinelnodedetectie als intraoperatieve fluorescentiegeleide sentinel-

nodevisualisatie mogelijk maakt bij patiënten met een melanoom in het hoofd-

halsgebied. Alle preoperatief gevisualiseerde sentinelnodes bij de 11 geïncludeerde 

patiënten konden tijdens de operatie worden geïdentificeerd met de fluorescentie-

camera, terwijl na de standaardinjectie met blauwe kleurstof slechts 43% van de 

klieren blauw aankleurde. In hoofdstuk 4 wordt de waarde van de toevoeging van 

fluorescentiebeeldvorming met ICG–99mTc-nanocolloid beschreven voor patiënten 

met een tumor in de mondholte. Hier belemmert het sterke signaal van de grote 

hoeveelheid radioactiviteit die op de injectieplaats achterblijft namelijk dikwijls de 

identificatie van de nabijgelegen lymfeklieren die veelal hoog in de hals zijn gelegen. 

Tevens wordt bij deze tumoren bij voorkeur  geen blauwe kleurstof gebruikt omdat 

de blauwe verkleuring van het chirurgische veld onhandig kan zijn tijdens de excisie 

van de tumor. Bij 4 van de 14 onderzochte patiënten kon een sentinelnode die 

dichtbij de injectieplaats gelegen was alleen worden gelokaliseerd aan de hand van 

de zichtbare fluorescentie van ICG–99mTc-nanocolloid. Hoofdstuk 5 toont aan dat 

intraoperatieve fluorescentiebeeldvorming na injectie van ICG–99mTc-nanocolloid 

significant meer sentinelnodes zichtbaar maakt dan met de standaard gebruikte 

blauwe kleurstof in patiënten met een peniscarcinoom. Preoperatieve beeldvorm-

ing toonde een sentinelnode aan in alle 65 patiënten (totaal 183 sentinelnodes in 

119 liezen). Tijdens de operatie was 97% van de sentinelnodes fluorescent, terwijl 

slechts 56% blauw gekleurd was (p<0.001). Er waren zelfs sentinelnodes door de 

huid heen zichtbaar met fluorescentiebeeldvorming. Sentinelnodes kunnen zo dus 

mogelijk eerder worden gevisualiseerd dan met de blauwe kleurstof. Additionele 

postoperatieve analyse van 4 tumorpositieve sentinelnodes liet zien dat het fluo-

rescente signaal nog zichtbaar was in de microscopische coupes en dat het met 

name aanwezig was in het normale klierweefsel. Hoofdstuk 6 beschrijft een grotere 

prospectieve studie naar de meerwaarde van het gebruik van ICG–99mTc-nanocol-

loid bij 104 patiënten met een melanoom in het hoofd-halsgebied, op de romp, 

of op de extremiteiten. In totaal werden 246 sentinelnodes preoperatief geïdenti-

ficeerd. Er werden geen bijwerkingen ten gevolge van de ICG–99mTc-nanocolloid 

injectie gezien. 98% van de sentinelnodes kon intraoperatief worden gevisualiseerd 

met de fluorescentiecamera (tot zelfs 27 uur na injectie), terwijl slechts 63% blauw 

verkleurd was na injectie van patent blauw (p<0.05). Fluorescentiebeeldvorming 

was met name waardevol in patiënten met een hoofd-halsmelanoom met sen-

tinelnodes nabij de injectieplaats of in een gebied  met complexe anatomische 

verhoudingen. In hoofdstuk 7 werd de toepassing van ICG–99mTc-nanocolloid tijdens 

laparoscopische procedures geëvalueerd bij 11 patiënten die een robot-geas-

sisteerde prostatectomie ondergingen gevolgd door sentinelnodebiopsie. Na echo-

geleide toediening van ICG–99mTc-nanocolloid in de prostaat werd preoperatieve 



218 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

1 
4 
3

nucleaire beeldvorming verricht om de sentinelnodes te visualiseren. Het hybride 

karakter van ICG–99mTc-nanocolloid maakte intraoperatieve optische identificatie 

van de sentinelnodes mogelijk met behulp een fluorescentie-endoscoop. Tijdens 

de ingreep bleken detectie van het radioactieve en fluorescente signaal com-

plementair. Fluorescentie was van waarde in gebieden met een hoog radioactief 

achtergrondsignaal, waarbij radiogeleiding compenseerde voor de beperkte 

weefselpenetratie van het fluorescente signaal. De bevinding dat bij analyse van alle 

geëxcideerde klieren alle klieren zowel radioactief als fluorescent waren bevestigde 

de hoge correlatie tussen het radioactieve en het fluorescente signaal wat betek-

ent dat de tracer dus stabiel blijft gedurende het gehele pre- en intraoperatieve 

proces. In hoofdstuk 8 wordt een additionele eigenschap van ICG–99mTc-nanocolloid 

beschreven. Naast intraoperatieve fluorescentiebeeldvorming biedt het fluores-

cente element van de hybride ICG-99mTc-nanocolloid tracer ook de mogelijkheid 

om postoperatief de injectieplaats in de prostaat(coupes) te bepalen, lang nadat 

het radioactieve signaal vervallen is. Dit maakt het mogelijk om postoperatief de 

exacte injectieplaats in de prostaat te lokaliseren, en deze te correleren aan het 

geobserveerde lymfedrainagepatroon. Ex-vivo fluorescentiebeeldvorming toonde 

een grote interindividuele variatie in locaties van de injecties per patiënt. Injecties 

in de perifere zone van de prostaat leidden tot gemiddeld meer gevisualiseerde 

lymfeklieren vergeleken met injectie in de centrale zone (4,7 vs. 2,4). Injecties ter 

plaatse van de grootste diameter van de prostaat leidden tot meer gevisualiseerde 

lymfeklieren vergeleken met injecties in de basis of apex van de prostaat (6 vs. 3,5). 

Deze bevindingen suggereren dat de plaats van de injectie in de prostaat bepalend 

kan zijn voor het lymfedrainagepatroon. 

DEEl II: VAN SpEcT-cT NAAr 3D INTrAopErATIEVE bEElDGElEIDE 
 NAVIGATIE 
SPECT-CT (sngle photon emission computed tomography with computed tomog-

raphy) is een aanvullende beeldvormingsmodaliteit, waarbij de drie-dimensionale 

SPECT-beelden gefuseerd worden met CT-beelden. Hierdoor verschaft SPECT-CT 

nuttige preoperatieve informatie over de ligging van de sentinelnode. Het tweede 

deel van dit proefschrift onderzoekt wat SPECT-CT toevoegt aan lymfoscintigrafie 

en beschrijft de eerste stappen in het overbrengen van SPECT-CT naar de oper-

atiekamer door middel van intraoperatieve beeldgeleide navigatie. 

Hoofdstuk 9 presenteert de resultaten van een prospectieve studie in samenwerk-

ingsverband met 3 andere centra waarbij 50 patiënten met twee tumoren in de 

borst werden geïncludeerd om te na te gaan of lymfoscintigrafie en SPECT-CT na 

injectie in beide tumoren afzonderlijk tot meer gevisualiseerde sentinelnodes leidt 

dan injectie in alleen de grootste tumor. Bij 64% van de patiënten werd additionele 
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lymfedrainage gezien na injectie in de tweede tumor. Dit betrof zowel multifocale 

als multicentrische tumoren. Dit hoge percentage van aanvullend gevonden 

sentinelnodes suggereert dat het bepalen van het lymfedrainagepatroon van iedere 

aanwezige tumor kan leiden tot een betere stadiëring. In hoofdstuk 10 werd de 

waarde van SPECT-CT en een mobiele gammacamera geëvalueerd in 10 patiënten 

met een testiscarcinoom. SPECT-CT was in staat om preoperatief in alle patiënten 

de exacte plaats van de retroperitoneaal gelegen sentinelnodes aan te tonen. Bij 3 

patiënten werd atypische drainage gezien naar een sentinelnode langs de testicu-

laire vaten. De mobiele gammacamera maakte het vervolgens mogelijk om deze ra-

dioactieve sentinelnodes tijdens de operatie zichtbaar te maken in alle 9 patiënten 

bij wie de techniek was toegepast. Bij histopathologisch onderzoek bleek 1 van de 

sentinelnodes langs de testiculaire vaten tumorpositief te zijn. Hoofdstuk 11 beschrijft 

atypische drainagepatronen die SPECT-CT aan het licht bracht bij patiënten met 

een niercelcarcinoom. Bij 4 van 42 patiënten werd na intratumorale toediening 

van het radiofarmacon vroegtijdige lymfedrainage gezien via de ductus thoracicus. 

Bij één van hen werden de tussenliggende retroperitoneale klieren omzeild. Deze 

vroege drainage via de ductus thoracicus kan helpen verklaren waarom hemat-

ogene metastasen vaak het eerst in de longen worden gevonden. 

Idealiter zou de gedetailleerde preoperatieve driedimensionale informatie die 

SPECT-CT verschaft ook gebruikt kunnen worden om de chirurg tijdens de 

operatie naar de sentinelnodes te leiden. In hoofdstuk 12 wordt een fantoomstudie 

gepresenteerd waarin een nieuwe techniek werd getest waarbij de preoperatieve 

SPECT-CT beelden werden vertaald in een virtuele realiteit die voor intraoperatieve 

beeldgeleide navigatie kan worden toegepast. Zowel tijdens de acquisitie van de 

SPECT-CT beelden als tijdens de operatie werd op de patiënt een ijkpunt bevestigd 

dat door het navigatiesysteem kon worden gedetecteerd.  Een 3D reconstructie 

van de SPECT-CT werd gecorreleerd aan de locatie van de patiënt en werd op 

een scherm weergegeven. Binnen deze omgeving kan vervolgens genavigeerd 

worden met een aanwijsinstrument (bijvoorbeeld de gammaprobe of endoscopis-

che fluorescentiecamera) waarop een vergelijkbaar ijkpunt bevestigd is. Tijdens het 

fantoomexperiment bleek het mogelijk om de fluorescentie-endoscoop te naviger-

en naar de preoperatief geïdentificeerde doelwitten. Hoofdstuk 13 introduceert deze 

techniek in een klinische setting en evalueert de nauwkeurigheid van deze benade-

ring voor navigatie van een gammaprobe naar sentinelnodes in 10 patiënten met 

een peniscarcinoom. De gemiddelde afwijking in de coronale en sagittale vlakken 

was 5 mm. In 3 patiënten, wees de SPECT-CT navigatie tijdens de operatie de 

exacte plaats van de sentinelnode aan. Uit deze studie kan geconcludeerd worden 

dat intraoperatieve navigatie op basis van preoperatieve SPECT-CT beelden tech-

nisch haalbaar is, maar dat een modaliteit om succesvolle sentinelnodelokalisatie te 

bevestigen (zoals bijvoorbeeld fluorescentiebeeldvorming) nog onmisbaar blijft. 
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Om met de sentinelnodeprocedure de juiste lymfeklieren te kunnen vinden is het 

van belang dat alle sentinelnodes zowel pre- als intraoperatief zichtbaar worden 

gemaakt. Dit kan vooral lastig zijn indien er sprake is van atypische lymfedrainage-

patronen, wanneer sentinelnodes nabij de primaire tumor/injectieplaats gelegen 

zijn, of wanneer sentinelnodes niet blauw gekleurd zijn ten tijde van excisie. Het zijn 

juist deze moeilijke omstandigheden waarbij de nieuwe technieken en multimodale 

benaderingen zoals beschreven in dit proefschrift van toegevoegde waarde zijn. 

SPECT-CT visualiseert preoperatief nauwkeurig de locatie van de sentinelnodes 

in hun anatomische context en kan ook beter atypische lymfedrainagepatronen 

in kaart brengen. Intraoperatieve radio- en fluorescentiegeleiding zijn modaliteiten 

die elkaar complementeren en worden samengevoegd in de hybride speurstof 

ICG-99mTc-nanocolloid. De toevoeging van intraoperatieve hogeresolutiebeeld-

vorming met een mobiele gammacamera en een fluorescentiecamera verbetert 

sentinelnodedetectie in patiënten met sentinelnodes nabij de injectieplaats of in 

een gebied met complexe anatomie. Het fluorescente element van ICG-99mTc-na-

nocolloid verbetert sentinelnodevisualisatie vergeleken met de standaard gebruikte 

blauwe kleurstof. De succesvolle klinische introductie van deze hybride benadering 

stimuleert de verdere ontwikkeling van tumorgerichte hybride speurstoffen en 

(hybride) camerasystemen. Intraoperatieve 3D beeldgeleide navigatie op basis van 

SPECT-CT is technisch haalbaar gebleken. Deze techniek maakt optimaal gebruik 

van de beschikbare preoperatieve beeldvorming en biedt nieuwe perspectieven 

voor beeldgeleide chirurgie.
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Basada en la hipótesis de Halsted de propagación tumoral secuencial, la biopsia 

selectiva de los ganglios linfáticos con drenaje directo del tumor permite la de-

tección precoz de metástasis ganglionares clínicamente ocultas sin exponer a los 

pacientes a la morbilidad asociada a un vaciamiento ganglionar innecesario.

Introducida originalmente para el melanoma y el cáncer de mama, la biopsia del 

ganglio centinela (GC) es un procedimiento diagnóstico multidisciplinario basado 

en la inyección de un radiotrazador que permite el  mapeo linfático mediante la 

linfogammagrafía y la SPECT/CT con el objetivo de identificar los GC. Durante la 

cirugía, los GC son tradicionalmente localizados utilizando una sonda de rayos 

gamma en combinación con una inyección de colorante azul que permite visualizar 

las vías linfáticas y los ganglios de drenaje directo. Durante la última década, el 

procedimiento se ha expandido a otros tumores malignos que presentan drenaje 

linfático a zonas de anatomía más compleja o a GC localizados profundamente en 

el abdomen. La biopsia de los GC en estos pacientes puede ser difícil por lo que 

podría beneficiarse de nuevas herramientas tecnológicas adicionales en el pabellón 

de operaciones. Esta tesis se centra en la introducción clínica de nuevos enfoques 

multimodales para optimizar el procedimiento del GC.

PRIMERA PARTE: LA bIoPSIA dEL gANgLIo cENTINELA gUIAdA 
 PoR LA dETEccIóN híbRIdA dE LA RAdIo-
 AcTIvIdAd y LA fLUoREScENcIA
La primera parte de esta tesis concierne la introducción clínica de un trazador 

híbrido radioactivo y fluorescente (ICG-99mTc-nanocoloide) que permite tanto el 

mapeo preoperatorio del GC como su localización y posterior biopsia guiada por 

las señales radioactivas y fluorescentes. El capítulo 1 incluye  una introducción a 

las investigaciones descritas en la tesis e incorpora un bosquejo de los equipos y 

métodos aplicados. 

El capítulo 2 describe un estudio de validación comparando el patrón de drenaje 

linfático del ICG-99mTc-nanocoloide con el drenaje del 99mTc-nanocoloide utilizado 

como patrón estándar de comparación en 25 pacientes con diversos tumor-

es malignos. Este estudio demostró que los patrones de drenaje linfático de 

ICG-99mTc-nanocoloide y 99mTc-nanocoloide son idénticos, lo que indica que la 

adición del componente fluorescente no altera las propiedades biológicas del 

radiocoloide original, lo que  justifica una evaluación clínica adicional del trazador 

híbrido. 

El capítulo 3 examina la factibilidad de combinar la imagen preoperatoria basada 

en la linfogammagrafía y la SPECT/CT con la identificación intraoperatoria del GC 

guiada por el trazador híbrido ICG-99mTc-nanocoloide en pacientes con melanoma 

de cabeza y cuello. Se observó drenaje linfático en los 11 pacientes investigados. 

Todos los GC identificados preoperatoriamente  se pudieron  localizar durante la 

operación utilizando la combinación de radioactividad y fluorescencia. En los 7 

pacientes en los que se inyectó colorante azul, sólo un 43% de los GC se tiñeron 
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de azul, mientras que en todos ellos se detectó fluorescencia. 

En el capítulo 4 se evaluó en qué medida la visualización intraoperatoria de la 

fluorescencia con 99mTc-ICG-nanocoloide fue de valor adicional al procedimiento 

convencional radioguiado en pacientes con neoplasias malignas de cavidad oral. Al 

menos un GC fue identificado preoperatoriamente gracias al componente radiac-

tivo del ICG-99mTc nanocoloide en los 14 pacientes. La adición de la imagen óptica 

por fluorescencia en el pabellón de operaciones fue de particular valor cuando los 

GC se encontraron en la cercanía del tumor primario como fue visto en 4 pacientes 

en que el GC estaba situado cerca del sitio de la inyección. 

El capítulo 5 muestra cómo la imagen óptica del componente fluorescente del 

ICG-99mTc-nanocoloide pudo mejorar significativamente la detección del GC en 

comparación con el colorante azul en 65 pacientes con carcinoma de pene. Todos 

los pacientes fueron inyectados tanto con el trazador híbrido ICG-99mTc-nanocoloi-

de como con el colorante azul (este último poco antes de la cirugía). Las imágenes 

preoperatorias permitieron la identificación del GC en todos los pacientes (en total 

183 GC en119 regiones inguinales). Durante la cirugía, todos los GC identificados 

en el mapeo preoperatorio fueron localizados utilizando la combinación de la 

radio-fluorescencia y el azul. El 96,8% de los GC pudo ser visualizado utilizando 

las imágenes de fluorescencia, mientras que sólo el 55,7% de los GC se tiñó de 

azul (p <0,001). Además, las imágenes por fluorescencia ofrecieron una pene-

tración tisular mejorada en comparación con el colorante azul, lo que permitió la 

visualización de los GC con anterioridad, reflejándose ello en casos en que los GC 

estaban superficialmente situados siendo visibles a través de la piel. El examen 

adicional ex-vivo de 4 GC con infiltración tumoral reveló que la señal fluorescente 

estaba presente principalmente en el tejido linfático no afectado del GC. 

El capítulo 6 tuvo como objetivo evaluar el valor del ICG-99mTc-nanocoloide para la 

biopsia del GC en un número considerable de pacientes con melanoma que pre-

sentaron drenaje hacia el cuello, la axila y/o la ingle. Se incluyeron 104 pacientes 

en forma prospectiva. Un total de 246 GC fueron identificados preoperatoriamente. 

No se observaron reacciones adversas al ICG-99mTc-nanocoloide. Intraoperatoria-

mente el 98% de los GC pudieron ser visualizados utilizando la cámara de fluores-

cencia, mientras que de los 69 pacientes en los que se usó colorante azul, sólo en 

el 63% de ellos los GC mostraban tinción azul al momento de la escisión (p <0,05). 

Las  imágenes ópticas de la fluorescencia fueron particularmente valiosas para la 

detección intraoperatoria del GC en 17 pacientes (16%). En estos casos los GC se 

pudieron localizar cerca del sitio de la inyección o en zonas anatómicas complejas. 

El capítulo 7 muestra como el ICG-99mTc-nanocoloide es también de utilidad en  pro-

cedimientos laparoscópicos mínimamente invasivos. Once pacientes planificados 

para una prostatectomía asistida por robot complementada con una biopsia de los 

GC fueron incluidos. Intraoperatoriamente, los GC se identificaron en tiempo real 

utilizando una combinación de una sonda gamma laparoscópica y un laparoscopio 

de fluorescencia NIR-optimizado. Aunque la imagen óptica de fluorescencia pudo 
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facilitar la localización del GC en áreas con una alta relación señal-fondo radioac-

tivos, como por ejemplo el lugar de la inyección, la detección de la fluorescencia se 

vio limitada por la atenuación tisular de la señal. Por ello, es preciso poder contar 

con la orientación de la radioactividad en las áreas donde se encuentran los GC. 

Ex-vivo las imágenes gammagráficas y de fluorescencia de los ganglios disecados 

mostraron una alta correlación en la intensidad de la señal en todas las muestras 

individuales de los pacientes, subrayando el carácter fluorescente y radiactivo de 

los GC. 

En el capítulo 8, las imágenes ex vivo de la fluorescencia adicional revelaron una 

gran variación en la ubicación de los depósitos del trazador en la próstata  en 

las muestras integradas de 19 pacientes. Se observó un mayor número de GC  

visualizados cuando los depósitos del trazador fueron inyectados en las zonas per-

iféricas de la próstata que cuando se inyectó en las zonas centrales (en promedio 

4,7 GC vs 2,4 por paciente). Además, los depósitos del trazador en la parte media 

de la próstata se correlacionaron con un mayor número de GC visualizados que en 

el caso de depósitos administrados cerca de la base o el vértice de la próstata (en 

promedio, 6 GC vs 3,5 por paciente). En este sentido, el ICG-99mTc-nanocoloide 

también es capaz de proporcionar por medio de la fluorescencia indicios que 

pueden explicar la influencia de la ubicación de los depósitos del trazador sobre 

los patrones de drenaje linfático, mucho después de que la señal radiactiva ha 

desaparecido. Los resultados de este estudio sugieren que la ubicación de la de-

posición de trazador intraprostático puede ser de influencia en el patrón de drenaje 

linfático, y como tal, el procedimiento del GC en su totalidad.

SEgUNdA PARTE: LA SPEcT/cT coMo UN MAPA dE RUTA 3d qUE
 fAcILITA LA NAvEgAcIóN INTRAoPERAToRIA
La segunda parte de esta tesis se centra en el valor de la SPECT/CT y describe 

los primeros pasos en llevar la SPECT/CT a la sala de operaciones utilizando los 

llamados modelos de realidad mixta y facilitando con ello la navegación en 3D. 

El capítulo 9 subraya que la mama no necesariamente debe ser considerada como 

una entidad única en lo que se refiere a su drenaje linfático. En un esfuerzo man-

comunado de 4 centros, 50 pacientes con múltiples tumores en la mama afectada 

fueron incluidos en forma prospectiva con el fin de investigar si la linfogammagrafía 

y la SPECT/CT podrían visualizar GC adicionales después de efectuarse inyec-

ciones del radiofármaco en cada tumor por separado. Esto en comparación con 

una inyección única del tumor mayor como se realiza habitualmente. Un drenaje 

linfático adicional fue visualizado después de la segunda y/o tercera inyección 

en 32 de los pacientes (64%), lo que sugiere que un protocolo de inyecciones 

separadas puede ser un método más preciso para detectar los GC en pacientes 

con cáncer de mama multicéntrico o multifocal. 

En el capítulo 10, diez pacientes con estadio clínico I de cáncer testicular fueron 

estudiados para evaluar tanto la utilidad de la SPECT/CT preoperatoria como de 
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la imagen intraoperatoria en tiempo real con una cámara gamma portátil para la 

localización laparoscópica de los GC. La SPECT/CT pudo facilitar la localización 

anatómica precisa de los GC de ubicación retroperitoneal en todos los pacientes. 

En 3 pacientes se observó también drenaje aberrante hacia GC en la zona adya-

cente a los vasos sanguíneos testiculares. La cámara gamma portátil intraoper-

atoria facilitó en tiempo real la visualización de los GC en los 9 pacientes en los 

que se utilizó el dispositivo. El examen histopatológico reveló metástasis en 1 GC 

extirpado en el trayecto de los vasos testiculares. 

El capítulo 11 muestra otro ejemplo de cómo la SPECT/CT es capaz de identificar 

con precisión los patrones aberrantes de drenaje en pacientes con carcinoma de 

células renales (RCC). De 42 pacientes incluidos en un ensayo clínico en curso, 

4 mostraron drenaje linfático precoz con visualización del conducto torácico. En 

uno de estos pacientes esto fue observado sin interposición de ganglios linfáticos 

retroperitoneales. Este patrón de drenaje puede ayudar a explicar las frecuentes 

observaciones de metástasis aisladas tanto en ganglios linfáticos mediastínicos 

como en el pulmón considerado como sitio primario de metástasis en el CRR. La 

información 3D detallada  proporcionada por la SPECT/CT puede servir de pauta 

en tiempo real guiando al cirujano durante la operación. 

El capítulo 12 ofrece una prueba de concepto y una visión general técnica basadas 

en un fantoma que permitió explorar la navegación por medio de un endoscopio 

de fluorescencia ópticamente rastreable utilizando un modelo de realidad mixta 

que potencialmente puede llevar las imágenes virtuales preoperatorias generadas 

con la SPECT/CT a la sala de operaciones para ser utilizadas en la navegación 3D. 

El objetivo del capítulo 13 fue explorar la factibilidad clínica y la precisión del  

método descrito en el capítulo 12 utilizando una sonda gamma de navegación en 

10 pacientes con carcinoma de pene planificados para una biopsia del GC. Las 

mediciones arrojaron un error promedio de 5 y 5,3 mm en los planos coronal y 

sagital respectivamente. En tres pacientes, la navegación 3D basada en la SPECT/

CT señaló la misma exacta ubicación del GC en la piel que la sonda convencional. 

En general, la navegación quirúrgica basada en un protocolo de realidad mixta 

usando las imágenes adquiridas antes de la operación con la SPECT/CT ha dem-

ostrado ser factible. Aunque la navegación precisa que se consigue con la sonda 

de rayos gamma y/o las imágenes de fluorescencia sigue siendo indispensable, la 

aplicación de un modelo de navegación en 3D basado en datos adquiridos antes 

de la operación con la SPECT/CT abre una nueva perspectiva en la cirugía guiada 

por la imagen ya sea con trazadores radioactivos y/o híbridos.

Para poder establecer la condición de los ganglios linfáticos de manera fiable 

es indispensable que mediante el procedimiento del ganglio centinela todos los 

ganglios centinela puedan ser localizados tanto en la imagen preoperatoria como 

en el pabellón de operaciones. Esto puede ser especialmente difícil y constituir un 



228 | Innovating image-guided surgery: Introducing multimodal approaches for sentinel node detection

1 
4 
4

desafío cuando se dan patrones de drenaje linfático atípicos o cuando los ganglios 

centinela se encuentran adyacentes al sitio del tumor primario que es donde se 

inyecta el radiotrazador.  Las dificultades para encontrar estos ganglios linfáticos 

centinela se agudizan cuando ellos no aparecen teñidos de azul al momento de 

la escisión. Son precisamente en estas condiciones en que las nuevas técnicas y 

enfoques multimodales descritos en esta tesis pueden constituir una ayuda valiosa. 

La SPECT/CT puede antes de la operación indicar con precisión la localización 

anatómica de los ganglios linfáticos centinela y es además capaz de identificar 

patrones de drenaje linfático atípicos. La detección intraoperatoria combinada de 

las señales radioactivas y fluorescentes ha llevado a desarrollar modalidades que 

se complementan entre sí y que se expresan en la utilización del trazador híbrido 

ICG-99mTc-nanocoloide. La adición de imágenes intraoperatorias de alta resolu-

ción utilizando una gamma cámara portátil y una cámara óptica de fluorescencia 

es especialmente valiosa en pacientes con ganglios linfáticos centinela ubicados 

en la cercanía del sitio de la inyección o en  áreas  de anatomía compleja. Ello 

ha llevado a mejorar la detección óptica de los ganglios linfáticos centinela en 

comparación con el empleo habitual de colorantes vitales. La exitosa incorporación 

clínica de este enfoque híbrido ha servido de fomento para el desarrollo de traza-

dores tumorales híbridos específicos y de cámaras de detección híbridas. Por otro 

lado la navegación tridimensional intraoperatoria en base a la imagen de SPECT/

CT ha demostrado ser técnicamente viable. Esta modalidad hace uso óptimo de 

la imagen preoperatoria ya adquirida y disponible ofreciendo nuevas perspectivas 

para la cirugía guiada por la imagen.
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APPENDIX 
Clinical application of SPECT/CT and intraoperative radioguided 
sentinel bode biopsy in cancers of the male reproductive system

In: Atlas of Lymphoscintigraphy and Sentinel Lymph Node Mapping, Springer, 2012.

Oscar R. Brouwer, Willem Meinhardt, Simon Horenblas, Renato A. Valdés Olmos 
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INTroDuCTIoN
This chapter describes the principles of lymphatic mapping and sentinel node 

(SN) biopsy for cancers of the male reproductive system, which includes penile, 

prostate, and testicular cancer.

Penile cancer is a relatively rare disease in the western world, with an incidence of 

approximately 1 per 100,000.1 Nearly all penile tumors are squamous cell car-

cinomas. The presence of lymph node involvement is the single most important 

prognostic factor for cancer-specific death.2 Since the introduction of the concept 

in penile carcinoma by Cabañas et al. in 1977, the SN procedure has evolved into 

a reliable staging technique, with a low complication rate compared to (prophylac-

tic) inguinal lymphadenectomy.3

Prostate cancer
In prostate cancer, lymph node staging may be important for both prognosis and 

therapeutic management. The presence of lymph node metastases may lead to 

avoidance of local therapy with curative intents, such as radiotherapy or radical 

(salvage) prostatectomy, and influences the duration of androgen-deprivation 

therapy.4 To date, none of the available noninvasive diagnostic imaging modalities 

provide a reliable assessment of lymph node (micro)metastases. Therefore, surgical 

staging by extended pelvic lymphadenectomy (EPL) is still the current standard of 

care. However, SNB is emerging as an alternative staging method, with a lower 

incidence of complications and with the potential to identify relevant lymph nodes 

outside the standard EPL field.5

Testicular cancer
Testicular cancer is the most frequent malignancy in young men, and the incidence 

has risen by almost 100% in the last 20 years. At the time of diagnosis, approxi-

mately two-thirds of patients have clinical stage I disease.6 The optimal manage-

ment of regional lymph nodes in stage I testicular cancer remains controversial. A 

surveillance policy requires intensive, frequent follow-up visits, with costly exami-

nations, and defers detection and treatment of lymph node metastases to a later 

stage. There is a need for diagnostic techniques that enable patients with lymph 

node metastasis to be treated at an early stage, while preventing unnecessary 

treatment for those patients without metastasis. In this respect, the SN procedure 

is potentially highly valuable.7,8

ThE ClINICAl ProblEm
Penile cancer
There is no consensus on the management of patients with clinically node-negative 

(cN0) penile carcinoma, in whom radical inguinal lymph node dissection (ILND) is 

routine.9 However, only 20–25% of these patients harbor occult nodal metastasis. 

This means that, although prophylactic inguinal lymphadenectomy offers the best 
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chance of cure, it is unnecessary in approximately 75–80% of patients.9 In addition, 

this procedure is associated with substantial morbidity, such as lymphedema and 

infections. As currently available non-invasive staging techniques lack sufficient 

accuracy, mini- mally invasive staging remains necessary for the time being. 

However, since its clinical introduction in 1994, there have been reservations about 

the use of SNB for penile cancer, because of the supposedly long learning curve 

associated with the procedure and the possibility of false-negative cases (reported 

in up to 21% of the procedures).10 After analysis of false-negative cases, several 

modifications were made to the dynamic SN biopsy (DSNB) procedure, to increase 

its sensitivity.11

Prostate cancer
Although EPL is the gold standard for the identification of lymph node metastasis 

in patients with prostate cancer, the incidence of postoperative complications 

increases with the number of excised lymph nodes, ranging from 10.5% for 1–5 

lymph nodes to 24.3% when dissection includes more than 20 lymph nodes. The 

advantages of the SN node dissection are a lower incidence of complications and 

the possibility of identifying tumor-draining lymph nodes outside the field of an 

EPL.5 However, accurate laparoscopic localization of SNs in the pelvis can be chal-

lenging, especially when SNs are located near the prostatic injection site (because 

of the high radioactive background signal), or in the case of aberrantly located SNs 

(e.g. para- aortic).12

Testicular cancer
To date, large-scale randomized clinical studies to validate and assess the added 

benefit of SNB for testicular cancer are still lacking. This may be partially due to 

the fact that pa- tients are usually referred to tertiary, specialized centers only after 

orchidectomy has already been performed, thus after removal of the potential injec-

tion site. Furthermore, although lymphatic drainage of the testis is mainly directed 

towards the areas along the aorta and vena cava, aberrant drainage has also been 

observed.8 The identification of these SNs in relation to the anatomical structures 

can be difficult using two-dimensional (2D) lymphoscintigraphy alone.

INDICATIoNS AND CoNTrAINDICATIoNS for SENTINEl NoDE bIoPy
Penile cancer
Patients with >T1G2 tumors and cN0 groins defined by ultrasound-guided fine 

needle cytology are eligible for SNB. Repeat SNB after tumor recurrence is also a 

validated procedure.13 If the SN is tumor positive, completion ipsilateral lymphad-

enectomy is performed. Groins with tumor-free lymph nodes are managed with 

close surveillance, thereby avoiding the morbidity associated with lymphadenecto-

my.
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Prostate cancer
The chances of having lymph node metastasis from prostate cancer increase 

with the serum level of prostate-specific antigen (PSA), the biopsy grade (Gleason 

score), and clinical T stage. SNB is generally reserved for patients in the intermedi-

ate-risk group (clinical stage >T2b/T3, PSA >10 ng/l, or Gleason >6). Nevertheless, 

SNB has been able to identify metastases in as many as 6.8% to 10.7% of patients 

with favorable risk factors.14 In the intermediate-risk group, a tumor-bearing SN 

may influence the boundaries of the radiotherapy field and duration of hormonal 

(androgen-deprivation) therapy. Another possible indication is to select patients 

who are eligible for salvage treatment of the prostate, as the usual parameters to 

stratify patients in risk groups do not apply to patients with intraprostatic recur-

rence.4 Since salvage treatment of the prostate may result in serious complications, 

it should be considered when the prostate is actually the only tumor-bearing site.

Testicular cancer
SNB was introduced for patients with stage I disease. Clinical stage I seminoma 

and non-seminoma are defined by a negative computed tomography (CT) scan 

of the chest, abdomen, and pelvis, plus normal or normalized serum values of 

alpha-fetoprotein (AFP), human chorionic gonadotropin (HCG), and lactate dehy-

drogenase (LDH). In the case of mixed seminomatous/non-seminomatous tumors, 

treatment decisions are based on the factor with the highest malignant potential, 

which is the non-seminoma component. Generally, the absence of lymph nodes 

larger than 1 cm results in assignment of clinical stage I.

rADIoColloID AND moDAlITIES of INjECTIoN
Penile cancer
The tracer (technetium-99 [99mTc]-nanocolloid in most European countries) is inject-

ed intradermally. In fact, subcutaneous administration is easier to accomplish, but 

may not accurately identify the route of drainage from an overlying cutaneous site. 

Furthermore, lymphatic drainage from the dermis is much faster than drainage from 

subcutaneous tissue. Application of a spray containing xylocaine 10%, 30 minutes 

before tracer administration, is recommended. As an alternative, a lidocaine/prilo-

caine-based crème can be used. This local anesthesia ensures that the radiocolloid 

injections are well tolerated and relatively easy to perform. A volume of 0.3 ml 

containing 74 MBq divided into three depots (0.1 ml each) is subsequently admin-

istered intradermally around the tumor. Each depot is injected raising a bleb. The 

radiocolloid is injected proximally from the tumor. For large tumors not restricted to 

the glans, the radiocolloid can be injected in the prepuce. Injection margins within 

1 cm from the primary tumor are recommended. A reproducibility rate of 100% for 

penile lymphoscintigraphy has been reported with an injection distance of 5 mm.15 

In patients with a previous excision biopsy scar, injections may also be adminis-

tered using similar margins.
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Prostate cancer
Most of the experience in the SN procedure for prostate cancer has been acquired 

in European countries and the most frequently used radiopharmaceutical has 

been 99mTc-nanocolloid. Transrectal intraprostatic injection is guided by (transrectal) 

ultrasound, injecting the radiocolloid under continuous monitoring using a needle of 

0.5 × 150 mm (Fig. 1). Prostate cancer may be multifocal; therefore injections are 

performed in both lobes. An activity of about 240 MBq in 0.4 ml is recommended. 

The lymph node visualization rate tends to be less optimal when lower activities 

are used. The particle concentration also appears to be important, and the use of 

a reduced labeling dilution volume (0.4 ml 99mTc per 0.2 mg nanocolloid) yields more 

visualized SNs with higher radioactivity count rates.16 The radiocolloid is divided into 

2–4 injections, depending on the prostate volume. A three-way system is recom-

mended, and after each depot saline is used for flushing the residual radioactivity in 

the needle.

Testicular cancer
The route of administration of 99mTc-nanocolloid was evaluated in a feasibility study 

in stage I testicular cancer.7 While funicular administration showed only lymph node 

uptake in the inguinal region (which does not reflect the actual testicular tumor 

drainage pattern), intratesticular administration resulted in visualization of retroper-

itoneal SN(s), in accordance with known drainage patterns. No side effects were 

observed using the latter method, which proved to be easy to perform and was 

well tolerated under local anesthesia (funicular block using lidocaine 2%, performed 

by the urologist in the outpatient clinic). Generally, a single aliquot of radioactivity 

(approximately 100 MBq) in a volume of 0.2 ml is injected into the testicular paren-

chyma with a fine needle.

PrEoPErATIvE ImAgINg of SENTINEl NoDES AND 
lymPhoSCINTIgrAPhy INTErPrETATIoN 
Based on lymphoscintigraphy, the main criteria to identify lymph nodes as SNs are 

the visualization of lymphatic ducts, the time of appearance, the lymph node basin, 

and the intensity of lymph node uptake. Following these criteria visualized radioac-

tive lymph nodes may be classified as:

1) Definitely SNs: this category includes all lymph nodes draining from the site of 

the primary tumour through an own lymphatic vessel, or a single radioactive lymph 

node in a lymph node basin.

2) Highly probable SNs: this category includes lymph nodes appearing between the 

injection site and a first draining node, or nodes with increasing uptake appearing 

in other lymph node stations.

3) Less probable SNs: all higher echelon nodes (in trunk and extremities) or lower 
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echelon nodes (head and neck) may be included in this category.

Early planar images are essential to identify first draining lymph nodes as SNs 

by visualization of their lymphatic ducts. These nodes (category 1) can be distin-

guished from secondary lymph nodes (category 3) mostly appearing on delayed 

planar images. In other cases a single lymph node is seen on early and/or delayed 

images. This node is also considered as a definite SN (category 1). In some cases 

SPECT/CT can detect additional lymph nodes in other basins. This may occur 

for instance in the pelvis when two basins are located at the same level and there 

is superposition of the radioactive nodes on planar images. These nodes can 

be considered as definite (category 1) or highly probable SNs (category 2). Less 

frequently a radioactive lymph node may appear between the injection site and a 

first draining node; its increasing uptake can confirm this node as a highly probable 

SN (category 2) and it helps to differentiate this node from prolonged valve activity 

in a lymphatic duct, which mostly decreases in intensity on delayed images. 

Penile cancer
As aforementioned, lymphoscintigraphy after radiocolloid injection consists of 

two phases: (a) dynamic scintigraphy, performed during the first 10 minutes after 

radiocolloid injection, preferably in both the anterior and lateral views. The dynamic 

study is helpful to identify lymphatic ducts and the first directly draining lymph 

nodes; (b) static planar imaging at 20–30 minutes and at 2 hours. The early planar 

images visualize the first draining lymph nodes in about 85% of cases. Additional 

images at 4 hours, or radiocolloid reinjection are recommended when no SNs 

are visualized. Generally, the lymph nodes draining directly from the injection site 

are classified as SNs. In the case of multiple visible nodes without visible afferent 

vessels, the first node appearing in a basin is considered to be the SN.

Prostate cancer
In the pelvis, lymphatic ducts are seldom visualized and the relatively slower deep 

lymphatic drainage renders dynamic lymphoscintigraphy less useful. Early planar 

images of lymphoscintigraphy acquired 15 minutes after radiocolloid administration 

can visualize the first draining lymph nodes in almost 88% of cases.17 Delayed 

imaging may be performed 2–4 hours after injection. On delayed imaging, the 

lymph node visualization rate increases to more than 95%. Comparing the early 

and delayed images enables differentiation of second-echelon lymph nodes from 

the first draining nodes. This discrimination is based on the anatomical lymph 

node basins of the pelvis. As a rule, late-appearing lymph nodes located higher in 

the same basin are considered as second-echelon lymph nodes. Late-appearing 

lymph nodes in distal or more ventral and dorsal basins suggest direct draining 

from the prostate. These lymph nodes may also be considered as SNs. If no single 

photon emission computed tomography (SPECT)/CT is available, lateral planar 

images can differentiate between dorsal and more ventrally located SNs.
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Testicular cancer
The fast lymphatic drainage from the testicle requires dynamic gamma camera 

acquisition to facilitate differentiation between first- and second-echelon lymph 

nodes in the retroperitoneum. Immediately following radiocolloid injection, anterior 

and lateral dynamic images are obtained with a dual-head gamma camera over 

10 minutes, and the lymphatic flow and early-draining lymph nodes are visualized 

in almost all cases. Static images are obtained 5 minutes after the dynamic study. 

Late static images are obtained 2–4 hours after injection and are required to dif- 

ferentiate first-echelon nodes from higher-echelon nodes (if there is no visualiza-

tion of SNs on the early dynamic and static images), and to identify unexpected 

drainage patterns.

lymPhATIC DrAINAgE
Penile cancer
The most frequently visualized lymphatic drainage pattern is bilateral drainage to 

both groins (80%). This pattern is, however, asynchronous in two-thirds of cases, 

and visualization of the contralateral lymph nodes is often only possible on delayed 

imaging.18 Drainage from the injection site mostly occurs through one or two vis-

ualized afferent lymphatic ducts leading to one or two SNs in each groin. In some 

cases, a cluster of inguinal lymph nodes is observed.

Prostate cancer
The main lymph node basins where the prostate drains generally follow the iliac 

vessels.19 The common iliac lymph nodes are located caudally of the aortic bifur-

cation and are subdivided into a lateral, medial, and middle group. This latter basin 

is located in the lumbosacral fossa and is demarcated by the promontorium, the 

psoas muscle, and the common iliac vessels. The external iliac lymph nodes are 

located caudally to the bifurcation of the common iliac vessels and cranially to the 

inguinal ligament; they are also subdivided into lateral, middle, and medial groups. 

The lateral (lateral of the artery) and middle (between the artery and the vein) lymph 

nodes are located more in the proximity of the anterior abdominal wall, while the 

medial nodes are located along the cranial segment of the external iliac artery. 

Although the object of some debate, the obturator lymph nodes are generally 

considered to be part of the medial subgroup. The internal iliac lymph nodes are 

located more posteriorly in the pelvis and include the lateral sacral nodes (adjacent 

to the paired lateral sacral arteries), the presacral nodes (anterior to the sacrum 

and posterior to the mesorectal fascia), and the anterior nodes (at the origin of the 

proximal branches of the anterior division of the internal iliac artery; this subgroup 

includes the hypogastric nodes).
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Testicular cancer
Lymphatics from the right testis drain primarily to regions lateral, anterior, and 

medial to the vena cava and anterior to the aorta (Fig. 2). Lymphatic drainage from 

the left testis is primarily directed towards areas lateral, anterior, and medial to the 

aorta. SNs may therefore be preoperatively detected at interaortocaval, para-aortic, 

or pre-aortic locations.

INTrAoPErATIvE DETECTIoN of SENTINEl NoDES
Penile cancer
As is customary for SNB in melanoma and breast cancer, intraoperative SN 

detection is guided by a gamma-ray detection probe and blue dye. After excision 

of all pre-operatively defined SNs, it is important to carefully search for any residual 

radioactivity using the probe, to ensure that no remaining/additional SNs are left 

behind. Furthermore, intraoperative palpation of the wound should take place, to 

identify suspicious lymph nodes that failed to pick up any radiocolloid.20

Prostate cancer
Initial validation of the SNB in prostate cancer was based on open surgery and the 

use of a gamma-ray detection probe to guide detection of the radioactive SNs. 

More recently, laparoscopic SNB has been validated, and the feasibility of robot-as-

sisted SNB has been demonstrated. In either approach, SN localization is guided 

by a laparoscopic gamma probe.21 Deeply located SNs can be difficult to localize 

using a gamma-ray detection probe, because of tissue attenuation and because 

the large amount of radioactivity at the injection site may cause SNs located nearby 

to be missed.

Testicular cancer
SNB in testicular cancer was introduced in a laparoscopic setting. As such, 

intraoperative SN localization is also guided by the acoustic signals originated by a 

laparoscopic gamma-ray detection probe.8

ImPlEmENTATIoN AND CoNTrIbuTIoN of SPECT/CT
SPECT/CT has successfully been incorporated in the SN procedure. SPECT/

CT does not replace lymphoscintigraphy. The principal aim of SPECT/CT is to 

anatomically localize SNs already visualized on planar images. However, SPECT/CT 

can also detect additional SNs. 

Technical aspects of SPECT/CT for SN imaging
Protocols for SPECT/CT are determined by the objectives of the SN procedure. 

SPECT/CT is essentially oriented to the anatomical localisation of SNs. This ex-

plains why SPECT/CT is acquired using a low dose CT. Acquisition of a diagnostic 

high dose CT, with or without intravenous contrast, is not really necessary because 
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the SN procedure primarily aims to identify subclinical metastases in lymph nodes 

that are not enlarged. However, for SN localisation the CT component of SPECT/

CT must be of sufficient quality to provide optimal anatomical information. The sec-

ond generation of SPECT/CT cameras enables the evaluation of the lymph nodes 

corresponding with the radioactive nodes on fused SPECT/CT images by acquiring 

a low dose (40 mAs) CT. In superficial areas such as the groin, 5 mm slides may 

provide adequate anatomical details. For more complex anatomical areas (pelvis, 

abdomen) 2 mm slides may be necessary. With this approach SPECT/CT can ac-

curately localize SNs in relation to the vascular structures in deep anatomical areas. 

The CT component is also used to correct the SPECT signal for tissue attenuation 

and scattering. After these corrections SPECT can be fused with CT. A grey scale 

is used to display the morphology in the background image (CT) whereas a colour 

scale is used to display the SN in the foreground image (SPECT). 

To read images SPECT/CT is mostly displayed in a similar manner as that of con-

ventional tomography. Multiplanar reconstruction (MPR) enables two-dimensional 

display of fused images in relation to CT and SPECT. The use of cross-reference 

lines allows for the navigation between axial, coronal and sagittal views. At the 

same time this tool leads to correlate radioactive SNs seen on fused SPECT/CT 

with lymph nodes seen on CT. Most frequently, a radioactive SN corresponds with 

a single lymph node on CT but in some cases it correlates with a cluster of lymph 

nodes. This information may be helpful for the intraoperative procedure and the 

post-excision control using portable gamma cameras or probes as more radioac-

tive SNs may be harvested at the same location. 

Fused SPECT/CT images can also be three-dimensionally displayed using 

volume-rendering. In this modality different colours are assigned to anatomical 

structures such as vessels, muscle, bone and skin. This results in better anatomical 

reference points and incorporate an additional dimension in the recognition of SNs, 

for instance in relation to the vasculature or muscles. 

Penile cancer
SPECT/CT images are usually acquired after the 2-hour planar images, and 

contribute to better understanding of the location of the SNs in penile carcinoma 

(Fig. 3). SPECT/CT enables anatomical localization of the SNs that were previously 

identified by lymphoscintigraphy. For instance, the modality can differentiate ingui-

nal from iliac (most frequently second-echelon) lymph nodes. Moreover, SPECT/

CT enables visualization of the SNs in the so-called Daseler’s superior and central 

inguinal zones, which are superior and directly overlying to the saphenofemoral 

junction, respectively (Fig. 3). SPECT/CT has confirmed that in the majority of 

patients, SNs are found in the superior medial (73%), superior lateral (9%), and 

central quadrants (18%). Lymphatic drainage to the inferior quadrants is rare. Final-

ly, SPECT/CT is able to identify contamination of the skin with the radiocolloid, an 

occurrence that can sometimes be erroneously interpreted on planar lymphoscinti-

grams as lymph nodes.
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Prostate cancer
Hybrid imaging with SPECT/CT enables anatomical localization of SNs. A 98% SN 

visualization rate has been reported for SPECT/CT (versus 91% for planar imag- 

ing). Moreover, in 96% of cases SNs are localized inside the area of EPL; neverthe-

less, there is a considerable number of SNs in regions not routinely excised when 

performing an EPL.22 SPECT/CT is mostly performed after the delayed planar im-

aging, and must be interpreted in combination with lymphoscintigraphy. Sequential 

planar images are able to identify the lymph nodes draining directly from the tumor 

site, but give only limited information about their anatomical location. With SPECT/

CT, it is possible to better localize SNs both inside and outside the pelvis. In many 

cases, early-appearing lymph nodes seen as a single hot spot on planar imaging 

are displayed as separate lymph nodes in different basins by SPECT/CT, and all 

of them must be considered as SNs. In other cases, intense lymph node uptake 

seen on fused images may correspond to a cluster of SNs as depicted on the CT 

component of the SPECT/ CT acquisition. As such, SPECT/CT provides valuable 

information for the urologist, which may lead to a significant shortening of the op-

eration time, as less-extensive exploration might be required. Furthermore, SPECT/

CT may also provide important information for planning radiotherapy, concerning 

especially treatment volume and optimization of irradiation fields in the pelvis.

Testicular cancer
In the initial feasibility study, preoperative lymphatic mapping was performed using 

planar lymphoscintigraphy only.7 However, this technique can only provide 2D infor-

mation, and exact preoperative anatomical SN localization is not possible. Not only 

does SPECT/CT provide useful anatomic information about the location of SNs, 

but its improved sensitivity and the added third dimension may also lead to the 

detection of additional SNs (Fig. 2). Sequential planar imaging will remain important 

for the preoperative identification of early-appearing lymph nodes as SNs. To date, 

one study evaluating the use of SPECT/ CT for preoperative SN localization in tes-

ticular cancer has been published.8 SPECT/CT enabled accurate localization of the 

SNs and provided anatomical reference points to plan their laparoscopic retrieval.

INTrAoPErATIvE ImAgINg
Penile cancer
Accurate staging with SNB can only be achieved if all nodes on a direct drainage 

pathway from the tumor are harvested. If SNs are left behind, this constitutes one 

of the potential causes for false-negative results. The integration of a portable gam-

ma camera in the intraoperative procedure may increase the detection sensitivity, 

as it provides an intraoperative overview image of the radioactive SNs and enables 

post-excision confirmation of complete removal of the SNs in the operating room. 

For optical visualization of the SN, vital blue dyes are traditionally used. However, 

SNs do not always stain blue. Recently, a hybrid tracer comprising the fluorescent 
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dye indocyanine green (ICG) and 99mTc-nanocolloid has been developed.23 Adding 

the fluorescent moieties does not alter the biological properties of the parental 

radiocolloid, and it enables near-infrared fluorescence imaging of all preoperatively 

identified radioactive SNs.24 These developments may help to further refine intraop-

erative retrieval of SNs.

laparoscopic Surgery: Prostate cancer and testicular cancer
Since the (retroperitoneal) lymphatic drainage of the prostate and testes is directed 

to areas deep within the abdomen that can often be complex, preoperative 

anatomical information about the location of the SNs is important for planning the 

surgical procedure. For this reason, the SPECT/CT images should be displayed in 

the operating room. Urological surgery has shifted from the open approach toward 

less- invasive laparoscopic and robot-assisted techniques. During laparoscopic 

surgery, the urologist localizes a SN under guidance by the sound pitch originated 

by the laparoscopic gamma probe. However, intraoperative spatial orientation 

using this device can sometimes be difficult, as a laparoscopic probe does not 

provide visual information. The use of a portable gamma camera helps to intraop-

eratively guide laparoscopic SN localization. Current portable gamma cameras are 

capable of detecting two different signals: the signal of 99mTc-nanocolloid for the 

visualization of SNs, plus the signal of an iodine-125 (125I) seed pointer placed on 

the tip of the laparoscopic gamma-ray detection probe.25 The “hot” tip of the probe 

can be moved to the hot node, guided by the image of the portable camera. This 

approach helps navigate towards the location of the SNs. After removal of all SNs, 

the portable gamma camera can show whether there are any remaining SNs that 

have to be removed, or a second-echelon node that can confidently be left in place 

(Fig. 4). This approach provides certainty about the completeness of the surgical 

procedure and complements the laparoscopic probe. Currently, intraoperative 

navigation approaches that are based on the preoperative (SPECT/CT) images are 

being developed.26 In prostate cancer, SNs may be located in close proximity to the 

primary injection site (the prostate), where the high radioactive background signal 

may hinder radioguidance with the gamma probe. By injecting the aforementioned 

hybrid radioactive and fluorescent tracer ICG-99mTc-nanocolloid, the high resolution 

of near-infrared fluorescence imaging (enabled by a fluorescence endoscope) may 

facilitate intraoperative visualization of the SNs that were preoperatively identified by 

SPECT/CT (Fig. 5).27
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CommoN AND rArE vArIANTS
Penile cancer
One of the advantages of lymphatic mapping is its ability to identify SNs outside 

the usual nodal basins. In penile cancer, direct drainage to prepubic SNs has been 

described.28 In particular, dynamic lymphoscintigraphy often shows one or two 

lymphatic vessels leading to the SN(s). Such vessels have also been observed to 

directly lead to deep inguinal and even to iliac SNs.

Blockage of the lymph flow by tumor metastasis in the lymph node may cause 

nonvisualization and lymph rerouting, and even retrograde flow of the 99mTc-nano-

colloid containing lymphatic flow. This occurrence has been visualized by SPECT/

CT imaging.20

Prostate cancer
In prostate cancer, lymphoscintigraphy and SPECT/CT may identify SNs outside 

the extended dissection in 31% of cases.5 These aberrantly located SNs can be 

located proximal to the most distal part of the aorta, in the vicinity of the common 

iliac artery above the crossing of the ureter, around the inferior mesenteric vessels, 

in the perivesical area, and near the umbilical ligament.29,30

Testicular cancer
Although drainage from the testes is usually directed to paracaval, interaortocaval, 

and para-aortic SNs, in some patients SNs may also be seen along the testicular 

vessels.8

TEChNICAl PITfAllS
Penile cancer
The most frequent pitfall is skin contamination. The high pressure of the intradermal 

bleb can result in leakage during injection or after removal of the needle. The use 

of (surgical) lights to adequately visualize the site of injection, and of a fenestrated 

drape to cover the area, may help to avoid skin contamination. Furthermore, 

voiding of radioactive urine between the early and delayed scintigraphic imaging 

may also cause skin contamination. The hot spots due to contamination may be 

confused with SNs, thus leading to an unnecessary intraoperative pursuit. In these 

cases, skin decontamination is mandatory. Complementary SPECT/CT may also 

be helpful in detecting these artifacts. Another possible pitfall is accidental injection 

into the corpus cavernosum, an occurrence that will cause no visualization of 

lymphatic flow. Furthermore, in some cases the injection site (penis) may obscure 

visualization of the more inferiorly located SNs on anterior planar imaging.

Prostate cancer
The relatively complicated radiocolloid injection procedure for prostate cancer is 

probably the most frequent cause of pitfalls. Care must be taken to avoid tracer 
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leakage during injection, possibly resulting in subsequent contamination of the floor 

or of the ultrasound probe. It is therefore recommended to check for contamina-

tion of the room after injection, using a Geiger counter. During injection, incorrect 

needle placement may result in passage of the radiocolloid directly to the bladder 

or bloodstream, which in turn may cause nonvisualization during scintigraphy. By 

monitoring the injection procedure with a portable gamma camera, it is possible to 

ensure adequate radiocolloid retention in the prostate. As the injection is performed 

transrectally, a possible pitfall is visualization of lymphatic drainage from the rectum, 

leading, for example, to visualization of inguinal lymph nodes on SPECT/CT im- 

aging. Furthermore, accidental funicular administration can also occur, possibly 

leading to retrograde drainage towards the scrotum.

Testicular cancer
The route of administration of 99mTc-nanocolloid may cause pitfalls. For instance, 

funicular administration may result in lymph node uptake in the inguinal region, 

which does not reflect testicular tumor drainage. Intratesticular administration in the 

parenchyma results in retroperitoneal SN visualization, in accordance with known 

drainage patterns. 

ACCurACy of SENTINEl NoDE bIoPSy
Penile cancer
Initially, the most significant drawback of SNB for penile cancer was found to be a 

relatively high false-negative rate (22%).31 After analysis of the false-negative cases, 

several modifications were made to the procedure to decrease the false-negative 

rate and thus increase sensitivity. Histopathologic analysis was expanded with 

serial sectioning of the harvested SNs. Furthermore, preoperative ultrasonography 

of cN0 groins with fine needle aspiration cytology (FNAC) of suspicious lymph 

nodes was added, as well as exploration of the groin in the case of nonvisualization 

during scintigraphy, and intraoperative palpation of the wound to identify suspicious 

lymph nodes that failed to pick up any radiocolloid. Thanks to these modifications, 

the procedure has evolved into a reliable minimally invasive staging technique, with 

an associated sensitivity of 93–95% and low morbidity in experienced centers.32 

However, a recent multicenter meta-analysis reported pooled sensitivity rates of 

88%.10 One explanation for this lower sensitivity may be represented by differences 

in protocols (that is screening with ultrasound and FNAC to detect lymph node 

metastases that fail to pick up radioactivity), and/or by possibly different phases of 

the learning curve.

Prostate cancer
Original validation of SNB for prostate cancer was based on open surgery and on 

the use of a gamma probe to guide detection of the radioactive SNs. Out of more 

than 2000 evaluated patients, only 11 false-negative cases (5.5%) were reported.33 
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More recently, SNB has been validated using a laparoscopic gamma probe during 

minimally invasive surgery.17 A recent meta-analysis reported a pooled detection 

rate of 94% (89–96.6%) and a pooled sensitivity rate of 95% (92–97%).34

Testicular cancer
To date, no studies have been published other than the aforementioned feasibility 

studies limited by small size of the study populations (<25 patients per study), 

which therefore lacked the statistical power and follow-up data to assess sensitivi-

ty/false-negative rates. Although refinement of the SN procedure may enable better 

selection of patients who would benefit from adjuvant treatment after orchidectomy, 

further studies are required to substantiate the clinical value of the SN procedure in 

this disease.



Chapter 14: Appendix | 245

1 
4 
5

fIgurES

Figure 1. Preoperative SN mapping in prostate 

cancer. A) Tracer administration with transrectal 

ultrasound guidance using a long needle and 

a three-way system. B) The radioactive dose 

is divided in 2–4 injections. The procedure is 

monitored using a portable gamma camera 

to verify adequate tracer retention within the 

prostate. C) Early planar lymphoscintigram 

showing two SNs with direct drainage from the 

prostate (arrows). D) The delayed lymphoscin-

tigram enables differentiation of the SNs and 

a higher-echelon lymph node (arrow). E-F) 

Three-dimensional (3D) volume-rendered 

SPECT/CT image displaying the location of 

the SNs in more detail (arrows). g Axial fused 

SPECT/ CT image showing the SN on the right 

side along the external iliac veins, and h the SN 

on the left side in the obturator fossa
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Figure 2. Intratesticular injection of hybrid 

ICG–99mTc-nanocolloid in a 52-year-old male 

patient with a seminoma in his left testicle, 

followed by lymphoscintigraphy and SPECT/ CT. 

A) Early planar anterior image showing 

drainage from the left testicle towards 

an abdominal SN (arrow). B) The delayed 

lymphoscintigram reveals an additional 

sentinel node just below the SN that was 

visualized on the early image (upper arrows), 

a second- echelon node to the right, and an 

additional hotspot located more caudally (lower 

arrow), which was therefore also defined as 

a SN. C) Fused SPECT/CT image displayed with 

3D volume rendering, showing the cranial two 

SNs alongside the aorta, the interaortocaval 

second- echelon node, and the more caudal 

SN (arrow) next to the funiculus. D) Axial 

fused SPECT/CT image depicting the caudal 

SN along the external iliac vessels next to 

the funiculus. All SNs were excised during 

laparoscopy guided by a laparoscopic gam-

ma probe and fluorescence endoscope. E) 

Ex-vivo fluorescence image of a para-aortic 

SN, revealing the location of the node within 

the excised tissue specimen
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Figure 3. Lymphatic drainage in penile cancer 

and the five inguinal zones of Daseler: in the 

majority of patients, SNs are seen in the su-

perior medial quadrant (73%), superior lateral 

(9%), and central (18%). Drainage to the inferi-

or quadrants is rare (A). B) Lymphoscintigraphy 

shows drainage to a SN in both groins (arrows) 

and bilateral higher-echelon drainage. C) 3D 

volume-rendered image revealing that both 

SNs are located in the central zone of Daseler. 

D-E) Axial fused SPECT/CT images depicting 

both radioactive SNs, with the corresponding 

lymph nodes on CT (arrows)
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Figure 4. A) Early lymphoscintigraphy after 

transrectal intraprostatic visualization of 

bilateral lymphatic drainage with an early-ap-

pearing SN along the great abdominal vessels 

(arrow). B) Axial SPECT/CT image showing the 

exact location of this SN next to the common 

iliac artery (arrow). C) 3D volume- rendered 

SPECT/CT image providing an overview of all 

SNs: the upper SN next to the common ilac 

artery (upper arrow), two along the external 

iliac vessels on the left side, one along the 

external iliac artery on the right side, but also 

an additional SN located more mediocaudally 

(lower arrow). D) The axial image shows that 

this SN is located paravesically. E) All SNs were 

harvested laparoscopically, aided by a portable 

gamma camera (arrow) and a laparoscopic 

gamma probe. F) Intraoperative visualization 

of a SN(s) (arrow) using a portable gamma 

camera, allowing post-excision confirmation 

that the SN has been removed completely. 

After excision (right screen), no significant 

remaining activity is seen

Figure 5. Aberrant drainage afterr transrectal 

intraprostatic injection of hybrid radioactive 

and fluorescent ICG– 99mTc-nanocolloid in 

a 59-year-old male patient with intermedi-

ate-risk prostate cancer.  A) Delayed planar 

lymphoscintigram showing retrograde drainage 

towards the scrotum on the right side, due to 

partial funicular tracer administration as well 

as drainage to sentinel nodes on both sides 

(obturator fossa); and a sentinel node located 

more caudally on the left side (arrow). B-C) 

The 3D volume-rendered and axial SPECT/ CT 

images reveal that the most caudal sentinel 

node on the left side reflects aberrant drainage 

ventrally against the abdominal wall (arrow). 

The sentinel nodes were harvested during 

robot-assisted laparoscopy guided by a 

laparoscopic gamma probe and fluorescence 

endoscope. D) Fluorescence endoscope 

image showing the sentinel node against the 

abdominal wall along the umbilical ligament 

(green). This sentinel node (and an iliac sentinel 

node on the right side) contained metastases 

at histopathology
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al.  
European Nuclear Medicine Association Congress, Oct. 2012, Milan, Italy. Oral 
presentation.

evaluation of a hybrid radioactive and fluorescent tracer for sentinel node biopsy in melanoma.  
Brouwer OR, van den Berg NS, Schaafsma BE, Mathéron HM, Klop WMC, et al.  
European Nuclear Medicine Association Congress, Oct. 2012, Milan, Italy. Oral 
presentation.

total ECTS: 16

teachinG 

lectures: 

Detectie en lokalisatie van de sentinel node: basale principes en innovaties.  

17e Paramedisch Symposium,  May 2011, Amsterdam, Netherlands. (ECTS 0.1) 

 

Biopsia del ganglio centinela de carcinoma de pene y la experiencia en el uso de la 

camera gamma portatil Sentinella.   

Servicio de urologia y medicina nuclear, Hospital Almenara, August 2011, Lima, 

Peru. (ECTS 0.1) 

 

De schildwachtklierprocedure bij prostaatkanker. 

Radiotherapy Department, NKI-AVL, Oct. 2011, Amsterdam, NL. (ECTS 0.1)

student mentoring:  

Hanna Mathéron (6 months scientific internship); NKI-AVL, Amsterdam, NL. (ECTS 2) 

Lisette Zeegers (3 months scientific internship); NKI-AVL, Amsterdam, NL. (ECTS 1)

courses

2010 Weekly sentinel node meeting, 2010-2012, NKI-AVL, Amsterdam, NL. 

(ECTS 2)

2010 Biostatistics, NKI-AVL, Amsterdam, NL. (ECTS 2) 

2012 How to write a manuscript and get it published. EAU Congress, Paris, 

France. (ECTS 0.1)
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awarDs anD noMinations

2008  
MSc. dissertation award, Nijbakker Morra stichting

2011  
Nomination Young Investigator Award, European Society of Molecular Imaging 
 
Nomination Marie Curie Award, European Society of Nuclear Medicine  
 
Vlietstraprijs (Best presentation at Annual Meeting), Nederlandse Vereniging voor 
Urologie

2012  
Best Abstract prize (Oncology), European Association of Urology  
 
SNM Travel Award, Society of Nuclear Medicine 
 
Nominatation Vlietstraprijs, Nederlandse Vereniging voor Urologie
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DANKWOORD
Het toeval wilde dat de Nijbakker Morra studentenprijs voor mijn UMCG-onder-

zoeksstage in 2008 werd uitgereikt door professor Rutgers,in het NKI-AVL. Toen 

hij me uitgenodigde om mijn keuzecoschappen in het NKI-AVL te komen volgen, 

aarzelde ik geen minuut. Op dat moment ben ik in een rijdende trein gestapt. Na 

het coschap volgde een leerzame arts-assistententijd bij de heelkunde. Juist toen 

de tijd aanbrak om na te gaan denken over een volgende stap, zag ik een vacature 

voor een promotieplaats bij de afdeling Nucleaire Geneeskunde. Mijn baas zou, net 

als ik, van Zuid-Amerikaanse origine zijn en ik zou alleen maar werken op Apple 

computers. Dat kon toch geen toeval zijn?

Zo is mijn medische carrière geboren in het NKI-AVL. En wat ben ik daar blij om. 

Inmiddels heb ik sinds een aantal maanden het NKI-AVL verlaten. Echter, geheel 

in mijn stijl (last-minute-deadline-werk), loop ik naast mijn nieuwe baan, in de 

avonden en weekenden nog geregeld door de lege gangen van het NKI. Het voelt 

vertrouwd, maar het is wat kil. Ik realiseer me dat het mooie van het NKI-AVL 

wordt gecreëerd door de mensen die er werken. De expertise van een academisch 

centrum, in een gezellig klein perifeer ziekenhuis. Het ‘wij’ gevoel. Dat maakt het 

NKI-AVL zo bijzonder, en ik prijs mezelf gelukkig dat ik daar drie jaar lang deel van 

heb mogen uitmaken. Hopelijk rijdt de trein er, toevallig, ooit weer langs. 

Velen hebben een rol heeft gespeeld in de totstandkoming van dit proefschrift, 

sommigen misschien wel zonder dat ze het weten. Hierbij wil ik al deze mensen 

bedanken. Een aantal wil ik in het bijzonder noemen:

Mijn hooggeleerde promotores, professor A.J.M. Balm en professor S. Horenblas.

Beste Fons (proféssor!), wat een goede promotor ben je voor me geweest. 

Aanvankelijk op de achtergrond, wetende dat ik in goede handen was, en precies 

op de noodzakelijke momenten was je er om me bij te staan. Dankjewel voor je 

begeleiding en vertrouwen in het eindtraject. Je maakte de laatste loodjes een stuk 

dragelijker. 

Beste Simon, geheel op eigen wijze ben je van grote invloed geweest op mijn pro-

motietraject en misschien zelfs op mijn keuze om uroloog te worden. Nooit stress, 

altijd vrolijk. Ik ken niemand die zijn hobby’s en interesses zo goed kan combineren 

met het werk. Je moet me nog eens uitleggen hoe je dat doet. 

Mijn co-promotores, dr. R.A. Valdés Olmos, dr. F.W.B. van Leeuwen, en dr. O.E. Nieweg.

Querido Renato, vanaf het moment dat ik je ontmoette denk ik af en toe na over 

hoe ik je zou gaan bedanken in mijn dankwoord. En nu het zo ver is, kom ik tot de 

conclusie dat dit misschien wel niet goed in woorden uit te drukken is. Ik berust me 

in de wetenschap dat ik waarschijnlijk nooit zo’n goede baas meer ga tegenkomen 

als jij. Je bent meer dan een baas. Met dezelfde passie die je hebt voor je vak, 

heb je ons begeleid. En dat geeft glans aan ons eindresultaat. Altijd bereikbaar, 
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streng wanneer het moest, liefdevol en begripvol wanneer we je nodig hadden. Je 

hebt ons behandelt als familie. Ik ben van je gaan houden, en ik zal je altijd blijven 

beschouwen als mijn onderzoeksvader. 

Lieve Marianne, jij verdient het net zo goed om genoemd te worden, want zonder 

jou geen Renato. Dankjewel voor alle warmte, tekstuele inbreng (jullie dachten toch 

niet dat Renato dat allemaal alleen deed), en culinaire hoogstandjes. Als Renato 

mijn onderzoeksvader is, wil jij dan mijn onderzoeksmoeder zijn?

Fijs, toen ik begon als onderzoeker had ik nooit kunnen bedenken dat jouw creatie 

uiteindelijk het grootste deel van mijn proefschrift zou gaan vormen. Ik ben je 

ontzettend dankbaar daarvoor. Ik heb veel bewondering voor hoe je de ‘hybrid 

approach’ ook toepast in je eigen, snel groeiende, onderzoeksteam. Hierin heeft 

iedereen zijn eigen goede eigenschappen die complementair zijn. Ik hoop dat ik op 

mijn manier een steentje heb bijgedragen en ik verheug me op een toekomstige 

samenwerking. 

Beste Omgo, ik vroeg jou als eerste of deze onderzoeksplek niet iets voor mij zou 

kunnen zijn. En ook al verwees je me toen door naar Renato, ben ik altijd blij gewe-

est met jou langs de zijlijn. Ik betrap mezelf er steeds vaker op dat ik me afvraag 

als ik een manuscript schrijf: “Hoe zou Omgo dit verwoorden (en spellen)”. In de 

operatiekamer heb ik altijd met veel bewondering gekeken naar jouw chirurgische 

nauwkeurigheid en vaardigheden. Ik wens je heel veel geluk toe in Australië, het 

NKI-AVL verliest een groot chirurg aan jou.   

De leden van mijn leescommissie; prof. B.L.F. van Eck-Smit, prof. B.B.R. Kroon, prof. R. 

de Bree, prof. R.C.M. Pelger, dr. A.L. Vahrmeijer, en dr. M.P. Laguna. Dank voor de tijd die 

het gekost moet hebben om de leesversie door te spitten en te beoordelen. Ik kijk 

er naar uit om met jullie van gedachten te wisselen over mijn proefschrift op 28 juni. 

Dr. H.G. van der Poel, beste Henk, jij bent zó goed in wat je doet en het lijkt je zo 

gemakkelijk af te gaan. Ik kan en hoop nog veel van je te leren. Ik heb erg genoten 

van onze samenwerking en de tripjes naar Aalst en Salzburg. Dankjewel voor je 

hulp en vertrouwen rondom mijn sollicitatieprocedure voor de opleiding Urologie. Ik 

hoop dat onze wegen elkaar nog vaak zullen kruisen in de toekomst.

Een van de mooiste aspecten van mijn promotietijd was dat ik heb mogen 

samenwerken met zoveel diverse disciplines. Hierbij wil ik alle chirurgen, hoofd/hals 

chirurgen, gynaecologen, urologen, en OK-assistenten bedanken voor hun medewerk-

ing, en tolerantie voor de ‘Spaanse Armada’ van apparaten en camera’s op de OK.
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De gehele afdeling Nucleaire Geneeskunde: Kees, Marcel, Wouter, Erik, Bernies, 

Linda, Saar, Michiel, Ferida, Lotte, Saskia, Colinda, Lyandra, Chelvi, Christel, Mariska, Bas, 

Yvonne, Minette, Bert, Martine, Natasha, Miena, Nancy, en iedereen die ik vergeet; dank 

voor de fantastische werkplek! Ik zal jullie niet snel vergeten. Sergi, gracias por todo 

y nos veremos en Barcelona!

De sectie Interventional Molecular Imaging: Tessa, Anton, Patrick, Gijs, Joeri, Mark, 

Danny, Daphne, jullie hebben een unieke groep samen en ik ben blij dat ik daar ook 

een beetje bij hoor. Ik kijk er naar uit om af en toe binnen te vallen voor een kop 

koffie en om jullie van het werk te houden over 2 jaar als ik naar het LUMC ga.

Nynke van den Berg, lieve Nynke, jij verdient het om apart genoemd te worden. We 

zijn zo verschillend, en misschien zijn we juist daarom uitgegroeid tot een ijzersterk 

team. Ik heb enorm veel respect voor je inzet en doorzettingsvermogen. Ik had 28 

juni niet gehaald zonder jouw hulp. Vergeet je niet af en toe aan jezelf te denken? Ik 

ga je missen. 

Hanna en Lisette, het was een waar genoegen om jullie te mogen begeleiden in het 

NKI-AVL. Dank voor alle hulp op de OK, Ik hoop dat jullie een goede tijd gehad 

hebben. Ik vond de dagen in ieder geval nóg leuker als jullie er ook waren. 

Thomas Wendler, dear Thomas, I’ve always enjoyed your visits and loved sharing 

thoughts on how to improve your system. More importantly, I have gradually come 

to regard us as good friends. Be sure to let me know whenever you’re in town. I’ll 

be buying the beers, I still owe you for all the ones from Munich!

Dr. G.M. van Dam, Beste Go, het begon misschien allemaal wel een beetje bij jou. 

Dankjewel dat je me interesseerde voor wetenschappelijk onderzoek. Je had snel 

door wat mijn goede en slechte eigenschappen waren en hebt me altijd gesteund. 

Ik wens je alle goeds toe! 

Lenka Vermeeren, mijn voorgangster, wat heb je het goed achtergelaten voor me en 

wat heb je de lat hoog gelegd. Voor beide ben ik je even dankbaar. 

Mijn collega-onderzoekers in het NKI-AVL, mijn medepassagiers op de rijdende trein. 

Soms stapt iemand over, soms komt er een nieuwe passagier bij. Hoe dan ook, we 

reizen het samen, houden elkaar op de hoogte en zoeken elkaar op voor de nodige 

koffiepauzes en ontspanning. Tijdens congressen vormen we het ‘NKI-AVL front’, 

een groep om rekening mee te houden, zowel op het podium als aan de bar. Nu 

we bij de halte aangekomen zijn waar ik uitstap, wil ik jullie allemaal danken voor de 

mooie reis. Buen viaje!
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Bas Koolen en Jakob Kist, mijn kamergenoten. Bas; maestro, een half jaar 

later begonnen en een paar maanden eerder klaar. Wat een prestatie. Ik heb 

vergelijkingsmateriaal van hoe het was voordat je begon en geloof me, het was 

allemaal leuker met jou erbij. Ze zijn gek bij de chirurgie als ze jou niet aannemen. 

Jakob, jij was de missing link die van ons de drie (nucleaire) musketiers maakte. 

Het was prachtig om met zijn drieën in de Agnietenkapel naast elkaar te staan op 

Bas zijn promotie. Het volgende musketiersetentje is bij mij.

Jornt van Dijk, je bent een koning. Toen ik je een jaar geleden vroeg of je me wilde 

helpen met de lay-out van mijn proefschrift, zei je gelijk ja. Ik besefte niet met 

hoeveel werk ik je opzadelde en hoe last-minute het allemaal ging worden. Ik ben je 

enorm dankbaar voor het mooie resultaat wat je hebt weten te creëren in zo weinig 

tijd en voor hoe professioneel je me door de laatste deadlines heen hebt geloodst. 

Al mijn nieuwe collega’s in Hoorn; misschien maakte ik me stiekem wel wat zorgen 

over het terugkeren naar de kliniek na enkele jaren onderzoek, maar jullie warme 

welkom haalde alle zorg weg. Tim, dankjewel voor de kopjes koffie ‘s ochtends 

op het station, lifesavers! Ik ben blij dat we samen aan dit nieuwe avontuur zijn 

begonnen.

Mijn paranimfen, Egbert Dunselman en Rogier Zevenbergen. Dankjulliewel voor jullie 

vriendschap en luisterende oor de afgelopen jaren. Ik heb jullie ontzettend hoog 

zitten en ik ben blij dat jullie naast me staan vandaag. Ik hoop jullie nog vele jaren te 

volgen.

Al mijn vrienden en vriendinnen buiten het ziekenhuis; Jullie weten wie jullie zijn. Dank 

voor alle mooie herinneringen tot nu toe. Ik kijk er naar uit om binnenkort weer 

samen het glas te kunnen heffen.

Jacobien, dank voor alle steun, de deur die altijd open staat in Leeuwarden, en 

bovenal dank voor Maartje.

Klazien, Inky, Roland, Roberto, jullie betekenen veel voor mij, en betekenden nog 

meer voor mijn moeder. Hiervoor ben ik jullie elke dag dankbaar. 

Papa, ook al zal ik het niet vaak toegeven, het feit dat ik hier vandaag sta heb ik 

voor een belangrijk deel te danken aan jou. Dankjewel dat je me hebt geïnter-

esseerd in de geneeskunde, en dat je het mogelijk maakte dat ik geneeskunde 

kon studeren. Ik mis je, maar dat is oké, wetende dat je het goed met je gaat in 

Colombia. Geniet van je welverdiende pensioen!
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Mijn lieve en mooie zusjes Maribel en Cecile, waar zou ik zijn zonder jullie. Ook al 

zien we elkaar minder vaak dan ik graag zou willen, jullie zijn altijd in mijn gedachten 

en ik ben zo trots dat ik jullie broer ben. Emmylou, ook al kun je dit nog (net) niet 

lezen, je bent prachtig.

Maartje, liefste, jij bent mijn grootste steun geweest tijdens ‘ons’ gehele 

promotietraject. We kennen elkaar pas 4 jaar maar ik kan me niet meer voorstellen 

hoe het zou zijn zonder jou. We wonen nu sinds een aantal maanden samen, en 

ons plekje is het dichtste bij een thuis wat ik in jaren gekend heb. Als je maar weet 

dat je, ook al noem ik je nu als laatste, voor mij altijd op de eerste plaats komt. Ik 

weet dat ik dit niet altijd heb laten blijken de laatste tijd. Je maakt me gelukkig, en 

ik kan niet wachten tot we weer buiten kunnen gaan spelen en de wereld kunnen 

gaan veroveren samen.
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CURICCULUM VITAE
Oscar Roberto Brouwer was born on March 25th 1982 in the Netherlands. In 

2000 he graduates from the Johan van Oldenbarnevelt Gymnasium in Amers-

foort, after which he studies Biology at the Rijksuniversiteit Groningen for three 

years. He starts to study Medicine at the University Medical Center Groningen in 

2003. During his studies, he performs a research internship on bioluminescence 

imaging tutored by dr. G.M. van Dam, resulting in a Nijbakker Morra Foundation 

student award for his MSc dissertation. He graduates from medical school in 2009 

after senior internships at the Martini Hospital Groningen and a tropical medicine 

internship in Tanzania. Oscar starts his medical career as a surgical ward physi-

cian at the Netherlands Cancer Institute – Antoni van Leeuwenhoek Hospital in 

Amsterdam. From June 2010 to december 2012, he works as a PhD student at 

the Nuclear Medicine department in a multidisciplinary team supervised by dr. R.A. 

Valdés Olmos (Nuclear Medicine), dr. F.W.B van Leeuwen (Chemistry), and dr. O.E. 

Nieweg (Surgical Oncology). The focus of his research is the clinical implementation 

of innovative surgical guidance technology. He works in close collaboration with 

the department of Head/Neck Surgery (prof. dr. A.J.M. Balm) and Urology (prof. dr. 

S. Horenblas, dr. H.G. van der Poel). The results of his research described in this 

thesis were presented at various international conferences and received multiple 

awards. Since 2013, Oscar works as a resident at the department of General 

Surgery at the Westfriesgasthuis Hospital in Hoorn (dr. J.W.D. de Waard). He is 

a visiting scientist in the Interventional Molecular Imaging group at the Radiology 

department of the Leiden University Medical Center, where he will continue his 

career as a Urology resident starting 2015 onwards.
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CURRICULUM VITAE  
Oscar Roberto Brouwer werd geboren op 25 maart 1982 in Nederland. In 2000 

behaalt hij zijn diploma aan het Johan van Oldenbarnevelt Gymnasium in Amers-

foort, waarna hij begint biologie studeert aan Rijksuniversiteit Groningen. Na drie 

jaar begint hij met de studie geneeskunde aan dezelfde universiteit. Onder leiding 

van dr. G. M. van Dam doet hij tijdens zijn studie onderzoek naar bioluminescentie-

beeldvorming. Hiervoor ontvangt hij de Nijbakker Morra-studentenprijs. In 2009 

studeert Oscar af na coschappen in o.a. het Martini Ziekenhuis te Groningen en 

een coschap tropengeneeskunde in Tanzania. Zijn medische carrière start hij in het 

Nederlands Kanker Instituut – Antoni van Leeuwenhoek. Hier is hij eerst werkzaam 

als zaalarts bij de Heelkundige Oncologische Disciplines. Aansluitend werkt hij 

van juni 2010 tot december 2012 in ditzelfde ziekenhuis als arts-onderzoeker op 

de afdeling nucleaire geneeskunde aan zijn promotieonderzoek. Hier is hij deel 

van een multidisciplinair team, begeleid door dr. R. A. Valdés Olmos (nucleair 

geneeskundige), dr. F.W.B van Leeuwen (chemicus), en dr. O.E. Nieweg (oncolo-

gisch chirurg). De focus van zijn onderzoek ligt bij de klinische implementatie van 

innovatieve beeldgeleide chirurgische technieken. Hierbij werkt hij nauw samen met 

de afdelingen Hoofd-hals Chirurgie (promotor prof. dr. A.J.M. Balm) en Urologie 

(promotor prof. dr. S. Horenblas, dr. H.G. van der Poel). De onderzoeksresultaten 

zijn gepresenteerd op nationale en internationale congressen en zijn beschreven in 

dit proefschrift. Tevens is het onderzoek bekroond met nationale en internationale 

prijzen. Per 1 januari 2013 is hij in opleiding tot uroloog in het LUMC (opleider 

prof. dr. A.A.B. Lycklama à Nijeholt), waar hij ook gastwetenschapper is bij de 

Interventional Molecular Imaging-onderzoeksgroep (dr. F.W.B. van Leeuwen). Hij 

is inmiddels begonnen met zijn vooropleiding Chirurgie in het Westfriesgasthuis te 

Hoorn (opleider dr. J.W.D. de Waard). 
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