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ABSTRACT

Aim: To evaluate the use of a portable gamma camera for senti nel node identi fi cati on during 

laparoscopic senti nel lymphadenectomy for prostate cancer.

Pati ents and methods: We analysed 55 pati ents with prostate cancer. The radiotracer 

(99mTechneti um-nanocolloid, GE Healthcare) was injected into the prostate under transrectal 

ultrasonography. Planar images at fi ft een minutes and two hours and SPECT/CT at two hours 

aft er injecti on were made (SymbiaT, Siemens). Pati ents with preoperati ve non-visualisati on 

on planar images were excluded from this study. Laparoscopic senti nel lymphadenectomy 

was assisted by a laparoscopic gamma probe (Europrobe, Euro Medical Instruments) and a 

portable gamma camera (Senti nella, Oncovision). The detector of this camera was placed 

above the pelvis in order to display the senti nel nodes. It furthermore displayed the ti p of the 

laparoscopic gamma probe, which was marked with an Iodine seed, thus visualising the ti p of 

the probe in relati on to the senti nel nodes. Diff erent factors were analysed for their infl uence 

on intra-operati ve visualisati on. Correlati ons were evaluated with Pearsons correlati on and 

student-T tests (SPSS for Windows) and reproducti on of senti nel nodes was analysed with 

student T-tests, chi-square analyses and Fisher exact tests (SPSS for Windows). 

Results: Mean injected dose was 209 MBq. Intra-operati ve identi fi cati on of at least one 

senti nel node was established in all pati ents (100%). SPECT/CT visualised a total of 178 nodes 

considered as senti nel node. Sixteen of these nodes (9%) could not be reproduced with the 

portable gamma camera because their signal was too weak, and thirteen senti nel nodes (7%) 

could not be visualised intra-operati vely because of their locati on in close proximity to the 

prostate. In fi ft een pati ents (27%) an Iodine 125 seed-pointer was useful to directly localise 

senti nel nodes intra-operati vely. In the other pati ents, SPECT/CT led to the senti nel nodes and 

the portable gamma camera was used to confi rm adequate excision aft er removal of the node. 

Seventeen additi onal senti nel nodes were removed in fi ft een pati ents by monitoring with the 

portable gamma camera aft er excision. In two cases an additi onally found senti nel node was 

tumour-positi ve, but in both cases also a previously excised senti nel node had been found 

positi ve. Overall, forty percent of the pati ents had one or more positi ve nodes. Numbers of 

nodes visualised preoperati vely and Gleason sum score were signifi cantly correlated with the 

number of senti nel nodes detected intra-operati vely. Only visualisati on on planar images and 

the locati on of the senti nel node were signifi cantly associated with intra-operati ve reproducti on 
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of preoperati vely identi fi ed senti nel nodes. All nodes along the aorta and common iliac artery 

(cranial from ureter crossing) could be visualised intra-operati vely.

Conclusion: Intra-operati ve imaging leads to excision of more radioacti ve nodes and it can 

determine the residual radioacti vity aft er excision, which is especially useful if senti nel nodes 

are located close to each other. Nodes with poor radiotracer uptake and nodes near the 

radioacti ve prostate can not be depicted. In these cases, SPECT/CT can guide senti nel node 

resecti on. The use of a radioacti ve source as a pointer enables effi  cient identi fi cati on of nodes 

in diffi  cult locati ons (para-aorti c nodes) and in pati ents with a high body mass index.

INTRODUCTION

Tumour-draining lymph nodes can be evaluated with the senti nel lymph node biopsy. Senti nel 

lymphadenectomy for staging of prostate cancer has been validated by several authors.1-3 

Detecti on of senti nel nodes has been opti mised by performing preoperati ve senti nel node 

imaging, including planar lymphoscinti graphy and SPECT/CT.4,5 To further improve intra-

operati ve detecti on, we introduced the use of a portable gamma camera to guide laparoscopic 

localisati on of senti nel nodes in prostate cancer.6

 Portable gamma cameras have been developed to provide intra-operati ve radioguidance.7,8 

A recent main applicati on has been intra-operati ve identi fi cati on of radioacti ve lymph nodes.9,10 

The feasibility of intra-operati ve visualisati on of senti nel nodes in urological malignancies has 

been demonstrated in our fi rst pilot study.6 Senti nel nodes could be visualised in 90% of the 

pati ents and the use of a pointer enabled exact localisati on of the hot nodes.6

 The goal of the current study was to establish the value of intra-operati ve senti nel node 

imaging with a portable gamma camera, in pati ents with prostate cancer. We evaluate if intra-

operati ve detecti on rates improve by additi onal intra-operati ve imaging.

METHODS

At our insti tute, pati ents with intermediate prognosti c prostate cancer who elect to be treated 

with radiotherapy are off ered a senti nel node biopsy to determine therapeuti c regimen.2

 Fift y-fi ve pati ents with prostate cancer, in whom preoperati ve lymphoscinti graphy had 

shown lymphati c drainage, were prospecti vely included aft er informed consent. Pati ent 

characteristi cs are shown in table 1. Pati ents were operated at the Netherlands Cancer 

Insti tute between February 2007 and April 2010.
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Table 1 | pati ent characteristi cs (n=55)

Mean age 65 y (range 52–78 y)

Median PSA 15 (range 3.3–388)

Mean Gleason score  7.6 (range 5- 0)

T category T1: 2 pati ents
T2: 9 pati ents
T3: 42 pati ents
T4: 2 pati ents

Lymphoscinti graphy
99mTechneti um-nannocolloid (GE Healthcare) was injected into the prostate in four deposits 

(one in each quadrant). The aimed injected dose was 225 Mbq, and each deposit of 0.1ml was 

fl ushed with 0.7ml of saline. Injecti on was guided by transrectal ultrasonography. Distributi on 

of the radioacti vity was evaluated by anterior and lateral planar lymphoscinti graphy (SymbiaT, 

Siemens) at fi ft een minutes and two hours aft er injecti on of the radiotracer. At two hours also 

a SPECT/CT was generated with the same gamma camera, in order to localise the senti nel 

nodes. The fi rst nodes in each stati on appearing on early planar imaging were considered 

to be the senti nel nodes. Nodes appearing later in the same stati ons were considered to be 

second-echelon nodes. If SPECT/CT showed additi onal hot spots in caudal areas or on a side 

with no other drainage or without previous drainage, those hot spots were also considered to 

be senti nel nodes. Four pati ents in whom planar lymphoscinti graphy did not show lymphati c 

drainage were excluded from analyses. 

Senti nel lymphadenectomy
Pati ents were operated four to six hours aft er injecti on of the radiotracer. For senti nel 

node identi fi cati on, a laparoscopic probe (Europrobe, Euro Medical Instruments) was used 

in combinati on with a portable gamma camera (Senti nella, Oncovision). A seed-source 

(125Iodine) was placed on the ti p of the collimator of the laparoscopic gamma probe. At 

the start of laparoscopy, the detector and arm of the portable gamma camera were sterile 

wrapped. Technical details of this portable gamma camera have been published before.6,7 

The detector of the portable gamma camera was placed 1-5cm above skin of the lower 

abdomen, aft er pneumoperiti oneum. Acquisiti on of the 99mTechneti um signal was started 

and if necessary the detector was replaced, in order to show both the injecti on area and the 

senti nel nodes, for opti mal spati al orientati on. The intra-operati ve use of the portable gamma 
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camera is illustrated in fi gure 1. Conti nuous imaging was performed, and every one to three 

minutes a new image was made to show the actual situati on. For localisati on of the radioacti ve 

nodes, the signal of the laparoscopic gamma probe was used in combinati on with on screen 

visualisati on. As the laparoscopic gamma probe was introduced in the pati ents’ abdomen, 

the seed-source was depicted separately on the screen of the portable gamma camera with 

a diff erent colour. The locati on of the ti p of the gamma probe was demonstrated as a pointer 

and related to the signal of the senti nel node, to show were the node was localised in relati on 

to the positi on of the gamma probe. Aft er excision of each senti nel node, a new image was 

made and compared to the situati on before excision. This method has been described in 

detail before.6 If substanti al radioacti vity remained at the same locati on, it was concluded 

that another possible senti nel node was sti ll in place, which was then additi onally excised. 

Remaining hotspots further away from the injecti on area, considered as second echelon on 

preoperati ve images were not removed. Senti nel lymphadenectomy was guided by SPECT/CT 

and the laparoscopic gamma probe in cases in which senti nel nodes were not visualised with 

the portable gamma camera. All removed nodes were examined by experienced pathologists.

Data-collecti on and analysis
We evaluated if and how many senti nel nodes were visualised intra-operati vely. For several 

factors a possible correlati on with intra-operati ve senti nel node detecti on was analysed 

with Pearsons correlati on and student-T tests (SPSS for Windows). These factors included: 

Preoperati ve detecti on on planar images and SPECT/CT, age, learning curve, tracer dosage, 

previous treatment, N-stage (node positi vity on pathologic examinati on), PSA, Gleason sum 

score and T-stage.

 Intra-operati ve visualisati on was compared to preoperati ve conventi onal planar images 

and SPECT/CT. For each pati ent it was scored whether the pointer was used for localisati on 

of the senti nel nodes and if extra nodes were excised by post-excision imaging. Data of the 

visualised versus not visualised nodes were compared to analyse predictors of intra-operati ve 

non-visualisati on, using the student t-test and chi-square analyses (SPSS for windows). 



124 | Chapter 9

Figure 1 | The intra-operati ve use of the portable gamma camera. The portable gamma camera is 

positi oned at the pati ents’ head, with the sterile wrapped detector placed above the pati ents’ pelvic 

area. The gamma probe and other surgical instruments are introduced through laparoscopic ports. Two 

screens caudal from the pati ent display the view from the laparoscopic camera and the preoperati ve 

SPECT/CT. On screen of the portable gamma camera, cranial from the pati ent, the radioacti vity within 

the surgical fi eld is displayed (inlay-fi gure). The detector can be moved in order to display the injecti on 

area or the nodes on one side of the pelvis selecti vely. Furthermore, the ti p of the laparoscopic probe 

(125I-seed) can be visualised as a green circle, which moves on screen as the probe is moved in search 

for a senti nel node.

RESULTS

Reproducibility of the preoperati ve images
A total of eight nodes (6%) visualised on planar images could not be reproduced intra-

operati vely, while for SPECT/CT this number was 29 (16%). Sixteen nodes on SPECT/CT could 

not be reproduced because they were too weak, and thirteen nodes could not be visualised 

intra-operati vely because of their locati on in close proximity to the prostate. In these latt er 

pati ents, the prostate injecti on area overshadowed the acti vity within the nodes. Results of 

preoperati ve images compared to intra-operati ve visualisati on are shown in table 2.
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Factors that infl uence intra-operati ve visualisati on
Factors that were correlated with the number of senti nel nodes detected intra-operati vely 

with the portable gamma camera are menti oned in table 3. Expectedly, preoperati ve detecti on 

of senti nel nodes on planar images and SPECT/CT was a strong predictor for intra-operati ve 

detecti on of senti nel nodes with the portable gamma camera. Higher Gleason sum score 

was also positi vely correlated with the number of nodes detected with the portable gamma 

camera. Pati ents with a Gleason sum score of seven or less showed a mean of 2.5 senti nel 

nodes on intra-operati ve images, while in pati ents with a Gleason sum score above seven a 

mean of 3.5 senti nel nodes was depicted with the portable gamma camera (student T-test, 

p=0.007). Other tumour characteristi cs (PSA, T-stage and N-stage) were not correlated with 

the number of senti nel nodes found during operati on.

The locati on of a senti nel node appeared to be of importance with regards to the intra-

operati ve reproducti on of preoperati vely defi ned senti nel nodes (table 2). All preoperati ve 

detected para-aorti c senti nel nodes were clearly visualised on screen of the portable gamma 

camera, while pelvic nodes along the external and internal iliac vessels could not be reproduced 

in 15% of the cases.

Table 2 | Results of intra-operati ve imaging compared to preoperati ve results

Intra-operati ve images:
 – 147 known senti nel nodes
 – 17 additi onal senti nel nodes

Identi fi cati on of senti nel nodes Detecti on of additi onal senti nel nodes

Planar images (142 senti nel nodes) 94% of the nodes 31 nodes

SPECT/CT (178 senti nel nodes) 84% of the nodes 16 nodes 

Extra senti nel nodes
Seventeen additi onal senti nel nodes were removed in fi ft een pati ents by monitoring aft er 

excision. In two cases the additi onally found senti nel node was tumour-positi ve but in both 

cases also a previously excised senti nel node had been found positi ve.

Localisati on of senti nel nodes 
The Iodine seed-pointer was useful to localise a senti nel node intra-operati vely in fi ft een 

pati ents (27%), because localisati on with the gamma probe only was not successful. In ten 
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cases these nodes were localised outside the pelvic para-iliac area (mainly para-aorti c or just 

caudal of the aorti c bifurcati on). One node was localised very close to the prostate and even 

aft er localisati on no signal could be depicted with the gamma probe. This node was excised 

purely based on localisati on informati on provided by the seed pointer. Nodes localised with 

the seed-pointer were tumour bearing in three pati ents, in two pati ents these were the only 

tumour-positi ve nodes.

Table 3 | Factors infl uencing intra-operati ve senti nel node detecti on

Signicant factors Non-signifi cant factors

Number of senti nel 
nodes visualised 
intra-operati vely

Number of senti nel nodes on planar images 
(p=<0.001)^
Number of senti nel nodes on SPECT/CT 
(p=<0.001)^
Gleason sum score (p=0.03) ^

Age^ 
Learning curve^
Tracer dosage^
Previous treatment~
N-stage~ 
(node positi vity on pathologic examinati on)
PSA^
T-stage^

Reproducti on of 
preoperati ve 
identi fi ed 
senti nel nodes 
(SPECT/CT)

Visualisati on on planar images (p<0.001)*
Locati on of the senti nel node (p<0.001)+

 – pelvic (obturator fossa): 85%
 – para-aorti c and common iliac^^: 100%
 – inguinal: 64%
 – pre-sacral: 75%

Age~ 
Learning curve~
Tracer dosage~
Previous treatment*
Presence of tumour in the node+
Tumour characteristi cs 
(T-stage*, Gleason sum score~, PSA*)

^pearson correlati on, ~student T-test, *chi-square, + Fisher exact; ^^all senti nel nodes cranial from the crossing of the 

ureter over the common iliac artery are placed in this category

Pathology and post-operati ve regimen
Forty percent of the pati ents had one or more positi ve nodes. These pati ents were off ered 

3 years of hormonal treatment instead of six months. Node positi ve pati ents furthermore 

received external beam radiati on therapy to the prostate (70Gy) and pelvic area (50Gy), 

instead of only prostate irradiati on (78 Gy).

DISCUSSION

Our results show that intra-operati ve imaging of senti nel nodes with a portable gamma 

camera leads to excision of more nodes. We were however not able to demonstrate an eff ect 

on upstaging and therapeuti c regimen, since none of the extra found nodes were the only 
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tumour-positi ve ones. The use of a pointer on screen of the intra-operati ve gamma camera 

simplifi es senti nel node localisati on, parti cularly if the nodes can not be easily localised with 

the probe. In our populati on, all pati ents received preoperati ve SPECT/CT. These images 

facilitate intra-operati ve tracing of the senti nel nodes, because the locati on of the nodes is 

known beforehand.4 SPECT/CT is the most sensiti ve method to identi fy senti nel nodes. The 

intra-operati ve gamma probe can only detect the radioacti ve signal when placed nearby 

the node and directed towards the node. In pati ents with a high body mass index the intra-

operati ve localisati on by means of the gamma probe only may therefore be very challenging. 

In these pati ents the use of an on-screen pointer, is very useful to guide localisati on. If SPECT/

CT is not available, the use of a pointer to trace the nodes will be of even larger value. In 

this scenario, the number of additi onal nodes detected intra-operati vely would also be much 

higher. 

 Nodes that can be visualised on planar images are bett er reproduced intra-operati vely 

(table 2), because intra-operati ve images also provide a two-dimensional overview. Because the 

portable gamma camera provides this comparable two-dimensional overview and weak nodes 

are more diffi  cult to reproduce, we do not use the portable gamma camera for intra-operati ve 

guidance when planar images show no drainage. Nodes further away from the prostate 

injecti on area are bett er reproduced then inguinal and pre-sacral nodes. Overprojecti on can 

cause diffi  culty in visualising these latt er nodes intra-operati vely. Interesti ngly, pati ents with 

high Gleason scores showed more senti nel nodes intra-operati vely. An explanati on might be 

that advanced diff erenti ati on of the tumour has lead to more disti nct and visible lymphati c 

drainage. This phenomenon has not been described before though, and other tumour 

characteristi cs like PSA, T-stage and nodal involvement were not signifi cantly correlated with 

intra-operati ve visualisati on of more senti nel nodes.

 Intra-operati ve imaging will only be adequate as an additi on to preoperati ve images for 

several reasons. Tumour positi ve nodes may be missed if only intra-operati ve images are 

made (would have been the case in one pati ent in our populati on). Sequenti al conventi onal 

planar images aft er tracer injecti on, which can only be made preoperati vely, show successive 

steps of lymphati c drainage and thus enable disti nguishing senti nel nodes from nodes further 

downstream. Finally, intra-operati ve images can not provide adequate anatomic informati on 

with regards to the structures surrounding the senti nel node. 

 For nodes within the para-iliac and para-aorti c area, the portable gamma camera can 

display the distributi on of remaining acti vity aft er excision. Its use besides the gamma probe 

appears valuable to provide certainty whether senti nel nodes have been adequately removed. 



128 | Chapter 9

It is diffi  cult to evaluate if operati on length is aff ected by intra-operati ve imaging itself, since 

the portable gamma camera is used during laparoscopic procedures without interference of 

the surgeons working space. Pursuing additi onal nodes that are visualised on screen will take 

more ti me though. In most cases it will only take a few minutes, as these additi onal nodes are 

detected besides and underneath other previously removed senti nel nodes. Removing these 

extra nodes, which probably receive direct lymph drainage from the tumour, should off  course 

be outweighed by the fact that operati on ti me is elongated. 

 Intra-operati ve imaging of prostate senti nel nodes has not been reported in literature, 

apart from our previously menti oned pilot-experience.6 Its applicati on has however recently 

been evaluated in cervical cancer, using a similar approach.11 The authors conclude that 

intra-operati ve real-ti me images provides high detecti on rates in cases of diffi  cult senti nel 

node localisati on.11 In prostate cancer, many direct draining nodes have been reported 

to be localised outside the obturator fossa and even outside the area of extended pelvic 

lymphadenectomy.2,4,12 Since these senti nel nodes can be exclusive tumour positi ve nodes, 

intra-operati ve harvesti ng is important for accurate staging. We have shown that especially 

the nodes cranial from the obturator fossa can be accurately reproduced intra-operati vely on 

screen of the portable gamma camera. Reports of intra-operati ve imaging of senti nel nodes 

in breast cancer and head and neck tumours have shown favourable results.8-13 Imaging with 

portable gamma cameras in these tumours has led to excision of more senti nel nodes and 

upstaging.8-13 

CONCLUSION

Intra-operati ve senti nel node imaging leads to excision of more radioacti ve nodes and can be 

used to evaluate remaining radioacti vity aft er senti nel node excision in prostate cancer. Very 

weak nodes and nodes near the injecti on area can not be depicted with a portable gamma 

camera, but nodes cranial from the obturator fossa can be clearly visualised. Senti nel node 

visualisati on with the portable gamma camera appears to be superior to preoperati ve planar 

images, because it can depict additi onal senti nel nodes aft er removal of other senti nel nodes. 

SPECT/CT visualises more senti nel nodes than can be visualised on preoperati ve planar images 

and intra-operati ve images with a portable gamma camera. The intra-operati ve use of a 

radioacti ve source as a pointer facilitates identi fi cati on of nodes in diffi  cult locati ons. 
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