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Summary

The use of senti nel lymph node mapping is expanding, as is the variety of lymph node basins 

containing the senti nel nodes. This thesis focuses on the detecti on and localizati on of senti nel 

nodes in complex areas. Techniques and procedures that can be used to opti mize identi fi cati on 

of senti nel nodes in these regions are evaluated.

 The tumour stage depends on the extent of the primary tumour, the tumour status of the 

lymph nodes and presence or absence of distant metastases, as described in chapter one. A 

senti nel node biopsy can be used for minimally invasive staging of the regional nodal basin. 

Due to the complex anatomy, localizing senti nel nodes in the head and neck region on the basis 

of conventi onal images can be diffi  cult. New diagnosti c tools can provide bett er visualisati on. 

In chapter two, these innovati ve tools for senti nel node localizati on are introduced. 

 Hybrid single-photon emission computed tomography with integrated radiographic 

computed tomography (SPECT/CT) is a multi modal imaging device that can be used to visualise 

and localize senti nel nodes. Using SPECT/CT, the exact localizati on of senti nel nodes can be 

visualised preoperati vely, because the radioacti vity detected by SPECT is fused with anatomic 

informati on provided by CT. A portable gamma camera enables intra-operati ve imaging of 

senti nel nodes. Radioacti ve nodes within the surgical fi eld can be depicted on the screen of 

this device, and the presence and distributi on of remaining radioacti vity aft er excision of a 

senti nel node can be shown.

SPECT/CT

The use of SPECT/CT and its indicati ons for detecti on and localizati on of senti nel nodes are 

outlined in chapter three. SPECT/CT depicts additi onal senti nel nodes and identi fi es non-nodal 

tracer accumulati on. SPECT/CT is indicated in pati ents with complex lymphati c drainage, as is 

oft en the situati on in pati ents with head, neck or scapular melanoma, in breast cancer pati ents 

with extra-axillary senti nel nodes and in pati ents with tumours draining to pelvic nodes. 

SPECT/CT also clarifi es the drainage patt ern in case of inconclusive conventi onal images (non-

visualisati on or unclear locati on of the nodes). 

 The additi onal value of SPECT/CT for detecti on and localizati on of senti nel nodes in pati ents 

with a melanoma of the head and neck is further determined in chapter four. Thirty-eight 

pati ents underwent conventi onal lymphoscinti graphy followed by hybrid SPECT/CT. SPECT/CT 

depicted an additi onal senti nel node in sixteen percent of the pati ents and clearly showed 
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the anatomic locati on of the hot nodes in all pati ents. The initi ally intended surgical approach 

was adjusted on the basis of SPECT/CT images in eleven of twenty pati ents (55%). SPECT/CT 

is recommended in pati ents with a melanoma in the head or neck, because it visualises more 

senti nel nodes than conventi onal images and shows the anatomic locati on. 

 The signifi cance of SPECT/CT for detecti ng and localizing senti nel nodes in prostate cancer 

is demonstrated in chapter fi ve. In 46 pati ents, the senti nel node visualisati on rate was 91% for 

planar lymphoscinti graphy and 98% for SPECT/CT. SPECT/CT revealed additi onal senti nel nodes 

not seen on planar lymphoscinti grams in 63% of the pati ents. The additi onal senti nel nodes 

were positi ve for metastasis in seven pati ents and were the exclusive metastati c senti nel node 

in four of them. One third of the pati ents had a senti nel node outside the area of an extended 

pelvic lymphadenectomy, and in more than half of these pati ents this node was only identi fi ed 

using SPECT/CT. SPECT/CT also provides additi onal informati on on the exact anatomic locati on, 

which leads to improved intra-operati ve senti nel node identi fi cati on.

 Chapter six shows that senti nel nodes in aberrant locati ons can be accurately identi fi ed 

and localised with SPECT/CT. In three pati ents with prostate cancer, a senti nel node near the 

ventral abdominal wall was detected and localised using SPECT/CT. The case presented in the 

appendix additi onally demonstrates that SPECT/CT can be used to clarify planar images that 

are diffi  cult to interpret. A pati ent is demonstrated in whom tracer uptake in the liver region 

was visualised aft er tracer injecti on in the breast. SPECT/CT clearly shows tracer uptake along 

the falciform ligament.

PORTABLE GAMMA CAMERA

A portable gamma camera for intra-operati ve identi fi cati on of senti nel nodes is introduced 

in chapter seven and our experience in the fi rst twenty pati ents is evaluated. The portable 

gamma camera enabled real-ti me senti nel node visualisati on in ninety percent of the 

pati ents and appeared to improve intra-operati ve senti nel node identi fi cati on in urological 

malignancies. An iodine-125 seed-source can be displayed on screen of the device. Placed on 

a surgical instrument, the source can be used as a pointer for senti nel node seeking. 

 Chapter eight presents the results of intra-operati ve imaging in 25 pati ents with melanoma 

in the head or neck, or with oral cavity carcinoma. The portable gamma camera visualised 

all seventy preoperati vely identi fi ed senti nel nodes. Senti nel nodes at diffi  cult sites could be 

localized more effi  ciently. In six pati ents, the portable gamma camera identi fi ed nine additi onal 

nodes aft er the excision of the expected senti nel nodes and one of these was tumour-positi ve. 
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These results show that intra-operati ve identi fi cati on of senti nel nodes in the head and neck 

region with a portable gamma camera is feasible and appears to lead to the detecti on of more 

senti nel nodes. 

 The use of a portable gamma camera for senti nel node identi fi cati on during laparoscopic 

senti nel lymphadenectomy for prostate cancer is analysed in chapter nine. Intra-operati ve 

identi fi cati on of at least one senti nel node was established in all 55 examined pati ents. Sixteen 

nodes (9%) with poor radiotracer uptake and thirteen nodes (7%) adjacent to the injecti on area 

could not be depicted, although these had been identi fi ed by SPECT/CT. By determining the 

distributi on of remaining radioacti vity aft er excision, intra-operati ve imaging led to excision of 

seventeen additi onal senti nel nodes in fi ft een pati ents. The use of a radioacti ve source as a 

pointer enabled effi  cient identi fi cati on of nodes in diffi  cult locati onsin fi ft een pati ents (27%).

 Planar lymphoscinti graphy is routi nely used for preoperati ve senti nel node visualisati on, 

but large gamma cameras are not always available. The reproducibility of lymphoscinti graphy 

with a smaller and portable gamma camera is described in chapter ten. The preoperati ve 

yield of senti nel nodes with a portable gamma camera appeared less than the yield with 

the conventi onal gamma camera. The conventi onal images showed a senti nel node in 94% 

of the cases, while a senti nel node was seen on 73% of the images made with the portable 

device (p=0.001). When a lead shield was used to mask the injecti on area, the diff erence 

in yield between the two devices was not stati sti cally signifi cant (95% versus 88%, p=0.25). 

Preoperati ve senti nel node mapping with a portable gamma camera may be an alternati ve to 

guide intra-operati ve harvesti ng when no conventi onal gamma camera is available or when 

intra-operati ve tracer injecti on is required.

NEW HORIZONS FOR LYMPHATIC MAPPING
 Senti nel node visualisati on requires suffi  cient nodal tracer uptake. In chapter eleven 

we show how enhancement of the parti cle concentrati on led to signifi cant improvement of 

senti nel node visualisati on and intra-operati ve localisati on in fi ft y pati ents with prostate cancer. 

The fi rst 25 pati ents (group A) received standard labelling while the labelling diluti on volume 

was reduced in the subsequent 25 pati ents (group B). The injected dosage and volume were 

the same, only the parti cle concentrati on was doubled in group B. Preoperati ve visualisati on 

in group A was 88% (mean 2.0 senti nel nodes per pati ent) versus 100% in group B (mean 2.6 

senti nel nodes per pati ent). Visualisati on scores (p=0.008), total number of registered counts 

(p=0.001) and maximum number of counts per pixel (p=0.034) in the senti nel nodes were 
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signifi cantly bett er in group B. This also led to a higher intra-operati ve detecti on rate of the 

senti nel nodes with the portable gamma amera (84% in group A versus 100% in group B).

Para-aorti c senti nel node biopsy may be a challenging procedure due to the retroperitoneal 

locati on of the senti nel nodes, in close proximity to vital structures. As shown in chapter 12, 

detecti on and removal of para-aorti c senti nel nodes by means of a (laparoscopic) gamma ray 

detecti on probe and real-ti me imaging with a portable gamma camera is a successful method 

with a high intra-operati ve detecti on rate. SPECT/CT showed a locati on adjacent to the aorta 

or vena cava in sixteen pati ents with senti nel nodes on the planar images and in two pati ents 

without a visualised node. These senti nel nodes were successfully localized and removed with 

help of the portable gamma camera and the gamma ray detecti on probe in fi ft een pati ents, 

and with only the gamma ray detecti on probe in three pati ents. 

 Lymphati c drainage from renal cell carcinoma has not been studied extensively. 

The therapeuti c benefi t and extent of lymph node dissecti on are controversial in this 

disease. Chapter thirteen shows that senti nel node identi fi cati on in renal cell carcinoma 

is feasible, using preoperati ve and intra-operati ve imaging aft er intratumoural injecti on 

of a radiolabelled tracer. Six of the eight pati ents in the study had senti nel nodes depicted 

on their lymphoscinti grams. One senti nel node was depicted along the internal mammary 

chain. All visualised senti nel nodes could be detected intra-operati vely, although the internal 

mammary node was not removed. In two pati ents, no senti nel node was visualised, neither 

preoperati vely, nor intra-operati vely. Senti nel node biopsy in renal cell carcinoma may teach 

us the patt erns of lymphati c drainage and the extent of lymphati c spread, which may have 

diagnosti c and therapeuti c implicati ons.

 The feasibility of lymphati c mapping in locally recurrent prostate cancer aft er previous local 

radiotherapy, brachytherapy or high-intensity focused ultrasound is demonstrated in chapter 

fourteen. Senti nel node identi fi cati on and lymphati c drainage patt erns were compared to a 

consecuti ve series of seventy untreated pati ents with primary prostate carcinoma from our 

insti tute. Lymphati c drainage was visualised in all ten previously treated pati ents, with a 

median of 3.5 senti nel nodes per pati ent. Most senti nel nodes were located in the pelvic area 

along the iliac vessels, although the percentage of pati ents with a senti nel node elsewhere 

(para-aorti c, pre-sacral, inguinal or near the ventral abdominal wall) was high compared to 

the untreated pati ents (80% versus 34%, p=0.01). Ninety-fi ve percent of the senti nel nodes in 

pati ents with recurrent prostate cancer could be harvested and such a node was involved in 

half of them. 
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Multi focal and multi centric breast cancers have a higher percentage of lymph node 

metastases compared to unifocal disease and the presence of more than one tumour in the 

breast is associated with a less favourable outcome. Chapter fi ft een describes our method of 

intralesional injecti on of the radiopharmaceuti cal into each tumour and the fi rst results with 

lymphati c mapping in such pati ents. Additi onal senti nel nodes were visualised aft er tracer 

injecti on in the second or third tumour in 71% of 24 pati ents. Additi onal drainage was seen 

in the presence of both multi focal and multi centric breast tumours. Twenty-four additi onal 

senti nel nodes were related to the second or third tumour and four of these nodes were 

tumour-positi ve. In all four cases, a senti nel node associated with the fi rst tumour in the 

same nodal basin was also found to be tumour positi ve. In one pati ent, a parasternal node 

found aft er tracer injecti on in a second cancer contained isolated tumour cells. Based on 

these results, lymphati c mapping of multi ple malignancies within one breast using separate 

consecuti ve intratumoural injecti ons appears to be feasible. The high incidence of additi onal 

senti nel nodes associated with the smaller cancers suggests that assessment of lymphati c 

drainage of each tumour separately may lead to more reliable staging.

GENERAL CONCLUSIONS AND FUTURE PERSPECTIVES

Chapter sixteen provides general conclusions and future perspecti ves. SPECT/CT can become 

a routi ne procedure for pati ents with diffi  cult to interpret planar images. Portable gamma 

cameras enable intra-operati ve identi fi cati on of senti nel nodes and lead to detecti on of more 

nodes, and these cameras can be improved further. Tracers for lymphati c fl ow may be improved 

by adjusti ng the parti cle concentrati on or additi on of fl uorescent dye to the radiotracer. New 

indicati ons for senti nel node mapping might arise, for example in pati ents with multi ple 

tumours within one breast or in pati ents with a recurrence aft er previous treatment.




