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CHAPTER 16
The yield of SPECT/CT for anatomical lymphatic mapping 

in patients with melanoma

Van der Ploeg IMC, Valdés Olmos RA, Kroon BBR, Wouters MWJM, 
Van den Brekel MWM, Vogel WV, Hoefnagel CA , Nieweg OE

Ann Surg Oncol, in press
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Abstract

Introduction: The hybrid single-photon emission computed tomography camera with 
integrated CT (SPECT/CT) fuses tomographic lymphoscintigrams with anatomical 
CT-data. SPECT/CT shows the exact anatomical location of a sentinel node and may 
detect additional drainage. The purpose of this study was to explore its potential in 
melanoma patients.

Methods: We studied 85 melanoma patients with conventional lymphoscintigrams that 
were difficult to interpret (51 patients), that showed an unusual drainage pattern (33 
patients), or with non-visualization (1 patient). Forty-one patients had their melanoma 
on an extremity, 31 on the trunk, and 14 in the head and neck region. SPECT/CT 
was performed following late conventional imaging without re- injection of the 
radiopharmaceutical. 

Results: Conventional imaging suggested 214 sentinel nodes in 84 of the 85 patients 
(99%). SPECT/CT showed these same nodes and twelve extra sentinel nodes in seven 
patients (8%). Ten of these additional nodes were harvested, of which three nodes in 
two patients harboured metastases. 
There was a clear advantage of SPECT/CT in 30 patients (35%) resulting in a different 
incision in seventeen patients, an incision at another site in eight, and an extra incision 
in five patients. The value was questionable in nineteen patients (22%) in whom 
sentinel nodes were more clearly visualized by SPECT/CT, although the incision 
remained unchanged. There was no additional value of SPECT/CT in 36 patients 
(42%).

Conclusion: SPECT/CT detects additional drainage and shows the exact 
anatomical location of sentinel nodes in patients with inconclusive conventional 
lymphoscintigrams. SPECT/CT facilitates surgical exploration in difficult cases and 
may improve staging.
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Introduction 

In approximately a third of the melanoma patients, lymphatic drainage pathways have 
been shown to be different from those outlined in the early description by Sappey.1-3 
Drainage is particularly unpredictable in melanomas located near the midline and 
in the head and neck region with pathways leading to more than one basin or not to 
the nearest lymph node basin.2,4,5 Lymphoscintigraphy visualizes where lymph from 
the primary tumour site travels and is, therefore, an essential element of lymphatic 
mapping.6,7 In some patients, however, the lymphoscintigram shows a drainage pattern 
that is difficult to interpret and in a small minority no sentinel node is depicted at all. 
The recently introduced hybrid single photon emission computed tomography camera 
with integrated CT (SPECT/CT) fuses tomographic lymphoscintigrams with CT 
images. This combination of physiologic and morphologic imaging properties results 
in a clear depiction of the sentinel nodes within an anatomical landscape, providing 
a valuable surgical roadmap.8,9 SPECT/CT has better contrast and resolution than 
conventional imaging and has the possibility to correct for weakening (attenuation) 
and diffusion (scatter) of the gamma rays during construction of the images.10,11 
The introduction of SPECT/CT in daily practice is associated with extra costs and 
requires more time, but the advantages of its additional use might prevail when used in 
problematic cases only.12 
The purposes of this study were to explore if hybrid SPECT/CT leads to better 
anatomical localization of sentinel nodes or to the depiction of extra sentinel nodes 
in melanoma patients when conventional imaging is inconclusive, and whether this 
influences the surgical approach. 
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Figure 1. A patient with a melanoma over the left clavicle. A conventional anterior lymphoscintigraphic image (A) 

shows two hot spots, one in the axilla (horizontal arrow) and one superficial in the neck medial from the injection 

site (vertical arrow). The nuclear medicine physician suspected this last spot to be contamination of the skin with 

the radiopharmaceutical. A conventional left lateral image (B) proves the axillary hot spot to be a sentinel node 

(arrow) with its own lymphatic vessel. An axial SPECT/CT image (C) more clearly depicts the hot spot next the 

injection site and shows it to be a sentinel node located in level IV of the neck that needs to be removed. A frontal 

SPECT/CT image (D) visualizes both sentinel nodes and their relation to surrounding anatomical structures.

Patients and methods

Lymphoscintigraphy is an integral element of lymphatic mapping for sentinel node 
biopsy at The Netherlands Cancer Institute. SPECT/CT was introduced in December 
2006 as an additional tool to improve conventional imaging and is performed in 
specific situations only.12 We describe the first 85 melanoma patients who underwent 
both conventional lymphoscintigraphy and subsequent SPECT/CT. The mean age was 
54 years. Some of these patients have been included in an earlier pilot study.12 
Conventional lymphoscintigraphy was performed using a dosage of 80 MBq 
technetium-99-nanocolloid (Nanocoll®, GE- Healthcare, Eindhoven, the Netherlands) 
that was injected in a total volume of 0.4 ml in four intradermal deposits of 0.1 
ml within 1 cm from the melanoma or the excisional biopsy site. Conventional 
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static images were obtained at fifteen minutes and two hours after injection of the 
radiopharmaceutical and were preceded by a dynamic study of ten minutes. A dual-
head gamma camera equipped with low-energy high-resolution collimators (Vertex®, 
Philips, Eindhoven, the Netherlands) was used. Both anterior and lateral images were 
routinely made; additional images were obtained if needed. A cobalt-57 flood source 
was placed behind the patient to outline the body contour. 

Figure 2. A patient with a melanoma in the left pre-auricular region. Early conventional anterior (A) and left lateral 

(B) lymphoscintigraphic images show a sentinel node (arrows) in the left neck possibly situated in the parotid 

gland. The SPECT-CT image (C) specifies the location of this sentinel node (arrow) in the tail of the parotid gland. 

Based on the SPECT/CT images, the surgeon decided to make a smaller incision than was planned based on the 

conventional images and identify only the lower branch of the facial nerve. 

Fifty-one patients had conventional lymphoscintigrams that were difficult to interpret, 
like a sentinel node close to the injection site, or deeply located sentinel nodes. 
Another 33 patients had an unusual lymphatic drainage pattern and one patient had 
non-visualization.1 Thirty-one patients had their melanoma on the trunk (figure 1), 
fourteen in the head and neck region (figure 2), and 41 on an extremity (figure 3). 
In these 85 patients, SPECT/CT images were made immediately after the two-hour 
conventional images without a second injection of the radiopharmaceutical. The 
SPECT/CT system (Symbia T, Siemens, Erlangen, Germany) consists of a dual-head 
variable-angle gamma camera equipped with low-energy high-resolution collimators 
and a spiral CT optimized for rapid rotation. SPECT acquisition (matrix 128x128, 
60 frames at 25 seconds per view) was performed using six-degree-angle steps. 
After reconstruction, the SPECT images were corrected for attenuation and scatter. 
Both SPECT and CT axial five millimetre slices were generated using an Esoft 2000 
application package (Siemens, Erlangen, Germany). Fusion of images was performed 
using an Osirix Dicom viewer (version 2.7 to 3.0) in a Unix-based operating system 
(MAC OS X, Power G5, Apple Inc., Cupertino, CA, U.S.A.). The SPECT/CT images 
were also viewed using two-dimensional orthogonal reslicing in axial, sagittal and 
coronal orientation. Maximum intensity projections with a three-dimensional display 
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were generated to localize sentinel nodes in relation to bone structures. If SPECT/CT 
failed to visualize sentinel nodes, a second dose of 80 MBq of the radiopharmaceutical 
was administered and conventional imaging was repeated subsequently. The 
number and location of the sentinel nodes were determined and described after the 
conventional imaging as well as after SPECT/CT by a nuclear medicine physician. The 
location of a sentinel node was marked on the skin with indelible ink. 

Figure 3. A patient with a melanoma on the right buttock. Early conventional anterior (A) and right lateral (B) 

conventional images show two sentinel nodes (arrows) with their own lymphatic vessel in the right inguinal region. 

SPECT/CT image C depicts the most lateral sentinel node outside the inguinal region lateral from the superior 

anterior iliac spine, which is a rare location. SPECT-CT image D visualizes the medial sentinel node (arrow) in the 

superficial inguinal region and radioactivity around the primary tumour site.

Two dedicated melanoma surgeons (Kroon and Nieweg) reviewed all the images and 
independently decided whether SPECT/CT had additional value. Their retrospective 
analysis was correlated with the prospectively filled out imaging and operative reports. 
In case of conflicting opinions, a joint decision was reached through deliberation. The 
aspects that were taken into account were visualization of an extra sentinel node or 
a more precise anatomical localization, and whether this led to a longer or a smaller 
incision, an extra incision or the omission of an incision (figures 1 - 3). SPECT/
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CT was determined to have a clear additional value when the surgical approach 
was changed exclusively based on the SPECT/CT images. SPECT/CT images were 
considered to be of questionable value when sentinel nodes visualized only by SPECT/
CT could potentially have also been found with the help of blue dye or the gamma-ray 
detection probe in a lymph node region that, based on the lymphoscintigraphic images, 
would have been explored anyhow. The value of SPECT/CT was also considered 
questionable when a sentinel node was more precisely visualized than on conventional 
images without changing the surgical incision.
The next day, 1 ml of patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, 
France) was injected at the tumour site, immediately before the operation. The dye and 
a gamma-ray detection probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, 
Germany) were used to identify the sentinel node(s). A sentinel node was defined 
as a lymph node upon which the primary tumour drains directly.13 Sentinel nodes 
were pursued in all regions indicated by lymphoscintigraphy and SPECT/CT. After 
removal of the sentinel node, the lymph node region was carefully palpated. Palpable, 
suspicious-looking nodes were routinely removed. All harvested nodes were fixed 
in formalin, bisected, embedded in paraffin, and cut at a minimum of six levels at 
50 to 150 mm intervals. Pathological evaluation included haematoxylin-eosin and 
immunohistochemical staining (CAM 5.2; Becton Dickinson, San Jose, CA, USA). 

Results 

Conventional imaging showed 214 sentinel nodes in 84 of the 85 studied patients 
(99%). SPECT/CT showed these same nodes and visualized twelve additional sentinel 
nodes in seven patients (8%), including the patient with no lymphatic drainage on the 
conventional lymphoscintigrams (table 1). The mean number of visualized sentinel 
nodes after both imaging techniques was 2.7 with a range of one to five. The primary 
melanoma in all these patients with additional sentinel nodes was located on the 
trunk. One of the additionally visualized nodes had been kept from view by the far 
larger amount of radioactivity at the nearby injection site. The others contained just a 
minimal amount of radioactivity and were identified because of the greater sensitivity 
of SPECT/CT. 
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Patient Location and number 
of SN’s

Radioactive and/
or blue

Tumour-
positive

Site that would 
have been explored

Additional value

1 Axilla (2) Both Yes Yes Questionable
2 Axilla Radioactive Yes Yes Questionable
3 Axilla

Scapular region (2)
Both
Both

No
No

Yes
No

Questionable
Yes

4 Scapular region Radioactive No No Yes
5 Flank Both No No Yes
6 Supraclavicular region Radioactive No No Yes
7 Near primary tumour on the flank

Retroperitoneum (2)
Radioactive
Not found

No No Yes
No

Table 1. Characteristics of the twelve sentinel nodes only visualized by SPECT/CT. SN(s): sentinel node(s)

Two of the twelve additionally visualized sentinel nodes were located in the 
retroperitoneum and were not pursued. The other ten nodes were intraoperatively 
harvested with the help of blue dye and the gamma-ray detection probe. Six of these 
were retrieved from a lymph node region that would have not been routinely explored. 
These were all tumour-negative and the subsequent management was not changed 
by SPECT/CT. The four remaining nodes were harvested in the nearest lymph node 
region, of which three contained metastases. A total of 22 sentinel nodes were found to 
be involved in eighteen patients and three of these nodes (14%) in two patients were 
visualized only by SPECT/CT.
There was a clear advantage of additional SPECT/CT imaging in 30 patients (35%) 
in whom SPECT/CT better visualized the sentinel nodes and changed the surgical 
approach (table 2). A longer incision was made in eleven of these patients because 
SPECT/CT indicated that the node was located substantially deeper than was presumed 
based on the conventional images. A smaller incision was made in six patients because 
the node was more superficial than was presumed. The incision was made at another 
site in eight patients and an extra incision was necessary in five patients. SPECT/
CT was considered of questionable value in nineteen patients (22%) in whom either 
additional sentinel nodes were depicted or nodes were more clearly visualized without 
leading to a change in the surgical approach. In these patients, the probe guided the 
surgical incision and sentinel nodes would probably have been found with its help or 
with the blue dye. In the remaining 36 patients (42%) SPECT/CT had no additional 
value compared to conventional lymphoscintigraphy. 
The clear or questionable additional value of SPECT/CT entailed all fourteen patients 
with a melanoma in the head and neck region, all three patients with a melanoma on 
the arm, 22 of the 31 patients (71%) with a melanoma on the trunk, and ten of the 
37 patients (27%) with a melanoma on the leg. The 22 melanomas on the trunk were 
mostly localized near the midline with lymphatic drainage outside the nearest lymph 
node region or with bilateral drainage. In patients with a melanoma on the leg, SPECT/
CT proved to be of particular value when a sentinel node was located in the deep (iliac 
or obturator) region.
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Location N Benefit from SPECT/CT N
 Head and neck 14 Incision at another site

 submandibular instead of on the cheek 
 retroauricular instead of at the preauricular region 
Longer incision
 deep in the neck instead of superficial 
 deep from parotid gland instead of in the gland 
Smaller incision
 superficial in the neck instead of deep
 superficial from parotid gland instead of in the gland 

2
3

1
2

2
4

 Trunk 5 Extra incision
 additionally visualized sentinel nodes in the flank
 additionally visualized sentinel nodes in the scapular region
 additionally visualized sentinel nodes in the supraclavicular fossa

2
2
1

 Arm 3 Incision at another site
 node was in triceps muscle instead of biceps muscle or in-between
 both muscles instead of in epitrochlear fossa

3
 Leg 8 Longer incision

 nodes in iliac-obturator zone instead of superficial groin

8

Table 2. Patients with a clear additional value from SPECT/CT.

Discussion

Preoperative dynamic lymphoscintigraphy visualizes drainage from the tumour 
site through the afferent lymphatic vessel towards the sentinel node. Static 
lymphoscintigraphic images more clearly visualize the sentinel node. Despite the 
satisfying results of this technique, the location of a sentinel node is sometimes not 
pointed out clearly enough to enable the surgeon to precisely plan his operation. 
Although a gamma-ray detection probe is helpful in such situations, an imaging 
technique that gives a clear perspective of the location of the sentinel node in its 
anatomical surroundings facilitates the operation.14,15 The recently introduced hybrid 
SPECT/CT has the ability to provide such information, providing a better roadmap 
compared to conventional images.8,9 This new imaging technique has not yet been 
extensively described in the literature, but initial results have been shown to be 
promising.12,16-20 The present study confirms that once early conventional images 
identify a sentinel node, SPECT/CT shows its exact anatomical location. 
This study of 85 patients, SPECT/CT showed drainage in one case where conventional 
imaging failed to depict a node. In 8% of the patients, SPECT/CT detected additional 
sentinel nodes and 14% of the involved sentinel nodes were shown by SPECT/CT 
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only. These latter tumour-positive sentinel nodes were located in the nearest lymph 
node region and could well have been found with the help of just blue dye and/or the 
gamma probe. The fact that these nodes were missed by conventional imaging might 
be due to the fact that the tumour cells within these nodes caused a blockage of lymph 
flow, which prevented full accumulation of the radiopharmaceutical. SPECT/CT is 
able to detect such weak radioactive nodes because of its sensitivity. The superiority 
of SPECT/CT was seen in 35% of the patients in whom a better depiction of sentinel 
nodes resulted in a change of the intended surgical approach. Patients with a melanoma 
in the head and neck region are often described as having unpredicted lymphatic 
drainage.19,20 Sentinel node biopsy in this region is also technically demanding because 
lymph nodes are often small and located close to the injection site where the bulk of 
the radioactivity resides. Knowing whether the node is located deep or superficial 
and whether it is within or just outside the parotid gland has important implications. 
Unfortunately, blue dye is often of little value in the head and neck area. As a result, 
the identification rate (85%) of sentinel nodes in this region is lower than at other 
sites.21 For these reasons, the detailed anatomical information of SPECT/CT proved 
particularly helpful in patients with a melanoma in the head or neck. The additional 
value of SPECT/CT is also clear in patients with non-visualization on conventional 
scans and in patients with sentinel nodes close to the tumour injection site. The benefit 
was less pronounced in patients with a melanoma on the trunk and only a minority 
of patients with a melanoma on the leg benefited from additional SPECT/CT. At our 
institute, an iliac and obturator dissection for a positive sentinel node is only done in 
the presence of a deeply located second-echelon node.22 An additional advantage of 
SPECT/CT is that it clearly depicts the location of such deep second-echelon nodes, 
guiding the extent of the completion dissection. 
We conclude that SPECT/CT justifies the additional time and costs in patients in 
whom conventional lymphoscintigrams showed a lymphatic drainage pattern that is 
unusual or difficult to interpret, or when no sentinel node is shown. SPECT/CT better 
visualizes the sentinel nodes in more than half of the patients and changes the surgical 
approach in over a third. In a fair number of patients, additional sentinel nodes are 
detected that would have not been found otherwise. Based on our present results, we 
can conclude that SPECT/CT facilitates surgical exploration in difficult cases and may 
improve staging.
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