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ABSTRACT

Objectives: To investigate whether SPECT/CT is of additional value compared to conventional
lymphoscintigraphy in routine lymphatic mapping in patients with melanoma.

Methods: Thirty-five unselected patients with a primary melanoma who were scheduled for
wide local excision and sentinel node biopsy underwent conventional lymphoscintigraphy and
subsequently SPECT/CT. We determined whether SPECT/CT showed additional sentinel nodes,
provided better information on the location of the sentinel nodes and whether this additional
anatomic information led to a change in the planned surgical approach.

Results: SPECT/CT depicted the same 69 sentinel nodes as conventional lymphoscintigraphy
in all 35 patients plus eight additional sentinel nodes in seven patients (20%). In two of these
patients (5.7%) an additional nodal basin had to be explored to find the extra sentinel nodes.
SPECT/CT provided additional anatomic information that was helpful to the surgeon in eleven
patients (31%) and led to an adjustment of the surgical approach in ten patients (29%).
Conclusion: SPECT/CT provided relevant additional information in 16 of the 35 patients (46%).
Routine use of SPECT/CT in addition to conventional lymphoscintigraphy is recommended in

melanoma patients undergoing lymphatic mapping.
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INTRODUCTION

In 1977 Robinson et al introduced pre-operative cutaneous lymphoscintigraphy to identify
the nodal basins at risk of metastases in patients with melanoma.[1] This evolved into the
development of the sentinel node procedure, of which static and dynamic lymphoscintigraphy
are essential elements.[2,3] Certain drainage patterns have been established but lymphatic
drainage pathways are notoriously unpredictable in the head and neck area, in the
interscapular area, around the groin, near Sappey’s line and near the midline.[4,5] Melanomas
in these regions often drain to more than one basin, to an unlikely basin, to nodes outside the
recognized basins or to multiple sentinel nodes close together. As a result, lymphoscintigrams
are often complex and it may be difficult to determine the exact anatomical location of the
sentinel nodes.

Lymphoscintigraphy has evolved in the past few years. A hybrid single photon emission
computed tomography camera with integrated radiographic computed tomography (SPECT/
CT) was installed at our institute in December 2006. This device generates tomographic
lymphoscintigrams that are combined with computed tomography (CT) to produce hybrid
images of the two modalities. SPECT/CT shows the sentinel node in its anatomic habitat,
because the physiologic lymph flow imaging and the depiction of the anatomy are merged.
[6] The potential of this innovative technique was first explored and demonstrated in patients
whose conventional lymphoscintigrams showed a lymphatic drainage pattern that was unusual
or difficult to interpret, or when no sentinel node was identified.[7,8]

The aim of the current study was to broaden the indication and to investigate whether
routine SPECT/CT is of additional value in patients undergoing lymphatic mapping, irrespective
of the location of the melanoma or the ease of interpretation of the conventional images.
The specific objectives were to determine whether SPECT/CT shows additional sentinel nodes,
provides better information on the location of the sentinel nodes and whether this additional

anatomic information leads to a change in the planned surgical approach.

PATIENTS AND METHODS

Between July 2009 and November 2009, 35 unselected patients with a primary melanoma
were scheduled for wide local excision and sentinel node biopsy. Twenty-one were woman and
fourteen were man. The mean age was 60 years. The primary tumor had a Breslow thickness

of at least 1 mm, or less if the Clark level was IV. The primary tumor was located on the upper
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limb in six patients, on the lower limb in twelve, on the trunk in eleven and in the head and
neck area in six. A two-day protocol for sentinel node biopsy was used. On the day before the
operation, technetium-99m-labeled nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the
Netherlands) was injected intradermally around the biopsy site in a mean volume of 0.4 ml and
a mean dosage of 69.8 MBq (1.9 mCi). A dynamic study of ten minutes was followed by static
imaging at fifteen minutes and two hours. Both anterior and lateral images were routinely
obtained. All 35 patients underwent subsequent additional hybrid SPECT/CT (SymbiaT,
Siemens, Erlangen, Germany). SPECT (128 x 128 matrix, 60 frames, 25 s/frame) was performed
using 6° angular steps in a 20-second time frame. For CT (130 kV, 40 mAs, B30s kernel), 5-mm
slices were obtained. Corresponding SPECT and CT axial 5-mm slices were generated using
an Esoft 2000 application package (Siemens) and after correction for attenuation and scatter
images were fused. The images were analyzed after two-dimensional orthogonal re-slicing in
axial, sagittal and coronal directions. A three-dimensional presentation was generated with
volume rendering in order to visualize sentinel nodes in relation to the surrounding anatomic
structures. The images were available on a screen in the operating room.

Nodes on a direct drainage pathway from the primary tumor site were regarded as
sentinel nodes.[9] For interpretation of the images, this meant that the nodes with an
afferent lymphatic vessel from the primary lesion site and nodes appearing first in each nodal
basin were considered to be the sentinel nodes. A single node in a lymph basin was always
considered to be a sentinel node. In the rare absence of a demonstrable lymph vessel, nodes
that could possibly be a sentinel node based on the substantial accumulation of radiocolloid
or because of the location in the lymph basin were also considered to be sentinel nodes, for
practical purposes. The surgeon prospectively completed a questionnaire to determine the
number of sentinel nodes and their location based on the conventional lymphoscintigrams
and the subsequent SPECT/CT. SPECT/CT images were considered to have additional value
when sentinel nodes were depicted that had not been visualized on the conventional images
or if relevant extra anatomic information was obtained. Another aspect was whether this
additional anatomic information led to a different incision or to a modification in the originally
planned surgical approach. All removed sentinel nodes were formalin-fixed, bisected, paraffin-
embedded, and cut at a minimum of six levels at 50 to 150 um intervals. Pathologic evaluation

included hematoxylin and eosin and immunohistochemical staining (5-100 and MART-1).
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RESULTS

Conventional lymphoscintigraphy showed lymph drainage in all 35 patients (Table 1). A total of
69 sentinel nodes were visualized, with a mean of 2.0 and a maximum of four sentinel nodes
per patient. SPECT/CT showed 77 sentinel nodes with a mean of 2.2 and a maximum of four.
SPECT/CT depicted the same sentinel nodes as conventional imaging in all patients plus eight
additional sentinel nodes in seven patients (20%). In two of these patients (5.7%) an additional
nodal basin had to be explored to find the extra sentinel nodes (Figures 1 and 2). In four of
the seven patients with additional sentinel nodes, the primary melanoma was located on the
trunk (Figure 1), in the other three on the knee, in front of the ear and on the forearm. In the
latter patient, conventional lymphoscintigraphy showed a sentinel node in the axilla, whereas

SPECT/CT showed two additional sentinel nodes in the antecubital fossa (Figure 2).

Figure 1. Patient with a primary melanoma located on the upper back on the right side. On the
conventional lymphoscintigrams, only two sentinel nodes are visualized in the right axilla. SPECT/CT
depicts one additional sentinel node in the right supraclavicular fossa (arrow).

Figure 2. Patient with a primary melanoma located on the left lower hand. The conventional
lymphoscintigram shows only one sentinel node, which is located in the axilla. SPECT/CT visualizes
two additional sentinel nodes in the antecubitial fossa. The node in the axilla was tumor-positive. The
antecubital nodes were also harvested but were uninvolved.



54 | Chapter 5

Table 1. All 35 patients who underwent additional SPECT/CT.

Patient Tumor SLN LSG SPECT/CT Add Additional anatomical Adjusted surgical
location  location* #SLN  #SLN SLN information provided by  approach after
SPECT/CT SPECT/CT
1 hand axilla 1 1 0 no no
2 arm axilla, bicipital 2 2 0 interpectoral, bicipital longer incision
sulcus sulcus
3 shoulder axilla 2 2 0 superficial shorter incision
4 foot groin 2 2 0 no no
5 lower leg  groin 1 1 0 no no
6 lower leg  groin 1 1 0 no no
7 scapula axilla 2 2 0 no no
8 forearm  axilla, cubital fossa 3 3 0 no no
9 trunk axilla 1 2 1 extra SLN axilla no
10 knee groin 2 3 1 extra SLN groin no
11 scapula axilla 1 2 1 extra SLN axilla no
12 shoulder axilla 2 2 0 no no
13 head neck 2 3 1 level 2A, parotid gland, extra incision
extra SLN supraclavicular
14 lower leg  groin 3 3 0 no no
15 foot groin 1 1 0 no no
16 head neck 3 3 0 level 1B no
17 hand axilla, neck 2 2 0 axilla, level 2A positioning
18 trunk neck 1 2 1 supraclavicular, positioning
extra SLN level 4
19 lower leg groin, popliteal 3 3 0 no no
20 head neck 1 1 0 level 2A, under SCMM longer incision
21 head neck, parotid 3 3 0 parotid gland, supraclavi- no
gland cular
22 foot groin 2 2 0 no no
23 trunk axilla, neck 3 4 1 extra SLN supraclavicular extra incision
24 upper arm axilla 2 2 0 no no
25 trunk axilla 1 1 0 no no
26 thigh groin 2 2 0 no no
27 scapula axilla, 3 3 0 1 SLN border latissimus location of incision
neck dorsi, 1 SLN level 5A
28 scapula axilla 2 2 0 no no
29 trunk axilla 2 2 0 no no
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Patient Tumor SLN LSG SPECT/CT Add Additional anatomical Adjusted surgical
location location* #SLN  #SLN SLN information provided by  approach after

SPECT/CT SPECT/CT

30 foot groin 2 2 0 no no

31 forearm  axilla 1 3 2 2 extra SLN’s antecubital extra incision
fossa

32 head neck 3 3 0 level 5A, 2A, occipital no

33 upper arm axilla 2 2 0 no no

34 head neck, pre-auric- 4 4 0 level 1B, 2A, pre-auricular, location of incision

ular parotid gland
35 thigh groin 1 1 0 no no

SLN: sentinel lymph node; LSG: conventional lymphoscintigraphy; *: based on lymphoscintigraphy, SPECT/CT and surgery;
SCMM: sternocleidomastoid muscle; Bold: additional sentinel lymph node

Also, SPECT/CT provided additional anatomic information that was considered to be helpful to
the surgeon in eleven patients (31%). This knowledge specified the exact location of sentinel
nodes in all six patients with a primary melanoma in the head and neck area, which was felt
to make the surgical approach more precise and easier. The additional information provided
by SPECT/CT prompted an adjustment in the surgical approach in ten of the 35 patients (29%).
In three cases the planned length of the incision was changed, because the node was either
deeper or more superficial than expected based on the conventional images. In three patients
an additional incision was made, in two patients the incision was made in another location and
in the remaining two patients the pre-operative positioning of the patient on the operating
table was adjusted for a better surgical approach. A total of ten tumor-positive sentinel nodes
were harvested in eight of the 35 patients (23%). The additional sentinel nodes visualized with
SPECT/CT were excised but did not change subsequent management, because all were tumor-

negative.

DISCUSSION

In the present study, routine use of SPECT/CT provided relevant additional information in 16
of 35 melanoma patients (46%) undergoing lymphatic mapping. SPECT/CT visualized a total of
eight additional sentinel nodes in seven of the 35 patients (20%). In two of these seven patients,
the addional nodes were in another nodal basin. The additional nodes in the remaining five
patients could possibly have been found without SPECT/CT. However, the observation that

these nodes contained very little radioactivity combined with the fact that the probe is not as
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sensitive as SPECT/CT, and the notion that we did not expect these nodes to be there based
on the conventional images, lead us to believe otherwise. Additional anatomic information
after SPECT/CT was gained in eleven patients (31%), which led to an adjustment of the surgical
approach in ten (29%). For the surgeon, it is very useful to know that for example the node is
well within the parotid gland instead of ‘in the neck’. SPECT/CT imaging takes approximately
twenty minutes. No supplementary contrast or radiopharmaceutical is used.[7] This additional
imaging tool leads to slightly more work and the additional costs in our institute are 203 euros
(approximately USS 300). The extra radiation dose induced by low-dose CT ranges from 1.3
mGy in the center to 5 mGy on the surface of the body.[10]

A number of studies have been published concerning the additional value of SPECT/CT
in melanoma patients. These focus mainly on patients with head and neck, posterior trunk
and lower limb melanomas, because these are known to have a complex lymphatic drainage
pattern. Even-Sapir et al describe that six of their 28 melanoma patients (21%) had additional
sentinel nodes depicted by SPECT/CT, which is comparable to our percentage of twenty.[11]
All these six primary melanomas were located on the trunk. In contrast to our current findings,
these investigators found no additional sentinel nodes nor did they gain new information in
case of alimb melanoma. SPECT/CT images added clinically relevant data in four of nine patients
(44%) with head and neck cancers and in six of twelve patients (50%) with trunk melanoma.
Mar et al found that SPECT/CT visualizes the precise site of the nodes in the head and neck
area and shows the relationship between sentinel nodes and anatomic landmarks.[12] SPECT/
CT also indicates the location of sentinel nodes close to the injection site and helps to rule out
contamination of the radiopharmaceutical on the skin. Vermeeren et al also recommend the
use of SPECT/CT in head and neck melanoma patients, because it visualizes more sentinel nodes
than conventional lymphoscintigraphy and shows their anatomic habitat.[13] Kretschmer
et al conclude that SPECT/CT is an excellent tool to exactly localize pelvic sentinel nodes in
patients with a primary melanoma on lower trunk or on the lower limb.[14] A previous study
at our institution in 85 melanoma patients with conventional lymphoscintigrams that were
inconclusive showed that SPECT/CT visualized twelve extra sentinel nodes in seven of the 31
patients (23%) with a melanoma on the trunk.[8] Three of these sentinel nodes were tumor-
positive and led to a change in the subsequent management. SPECT/CT better visualized the
sentinel nodes in 30 patients (35%) and changed the surgical approach in seventeen (20%) of
them. As in other studies, sentinel nodes in uncommon places were found.[15] These sentinel
nodes are usually small but the high sensitivity of SPECT/CT visualizes such nodes and shows

their precise location, facilitating their removal (figure 2). The percentage of false-negative
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sentinel node procedures in melanoma patients is high and is generally in the range between
5.7 and 32% in renowned melanoma institutes.[16] Apparently, sentinel nodes are often
overlooked. Although the issue was not addressed in this study, it is tempting to speculate
that the superior sensitivity of SPECT/CT could possibly help to reduce the occurrence of false-
negative procedures. None of the additionally removed sentinel nodes were tumor-positive in
the present study. This can be attributed to random variation and should not be interpreted as
obviating the need to remove all sentinel nodes.

In summary, SPECT/CT provided relevant additional information in sixteen of the 35
patients (46%). Routine SPECT/CT demonstrated additional sentinel nodes in 20% of an average
melanoma patient population. The originally planned surgical approach was modified in 29%
of the patients. The current study suggests that SPECT/CT is of sufficient value to perform
routinely. Its use had already been suggested for melanomas in the head and neck region and
on the trunk, but appears to be justified for lesions on the limbs as well, although the yield in

these cases seems less.

CONCLUSION

We conclude that the routine use of SPECT/CT in addition to conventional dynamic and static
lymphoscintigraphy in all melanoma patients facilitates sentinel node biopsy and increases the

number of retrieved nodes.
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