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ABSTRACT

A retrospective study of 67 patients with
metastatic melanoma was performed to
evaluate if imaging from lymphoscintigraphy
could predict a higher miss rate if only the
most radioactive node were removed.
Following protocol for sentinel node biopsy,
the surgeon resected all lymph nodes
containing radioactivity >10% of the most
radioactive node. A correlation was performed
between the radioactive counts of the lymph
nodes and the presence of metastases. The
percentage of cases in which the most radio-
active node was negative for metastasis on
pathology was calculated. Two nuclear
medicine physicians read the images from
lymphoscintigraphy specifically to determine 
if the first lymph node visualized became less
intense than other nodes on later images.
Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)
were calculated. In 13 of 67 (19%) patients,
the most radioactive lymph node was negative
for metastasis while a less radioactive node
contained metastatic disease. Consensus
reading by the nuclear medicine physicians
determined that in 9 cases, the first lymph
node visualized became less intense than
another lymph node on later images. Of the 
9 cases, 4 were true positive and 5 were false
positive when correlated with intraoperative
count rate and pathology. Of the cases where
the most radioactive node was not positive on

histopathology (n = 13), the consensus reading
by the nuclear medicine physicians reported 
4 of them (31%). Imaging by lymphoscinti-
gram had a sensitivity 31%, specificity 91%,
positive predictive value 44%, and negative
predictive value 85% for predicting whether
the most radioactive lymph node at surgery
would be negative for metastasis at pathology.
We conclude that in patients with melanoma,
lymphoscintigraphy has high specificity and
negative predictive value but modest sensitivity
and positive predictive value for detecting
when the sentinel node will not be the most
radioactive lymph node during sentinel lymph
node dissection. These findings support that
dynamic imaging by lymphoscintigraphy 
has a role in surgical planning but that the
imaging protocol could benefit from further
optimization.
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Melanoma is a malignant tumor of
melanocytes that accounts for the vast
majority of deaths related to skin cancer.
This malignancy has also shown increasing
incidence rates for at least 30 years (1). 
Since 2008, melanoma has risen from the
sixth most common cancer in men to the fifth
most common cancer, while it remains the
seventh most common cancer in women. The
American Cancer Society estimates that in
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2014 there will be 76,100 new cases of mela-
noma detected with an estimated 9,710
deaths (1). For localized melanoma, the 5-
year survival rate is 98% but decreases to
16% for distant stage disease (1).

Nodal metastasis of cutaneous melanoma
occurs through the lymphatics to regional
lymph nodes (2). Sentinel lymph node
dissection is therefore essential for melanoma
staging (3). Sentinel lymph node (SLN)
dissection is directed towards removal of the
first lymph nodes encountered via draining
lymphatics before these lymphatics extend to
additional nodes. Morton et al validated that
in the absence of metastatic disease in a
sentinel node, the additional nodes in that
field would rarely contain metastasis (4). 

Identification of the SLN is performed 
by lymphoscintigraphy with either intra-
dermal injection of a vital blue dye and/or
radiolabeled sulfur colloid around the site 
of tumor. The radiolabeled sulfur colloid is
transported either passively or by macro-
phages through the lymphatic vessels to the
draining lymph nodes.

Intraoperative use of a gamma probe for
radioactivity detection within the lymph
nodes has been shown to improve the rate of
SLN identification (5). However, multiple
lymph nodes are often detected with gamma
probe evaluation leading to uncertainty as to
whether the most radioactive lymph node is
the true sentinel lymph node or a secondary
node. A 2001 study demonstrated that if 
only the most radioactive lymph node was
removed in each nodal basin, 13.1% of nodal
basins with positive sentinel nodes would
have been missed (6).

Additionally, Carlson et al demonstrated
that tumor burden within a metastatic
sentinel lymph node influences the uptake 
of radioactive colloid (7). Lymph nodes that
have been infiltrated with tumor have
decreased numbers of antigen presenting cells
within the lymph node resulting in a reduced
capability to take up and retain radiotracers
(8). Therefore, metastatic lymph nodes might
retain less radiotracer compared to secondary

lymph nodes and may not be the most
radioactive lymph node at surgery. Conse-
quently, it is important to remove lymph
nodes with lower radioactive counts. Current
protocols routinely target lymph nodes with
radioactivity approximately 10% or higher
compared to the most radioactive node for
dissection, as well as any other clinically
suspicious nodes (6, 9-12).

This study of patients with metastatic
melanoma was performed to evaluate if
imaging using lymphoscintigraphy can
predict if the most radioactive lymph node 
at surgery will be negative for metastasis at
pathology.

MATERIALS AND METHODS

A retrospective review from April 2004 to
December 2011 was performed on 67 patients
from a quality control surgical database of
patients with melanoma who had positive
nodal disease after lymphoscintigraphy-
directed sentinel lymph node dissection at 
the University of Arizona Medical Center.
This review was approved by the Institutional
Review Board and a waiver to obtain
informed consent was granted. During this
time period, the imaging and operating
technique did not change significantly.

Sentinel lymph node dissection was
generally performed for melanoma with 
≥ 1 mm thickness. Lymphoscintigraphy was
performed with an intradermal injection of
approximately 37MBq (1 mCi) of filtered
Technetium-99m labeled sulfur colloid
adjacent to the melanoma lesion or biopsy
site in four divided doses under sterile
technique by the nuclear medicine technolo-
gist. Each dose was in an approximate
volume of 0.03 mL (for a total volume of 0.12
mL). Dynamic imaging started immediately
after injection with 1-minute frames acquired
for the first 15 minutes, followed by 5-minute
static images until visualization of a node or
scheduled surgery time. Imaging was obtained
in the anterior and posterior projections.
Delayed static images were also obtained in
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the lateral projections as necessary. Trans-
mission imaging was also performed using a
Cobalt-57 flood source. The technologist,
under the direct supervision of the nuclear
physician, marked the skin overlying the foci
of greatest radiotracer accumulation.

Operating time was 1 to 2 hours (typically
90 minutes) from the time of injection.
Intraoperatively, a handheld gamma probe
was used to detect radiolabeled lymph nodes,
and the most radioactive lymph node and all
lymph nodes with radioactivity of >10% of
the most radioactive node were dissected.
Palpable or suspicious lymph nodes were also
removed. No blue dye was used at the time 
of surgery. One surgeon performed all the
dissections during the study period. The
surgeon used the markings on the skin only
to identify the general region for dissection.
The surgeon measured the count rate of each
node away from the operative field and
therefore away from background counts from
the patient. This count rate for each node 
was recorded in the operative note, which
was used for the retrospective analysis.

All surgically resected lymph nodes 
were labeled and after serial sectioning were
examined histopathologically with routine
hematoxylin and eosin and immunochemical
staining for S-100 protein, melanoma-
associated antigen HMB-45, and melan A.
The pathology of each sentinel lymph node
was correlated with the radioactive counts.

For each patient, the removed lymph
nodes were categorized into nodal basins. The
nodal basins with more than one lymph node
removed were selected for analysis. Nodal
basins with only one lymph node removed
were excluded since a second node is not
available for comparison. Statistical analysis
was performed to determine how frequently
the less radioactive nodes were positive for
metastases. The miss rate was calculated as
the percentage of cases in which the most
radioactive lymph node was negative for
metastasis, while a less radioactive lymph
node in the same nodal basin was positive 
for malignancy. 

Two board-certified nuclear physicians
first independently reviewed the lymphoscin-
tigraphy images blindly and discrepancies
were resolved by consensus. A scan was
called “positive” if the first node visualized
became less intense than other nodes on more
delayed imaging. In this case, the radiologist
predicts that the most radioactive node seen
during surgery will not have tumor and
another less radioactive node will have
tumor. A scan was called “negative” if the
first node visualized remained the most
intense node on more delayed imaging. In
this case, the radiologist predicts the most
radioactive node will have tumor. Therefore,
a true positive case is “positive” on imaging
(the first node visualized became less intense
than another node on delayed imaging) and
the most radioactive lymph node is negative
for metastasis. This is a case where the
radiologist has correctly predicted based on
imaging that the most radioactive node seen
during surgery will not have tumor. A false
positive case is “positive” on imaging, but the
most radioactive lymph node is positive for
metastasis. This is a case where the radiologist
has incorrectly predicted based on imaging
that the most radioactive node seen during
surgery will not have tumor. In addition to
the miss rate, statistical evaluation to calcu-
late sensitivity, specificity, positive predictive
value (PPV), and negative predictive value
(NPV) was performed.

RESULTS

Sixty-seven patients, 22 women and 45
men, underwent lymphoscintigraphy-directed
SLN dissection and had nodal metastases at
pathology. The average age was 57 years old.
Fifty-eight cases demonstrated a single
draining lymph node basin. In 9 cases, there
were multiple draining nodal basins. A total
of 148 lymph nodes were collected during
surgery, and after pathological dissection a
total of 170 lymph nodes were analyzed for
metastases. The mean number of sentinel
lymph nodes collected per patient was 2.5.
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There were 78 positive sentinel lymph nodes
found in 68 nodal basins.

To determine the frequency that a less
radioactive SLN was positive for metastasis,
while the most radioactive lymph node was
not, 42 positive nodal basins were identified
in which more than one SLN was removed.
In these nodal basins, 13 cases were identified
(31%) in which the most radioactive lymph
node was found to be negative for metastasis,
while another lymph node with lower radio-
activity was positive. Overall, in 13 of 68
nodal basins (19%) the most radioactive node
was negative at pathology when a less
radioactive node was positive at pathology.
Therefore the miss rate would have been 
19% (13/68) if only the most radioactive node
was removed overall. In these 13 cases, the
most radioactive node had on average a 39%
higher radioactive count rate than the less
radioactive node that was positive on
histology (SD = 34%; median = 28%; range =
2.8% - 93%).

Images from lymphoscintigraphy were
analyzed for all 67 patients to evaluate
whether the first lymph node visualized
became less intense than other lymph nodes
in the same nodal basin. A consensus was
made for 9 cases in which the first lymph
node became less intense than other lymph
nodes in the same nodal basin. Of the 9 cases,
4 were true positive and 5 were false positive
when correlated with intraoperative count
rate and pathology. Of the cases where the
most radioactive node was not positive on
histopathology (n = 13), the consensus
reading by the radiologists reported 4 of them
(4/13 = 31%). Representative examples of
true positives are demonstrated in Figs. 1 and
2. An example of a false positive case is
provided in Fig. 3. In patients with melanoma,
lymphoscintigraphy has high specificity and
negative predictive value but modest
sensitivity and positive predictive value for
detecting when the sentinel node will not be
the most radioactive node (Table 1). Imaging

Fig. 1. True positive case. 53 year-old man with history of melanoma in the right posterior shoulder. In the 1-minute
frame (A), the first lymph node is visualized (open arrow). In the 13-minute frame (B), the first lymph node
visualized became less intense then another node (solid arrow). Pathologic examination revealed that the most
radioactive lymph node was negative for tumor and the less radioactive lymph node was positive for tumor (C).
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Fig. 2. True positive case. 77 year-old man with history of melanoma in the left scalp. In the 1-minute frame (A),
the first lymph node is visualized (open arrow). In the 5-minute frame (B), the first lymph node visualized became
less intense than another node (solid arrow). In the 18-minute static frame (C), the first lymph node remains less
intense then another node. Pathologic evaluation revealed that the most radioactive lymph node was negative for
tumor and the less radioactive lymph node was positive for tumor (D).

Fig. 3. False positive case. 58 year-old woman with history of melanoma in the right thumb. In the 3-minute frame
(A), the first lymph node is visualized (open arrow). In the 4-minute frame (B), the first lymph node visualized
became less intense than another node (solid arrow). In the 14-minute frame (C), the first lymph node remains less
intense than another node. Pathologic evaluation revealed that the most radioactive lymph node was positive for
tumor and the less radioactive lymph node was negative for tumor (D).
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predicted the most radioactive lymph node
would not have metastatic disease with a
consensus sensitivity of 31%, specificity of
91%, PPV 44%, and NPV 84%.

DISCUSSION

Lymphoscintigraphy is well established
for surgical localization of sentinel lymph
nodes in patients with cutaneous melanoma
for the staging of metastatic disease, and this
study investigated whether imaging could
predict a higher miss rate if only the most
radioactive node were removed. To accom-
plish this, we first examined the miss rate if
only the most radioactive node were removed.
We then reviewed the imaging specifically to
assess if the first node visualized became less
intense than other nodes at a later time point.
The results of the radioactive counts and
pathology from the removed nodes were
compared with imaging reads.

The results of this study confirm the
findings in previous studies that if only the
most radioactive node is removed, the
positive sentinel node would be missed at a
low but still clinically unacceptable rate. In
our study, 19% of the sentinel lymph nodes
with the highest radioactive counts were
negative for metastases, while less radioactive
lymph nodes were positive for metastases.
The Sunbelt Melanoma and Carlson groups
demonstrated a similar miss rate of 23% and
19%, respectively (6,7). 

To our knowledge, this is the first study
to determine whether lymphoscintigraphy
imaging can predict if the most radioactive

lymph node at surgery will be negative for
metastasis at pathology. While the sensitivity
was relatively low, a positive predictive value
approaching 50% indicates clinical potential.
For example, a positive scan may indicate the
need for greater caution in measuring the
radioactivity of nodes and warrant removal 
of additional nodes. Since sentinel lymph
node dissection occurs after the lymphoscin-
tigraphy imaging, the relative count rates
obtained by the intraoperative gamma probe
may change from the time of imaging. The
importance of the imaging is not to target a
specific node of lower radioactivity for
surgery but to identify that a patient has a
higher probability of atypical lymphatic
drainage resulting in a higher miss rate if
only the most radioactive node were removed.
Therefore, in these instances, it is important
to communicate these findings with the
surgeons to aid in surgical planning and
accurate staging of the patient’s disease.

In the future, a prospective trial may
have improved sensitivity by utilizing a
protocol developed specifically for this
purpose. For example, optimization may
entail shorter time points, cameras utilizing a
larger field of view, or SPECT/CT (13-14).
SPECT/CT could aid the surgeon to localize
which node was the “hottest” sentinel node
rather than using the intraoperatively
detected radioactive counts, which is a
representation of nodal activity more delayed
than imaging. Quantitative analysis with
regions of interest may be superior to visual
assessment. Since the tumor burden within a
lymph node may influence the uptake of
radioactive colloid, future studies could
evaluate the relationship amongst percent
tumor burden, radioactive count rate, and
imaging appearance. 

Utilization of receptor-targeted
radiopharmaceuticals for lymphoscintigraphy
such as Technetium Tc99m Tilmanocept
would also be interesting to study for this
purpose (15-17). Also, future studies with a
larger patient population and prospective
evaluation of surgical removal of lymph

TABLE 1
Sensitivity, Specificity, Positive Predictive

Value, and Negative Predictive Value
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nodes with radioactive count rates lower than
the 10% may be performed to investigate the
clinical impact of our findings. 

Our study has several limitations. As
mentioned earlier, the nodes on imaging
cannot always be directly correlated to the
surgically removed nodes. Also, the study was
retrospective in design. While the subjects
were not consecutive, they were randomly
collected. To better understand the inter-
observer variability, a larger pool of readers 
is required (our institution has two nuclear
medicine physicians). Finally, while the rate
is certainly low, we do not know exactly how
often patients at our institution have a missed
positive sentinel node with counts below 10%
of the most radioactive lymph node. For
example, a patient was diagnosed with left
shoulder melanoma and had a sentinel lymph
node dissection that was negative for metas-
tasis. On clinical follow-up, the patient was
later confirmed surgically to have local
metastatic nodes. Retrospective review of the
lymphoscintigraphy study (Fig. 4) demon-
strates that the first lymph node visualized
becomes less intense than another node. In
this instance, perhaps surgical removal of

lymph nodes with radioactive count rates
lower than 10% of the most radioactive
lymph node may have accurately staged 
this patient. 

CONCLUSION

Melanoma patients with nodal metastasis
are known to have a worse prognosis than
those without nodal metastasis. Therefore,
accurate identification of nodal metastasis is
crucial for staging, prognosis and therapy.
Our study shows that imaging by lymphoscin-
tigraphy has both a high specificity and nega-
tive predictive value but modest sensitivity
and positive predictive value for detecting
when the sentinel node at pathologic
examination will not be the most radioactive
node at surgery. These findings are promising
that an optimized imaging protocol may play
a future role in surgical planning for
improved sentinel lymph node dissection.
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