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ABSTRACT
Background: Sentinel lymph node biopsy (SLNB) is a critical staging tool for melanoma patients. The
optimal number of lymph nodes removed in SLNB remains unclear. In this study, we retrospectively
analysed and tested different criteria for selecting sentinel lymph nodes (SLNs) by radiotracer uptake
and blue dye, and their impact on nodal staging. We also evaluated the association between SLN
tumour burden and radiotracer uptake.
Methods: The study population consisted of melanoma patients undergoing SLNB. During the oper-
ation all radioactive and blue nodes were removed and sent for histopathological analysis. The ex vivo
radioactive count and presence of blue dye of each node were recorded, and these were correlated
with presence and size of metastasis in each SLN.
Results: Altogether 175 patients with clinically occult metastasis presented with one or more positive,
i.e. metastatic, SLNs. The mean number of lymph nodes removed was 4.5, and the mean number of
positive lymph nodes was 1.5 per patient. The most radioactive or hottest node was negative in 38
patients (22%). By removing the hottest node and all nodes with radioactivity >10% of the hottest
node, 97% of patients would have been staged correctly. In five patients, metastasis was found solely
in a SLN with radioactivity <10% of the hottest node. Of all 267 positive nodes removed, 125 (47%)
contained blue dye. Patients with a negative hottest node were associated with lower SLN tumour
burden.
Conclusions: By removing the hottest node and all nodes with radioactivity >10% of the hottest
node, 97% of patients with SLN metastases are correctly staged with or without using blue dye.
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Introduction

Status of the sentinel lymph node (SLN) is the most accurate
predictor of survival in melanoma patients with clinically
negative regional lymph nodes. Sentinel lymph node biopsy
(SLNB) has an essential role in staging and selecting patients
for follow-up and adjuvant therapies [1,2].

Until recently, most patients with a positive, i.e. meta-
static, SLN underwent completion lymph node dissection
(CLND) [1]. The multicentre trials MSLT-II and DeCOG-SLT
failed to show any survival benefit for CLND, and subse-
quently, CLND has been omitted for most patients with SLN
metastases [3–5]. Further, targeted therapies and immuno-
therapy have evolved rapidly, and SLNB has an essential role
in selecting patients for adjuvant therapies and trials [6–8].

SLNB is based on an orderly progression of metastatic
cells from the primary tumour site to the lymphatic system
[9]. SLN is defined as a node or nodes that receive direct
lymphatic drainage from the primary tumour site [10].

The SLNB procedure commonly involves preoperative lym-
phoscintigraphy with radiotracer, intraoperative use of a
gamma-detector and blue dye, and histopathological analysis
of SLNs [1,11,12]. Each of these steps contributes to the
accuracy of the procedure and should be of high standard to
minimise the number of false-negative biopsies [11,12].

The static images of a lymphoscintigram frequently show
multiple lymph nodes in a lymph node basin. It may be diffi-
cult to differentiate the true sentinel nodes from second-tier
nodes, i.e. nodes that receive radio tracer after it has passed
through the sentinel node(s), an issue commonly encoun-
tered with inguinal/iliac lymph nodes [10,12–14].

The number of nodes that need to be removed must be
optimised to balance sensitivity and morbidity of the proced-
ure [10,12]. Several attempts have been made to refine the
SLNB procedure by limiting the number of nodes removed
without compromising sensitivity [15–19]. The most widely
used method is the ‘10% rule’, which states that all blue
nodes and nodes that have ex vivo radioactivity of 10% or
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more of the radioactivity of the most radioactive node, i.e.
the hottest node, need to be removed [17].

SLN tumour burden has prognostic value [20–23]. The
most employed method to measure tumour burden in SLN is
the maximum diameter of the largest metastatic tumour
deposit in SLN [22,24,25]. The correlation between SLN
tumour burden and radioactivity in patients with more than
one positive SLN has not been analysed previously.

In this study, we sought to investigate the correlation of
radioactivity with status of SLN to discover which nodes har-
bour metastases and how many nodes need to be removed
to detect SLN metastases. Different criteria for harvesting
SLNs were applied to test their impact on nodal staging of
patients. In addition, we explored whether the radioactivity
correlates with the diameter of the SLN metastasis in
patients with more than one positive SLN. The role of blue
dye was also evaluated.

Patients and methods

The Helsinki University Hospital institutional review board
approved the study protocol.

Our series consists of 930 consecutive patients who
underwent a SLNB procedure during the period of 2001–
2008 at the Department of Plastic Surgery, Helsinki University
Hospital, Finland. The criteria for SLNB were Breslow thick-
ness of the primary tumour of 1mm or more or other patho-
logical features suggesting a more aggressive behaviour of
melanoma, i.e. ulceration and mitotic activity.

In this study, we included melanoma patients with no
clinically evident metastatic disease at the time of surgery,
and who presented with one or more positive, i.e. metastatic,
SLNs.

Preoperative lymphoscintigraphy was performed on the
day before surgery. Technetium-99m–labelled colloidal albu-
min (Albu-Res and Nanocoll, Nycomed Amersham Sorin s.r.l.,
Saluggia, Italy) 80 MBq in 0.2ml was injected intradermally
into the primary tumour site on both sides of the excision
scar. Static images 30min and 2 h from injection were
obtained. Patent blue dye (Bleu Patent�e V, Laboratoire
Geuerbet, Aulnay-sous-Bois, France) mean 1ml was injected
intradermally into the site of the primary tumour just prior
to surgery. A Gamma detecting probe (Navigator, Tyco
Health Care, Norwalk, CT, USA and Neoprobe 2000, Johnson
& Johnson Medical, Hamburg, Germany) was used intraoper-
atively and all blue-stained and/or radioactive nodes were
harvested. SLNs were removed until no focal residual activity
could be detected. The radioactivity count of the nodes was
performed ex vivo and recorded. The radioactivity counts
were collected prospectively, and a specific form designed
for research and quality-control purposes was filled in for
each patient. Lymph nodes that had no radioactivity or blue
stain were not considered SLNs. If two or more lymph nodes
were removed en bloc and only a single radioactivity count
was recorded, they were considered a single SLN in the data
analysis.

Each SLN was sent for histopathological analysis. The
nodes were embedded in paraffin and serially cut into

1mm slices and stained with haematoxylin-eosin.
Immunohistochemical staining with melanoma-specific anti-
gens S-100, Melan-A, and HMB-45 was performed. The length
and width of the SLN metastases were measured. The max-
imum diameter of the largest tumour deposit and the
involved SLN were reported.

The CLND specimen was weighed, and half of each node
was taken into histopathological analysis (haematoxylin-
eosin). Immunohistochemistry was not used routinely.
Metastases were recorded according to size in one dimen-
sion and according to the number of positive nodes of all
nodes in the basin.

Statistical analysis was performed to test the correlation
between patients with a positive hottest SLN and patients
with a negative hottest SLN in a subgroup of patients who
had more than one positive SLN. The correlation between
the status of the hottest node and the maximum diameter
of the largest tumour deposit of the SLN was analysed. In
addition, the correlation between the radiotracer uptake and
whether the SLN harboured the largest metastatic tumour
deposit was analysed in patients with more than two posi-
tive SLNs. Statistical analysis was performed by Chi-square
test for categorical variables and Mann-Whitney U test for
continuous variables using SPSS, version 25 (IBM, Armonk,
NY, USA). P-values of less than 0.05 were considered
significant.

Results

Patients and lymph node basins

The specific inclusion criteria resulted in 175 melanoma
patients in whom at least one SLN was positive. A total of
783 SLNs were sampled from 221 lymph node basins. Of the
patients, 133 had an operation on just one basin, with a
mean number of basins per patient of 1.27 (median 1, range
1–3). Of the 221 basins, 188 (85%) were harbouring one or
more metastatic nodes. Of the 175 patients, 163 (93%) had a
single positive basin, 11 (6%) had two positive basins, and
one (0.6%) had three positive basins. The median number of
SLNs removed per patient was four (range 1–15). At least
two nodes were removed in 160 cases (91%). Altogether 270
nodes (35%) were positive with the mean number of positive
nodes per patient being 1.5. Of all 175 patients, 66 (38%)
had more than one positive SLN.

The hottest SLN and relative radioactivity of SLNs

The hottest node – the node with the highest radioactivity
count – was positive in 137 patients (78%). When the hottest
node was negative, the second hottest node was positive in
26 cases (14%), the third hottest node in four cases
(2.3%), and another less active node in eight cases (4.6%)
(Figure 1).

Table 1 displays the patient demographics of all 175
patients and the 160 patients with more than one SLN
removed stratified by the status of the hottest node. Patients
with lower Breslow thickness, smaller diameter of SLN
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metastasis, and/or fewer positive SLNs were less likely to pre-
sent with metastasis in the hottest node. Otherwise, we
found no significant difference between the subgroups.

For the 38 patients with a negative hottest node, the
median ratio of the radioactivity of the most radioactive
positive node versus the radioactivity of the hottest node

Figure 1. Order of the most radioactive or hottest positive SLN in the study population of 175 patients according to radiotracer uptake. Number one represents
137 patients with a positive hottest SLN. Numbers two and three represent patients with a negative hottest SLN, who presented with a metastasis in the second or
third hottest SLN, respectively. In eight cases, indicated with >3, the three hottest SLNs were negative and a less radioactive node harboured metastasis. SLN: sen-
tinel lymph node.

Table 1. Clinicopathologic characteristics of all 175 patients and 160 patients with more than one SLN removed stratified by the status of the hottest SLN, i.e.
SLN with highest radiotracer uptake.

All patients
Patients with >1 SLNs removed (N¼ 160)

Hottest SLNþ Hottest SLN- p-value(
�

N 175 122 38
Age (y)
Median (range) 60 (14–90) 60 (14–89) 60 (23–85) 0.526

Gender
Female (%) 67 (38) 50 (41) 12 (32) 0.299
Male (%) 108 (62) 72 (59) 26 (68)

Location of primary tumour N (%)
Head&Neck 20 (11.4) 14 (12) 4 (11) 0.082
Trunk 79 (45.2) 52 (43) 20 (52)
Upper limb 28 (16) 16 (13) 9 (24)
Lower limb 48 (27.4) 40 (32) 5 (13)

Breslow thickness (mm)
Mean 3.3 3.6 2.4 0.011
Median (range) 2.7 (0.80–21.0) 3.0 (0.80–21) 2.0 (0.95–6.0)

T Category N (%)
T1� 1 mm 12 (7) 8 (7) 3 (8)
T2> 1–2 mm 55 (31) 35 (28) 17 (45)
T3> 2–4 mm 68 (39) 49 (40) 13 (34)
T4> 4 mm 40 (23) 30 (25) 5 (13)

Ulceration N (%)
Yes 43 (25) 31 (25) 9 (24) 0.595
No 128 (73) 88 (72) 29 (76)
Unknown 4 (2) 3 (3) -

Number of basins
1 133 91 27 0.665
2 38 29 9
3 4 2 2

Number of SLNs
Mean 4.5 4.7 5.2 0.292
Median (range) 4 (1–15) 4 (2–15) 5 (2–12)

Number of positive SLNs
Mean 1.5 1.7 1.2 <0.001
Median (range) 1 (1–7) 1 (1–7) 1 (1–2)
Mean diameter of the largest tumour deposit in SLN (mm) 2.2 2.5 1.1 <0.001

CLND performed N (%) 151 (86%) 104 (85%) 33 (87%) 0.599
Additional metastatic nodes in CLND N (% of CLNDs) 18 (12) 14 (13) 2 (6) 0.379

SLN: sentinel lymph node; CLND: completion lymph node dissection.�)p-values refer to the comparison between 122 patients with a positive hottest SLN and 38 patients with a negative hottest SLN.
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was 0.46 (range 0.02–0.96). Figure 2 shows the distribution
of the relative radioactivity in all 175 patients.

Completion lymph node dissection (CLND)

Of all 175 patients, 151 (86%) underwent CLND and 22 did
not for the following reasons: randomised to MSLT-II fol-
low-up group (n¼ 10), patient refusal (n¼ 7), poor general
health (n¼ 4), a metastasis found solely in an interval
node, i.e. SLN located between the primary tumour site
and the lymph node basin (n¼ 1) [3,26]. For two patients,
no CLND or follow-up data were available due to moving
abroad. Of the 151 patients who underwent CLND, only 18
(11.9%) had additional metastatic nodes in the CLND
specimen.

Blue dye

Of all 783 lymph nodes, 220 (28%), and, of all 270 positive
nodes, 125 (46%) contained blue dye. No blue dye in SLNs
could be detected in 57 patients (33%). Of 118 patients with
any blue dye in SLNs, 104 had blue-stained metastatic SLNs,
all of which were also radioactive. In 87 cases, the hottest
node was blue and positive. In 15 cases, the hottest node
was negative, but the hottest positive node was blue. In
three of these 15 patients, the radioactivity of the positive
node was less than 10% of the hottest node. There were two
patients with a positive hottest node with no blue dye but
another less radioactive positive blue node. In 14 cases,
blue dye was found only in non-metastatic lymph nodes,
and 10 of these patients presented with a blue but negative
hottest node.

Various criteria for SLN

Table 2 displays different criteria applied for a SLN to test
their impact on the miss rate of positive nodes, and on nodal
and overall staging of patients according to the eighth edi-
tion of the AJCC staging manual [2]. For patients operated
on for multiple lymph node basins, each rule applies to indi-
vidual lymph node basins because during the operation the
surgeon compares the radioactivity of individual SLNs to the
hottest node of the same basin rather than to the hottest
node of the patient. By removing the hottest node only, 114
(42%) of all 270 positive nodes would have been missed and
34 (19%) of the 175 patients would have been under-staged.
By following the ‘10% rule’, the number of missed positive
nodes would have been 14 (5.2%) and the number of under-
staged patients two. Following the ‘10% rule’ would have
decreased the total number of harvested lymph nodes from
an average of 4.5 to 3.4 per patient. However, 18 patients
had positive SLNs with radioactivity <10% of the hottest
node, and five patients presented with a metastasis solely in
such a node. Of these five patients, three had blue dye in
the positive SLN.

SLN radioactivity and tumour burden

Patients with a negative hottest node presented with lower
SLN tumour burden measured by the maximum diameter of
the largest tumour deposit of the SLN. The correlation was
analysed using the maximum diameter as a continuous vari-
able (p< 0.001) as well as using a cut-off value of 1mm,
which represents the median diameter of SLN metastases
(p¼ 0.004). Of the 67 patients with more than one positive
SLN, 45 (67.2%) had the largest tumour deposit in the

Figure 2. Distribution of 175 patients according to the radiotracer uptake of the most radioactive positive SLN compared with the hottest SLN. The column of
100% represents 137 patients with a positive hottest SLN. SLN: sentinel lymph node.
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hottest positive node and 22 (32.8%) in a less active positive
node. Altogether 163 positive SLNs were recorded from the
67 patients with more than one positive SLNs. The hottest
positive node harboured the largest metastasis in 45 (27.6%),
and a less active SLN in 22 (13.5%) of all 163 positive SLNs in
patients with more than one positive SLN (p< 0.001)
(Supplementary Table 1). Similarly, the higher relative radio-
activity of positive SLN vs hottest positive SLN correlated
with the presence of the largest metastasis (p< 0.001).

Discussion

In this current study, we retrospectively analysed 175 melan-
oma patients with at least one positive SLN, to evaluate the
criteria of harvesting SLNs and to optimise the staging pro-
cedure. We found that in 38 cases (22%), the hottest node
was negative and in 12 cases (7%) the two hottest nodes
were negative. Of all 175 patients, 66 (38%) had two or more
positive SLNs. In cases with a negative hottest node, the
radioactivity ratio of the most radioactive positive node to
the hottest node was widely distributed. When we compared
different criteria of harvesting SLNs, we found that by remov-
ing the hottest node and all nodes with radioactivity >10%
of the hottest node, 97% of patients would have been
staged correctly. By adding blue-stained nodes to the criteria,
as in the original ‘10% rule’, only two patients would have
been under-staged. In 33% of the cases, no blue dye was
detected in SLNs, and only 46% of all positive SLNs were
blue-stained. Patients with a negative hottest node were
associated with lower tumour burden.

After the large prospective studies MSLT-II and DeCOG-
SLT failed to show significant survival benefit of CLND in
melanoma patients after a positive SLN, CLND has been
largely abandoned [3–5]. The accuracy of lymph node sur-
gery relies on SLNB, and its role in staging and selecting
patients for trials, adjuvant therapies and/or follow-up is
highlighted [6–8]. In a recently published substudy by the
MSLT-II Study Group, more than 80% of patients with a posi-
tive SLN who were randomised to nodal observation instead
of CLND did not have an in-basin nodal recurrence at
10 years, supporting the therapeutic value of SLNB [27].

The optimal number of nodes that need to be removed is
controversial. The number of nodes removed in SLNB is one
of the key elements determining the sensitivity of the pro-
cedure [10,12]. For staging purposes, it is not merely a ques-
tion of positive versus negative SLNB but also the number of

positive SLNs influences nodal staging. Ideally, all positive
nodes in the basin would be removed in SLNB to stage
patients precisely – information that we used to get from
the CLND specimen. Yet, the original idea of SLNB was to
perform a minimally invasive operation with a minimal risk
of complications and surgical trauma to the patient [9]. The
reported complication rate for SLNB is far less than for CLND
[3,11,28,29].

Several studies have investigated the number of nodes
needed to determine the SLN status adequately without per-
forming an operation more or less like a CLND [15–17,19]. A
few studies suggest that no more than two nodes should be
harvested, whereas in many publications a percentage limit
relative to the most radioactive node is preferred [16–18,30–
32]. Although there is no unanimous agreement on the exact
limit, the “10% rule” has been widely accepted and its utility
has been tested several times [16,17,19,32–34]. The broad
range of relative radioactivity levels displayed in Figure 2
explains why a cut-off at 50% of the hottest node or a pre-
defined number of sentinel nodes represent suboptimal
ways to limit the number of harvested nodes. It is advisable
to prefer a relative radioactivity cut-off value such as 10% of
the hottest node.

SLNB became a standard procedure in our hospital in
2000. From the very beginning we set out to determine the
optimal number of nodes and decided to aim at a very low
residual radioactivity of the lymph node basin rather than
following the “10% rule”, while carefully recording the radio-
activity count of every SLN removed. In previous studies on
the optimal number of removed nodes, the average number
per patient ranges from two to three [16,18,19,30,32]. In our
study, the mean number of SLNs was 4.5 per patient. This is
partly because of the protocol described above, but also the
tracer plays a role in the harvest. We use Technetium-99 m–
labelled colloidal albumin, which, compared with sulphur col-
loid yields higher numbers of nodes [35]. In our study,
removing the hottest node and all nodes with radioactivity
>10% of the hottest node yielded an average of 3.4 SLNs
per patient, which still represents a rather high number of
lymph nodes. However, there is currently no better way of
limiting the number of harvested nodes intraoperatively.
Today, single-photon emission computed tomography/com-
puted tomography (SPECT/CT) is in routine use in our hos-
pital and helps to locate the SLNs, but has less value in
limiting their number, i.e. selecting the true SLNs from
second-tier nodes [36–38]. Dynamic imaging and discussion
between the nuclear medicine physician and the surgeon are

Table 2. SNB according to various retrospectively applied SLN criteria based on which nodes are removed from a lymph node basin.

Definition of SLN Number of SLNs Positive SLNs
Positive nodes
missed (%)

Number of patients with a
change in N category (�

Number of under-
staged patients (�

All hot and blue nodes 783 270 – – –
All hot nodes 782 270 – – –
>10% and blue 588 256 14 (5.2) 8 2
>10% 560 250 20 (7.4) 12 6
>50% 317 196 74 (27) 51 17
Three hottest 512 239 31 (11) 19 8
Two hottest 390 213 57 (21) 33 14
Hottest only 220 156 114 (42) 78 34
�) According to the 8th edition of AJCC staging manual. SNB: sentinel lymph node biopsy; SLN: sentinel lymph node.
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paramount. New imaging techniques should further help to
solve this issue, but currently lymphoscintigraphy remains
the gold standard.

Blue dye has been used routinely since the early years of
the procedure but has lost popularity in recent years due to
allergic reactions [39,40]. In addition, although it is consid-
ered helpful in visualising SLNs and lymph vessels, the use of
blue dye does not significantly increase the accuracy of SLNB
[16,19]. In our study, in three out of five cases where the
radioactivity count was less than 10% of that of the hottest
node the positive node was stained blue, suggesting a posi-
tive impact on the sensitivity of the procedure. However,
only 46% of all positive SLNs were stained blue. Considering
the possible risks of blue dye, it is no longer in routine use
in our hospital.

Low Breslow thickness of the primary melanoma tumour
and small diameter of SLN metastasis were associated with a
higher likelihood of a negative hottest SLN, with at least one
of the less radioactive SLNs harbouring metastasis. This may
be due to minimal deposits of melanoma cells in the hottest
SLN that were not detected in histopathological analysis [41].
To our knowledge, there are no similar studies on the associ-
ation between SLN radioactivity and tumour burden. Carlson
et al. [15] reported a higher SLN tumour burden in patients
with a low radioactivity count ratio of SLN versus nodal bed.

Even though the radioactivity counts of SLNs were
recorded prospectively, our study has limitations due to its
retrospective setting. Therefore, different stages of the pro-
cedure – lymphoscintigraphy, surgery, and histopathology –
may have been more susceptive to subjectivity. However,
the same guidelines for SLNB applied to all patients and
most patients underwent CLND according to the previous
paradigm. A similar prospective analysis is therefore no lon-
ger possible as CLND has been rightfully abandoned.

Conclusions

A threshold based on the relative radioactivity count of SLNs
should be preferred to removing only one to three of the
hottest nodes in SLNB. The number of SLNs needed to be
harvested for histopathology depends on their intraoperative
radioactivity count. SLNs with low radioactivity counts may
harbour metastases. By removing the hottest node and all
nodes with radioactivity >10% of the hottest node, more
than 97% of patients with SLN metastases were discovered.
Blue dye added to the accuracy of SLNB but was not
essential.
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