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Management of Popliteal Sentinel Nodes
in Melanoma
Shawn T Steen, MD, Hamed Kargozaran, MD, Christopher J Moran, MD, FACS, Myung Shin-Sim, DrPH,
Donald L Morton, MD, FACS, Mark B Faries, MD, FACS

BACKGROUND: Although most melanomas on the distal lower extremity drain exclusively to inguinal lymph
nodes, a small percentage (�5%) drain to interval nodes in the popliteal basin. We investigated
a possible relationship between tumor-draining popliteal and inguinal nodes in patients with
lower-extremity melanoma.

STUDY DESIGN: We queried our melanoma database to identify patients who underwent sentinel node biopsy (SNB)
for an infrapopliteal melanoma. Patterns of nodal drainage and nodal metastasis were analyzed.

RESULTS: Of 461 patients who underwent SNB for a primary infrapopliteal melanoma, 15 (3.2%) had
drainage to the popliteal basin. Thirteen melanomas were on the posterior leg and foot, and 2 were
on the anterior lower leg. Mean Breslow thickness was 2.4 mm. All 15 patients with popliteal
drainage also had inguinal drainage and therefore underwent concurrent inguinal and popliteal
SNB. The average number of popliteal sentinel nodes was 1.4 (range 1 to 3). Eight patients (53%)
had a tumor-positive popliteal sentinel node, and 6 of the 8 underwent completion popliteal lymph-
adenectomy. Four of the 8 patients (50%) also had tumor-positive inguinal sentinel nodes; all underwent
complete inguinal lymphadenectomy. We also identified 9 additional patients who underwent SNB for
locoregional recurrent melanomas of the infrapopliteal leg.Three (33%) of these patients had concurrent
inguinal and popliteal SNB, with 1 isolated tumor-positive popliteal node found.

CONCLUSIONS: In our series, a high percentage of popliteal sentinel lymph nodes contained metastases, and
these patients frequently also had inguinal metastases. In our patients, all inguinal metastases
were associated with concomitant popliteal metastases. Although it is anatomically separate, the
inguinal basin appears to be a functional extension of the popliteal basin. (J Am Coll Surg 2011;

xx:xxx. © 2011 by the American College of Surgeons)
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A combination of preoperative lymphoscintigraphy, intra-
operative lymphatic mapping, and sentinel lymph node
biopsy (SNB) for cutaneous melanoma, initially described
by Morton and colleagues1 in 1992, identifies the first
site(s) of regional lymphatic drainage and those lymph
nodes most likely to contain occult metastasis.2 Although
ymphatic drainage of cutaneous melanoma usually targets
ervical, axillary, or inguinal basins,3 approximately 5% to

8% of melanomas drain initially to unexpected areas such
as the intermuscular triangular space of the back, epitroch-
lear region, or the popliteal fossa.2,4,5 Nodes in these sites

ave been described as interval, in-transit, ectopic, or in-
ercalated.4,6,7 Because rates of tumor involvement are sim-

ilar for these nodes and nodes in more common drainage
basins, their tumor status is important for accurate staging
and treatment of melanoma.2,7-9

The literature concerning popliteal SLNs in cutaneous
melanoma of the lower extremity is limited. Concomitant
popliteal and inguinal lymphatic drainage has been docu-
mented,10 but there is no consensus on its biology or clin-

ical significance. To identify a possible relationship be-

ISSN 1072-7515/11/$36.00
doi:10.1016/j.jamcollsurg.2011.01.062

mailto:mark.faries@yale.edu


w
a
a

b
t
d
e
f
t
t
f
m
f
m
d
o
p
i
t
d
t
s
o
o
i
i

y

l
m
g
d
p
p
n
l
p
S
t
d
h
i

s
i
t
d
a
d
t
a

0
s
p
i
a

S
a

2 Steen et al Popliteal Nodes in Melanoma J Am Coll Surg
tween tumor-draining popliteal and inguinal nodes in
patients with lower-extremity melanoma, we deter-
mined the frequency of lymphatic drainage to popliteal
SLNs, clinical features of patients with a popliteal SLN,
patterns of nodal involvement in the popliteal and in-
guinal basins, and outcomes of patients with popliteal
SLN metastases.

METHODS
The melanoma database at the John Wayne Cancer Insti-
tute contains more than 15,000 records spanning the years
1971 to 2010. We queried this database to identify patients
who underwent SNB for a primary or recurrent infrapop-
liteal melanoma. At John Wayne Cancer Institute, we rou-
tinely perform SNB for cutaneous primary melanomas
with high-risk characteristics and for locoregional recur-
rent melanoma. Recurrent lesions eligible for SNB are iso-
lated dermal or subcutaneous metastases that recur within
2 cm of the previous wide excision or beyond 2 cm but
along the lymphatic drainage pathway of the initial mela-
noma,11,12 in patients with no evidence of regional adenop-
athy or distant metastases.11 The SNB data for patients

ith primary melanomas and those with locoregional mel-
nomas are presented separately in the results because they
re distinctly different disease processes.

Our technique of preoperative SNB has previously
een described.1 Briefly, 0.5 to 1.0 mCi of ultrafiltered
echnetium-99m (Tc 99m) sulfur colloid is injected intra-
ermally at the primary site. A rectangular gamma camera
quipped with a high-resolution collimator is used to per-
orm immediate dynamic imaging to follow the course of
he lymphatic collecting vessels. Static images with the pa-
ient in the supine position and upright with 90-degree,
lexed knee lateral view are obtained after delays of 10
inutes and 2 hours. Delayed image acquisition is per-

ormed at both the popliteal and inguinal basins in all
elanomas of the lower leg. We define SLNs as nodes

irectly receiving lymphatic channels and retaining tracer
n delayed images. We routinely use the hand-held gamma
robe (Neoprobe, Neoprobe Corporation) to screen the
nguinal and popliteal basins intraoperatively. Intraopera-
ive intradermal injection of 1 to 3 mL of 1% isosulfan blue
ye (Lymphazurin, Tyco International) in 4 quadrants at
he site of the primary tumor is used at the beginning of the
urgical procedure. SNB is performed before wide excision
f the primary site. All blue nodes and all nodes with a level
f radioactivity higher than background are removed. The
nguinal and popliteal basins are treated as separate basins
n regard to radioactivity counts.

All removed nodes undergo permanent histologic anal-

sis with hematoxylin-eosin staining at multiple levels, fol-
owed by immunohistochemistry for melanoma-specific
arkers. A tumor-positive SLN contains either histolo-

ic evidence of malignancy or immunohistochemistry-
etected foci of malignant cells. Complete dissection is
erformed in any nodal basin that contains a tumor-
ositive SLN. We treated the popliteal basin and ingui-
al basins separately in our study. A tumor-positive pop-

iteal SLN with a negative inguinal SLN would receive a
opliteal completion dissection alone. If the inguinal
LN was also positive, an inguinal completion dissec-
ion was also performed. Nonsentinel nodes removed
uring complete dissection are evaluated by routine
ematoxylin-eosin staining without serial sectioning or

mmunohistochemistry.
Data regarding patient demographics, primary tumor

ite, lymphoscintigraphic mapping, intraoperative find-
ngs, pathologic analysis, and additional surgery were re-
rieved for analysis. Recurrence data were gathered from
atabase and chart review. Patients were grouped by drain-
ge basin (popliteal and/or inguinal) for comparison. Stu-
ent t-test or chi-square analysis was used to compare pa-
ient and tumor factors between those with popliteal SLNs
nd those with inguinal-only SLNs. A p value � 0.05 was

considered significant. The study was approved by the in-
stitutional review board of our institution.

RESULTS
SNB for primary infrapopliteal melanoma
During the study period, 461 patients underwent SNB for
a primary melanoma located below the knee. Fifteen
(3.2%) patients had drainage to the popliteal basin and
underwent popliteal SNB (Table 1); 446 (96.8%) patients
showed no uptake in the popliteal space and underwent
inguinal SNB only. Patients in the popliteal group were
younger than those in the inguinal-only group, with mean
ages of 39 and 52 years, respectively (p � 0.005). Popliteal
and inguinal-only groups were found to have no statisti-
cally significant difference with respect to sex (73% and
65% female, p � 0.5), mean Breslow thickness (2.4 and
1.8 mm, p � 0.3), Clark level IV/V (62% and 58%, p �
.07), and ulceration (8% and 21%, p � 0.3). The lack of
ignificant differences may be due to a small number of
atients in the popliteal SLN group, however, and compar-
son of the groups as matched samples should be cautioned
gainst.

Of the 15 primary melanomas draining to a popliteal
LN, 13 (87%) were located on the posterior leg and foot
nd 2 (13%) were located on the anterior lower leg (Fig. 1).

Of the 446 patients with inguinal drainage only, 265
(59%) had lesions on the posterior leg and foot and 181

(41%) had lesions on the anterior leg.
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All 15 patients with popliteal drainage also had inguinal
drainage and all underwent concurrent inguinal and pop-
liteal SNB. In the 11 patients with available data, all pop-
liteal SLNs were blue and radioactive. The average number
of popliteal SLNs in the 15 patients was 1.4 (range 1 to 3).
The average number of inguinal SLNs in the 15 patients
was 1.7 (range 1 to 5).

Figure 2 shows the outcomes of SNB for the 461 pa-
tients with primary melanomas located below the knee. Of
15 patients who underwent popliteal SNB, 8 (53%) had
metastatic disease in the popliteal SLN. Of 446 patients
who underwent inguinal-only SNB, 118 (26%) had ingui-
nal metastases. Of the 8 patients with positive popliteal
SLNs, 4 (50%) also had a positive inguinal SLN. No pa-
tient had a positive inguinal SLN with a negative popliteal
SLN. So, in 50% of patients with popliteal drainage and
nodal involvement, the only site of metastatic disease was
an interval popliteal lymph node (Fig. 2).

Six of the 8 patients with tumor-positive popliteal SLNs
underwent completion popliteal lymphadenectomy. Of
the remaining 2 patients, 1 was lost to follow-up and 1
chose to start systemic treatment with interferon without
further surgery and has not had a popliteal recurrence in

Figure 1. Locations of primary (black dots) and recurrent (gray dots)
infrapopliteal melanomas that drained to a popliteal sentinel lymph
node. Most of the primary lesions were on the posterior leg and foot.
ANT, anterior; POST, posterior.
more than 100 months of follow-up. Complete poplitealTa A
g

pr
im

51 43 44 25 58 47 44 27 19 32 35 59 38 55 25 AW
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dissection yielded a mean of 0.3 lymph nodes. Importantly,
in 4 of 6 (67%) patients, no additional nodes were found in
the popliteal basin. Two patients each had 1 nonsentinel
popliteal node removed during popliteal dissection. No
nonsentinel popliteal nodes were positive. All 4 of the pa-
tients with positive inguinal SLNs underwent complete
inguinal dissection; the average number of nonsentinel
nodes removed was 8 (range 3 to 14). No additional nodes
removed during complete inguinal dissection were
positive.

Table 1 also shows recurrence data for the 15 patients
hose primary infrapopliteal melanoma drained to a pop-

iteal SLN. At an average follow-up of 64 months, 4 (27%)
atients had died of melanoma-specific causes, 1 (7%) was
live with disease, and 10 (67%) were without clinical ev-
dence of disease. Of the 6 stage III recurrences, 5 were in
atients who had undergone complete popliteal dissection
or a tumor-positive popliteal SLN (62% stage III recur-
ence rate in popliteal node-positive patients). Interest-
ngly, 2 of the popliteal node-positive patients had nodal
ecurrences in the groin after disease-free intervals of 54
nd 61 months. Because inguinal SLNs were tumor-
egative at the time of initial treatment, neither patient had
ndergone complete inguinal dissection.
Of 446 patients with inguinal-only drainage, only 1 pa-

tient (0.22%) developed recurrence in the popliteal space
(disease-free interval of 34 months), signifying an ex-
tremely low false-negative rate for popliteal SNB at our
institution. Of 118 patients who had inguinal-only drain-

Figure 2. Outline of study findings for primary melanomas. SNB,
sentinel node biopsy; SLN, sentinel lymph node.
age and positive inguinal nodes, 50 (42%) had stage III
recurrences. Overall, more popliteal node-positive patients
developed locoregional recurrences (62% vs 42%).

SNB for recurrent infrapopliteal melanoma
In our melanoma database we identified 9 patients who
underwent SNB for locoregional recurrent melanoma lo-
cated below the knee. Six (67%) of these patients had
drainage exclusively to the inguinal basin, and 3 (33%)
patients had concurrent drainage to popliteal and deep
inguinal basins from the recurrent lesion. All 3 patients
with dual-basin drainage had previously undergone ipsilat-
eral superficial inguinal complete lymphadenectomy, with
disease-free intervals of 3, 8, and 32 years, respectively.
None of the 3 had previously undergone popliteal SNB.

Of the 3 patients undergoing popliteal SNB, 1 (33%)
had a tumor-positive popliteal SLN. He underwent com-
plete dissection of the popliteal space, which yielded 3
tumor-negative nonsentinel nodes. In these 3 patients, all
SLNs identified during inguinal SNB were deep inguinal/
external iliac nodes; none contained metastases. Of the 6
patients who underwent inguinal SNB only, 3 (50%) had
tumor-positive SLNs. By comparison, a previous study by
our group demonstrated that 47% of patients with locore-
gional recurrent melanomas will have positive nodal
disease.11

DISCUSSION
Because the popliteal lymph nodes lie under the thick pop-
liteal fascia and because less than 5% of melanomas in the
lower extremity drain to the popliteal space, popliteal
lymphadenopathy is rare.3,13,14 Occult popliteal metastasis
also is relatively uncommon and could be missed for several
reasons. First, a surgical approach to the popliteal space
requires repositioning the patient in a prone position,
which may discourage some surgeons from seeking lymph
nodes in this area.8 Second, operative experience with pop-
liteal dissection is limited.5,15,16 Finally, the potential for
permanent damage to the tibial and peroneal nerves might
discourage an aggressive approach to this location.5,14

In the lower extremity, lymphatics from the skin of the
medial foot and ankle follow the greater saphenous vein
and are thought to drain primarily to the inguinal lymph
nodes; lymphatics from the lateral foot and ankle follow the
lesser saphenous vein and can drain into the popliteal
space.7,8,14,17 Although studies have shown that any skin site
elow the knee can drain to the popliteal fossa,14,15,17-20 the
ajority of our popliteal SNB patients had primaries lo-

ated on the posterior leg (Fig. 1), consistent with the clas-
sic description of posterior leg and foot drainage to the
popliteal basin. Primary melanomas with drainage to the

inguinal nodes were evenly distributed between the ante-



a
w
n
W
l
p

v
s
h

M

R
L
U

S

K
T

5Vol. xx, No. x, Month 2011 Steen et al Popliteal Nodes in Melanoma
rior and posterior leg. Popliteal SLNs should be carefully
sought out in primary melanoma located on the posterior
lower leg and foot.

Concurrent drainage to popliteal and inguinal basins
occurred in all of our patients and in almost all of 83 cases
of popliteal lymphoscintigraphic drainage reported by the
Sydney Melanoma Unit.20 Concurrent drainage could re-
flect 2 separate lymphatic channels from a lower-extremity
site, or it could be the result of a single channel that drains
first to interval nodes in the popliteal space and then to
second-tier SLNs in the inguinal basin. In either case, SLNs
should be removed from both the popliteal and inguinal
basins, and a complete lymphadenectomy should be un-
dertaken in any basin that contains a tumor-positive
SLN.12,19 However, because the popliteal space contains no
more than 2 to 7 nodes,13,14,16-18 complete popliteal lymph-
adenectomy may not yield additional lymphatic tissue
(67% of cases in our study).

Although rare, drainage to interval nodes may have sig-
nificant implications for treatment and prognosis. A posi-
tive SLN, regardless of its site, increases the risk of recur-
rence and death due to melanoma.3,8 Most series have
found that 10% to 50% of interval nodes are positive,
similar to rates for more classic lymphatic basins (Table
2).2,8,21-24 However, in our study, although demographic
nd tumor characteristics were similar between patients
ith popliteal and inguinal SLNs, corresponding rates of
ode-positive disease were not: 53% and 26%, respectively.
e also found that the interval node was the only positive

ymph node in 50% of patients with nodal metastasis in the
opliteal space. By comparison, McMasters and colleagues6

reported that an interval node was the only positive lymph

Table 2. Earlier Studies of Popliteal Sentinel Lymph Nodes

First author, y
Lower

extremity, n

With drain
popliteal

n

Thompson,18 2000 236 17
cMasters,6 2002 457 8

Hatta et al. 200521 9 3
oozendaal,22 2001 153 3
ieber,25 1998 10 2
ren,9 2003 481 38

Leong,26 1999 57 2
umner3 2002 300 7

Menes,8 2004 106 10
Vidal-Sicart,24 2004 188 9

retschmer,17 2011 166 16
his study 461 primary 15

N/A, not available; SLN, sentinel lymph node.
node in 85% (11 of 13) of patients with metastatic interval
nodes at any site. Finally, 63% of our patients with tumor-
positive popliteal SLNs developed locoregional recurrence,
as compared with 42% of patients whose SLN metastases
were confined to the inguinal basin. Perhaps the presence
of a positive interval node is a marker of more advanced
intralymphatic disease causing altered drainage patterns
and ultimately, an increased risk of locoregional recurrence.

Among the 9 patients who underwent SNB for locore-
gional recurrent melanomas of the infrapopliteal leg, the
incidence of popliteal drainage was 33%, higher than that
for patients with primary lesions. Perhaps this can be ex-
plained by alternate lymphatic drainage caused by previous
inguinal lymphadenectomy in each of these patients. Over-
all, the incidence of node-positive disease from locore-
gional recurrences was 44%, consistent with our previously
reported node-positive rate of 47% for satellite and in-
transit disease.11

Most of the literature on popliteal SLNs consists of case
reports. Among the studies with more than 2 cases (Table
2), comparisons are difficult because popliteal drainage was
inconsistently reported as a percentage of all lower-limb or
below-knee melanomas, and a percentage of nodal map-
ping or nodal excision. Also, technical aspects of lymphatic
mapping vary. For example, the Sydney Melanoma Unit
reported that the rate of popliteal SLNs identified during
lymphoscintigraphy was 2.3% without a 10-minute acqui-
sition during delayed imaging versus 16% with a 10-
minute acquisition during delayed imaging.8,23 Another
ariable is the radioactive colloid agent.9 A smaller particle,
uch as 99mTc-labeled antimony trisulfide colloid, may
ave advantages for interval node detection.2,6,21 During

the dynamic phase of lymphoscintigraphy, smaller particles

y with 2 or More Patients)

o
s

Undergoing
excision of

popliteal SLN

Popliteal SLN
positive for

metastatic disease
n % n %

.9 6 2.5 1 16

.8 8 1.8 2 25
2 22 1 50

.0 3 2.0 N/A N/A
2 20 1 10

.9 N/A N/A N/A N/A

.5 2 3.5 N/A N/A

.3 7 2.3 N/A N/A

.4 8 7.5 1 12.5

.7 9 4.7 2 22
6 3.6 3 50

.2 15 3.2 8 53
(Onl

age t
node

%

6
1

33
2

20
7
3
2
9
4

10
3

may show more rapid uptake into lymphatic channels and
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help identify interval or ectopic lymph nodes.24 Misinter-
pretation of lymphoscintigraphy could also lead to varia-
tion in interval node identification. Interval lymph nodes
must be differentiated from lymphatic lakes or lymphangi-
omas.24 Lymphatic lakes are focal dilations of lymphatics
seen as areas of increased tracer retention during the dy-
namic or early postinjection phase of lymphoscintigraphy.
The activity rapidly passes through the lymphatic lake
without retention, however, so it is not visible on delayed
scans, differentiating it from a true ectopic or interval
node.9

Surgical treatment of the next-echelon basin in patients
with interval sentinel nodes is an area of debate.3,17 Some
nstitutions recommend full dissection of the next proxi-

al standard regional lymph node basin draining the pri-
ary site, regardless of lymphoscintigraphic findings.3 This

approach is based largely on anecdotal experience, but
Roozendaal and associates22 reported that 1 of 4 patients

ad occult metastases in the traditional basin located
ownstream of a tumor-positive interval lymph node. Sim-

larly, our study found a 50% rate of inguinal involvement
n patients with popliteal involvement. Additionally, of the

patients who had positive popliteal nodes with negative
nguinal SLNs, 2 had delayed recurrences in the inguinal
asin. If these inguinal recurrences could have been
voided with an elective lymph node dissection at the time
f initial treatment, then 6 of 8 (75%) patients with pop-
iteal metastasis had oncologic reason for removal of ingui-
al nodes. The identification of tumor metastasis in a pop-

iteal SLN should increase the clinical suspicion of
oncurrent inguinal disease and prompt consideration
f dissection of that basin as well. If a complete inguinal
ymphadenectomy is not performed in these patients,
lose clinical follow-up of the inguinal lymph nodes is
arranted.
There are situations involving interval popliteal nodes

hat our study cannot address. What if the intraoperative
and-held gamma probe identifies elevated radioactivity in
he popliteal basin of a patient whose preoperative lympho-
cintigram showed no popliteal drainage? A report from

D Anderson Cancer Center found that in 71% of pa-
ients with interval nodes, these nodes were identified only
ith the hand-held gamma probe and were not seen on the
reoperative lymphoscintigram.3 It is essential for the mel-
noma surgeon to combine the use of quality preoperative
ymphoscintigraphy and a thorough intraoperative evalua-
ion with the gamma probe of both the classic nodal basins
nd potential sites of unusual drainage.

In our series, the incidence of popliteal drainage was
.2% for patients with primary melanomas located below

he knee.The incidence of metastases in the popliteal nodes
as high, perhaps related to the younger age in these pa-
ients or to other adverse patient/tumor factors, which we
ere unable to identify due to the small sample size. Pop-

iteal drainage was invariably accompanied by inguinal
rainage, popliteal metastasis was often accompanied by

nguinal metastasis, and no patient had inguinal metastases
ithout concomitant popliteal metastases. This pattern

uggests that the popliteal nodal basin can occasionally be
he first drainage site for lower-extremity melanoma, par-
icularly lesions on the posterior lower leg or foot. If posi-
ive inguinal nodes are identified in a patient with popliteal
rainage, then there is an extremely high chance that met-
static disease exists within the popliteal basin and should
e aggressively treated. Although it is anatomically sepa-
ate, the inguinal basin appears to be a functional extension
f the popliteal basin.
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