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Abstract

Background and Objectives: To evaluate lymphatic drainage with sentinel node location data 

in patients with head and neck cutaneous melanoma, and to determine the implications for 

the extent of therapeutic neck dissections. 

Methods: Sixty-five patients with head and neck cutaneous melanoma without evidence 

of regional metastases at ultrasound guided fine needle aspiration cytology examination 

were included. Lymphatic drainage patterns were investigated using planar and dynamic 

lymphoscintigraphy, and SPECT/CT. Biopsy of sentinel nodes was guided by images and gamma 

probe. The incidence of discordant sentinel nodes was determined by comparing actual 

drainage patterns to “O’Briens map” and to the treatment guidelines of The Netherlands 

Cancer Institute. 

Results: Sentinel node identification was successful in 98% of the patients. Fifteen patients 

(23%) were diagnosed with a tumor-positive sentinel node. Two sentinel node-negative 

patients (3%) developed a regional lymph node metastasis (false-negative ratio: 12%). Twenty-

three percent of the harvested sentinel nodes were discordant according to “O’Brien’s map”, 

while 14% were discordant according to the treatment guidelines of The Netherlands Cancer 

Institute (p<0.001). 

Conclusions: Almost a quarter of head and neck melanomas metastasize outside clinically 

predicted neck levels. Neck surgery guidelines of The Netherlands Cancer Institute provide for 

a smaller number of discordant sentinel nodes. 
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Introduction

Regional lymph node (LN) metastasis is one of the most important prognostic factors in patients 

with head and neck melanoma. It has been demonstrated that the LN ratio (incorporating the 

number of positive LNs and total number of LNs removed) is a significant predictor of disease 

specific survival in stage III melanoma patients undergoing neck dissections, indicating that 

prognosis is not only determined by the number of lymph node metastases, but also by the 

total number of excised lymph nodes.[1] Currently, surgical (therapeutic) lymphadenectomy is 

the preferred treatment for pathologically proven regional lymph node involvement. However, 

the extent of neck surgery is still a matter of ongoing debate. Preferably, it should be tailored 

to the individual patient, dependent on surgery induced morbidity and the risk of missing 

additional lymph node metastasis. 

	 In 1995, the classical drainage patterns of cutaneous head and neck melanoma, have been 

extensively described in a clinical study by O’Brien et al,[2] based on a consecutive series of 

183 neck dissection specimens and 92 parotidectomies. Since then, this scheme has been 

used in many institutions for planning of (selective) therapeutic neck dissections.

	 Nowadays, many lymphoscintigraphy studies[3-8] have confirmed the clinically predicted 

drainage pattern of head and neck melanoma according to the study of O’Brien et al.[2] 

However, these studies also demonstrate unexpected drainage patterns in 8 to 43% of the 

patients, with the postauricular, suboccipital, contralateral and distant nodal areas being 

the most common sites of discordancy. Since these discordant regions frequently neighbor 

the clinically predicted neck levels, it is important to investigate whether they should be 

implemented in the neck dissection treatment planning for a patient with a specific melanoma 

of the head and neck. 

	 The first aim of this study is to analyze the lymph drainage pattern in head and neck 

melanoma patients, using conventional lymphoscintigrams as well as two-and three-

dimensional SPECT/CT. The second aim is to identify areas of discordancy from patterns 

previously predicted clinically according to O’Brien’s scheme, and to correlate these findings 

with the therapeutic neck dissection protocol of our institute.
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Patients and Methods

Patients
Sixty-five patients with a melanoma of the head or neck with a Breslow thickness of at least 

1 mm, or less if the Clark level was IV, were prospectively enrolled after a diagnostic excision 

with 2 mm margin. Ultrasound of the neck and parotid was routinely carried out and was 

combined with fine needle aspiration cytology in case of a suspicious node. 

	 Forty patients were men (62%), and twenty-five patients were women (38%). The mean age 

was 52 years (range 18 - 86). The average Breslow thickness was 3.3 mm (range, 1.0 - 12.0 mm). 

The sites of the primary melanomas categorized by functional esthetic units of the head 

and neck are shown in Figure 1. All patients underwent a re-excision with a sentinel node 

procedure.

Figure 1. Projection of the location of 65 primary cutaneous head and neck melanoma. The orange 
band, dividing anterior and posterior, represents the watershed. 

Imaging
A mean dose of 71 MBq (1.9 mCi) of 99mtechnetium-nanocolloid (Amersham Cygne, Eindhoven, 

the Netherlands), was injected intracutaneously in four deposits of 0.1 ml around the scar 

of the primary excision. Conventional dynamic planar lymphoscintigraphy was performed 

immediately after injection followed by static imaging after 10 minutes and two hours. 



Lymphatic drainage patterns of head and neck melanomas | 75

Hybrid single photon emission computed tomography with CT (SPECT/CT, SymbiaT, Siemens, 

Erlangen, Germany) was introduced in 2006 as an additional tool to improve lymphoscintigraphic 

imaging.[9] After the last conventional images, SPECT and CT data were acquired, using the 

hybrid camera. The 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. After correction for attenuation and scatter, corresponding SPECT and CT axial 

5-mm slices were generated using an Esoft 2000 application package (Siemens). Images were 

fused using an Osirix Dicom viewer in a Unix-based operating system (MAC OS X, MacPro; 

Apple Inc., Cupertino, U.S.A.).

	 The images were analyzed by two-dimensional orthogonal re-slicing in axial, sagittal and 

coronal directions. A three-dimensional presentation was generated with volume rendering in 

order to localize sentinel nodes in relation to anatomic structures. All images were available on 

a separate SPECT/CT screen in the operation room. 

	 Nodes on a direct drainage pathway from the primary tumor site were regarded as sentinel 

nodes.[10] 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. Nodes appearing later in the same regions were 

considered to be higher-echelon nodes. Additional hot spots that were depicted later and that 

were closer to the injection area were also considered to be sentinel nodes. The number and 

location of the sentinel nodes were determined and described after the conventional imaging 

as well after SPECT/CT by a nuclear medicine physician.

	 The location of the sentinel nodes was marked on the skin with indelible ink.

Surgical and pathological procedures
Patients were operated under general anesthesia. Re-excision of the scar of the diagnostic 

excision was performed first. Skin marks, conventional images, SPECT/CT images and counting 

with the gamma ray detection probe (Neoprobe; Johnson & Johnson Medical, Hamburg, 

Germany) were used to determine the site for the incision and guided the search. Second-

echelon nodes were left in situ. The number and location of the sentinel nodes were 

determined and described after sentinel node procedure in the operation report by the head 

and neck surgeon.

	 Sentinel nodes were sectioned into 2-4 mm slices after formalin-fixation. Following 

embedding in paraffin, experienced pathologists examined the nodes using hematoxylin-
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eosin staining and immunohistochemistry with S-100 and HMB-45 at a minimum of six levels 

(50 - 150 µm intervals). 

	 Patients with a sentinel lymph node positive for metastatic melanoma (except the Starz-I 

and II sentinel nodes[11,12]) underwent therapeutic completion neck dissection according to 

the guidelines of The Netherlands Cancer Institute (Table 1). 

Table 1. Comparison between recommended operations by O’Brien et al[2] based on clinical prediction 

of location of lymph node metastases from cutaneous melanomas of the head and neck, and The 

Netherlands Cancer Institute (NKI-AvL) treatment protocol. SN=sentinel node

Location primary melanoma Predicted lymphatic drainage 
O’Brien 

Treatment protocol NKI-AvL in case 
of N+ neck 

anterior scalp I-III or IV, parotid I-V, Parotid

coronol scalp I-V, parotid I-V, Parotid

posterior scalp II-V, occipital nodes II-V, occipital nodes

preauricular I-III or IV, parotid I-V, Parotid

ear II-V, occipital nodes I-V, Parotid

upperface I-III or IV, parotid I-V, Parotid

nose I-III or IV, parotid I-V, Parotid

lowerface I-III or IV, parotid I-V, Parotid

anterior upper neck I-III or IV, parotid I-V

anterior lower neck II-V II-V

coronol upper neck I-V, parotid I-V, Parotid

coronol lower neck III-V II-V

posterior upper neck II-V, occipital nodes II-V, occipital nodes

posterior lower neck III-V II-V, occipital nodes

Data Analysis
All clinical and pathological data were collected and systematically reviewed. The study was 

approved by the ethical committee of The Netherlands Cancer Institute. The definitive sentinel 

node location was established using both radiological and surgical data. The incidence of 

discordancy was determined by comparing actual drainage patterns to “O’Brien’s map”[2] and 

to the treatment guidelines of The Netherlands Cancer Institute (Table 1). 

	 No patient was lost to follow up. Mean follow-up was 34 months (range 1 - 163 months).
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Results

Lymphoscintigraphy
A total of 159 sentinel nodes were visualized with lymphoscintigraphy in 64 of the 65 patients 

(mean, 2.5 per patient; range, 0 - 7). The drainage patterns are listed in Table 2. Twenty-nine 

(18%) of these lymph nodes were visualized in lymph node regions that were not predicted by 

O’Brien’s map.[2] Twenty (13%) of these lymph nodes were retrieved from a lymph node basin 

that would not have been included in a therapeutical completion neck dissection according to 

The Netherlands Cancer Institute’s protocol. 

Operation
In all patients a sentinel node was identified during the operation. A total of 175 sentinel 

nodes were excised (mean, 2.70 per patient; range, 1 - 7). The location of the excised sentinel 

nodes is listed in Table 3. Forty-one (23%) of these lymph nodes were retrieved from a lymph 

node region not predicted by O’Brien’s map.[2] Twenty five (14%) of these lymph nodes were 

located outside the regions of The Netherlands Cancer Institute’s therapeutical neck dissection 

protocol. Pair wise evaluation (Student’s t-test) of the number of discordant sentinel nodes 

yielded a statistically significant difference (p<0.001) in favor of The Netherlands Cancer 

Institute’s therapeutical neck dissection protocol compared to O’Brien’s map.[2]

No major intraoperative complications occurred. Four patients had minor post-operative 

complications comprising post-operative hematoma (N=1), temporary facial nerve pareses 

House Brackmann grade 1 - 2 (N=2) and keloid formation (N=1). A discrepancy was noted 

between the number of sentinel nodes on lymphoscintigraphy and the true number as 

identified during the operation in 24 patients.

Pathology 
The sentinel node was tumor positive in 15 patients (23%) (Table 4). In 13 patients, 23 tumor 

positive sentinel nodes were located in levels that would have been dissected according to the 

treatment guidelines of The Netherlands Cancer Institute. Two patients had a tumor-positive 

sentinel node located discordant from the treatment guidelines of The Netherlands Cancer 

Institute as well as from O’Briens clinically predicted levels (Table 4).
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A therapeutical neck dissection was performed in 11 of 15 patients with a tumor- positive 

sentinel node. An average of 32 (range, 20 - 67) lymph nodes were removed in these patients. 

Two additional lymph node metastases were found in two neck dissection specimens. The 

remaining four patients with a tumor-positive sentinel node did not receive any further 

treatment because of a minimally involved sentinel node (Starz category I and II [11, 12]).

Table 4. Location positive sentinel nodes. ‡ Cases with positive sentinel nodes discordant from 

O’Brien’s predicted drainage patterns and from The Netherlands Cancer Institute treatment protocol. 

The number of positive sentinel nodes per sub-level is shown between brackets.

Case Melanoma site Location positive sentinel node

1‡ Right coronal scalp Ipsilateral Level Vb (2) and Suboccipital (1)

2 Right posterior scalp Ipsilateral Level Vb (2) and Suboccipital (1)

3 Medial posterior lower neck Ipsilateral level Va 

4 Right posterior upper neck Ipsilateral level IIa (1)

5 Left posterior upper neck Ipsilateral Vb (2) and Suboccipital (3)

6 Right upper face Ipsilateral level Ib (2)

7 Left coronal upper neck Ipsilateral Ia (1), Vb (1), Retroauricular (1)

8 Left coronal scalp Ipsilateral level Va (1)

9 Right lower face Ipsilateral level Ia (1), Ia (1)

10 Left pre-auricular Ipsilateral level IIa (1)

11 Left posterior upper neck Ipsilateral level IIb (1)

12 Left posterior upper neck Ipsilateral Suboccipital (2)

13 Left anterior scalp Ipsilateral Parotid (1)

14‡ Right upper face Contralateral Parotid (1)

15 Left pre-auricular Ipsilateral level IIa (1)

Follow-Up
Forty-four of the 50 patients with negative sentinel nodes have remained disease free, 

with an average follow-up of 32 months (range, 0 - 128 months). Six sentinel node negative 

patients developed a recurrence (Table 5). Two of them were categorized as false negative, 

which means that 12% of the patients with an involved lymph node basin were not identified 

by the procedure (false-negative ratio: 12%). The first patient with a right para-nasal tumor 

developed a lymph node metastasis in level IB ten months later. This patient died shortly after 
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a therapeutic lymph node dissection due to an abdominal aneurysm. The second patient had 

a primary tumor above the right auricle and developed a lymph node metastasis in level IIa 

and IV after 26 months. This patient remained free of recurrences after salvage lymph node 

dissection.

	 Nine patients developed a melanoma related recurrence after an average follow-up 

duration of 40 months with a range of 1 - 163 months [Table 6]. 

Table 5. Recurrences in cases of negative sentinel nodes. 

Case Primary event Months from SNB Secundary events

16 brain 46 brain/dead

17 lungs 96 liver/dead

18 bladder 24 spine/euthanisation

19 satellites 13 -

20 lymph node level Ib 10 aneurysm/dead

21 lymph node level IIa and IV 26 -

SNB=sentinel node biopsy

Table 6. Recurrences in cases of positive sentinel nodes. 

Case Primary event Months from SNB Secundary events

2 lungs 17 -

3 spine L4 67 In-transit/bones/dead

4 lungs/bones 20 brain/dead

5 In-transit 7 lungs/dead

6 lymph nodes level III 26 -

8 lymph nodes beneath scar 3 brain/lungs/dead

9 liver/bones/lungs/brain 17 dead

10 local recurrence 9 -

11 lymph nodes level Vb 18 brain

SNB=sentinel node biopsy

Disease free survival (Figure 2) at three years was 87.5% in the sentinel node negative patients 

and 35.3% in the sentinel node positive patients (p<0.001). 
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Figure 2. Kaplan-Meier disease free survival curve for 65 patients undergoing sentinel lymph node 
biopsy for cutaneous head and neck melanoma. The 36-months disease free survival was 87.5% for 
patients with a negative sentinel lymph node biopsy finding and 35.3% for patients with a positive 
finding (p<0.001). SN=sentinel node

Discussion

The main purpose of this study was to analyze the lymph drainage pattern in head and neck 

melanoma patients and to identify areas of discordancy in relation to the predicted drainage 

patterns according to O’Brien et al.[2] The 23% discordance between the actually excised 

sentinel nodes and the clinically predicted drainage are within the discordancy rates previously 

published.[6,7] Applying The Netherlands Cancer Institute completion neck dissection 

protocol to the sentinel node location data resulted in significant less discordance. The smaller 

percentage of discordant sentinel nodes may be explained by the routine inclusion of level 

V for all primary locations in the head and neck[13] As demonstrated in our study, fifteen 

of the 42 sentinel nodes that were harvested in level V were not predicted using O’Brien’s 

map. Although it can be argued that inclusion of level V in all dissections puts the accessory 

nerve at risk for surgical damage,[14] in our opinion this potential risk is limited because only 

subclinical nodes are involved.
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The lymphatic drainage scheme of O’Brien et al[2] is mainly based on a hypothetical “watershed” 

(Figure 1), differentiating anterior lymph drainage from a posterior one. Apparently, lymphatic 

drainage from the posterior scalp does not always pass posteriorly from the watershed: in our 

series of 6 patients with a melanoma in this location, four sentinel nodes in three patients were 

located in the pre-auricular region. Lin et al[7] localized three pre-auricular sentinel nodes in 

20 patients with a primary melanoma of the posterior scalp. An interactive software program 

indicated that 14 sentinel nodes were located in the pre-auricular region in 146 patients with 

a posterior scalp melanoma.[8] These figures suggest a limited but important number of 

anterior drainage basins for posteriorly located melanomas.

	 In our series, ten negative sentinel nodes and one positive sentinel node were retrieved 

from the retro-auricular region. The retro-auricular lymph node basin was mostly related to 

primary lesions on the scalp or the auricle. Reynolds et al[8] demonstrated that coronal scalp 

melanomas have the greatest likelihood (65%) of draining to the retro-auricular nodes. In our 

institute, the retro-auricular area is only dissected in case of a positive sentinel node at this 

specific location. It can be debated whether this should also be indicated for primary melanoma 

with a positive sentinel node elsewhere and a high likelihood (anterior-, coronal- and posterior 

scalp or ear) for metastasing to the retro-auricular area. Problems encountered with these 

types of dissections are the absence of clear surgical borders of the retro-auricular lymph node 

basin and the increased risk of skin flap necrosis after elevation of the retroauricular skin flap.

	 Our results are consistent with those of other single-centre data[3,7] demonstrating the 

sub-occipital region as a potential metastatic site, because it is an important drainage basin 

for melanomas located on the posterior scalp. Without introducing additional morbidity, 

the suboccipital area can be approached by extending a so-called hockey-stick incision more 

posteriorly for a postero-lateral neck dissection (levels II-V including subocciptal region). The 

suboccipital region contains a thin layer of fat and lymph nodes between the ligamentum 

nuchae, the trapezius muscle and the skin that can be dissected, mobilized laterally and 

included in the neck dissection specimen.[15] 

	 Other areas of discordancy in our study were sites of more distant drainage, namely one 

axillary sentinel node and one subscapular sentinel node in a patient with a primary tumor 

located in the posterior lower neck. Another patient had a sentinel node in the left axilla with 

a primary tumor located just above the left clavicle. Lymphoscintigrams of three patients 

demonstrated contra-lateral drainage in cases where the primary melanomas were located very 

close to the midline. Contra-lateral or distant lymph node basins are uncommon in cutaneous 

head and neck melanoma,[7,8,16] and therefore not generally included in The Netherlands 
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Cancer Institute completion neck dissection protocol. To prevent for late recurrences in these 

uncommon discordant sites after completion neck dissection, we advocate close follow up, 

preferably by using ultra sound guided fine needle aspiration.

	 It is generally believed that patients with an involved sentinel node (except perhaps 

stages Starz I-II[11, 12]) need some form of regional treatment. The extent of the regional 

neck dissection is still under debate. In our series, the number of discordant sentinel nodes 

decreased when the predicted lymph drainage regions of O’Brien’s map were compared 

with regions fitting in The Netherlands Cancer Institute completion-neck dissection protocol. 

These results appear to justify our surgical approach for the N+ neck. Although this implies 

more redundant node removal, it will also benefit the LN ratio, which has been shown to be a 

significant predictor of disease-specific survival in stage III melanoma.[1] 

	 Nevertheless, a substantial percentage of sentinel nodes remain located outside our neck 

dissection scheme. Modifying this approach by extending the number of neck levels for the 

completion-neck dissection protocol will further decrease the number of discordant sentinel 

nodes and improve the LN ratio. However, the merits of extending the therapeutical neck 

dissection must be carefully weighed against the risk of over-treatment and morbidity in a 

large proportion of the patients.[17] Accordingly, a more selective approach guided by the 

(sentinel node) drainage pattern would be favorable. In a recent study at our institute, the 

extent of a groin lymph node dissection was based on the location of the second-tier node.[18] 

The finding of a second-tier node in the deep lymph node areas indicated the need for a more 

extended form of node dissection. Further research is necessary to investigate if this concept 

is feasible in head and neck melanoma. 

Conclusion

Almost a quarter of head and neck melanomas metastasize outside clinically predicted neck 

levels. Treatment guidelines of The Netherlands Cancer Institute provide for a smaller number 

of discordant sentinel nodes. The smaller percentage of discordant sentinel nodes may be 

explained by the routine inclusion of level V for all primary locations in the head and neck. 

However, the merits of extending a therapeutical neck dissection must be carefully weighed 

against the risk of over-treatment and surgical induced morbidity. We believe that an optimal, 

conservative surgical treatment of patients with positive sentinel nodes could be achieved if 

exact data on individual drainage patterns are available. 
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