CLINICAL REVIEW

The concept that squamous cell carcinoma of the head and neck metastasizes to regional lymph nodes
in a predictable distribution has become generally accepted. Clinical application of this concept has
decreased the morbidity of treatment through selective modifications of the radical neck dissection
and through more accurate application of irradiation to target the nodal basins at risk. Appropriate
application of this more selective treatment requires an understanding of the patterns of lymphatic
drainage to the neck. This beautifully illustrated review is highlighted by color figures depicting the
site specific distribution of metastatic neck nodal sites. The information presented draws heavily from
the classic article by Lindberg from 1972 which is updated by review of more contemporary articles.
Advances in the use of positron emission tomography (PET) and active research investigating
lymphoscintigraphy with sentinel node biopsy are expected to continue to advance the understanding

of lymphatic drainage patterns.
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Abstract:  The treatment and management of malignancies of
the head and neck is directly altered by the presence of meta-
static cervical adenopathy. The treatment of nodal metastases in
squamous cell carcinoma of the head and neck (HNSCCA) is
determined by the lymphatic drainage of the upper aerodigestive
tract. The lymphatic drainage is site-specific and occurs in a pre-
dictable manner. The purpose of this text is to provide an over-
view of the normal routes of lymphatic drainage in the head and
neck and correlate this with the current nodal classification sys-
tem. The specific aims of this manuscript are to 1) illustrate the
expected lymphatic drainage patterns of HNSCCA arising in the
different subsites (hasopharynx, oropharynx, oral cavity, larynx,
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and hypopharynx) and 2) review the expected frequency of me-
tastases within nodal groups for HNSCCA that arise in these
locations. An understanding of the topographical distribution and
incidence of cervical lymph node metastases plays an integral
role in the physical examination and radiological evaluation of
patients with HNSCCA. For the neuroradiologist, this information
may increases the ability to identify those nodal groups at risk for
metastatic involvement. © 2001 John Wiley & Sons, Inc. Head
Neck 23: 995-1005, 2001.
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The treatment of cervical lymph nodes in pa-
tients with squamous cell carcinoma of the head
and neck (HNSCCA) is based on the lymphatic
drainage of the upper aerodigestive tract. The
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FIGURE 2. Nasopharyngeal Cancer.

A: Axial contrast-enhanced CT scan demonstrates an enhancing
mass in the right nasopharynx. (N)

B: Axial contrast-enhanced CT scan in the same patient shows a
metastatic right sided retropharyngeal lymph node. (black ar-
rows)

C & D: Schematic illustrations demonstrate the ipsilateral (C) and
contralateral (D) nodal groups most likely at risk for developing
nodal metastases from nasopharyngeal carcinoma. Note that
only the most common nodal groups are highlighted on each side
using the following color scheme: red = 45%, dark blue = 15%-
45%, purple < 15%. This paradigm will be followed for all follow-
ing subsite illustrations. On the ipsilateral side, groups Il (82%)
and V (73%) are most likely at risk for developing nodal metas-
tases. The groups at highest risk for metastases on the contra-
lateral side are groups Il (36%) and V (41%). Please refer to
Table 1 for a listing of specific percentages for each individual
nodal group. (The retropharyngeal lymph node involvement as
illustrated in the figure 2B is not depicted in this schematic illus-
tration.)
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lymphatic drainage varies with the anatomic sub-
site. However, within a subsite, the drainage oc-
curs in a predictable manner. We review the
drainage patterns using the current classification
system of the most common subsites of malignan-
cies in the upper aerodigestive tract™? (Fig. 1). We
also review the expected frequency of metastases
within nodal groups in these locations to empha-
size the importance of evaluating these areas.*

ANALYSIS

The percentages of nodal involvement presented
in this manuscript are derived from the classic
articles by Lindberg and Byers, which reported
the distribution of cervical lymph nodes metasta-
ses from various sites in the head and neck.®*
Lindberg analyzed patients with “clinical evi-
dence” of cervical node metastases.? A “clinically
positive” neck was defined by Lindberg as a node
“usually greater than lcm, spherical rather than
flat ovoid, and harder than the nonmetastatic
lymph node”.® The percent involvement of the
nodal subsites used in this manuscript was de-
rived from Lindberg’s data using the following
equation for each anatomic subsite:

# of patients with clinically positive
nodes within each nodal group

total # of patients with clinically positive
necks for each anatomic subsite

Linberg did not report the distribution of cervical
lymph nodes metastases from true vocal cord car-
cinoma. Byers et al reported the relative percent-
age of node involvement by nodal subsite in the
NO neck following elective node dissection for true
vocal cord carcinoma. Thus, the information re-
garding the relative percentages of lymph node
involvement from true vocal cord carcinoma pre-
sented in this manuscript was directly obtained
by Byers et. al.* Only the ipsilateral neck was
evaluated since this was the only side reported.*

Table 1. Frequency of cervical nodal metastases in
nasopharyngeal carcinoma

Nodal group Ipsilateral (%) Contralateral (%)
| 7 1
Il 82 36
1 31 17
v 16 6
V 73 41
Supraclavicular 11 7
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Group I
Group I1
Group IIT
Group IV
Group V
Supraclavicular

FIGURE 1. Schematic illustration of the head and neck showing
the current nodal classification.

FIGURE 2C. Nasopharyngeal Cancer. See Figure 2 on page 996
for legend.
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FIGURE 2D. Nasopharyngeal Cancer. See Figure 2 on page 996
for legend.
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FIGURE 3B. Floor of Mouth Cancer. See Figure 3 on page 1000

for legend.
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FIGURE 3C. Floor of Mouth Cancer. See Figure 3 on page 1000

for legend.
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FIGURE 4B. Oral Tongue Cancer. See Figure 4 on page 1000 for
legend.
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FIGURE 6C. Tonsil Cancer. See Figure 6 on page 1001 for leg-

Cc
FIGURE 4C. Oral Tongue Cancer. See Figure 4 on page 1000 for
end.

legend.
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FIGURE 5B. Tongue Base Cancer. See Figure 5 on page 1001 FIGURE 6D. Tonsil Cancer. See Figure 6 on page 1001 for leg-
for legend. end.
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FIGURE 5C. Tongue Base Cancer. See Figure 5 on page 1001 FIGURE 7C. Soft Palate Cancer. See Figure 7 on page 1002 for
for legend. legend.
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FIGURE 7D. Soft Palate Cancer. See Figure 7 on page 1002 for FIGURE 9B. Glottic Cancer. See Figure 9 on page 1003 for
legend. legend.
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FIGURE 8B. Supraglottic Cancer. See Figure 8 on page 1003 for FIGURE 10C. Pyriform Sinus Cancer. See Figure 10 on page
legend. 1004 for legend.

Cc

FIGURE 8C. Supraglottic Cancer. See Figure 8 on page 1003 for FIGURE 10D. Pyriform Sinus Cancer. See Figure 10 on page
legend. 1004 for legend.
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FIGURE 3. Floor of Mouth Cancer.

A: Axial contrast-enhanced CT image shows an enhancing mass
in the anterior floor of mouth on the right. (black arrows)

B & C: Schematic illustrations demonstrate the ipsilateral (B) and
contralateral (C) nodal groups most likely at risk for developing
nodal metastases from a floor of mouth carcinoma. On the ipsi-
lateral side, groups | (70%) and Il (54%) are most likely at risk for
developing nodal metastases. There is less than a 15% likelihood
of metastases for contralateral nodal groups | - V. Please refer to
Table 2 for a listing of specific percentages for each individual
nodal group.

SUBSITES

Nasopharynx. The lymphatic vessels drain in
two general directions, lateral and medial.’® The
primary drainage is the lateral pathway. These
lymphatic channels pierce the superior constric-
tor muscle and drain into the lateral retropharyn-
geal, high group II and high group V lymph nodes.
Inconsistent channels have been described that
can drain directly to group II lymph nodes.!
Rarely, the intraparotid lymph nodes can be in-
volved due to invasion of the eustachian tube,
tympanic membrane or external auditory canal
that drain to this unusual nodal group. The me-
dial drainage pathway drains the roof and poste-

FIGURE 4. Oral Tongue Cancer.

A: Axial contrast-enhanced CT image shows an enhancing mass
along the right lateral aspect of the oral tongue. (white arrows)
B & C: Schematic illustrations demonstrate the ipsilateral (B) and
contralateral (C) nodal groups most likely at risk for developing
nodal metastases from oral tongue carcinoma. On the ipsilateral
side, group Il (85%) is most likely at risk for developing nodal
metastases. There is less than a 15% likelihood of metastases for
contralateral nodal groups | - V. Please refer to Table 3 for a
listing of specific percentages for each individual nodal group.

rior wall of the nasopharynx.! These vessels pen-
etrate the visceral fascia at the skull base and
drain into the median retropharyngeal lymph
nodes. Lymphatic drainage is often bilateral so
both sides of the neck are at risk for cervical nodal
metastases (Fig. 2) (Table 1).

Oral Cavity.

Floor of mouth (FOM). The lymphatic drainage of the
FOM is supplied by and an anterior and posterior
complex.’® The anterior complex drains the ante-
rior half of the FOM and anterior portion of the
sublingual gland. These lymphatic vessels termi-
nate in the Group I nodes. The posterior group
drains the posterior two-thirds of the FOM. The
primary drainage is to the ipsilateral Group II

Table 2. Frequency of cervical nodal metastases in floor of
mouth carcinoma

Table 3. Frequency of cervical nodal metastases in oral
tongue carcinoma

Nodal group Ipsilateral (%) Contralateral (%) Nodal group Ipsilateral (%) Contralateral (%)
| 70 5 I 37 6
Il 54 6 Il 85 9
1 14 0 1l 15 4
\Y 6 1 v 4 1
\ 3 0 \ 1 0
Supraclavicular 1 0 Supraclavicular 0 0
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FIGURE 5. Tongue Base Cancer.
A: Axial contrast-enhanced CT image shows an aggressive mass
involving the right tongue base. (black arrows)
B & C: Schematic illustrations demonstrate the ipsilateral (B) and
contralateral (C) nodal groups most likely at risk for developing
nodal metastases from base of tongue carcinoma. On the ipsi-
lateral side, group Il (88%) is at greatest risk for developing nodal
metastases. The group at highest risk for nodal metastases on
the contralateral side is group Il (31%). Please refer to Table 4 for
a listing of specific percentages for each individual nodal group.

lymph nodes. However, there is occasionally a di-
rect lymphatic drainage to the Group III nodes
that bypasses the Group II nodes.!

Anatomic studies have shown significant
cross-over of the lymphatic drainage of superficial
lymphatic capillaries. As a result, both sides of
the neck are at risk for metastases arising from
FOM malignancies (Fig. 3) (Table 2).

Oral tongue. A superficial and deep lymphatic net-
work drains the oral tongue.® The superficial
network extends from the tip of the tongue to the
circumvalate papillae and drains into the muscu-
lar network. There are three main components of
the deep muscular lymphatic drainage pathways

Table 4. Frequency of cervical nodal metastases in tongue
base carcinoma

Nodal group Ipsilateral (%) Contralateral (%)
| 8 1
Il 88 31
1 40 7
vV 9 3
V 12 2
Supraclavicular 4 1
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FIGURE 6. Tonsil Cancer.

A: Non-contrast T1IW axial image shows a mass involving the
right tonsil. (white arrows)

B: Contrast-enhanced T1W axial image shows an enlarged ipsi-
lateral metastatic retropharyngeal lymph node. (black arrow)

C & D: Schematic illustrations demonstrate the ipsilateral (C) and
contralateral (D) nodal groups most likely at risk for developing
nodal metastases from tonsillar carcinoma. On the ipsilateral
side, group Il (97%) is at risk for developing nodal metastases.
There is less than a 15% likelihood of metastases for contralat-
eral nodal groups | -V. Please refer to Table 5 for a listing of
specific percentages for each individual nodal group. (The retro-
pharyngeal lymph node involvement as illustrated in the figure 6B
is not depicted in this schematic illustration.)

for the oral tongue.! The anterior (apical) path-
way drains the tip of the oral tongue and primar-
ily drains to Group III or less likely to Group I.
The lateral (marginal) group drains the lateral
one-third of the dorsum of the tongue from the tip
to the circumvallate papillae.’ These lymphatic
channels drain to either Groups I, II, or III. The
central pathway drains the central two-thirds of
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Table 5. Frequency of cervical nodal metastases in
tonsillar carcinoma

Nodal group Ipsilateral (%) Contralateral (%)
| 16 3
Il 97 13
1 24 3
vV 13 2
V 23 7
Supraclavicular 0 0

the tongue. These vessels drain to the Group I
nodes or course through a sublingual node and
terminate in group III nodes. Investigators have
also identified direct metastases to Group IV
without involvement of groups I-III (“skip metas-
tases”).* Cross-drainage in the oral tongue by is
common, thereby placing both sides of the neck at

risk for nodal metastases (Fig. 4) (Table 3).

Oropharynx.

Tongue base. The lymphatic drainage of the
tongue base consists of a superficial and deep
muscular lymphatic network.® The superficial
network is continuous with the superficial plexus
that covers the oral tongue. The primary drainage
is to Groups II and III. The deep lymphatic drain-
age may drain ipsilaterally or have direct
branches that drain to the contralateral neck
(Fig. 5) (Table 4).

Palatine tonsil. 'The lymphatic drainage of the tonsil
is to the ipsilateral Group II and retropharyngeal
lymph nodes.!® A less common route of drainage
is to the Group III nodes. Rouviere did not de-
scribe cross-lymphatic drainage for this area (Fig.
6) (Table 5).

Soft palate. Rouviere described three separate
drainage pathways for the soft palate, anterior,
middle, and posterior.!®> Of these three, the
middle is the most constant pathway. The lym-
phatic vessels of the middle path extend from the
soft palate to the inner margin of the posterior
belly of the digastric muscle and primarily drain
into Group II nodes.! The middle pathway nor-
mally has crossed lymphatic drainage. The lym-
phatics that comprise the posterior pathways are
present in 60% of cases.*> These vessels pen-
etrate the superior constrictor muscle into the
retropharyngeal space and normally drain into
the lateral retropharyngeal lymph nodes. Crossed
drainage of the posterior pathways has been
shown to be present in 50% of individuals. The
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FIGURE 7. Soft Palate Cancer.

A: Contrast-enhanced T1W coronal image shows an enhancing
mass involving the soft palate. (white arrows)

B: Contrast-enhanced T1W axial image shows bilateral enlarged
retropharyngeal lymph nodes. (white arrows)

C & D: Schematic illustrations demonstrate the ipsilateral (C) and
contralateral (D) nodal groups most likely at risk for developing
nodal metastases from lateralized soft palate carcinoma. On the
ipsilateral side, group Il (86%) is at greatest risk for developing
nodal metastases. The group at highest risk for nodal metastases
on the contralateral side is group Il (29%). Please refer to Table
6 for a listing of specific percentages for each individual nodal
group. (The retropharyngeal lymph node involvement as illus-
trated in the figure 7B is not depicted in this schematic illustra-
tion.)

anterior pathway is present in half of individuals
and drains into the Group I lymph nodes. This
region has crossed lymphatics in 50% of cases.
Although both the anterior and posterior path-
ways are potential drainage pathways for the soft
palate, the posterior pathway is the more common
pathway for the soft palate lesions while the an-
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Table 6. Frequency of cervical nodal metastases in soft
palate carcinoma

Table 7. Frequency of cervical nodal metastases in
supraglottic carcinoma

Nodal group Ipsilateral (%) Contralateral (%) Nodal group Ipsilateral (%) Contralateral (%)
| 9 6 I 2 0

Il 86 29 Il 67 21

1l 26 6 I 48 10

% 6 0 v 15 5

\ 0 3 \ 9 4
Supraclavicular 0 0 Supraclavicular 3

terior pathway is more common for hard palate
tumors (Fig. 7) (Table 6).

Larynx.

Supraglottic larynx. The lymphatic drainage is sepa-
rated into two components, a superficial mucosal
component that drains into a deeper system of
collecting ducts.’’® The deep system forms a
draining pedicle near the anterior aspect of the
aryepiglottic fold. This unites with the lymphatic
drainage of the inferior pharynx. The draining
vessels exit the larynx through the natural defect
in the thyrohyoid membrane that permits pas-
sage of the superior laryngeal neurovascular

A

FIGURE 8. Supraglottic Cancer.

A: Contrast-enhanced axial CT image shows an enhancing mass
involving the right aryepiglottic fold. (arrows)

B & C: Schematic illustrations demonstrate the ipsilateral (B) and
contralateral (C) nodal groups most likely at risk for developing
nodal metastases from supraglottic carcinoma. On the ipsilateral
side, groups Il (67%) and Il (48%) are most likely at risk for
developing nodal metastases. The group at highest risk for me-
tastases on the contralateral side is group Il (21%). Please refer
to Table 7 for a listing of specific percentages for each individual

group.

Clinical Review

bundle. At this point, one component of the lym-
phatic drainage extends superiorly and termi-
nates in the ipsilateral Group II nodes. Another
component extends transversely and drains into
nodes located at the junction of Groups II and III.
There is occasionally a third component that
drains into the nodes located in Group III nodes.
Tumors involving the supraglottic larynx are at
risk for crossed lymphatic drainage. However, the
mechanism by which this occurs is debatable.
There appears to be cross-drainage of the super-
ficial mucosal lymphatics.'® However, no consis-
tent direct cross-drainage of the deep collecting
duct ha been described (Fig. 8) (Table 7).

Glottic larynx. There is a paucity of lymphatics
draining the true vocal cords (TVC). The superfi-

A

FIGURE 9. Glottic Cancer.

A: Contrast-enhanced axial CT image shows an irregular en-
hancing mass involving the right true vocal cord. (arrows)

B: Schematic illustration demonstrates the ipsilateral nodal group
most likely at risk for developing nodal metastases from glottic
carcinoma is group Il (55%). Please refer to Table 8 for a listing
of specific percentages for each individual nodal group.
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Table 8. Frequency of cervical nodal metastases in
glottic carcinoma

Nodal group Ipsilateral (%)
I 0
Il 55
1l 27
\Y 0
\ 0
Paratracheal 18

cial mucosal lymphatics form a continuous layer
along the posterior aspect of the larynx. However,
the lymphatics draining the TVC are sparse are
form a natural barrier between the supraglottic
and infraglottic larynx. The predominant lym-
phatic drainage of the advanced TVC occurs by
acquiring the lymphatic drainage that occurs by
extension into the supraglottic or subglottic lar-
ynx'* (Fig. 9) (Table 8).

Pyriform Sinus. The lymphatic drainage is di-
vided into anterior and posterior groups.'® The
anterior collecting system exits along with the
lymphatics of the supraglottic larynx through the
thyrohyoid membrane. These vessels course
through pre-laryngeal lymph nodes and primarily
drain into the Groups II, III. The posterior group
drains the inferior hypopharynx. These vessels
penetrates the superior constrictor muscle and
drains into the paratracheal lymph nodes, lateral
retropharyngeal lymph nodes and the internal
jugular chain.® Cross-lymphatic drainage occurs
from the superficial lymphatics along the midline
of the posterior pharyngeal wall. Advanced dis-
ease may involve Groups IV and V (Fig. 10) (Ta-
ble 9).

CONCLUSION

We have reviewed the expected lymphatic drain-
age of various subsites of the upper aerodigestive
tract and correlated this with the current nodal
classification system.’? The surgical results of
Lindberg and Byers et al correlate with the ana-
tomic dissections of Rouviere and suggest that
there are predictable pathways of lymphatic
drainage within the subsites of the upper aerodi-
gestive tract.>* These results form the basis of
modified and selective neck dissections and radia-
tion treatment planning.*~’ This information may
also be useful when attempting to define the lym-
phatic drainage to sentinel lymph nodes. It
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FIGURE 10. Pyriform Sinus Cancer.

A: Contrast-enhanced axial CT image shows an irregular large
mass involving the right pyriform sinus. (black arrows)

B: Contrast-enhanced axial CT image shows an ipsilateral meta-
static retropharyngeal lymph node. (black arrow)

C & D: Schematic illustrations demonstrate the ipsilateral (C) and
contralateral (D) nodal groups most likely at risk for developing
nodal metastases from pyriform sinus carcinoma. On the ipsilat-
eral side, groups Il (72%) and Il (55%) are most likely at risk for
developing nodal metastases. There is less than a 15% likelihood
of metastases for contralateral nodal groups. Please refer to
Table 9 for a listing of specific percentages for each individual
group. (The retropharyngeal lymph node involvement as illus-
trated in the figure 10B and paratracheal involvement is not de-
picted in this schematic illustration.)

should be emphasized that tumors attain the lym-
phatic drainage associated with their primary lo-
cation. Tumors that cross the midline to the con-
tralateral side or spread to adjacent subsites will
acquire the lymphatic drainage associated within
these areas.
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Table 9. Frequency of cervical nodal metastases in pyriform
sinus carcinoma

Nodal group Ipsilateral (%) Contralateral (%)
| 1 0

Il 72 9

1 55 3

vV 21 2

\ 15 2
Supraclavicular 3 1
Paratracheal 8.3
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