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OBJECTIVE. This study was undertaken to create an imaging-based classification for the
lymph nodes of the neck that will be readily accepted by clinicians, result in consistent nodal
classification, and be easily used by radiologists.

SUBJECTS AND METHODS. Over an 18-month period, the necks of 50 patients with
cervical lymphadenopathy were scanned with CT, MR imaging, or both. Imaging anatomic
landmarks were sought that would create a nodal classification of these necks similar to the
clinically based noda classifications of the American Joint Committee on Cancer and the
American Academy of Otolaryngology—Head and Neck Surgery. Each nodal level was de-
fined to ensure consistent nodal classification and eliminate areas of confusion existing in the
clinically based classifications.

RESULTS. Neckswere classified using the imaging-based classification and then compared
with the classification of the same necks using the most common clinically based classifications.
The imaging-based nodd classifications of the superficial nodes were the same as the clinicaly
based classifications; however, the deep nodes of eight patients were found only by imaging.
The anatomic precision and the level definition afforded by sectional imaging alowed the radi-
ologists to use the imaging-based classification in a consistent manner.

CONCLUSION. Thisimaging-based classification has been endorsed by clinicians who
specialize in head and neck cancer. The boundaries of the nodal levels were easily discerned
by radiologists and yielded consistent nodal classifications. The reproducibility of this classi-
fication will allow it to become an essential component of future classifications of metastatic

neck disease.

or nearly four decades, the most

commonly used classification for

the cervical lymph nodes was that
developed by Rouviére [1] in 1938. His
work, and earlier works, precisely defined
the anatomic location of the lymph nodes
and mapped their drainage areas [2, 3]. The
landmarks used in those early classifications
were those identified by palpation and those
noted only at surgery or dissection.

In 1981, Shah et d. [4] suggested that the
anatomically based terminology be replaced
with a simpler classification based on levels.
Since then, a number of classifications have
been proposed that use such level, region, or
zone terminology [5-13]. The purpose of
these newer classifications was not to change
terminology, but to group the cervical nodes
on the basis of the clinica and pathophysio-
logic information gleaned in the intervening
60 years [8, 14, 15]. The direction of noda

classification changed from that of a pure ana-
tomic study to a nodal mapping guide for se-
lecting the most appropriste surgical
procedure among the various types of neck
dissections [15]. The latest and most used of
these classifications are the ones of the Amer-
ican Joint Committee on Cancer and the
American Academy of Otolaryngology—Head
and Neck Surgery [10, 11, 15]. The imaging-
based classification crested in our study was
designed to be compatible with these widely
accepted clinically based classifications [16].
Imaging was chosen as the basis of this
new classification for several reasons: at least
80% of patients with head and neck cancer
undergo CT or MR imaging before treatment
and, in genera, only those patients with
small superficia tumors do not receive such
pretreatment imaging; imaging can reveal
clinically silent nodes[5, 17-24]; imaging, if
properly performed, has the potentia to best
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show precise anatomic landmarks that make
the nodal levels reproducible; and noda in-
formation to classify nodes in the neck is no
longer obtainable only at surgery.

Although both the imaging-based and
clinically based classifications are designed
as independent classifications, the best possi-
ble classification of cervical noda disease
may be accomplished by using both clinica
pal pation and information provided by imag-
ing. For example, because of the slope of the
shoulders, the supraclavicular fossais not as
well defined on axial CT and MR imaging as
it ison palpation, especially when Ho'strian-
gle is used as the defining anatomic plane
[11]. Classifying some lymph nodes located
at the junction between levels may be diffi-
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cult with imaging; however, when combined
with clinical assessment, such classification
problems are easily resolved. This article
presents the imaging-based nodal classifica
tion and explains how to useit.

Subjects and Methods

Prospectively, over an 18-month period, the
necks of 50 patients with cervical lymphadenopa-
thy were scanned with CT, MR imaging, or both.

The anatomic landmarks of the two most com-
mon clinically based classifications were used as
initial guidelines for assessing the boundaries of
nodal levels. Thiswas done to create imaging defi-
nitions that would be consistent with those of the
clinically based classifications. Areas of difficulty
in both the clinically based and imaging-based
classifications were then prospectively evaluated

and new imaging anatomic landmarks were sought
to resolve any confusion among sites. Radiologists
independently classified the cervical lymphaden-
opathy on the CT and MR imaging studies using
the imaging-based classification. The same pa-
tients were independently classified by otolaryn-
gologists using the clinically based classifications.
Comparison between these neck assessments was
then made. The aim of the study was to have each
neck similarly classified using the clinicaly and
imaging-based classifications so that clinicians
would accept the imaging-based classification.
When using the imaging-based classification, a
consistent scanning technique must be used to pro-
vide reproducible nodal levels. For CT, such consis-
tency includes patient positioning and gantry
angulation. Although there is no single method of
performing CT of the neck, the following technique
is used by many head and neck radiologists, and
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Fig. 1.—Neck as seen from left anterior view.
A, Drawing shows anatomy pertinent to nodal classifica

tion.

B, Drawing shows specific margins of anatomy seen in A that relate to definitions of classification levels. Note that line of separation between levels | and Il is posterior
margin of submandibular gland. Separation between levels Il and 1l and level V is posterior edge of sternocleidomastoid muscle. Line of separation between levels IV and
Vis oblique line extending from posterior edge of sternocleidomastoid muscle to posterior edge of anterior scalene muscle. Posterior edge of internal jugular vein sepa-
rates level [IA and 1I1B nodes. Carotid arteries separate levels Il and IV from level VI. Top of manubrium separates levels VI and VII. (Reprinted with permission from [16])
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dight variations from this approach do not change
the nodal levels. The axia plane referred to in this
classification is obtained with the patient’'shead in a
comfortable neutral position with the hard paate
perpendicular to the tabletop and the shoulders
down as far as possble. The scanner gantry is
aigned along the inferior orbitomeatal plane and, if
possible, the examination is performed with the ad-
ministration of 1V contrast materid to alow the
best possible differentiation of nodes from vessels.
The recommended field of view is 16 x 18 cm. The
CT examination is performed as contiguous 3-mm
scans from the skull base to the manubrium or asa
helical study reconstructed as contiguous 2- or 3-
mm slices. The helica technique uses 3-mm thick
scans with a 3-mm gap and a pitch of 1:1. MR im-
ages should be no thicker than 5 mm (preferably 3—
4 mm) with a1l-mminterdice gap. If the patient has
a history of thyroid or cervical esophagea cancer,
the caudal margin of the studies should extend to
the level of the carina to ensure inclusion of the su-
perior mediastinum.

The pertinent anatomic landmarks used for
classification are depicted in the diagrams in Fig-
ure 1. The radiologist must be able to identify the
essential anatomic landmarks of the classification:
the skull base at the jugular fossa, the bottom of
the body of the hyoid bone, the bottom of the cri-

Imaging-Based Nodal Classification

coid arch, the top of the manubrium, the back edge
of the submandibular gland, the back edge of the
sternocleidomastoid muscle, the lateral posterior
edge of the anterior scalene muscle, the anterior
edge of the trapezius muscle, both the internal ca-
rotid and common carotid arteries, the internal
jugular vein, the clavicle, the medial margin of the
anterior belly of the digastric muscle, and the my-
lohyoid muscle. For consistency, al figure images
inthisarticle are CT scansthat illustrate the use of
the new classification. MR images could have
been used. The fina imaging-based classification
is the result of continual use and refining of the
classification by both radiologists and consulting
clinicians during this 18-month period.

Results

The dlinicaly and imaging-based classifica-
tions of the cervica lymphadenopathy were the
same for superficial noda diseese in al 50 pa-
tients. Therewerefive patientswith retropharyn-
ged lymphadenopathy identified only by
imaging. Thereweredso three patientswith low
viscerd nodesidentified only by imaging. Using
theimaging-based classification (Appendix), the
radiologists classfied al necksthe same.

A

Discussion

How to Use the Classification

The classification was designed to be easy
to use. Each side of the neck should be evalu-
ated separately; the lines that are used to de-
fine the boundaries of the levels should be
drawn separately for each side of the neck.
The lines need not actualy be drawn; when
one becomes familiar with the classification,
one can visudly approximate the lines or
place a straight-line guide or ruler on the im-
age or monitor. When a lymph node is
transected by one of the lines that define the
levels, the side of the line on which most of
the nodal cross-sectiona area lies is the level
in which the lymph node should be classified.
The supraclavicular fossa is defined on each
axid scan when any portion of the clavicleis
identified on one side of the neck; if the scan
level is crania to any portion of the clavicle,
the nodes in the lower lateral neck should be
classified as either level 1V or level VB. Once
any portion of the clavicle is seen on the scan,
such nodes are classified as supraclavicular
nodes. If nodes are seen below the level of the

Fig. 2—44-year-old man with lymphoma. ad = anterior belly of digastric muscle, S = submandibular gland, vn = internal jugular vein, Sc = sternocleidomastoid muscle.
A, Axial contrast-enhanced CT scan of neck through floor of mouth and above level of hyoid bone. White line is drawn through back of each submandibular gland. Nodes
anterior to lines are level | nodes and, because they are lateral to medial margin of each anterior belly of the digastric muscle, they can be subclassified as level IB nodes.
Level Il nodes are posterior to white lines, but anterior to posterior edge of sternocleidomastoid muscle. Level Il nodes, either anterior to the internal jugular vein or pos-
terior to it but touching it, are subclassified as level IIA nodes. Nodes posterior to internal jugular vein and not touching it are subclassified as level 1I1B nodes.

B, Axial contrast-enhanced CT scan of neck through floor of mouth and at level of hyoid bone. Because level is cranial to that of bottom of body of hyoid bone, internal
jugular nodes are classified as level Il, not level Ill. On each side of neck, transverse white line (Ant) has been drawn through posterior edge of each submandibular gland.
Second white line (Post) has been drawn through posterior edge of each sternocleidomastoid muscle. Nodes anterior to line (Ant) are level | nodes. Nodes between line
(Ant) and line (Post) are level Il nodes. Nodes posterior to line (Post) are level V nodes. Because level V nodes are cranial to level of bottom of body of cricoid cartilage
arch, they are subclassified as level VA nodes.
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clavicle and lateral to the ribs, they are axil-
lary nodes. The clinically important internal
jugular nodes described by Rouviére [1] are
now classified asleve I, 111, or IV nodes, de-
pending on their locations with reference to
the axia scan levels of the bottom of the body
of the hyoid bone and the bottom of the arch
(anterior rim) of the cricoid cartilage.

The Imaging-Based Classification

Level | includes all nodes above the hyoid
bone, below the mylohyoid muscle, and an-
terior to atransverse line drawn on each axial
image through the posterior edge of the sub-
mandibular gland (Figs. 2 and 3). Thus, level
| nodes include the previously classified sub-
mental and submandibular nodes, and they
can be subclassified into levels 1A and IB.

Level A represents the nodes that lie be-
tween the medial margins of the anterior bel-
lies of the digastric muscles, above the hyoid
bone, and below the mylohyoid muscle (pre-
vioudly classified as submental nodes) (Figs.
2and 3).

Level IB represents the nodes that lie be-
low the mylohyoid muscle, above the hyoid
bone, posterior and lateral to the media edge
of the anterior belly of the digastric muscle,
and anterior to a transverse line drawn on

Fig. 3.—36-year-old HIV-positive man. Axial contrast-enhanced CT scan of neck
through level of lower mandible and above hyoid bone shows level IA node be-
tween medial margins of anterior bellies of digastric muscles (ad). Level IB nodes
are lateral to level A nodes and anterior to back of submandibular glands (S). Lev-
els IlA and 1IB nodes are seen bilaterally. v = internal jugular veins, Sc = sterno-

cleidomastoid muscles.

840

Som et al.

each axial image tangent to the posterior sur-
face of the submandibular gland on each side
of the neck (previoudly classified as subman-
dibular nodes) (Figs. 2 and 3).

Level Il extends from the skull base, at the
lower level of the bony margin of the jugular
fossa, to the level of the lower body of the
hyoid bone (Figs. 2-5). Level Il nodesliean-
terior to atransverse line drawn on each axia
image through the posterior edge of the ster-
nocleidomastoid muscle and lie posterior to
a transverse line drawn on each axial scan
through the posterior edge of the submandib-
ular gland. If a node situated within 2 cm of
the skull base lies anterior, lateral, or posterior
to the carotid sheath, it isclassified asalevel 1
node. If the node lies media to theinterna ca
rotid artery, it is classified as a retropharynged
node (Fig. 5). Caudal to 2 cm below the skull
base, level 1l nodes can lie anterior, lateral,
medial, and posterior to the internal jugular
vein. Level |1 nodes can be subclassified into
levels1IA and 11B.

Level 1IA nodes are level 1| nodes that lie
posterior to the internal jugular vein and are
inseparable from the vein or that lie anterior,
lateral, or media to the vein (previously
classified as upper internal jugular nodes)
(Figs. 2-5).

Level 11B nodes are level 11 nodes (previ-
oudly classified as upper spinal accessory
nodes) that lie posterior to the internal jugu-
lar vein and have a fat plane separating the
nodes and the vein (Figs. 2 and 3).

Level Il nodeslie between thelevel of the
lower body of the hyoid bone and the level of
the lower margin of the cricoid cartilage arch
(Figs. 6 and 7). These nodes lie anterior to a
transverse line drawn on each axia image
through the posterior edge of the sterno-
cleidomastoid muscle. Level Il nodes also
lie lateral to the medial margin of either the
common carotid artery or the internal carotid
artery. On each side of the neck, the medial
margin of these arteries separates level |11
(lateral) nodes from level VI (medial) nodes.
Level 11l nodes were previoudy known as
the mid jugular nodes.

Level 1V nodes lie between the level of the
lower margin of the cricoid cartilage arch and
the level of the clavicle on each side as seen on
each axid scan. These nodes lie anterior and
medial to an oblique line drawn through the
posterior edge of the sternocleildomastoid mus-
cle and the posterolateral edge of the anterior
scaene muscle on each axia image (Figs. 7—
10). The medid aspect of the common carotid
artery is the landmark that separates level 1V

Fig. 4—Axial contrast-enhanced CT scan of neck through level of hyoid bone in 57-
year-old man with squamous cell carcinoma of pharynx. White line has been drawn
through posterior edge of right sternocleidomastoid muscle (Sc). Note conglomerate
mass of necrotic level [IA nodes in right neck posterior to submandibular gland (S).
Small necrotic level VA nodes are also present on right side.
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Fig. 5.—14-year-old boy (A) and 46-
year-old man (B) with nasopharyn-
geal carcinomas.

A and B, Axial contrast-enhanced
CT scans show neck at level just be-
low skull base. Sagittal black line
has been drawn along medial as-
pect of right internal carotid artery
(C). Note retropharyngeal necrotic
node (R) medial to this line. Also
note necrotic high level Il node (A),
which can be subclassified as level
IIA node because it is inseparable
from carotid sheath.

Fig. 6.—47-year-old woman with lymphoma. Axial contrast-enhanced CT scan of neck
at level of supraglottic larynx shows transverse white line drawn on each side at pos-
terior edge of sternocleidomastoid muscle (Sc). Bilateral level Il nodes and right-
sided level VA node are seen. V = internal jugular vein.

A B

Fig. 7.—46-year-old woman with lymphoma.

A, Axial contrast-enhanced CT scans of neck at level of cricoid cartilage. On each side of neck, transverse white line has been drawn at posterior edge of sternocleidomastoid
muscle (Sc). Because scan level is above bottom of cricoid arch, internal jugular nodes are classified as level Il and not level IV. Level VA nodes are posterior to lines.

B, Axial contrast-enhanced CT scans of neck through thyroid gland shows oblique white line drawn on each side of neck through posterolateral margin of anterior scalene
muscle (A) and posterior margin of sternocleidomastoid muscle (Sc). Levels IV and VB nodes are seen. No portion of clavicle is present on either side so supraclavicular
nodes cannot be diagnosed.
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Som et al.

An.
o

Fig. 8.—48-year-old man with nasopharyngeal carcinoma. Axial
contrast-enhanced CT scan of neck through level of thyroid gland
(T) shows oblique white line drawn on each side of neck through
posterolateral margins of anterior scalene muscle (A) and poste-
rior margin of sternocleidomastoid muscle (Sc). Necrotic nodes
are seen atlevel IV and VB .

Fig. 9.—54-year-old woman with lymphoma.
A and B, Axial contrast-enhanced CT scans of neck through level of lower thyroid gland show incidental thyroid adenoma (TA). A is slightly more cranial than B. On each
side of neck oblique white line has been drawn through posterolateral margins of anterior scalene muscles (A) and posterior margin of sternocleidomastoid muscles (Sc).
Level IV and VB nodes are seen. On left side, portion of clavicle (C) is seen on both images; thus, left level V nodes are classified as supraclavicular nodes (S).

nodes (lateral to this artery) from leve VI
nodes (medid to this artery) (Fig.10). Leve IV
nodes were previoudy known as the low jugu-
lar nodes.

Level V nodes extend from the skull base, at
the pogterior border of the attachment of the
sternocleidomastoid muscle, to the leve of the
clavicle as seen on each axid scan (Figs. 2, 4,
6-8, 10). Level V nodes dl lie anterior to a
transverse line drawvn on each axid scan
through the anterior edge of the trapezius mus-
cle. Between the levels of the skull base and the
bottom of the cricoid arch, these nodes are situ-
ated posterior to atransverse line drawn on each
axial scan through the posterior edge of the ster-
nocleidomastoid muscle (Figs. 4, 6, 7). Be-
tween the axid levd of the bottom of the
cricoid arch and the leve of the clavicle, leve V
nodes lie posterior and lateral to an obliqueline
through the posterior edge of the sternocleido-
mastoid muscle and the posterolateral edge of
the anterior scalene muscle (Figs. 7, 8-10). The
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level V nodes can be subdivided into VA and
VB nodes.

Level VA (upper level V) nodes lie between
the skull base and the level of the lower margin
of the cricoid cartilage arch, behind the pogterior
edge of the sternocleidomastoid muscle (Figs. 2,
4,6,7).

Level VB (lower level V) nodes on each
side lie between the level of the lower mar-
gin of the cricoid cartilage arch and the level
of the clavicle as seen on each axial scan.
They are behind an oblique line through the
posterior edge of the sternocleidomastoid
muscle and the posterolateral edge of the an-
terior scalene muscle (Figs. 7-10).

Level VI nodes lie inferior to the lower
body of the hyoid bone, superior to the top of
the manubrium, and between the media
margins of the left and right common carotid
arteries or the internal carotid arteries. They
are the visceral nodes (Fig.10).

Level VII nodes lie cauda to the top of the

manubrium in the superior mediastinum, be-
tween the media margins of the left and right
common carotid arteries (Fig.11). These supe-
rior mediastina nodes extend caudally to the
level of the innominate vein.

To be consgtent with the earlier classfica
tions, most nodal groups continue to be referred
to by their anatomic names. supraclavicular, ret-
ropharynged, parotid, facia, occipital, posta-
ricular, and the other superficia nodes.

In concluson, CT and MR imaging form an
integral part of the assessment of most head and
neck cancer patients. The imaging findings com-
plement the physical examination, and theimag-
ing-basad classification provides the radiologist
with dinically acceptable guiddines for dassfy-
ing the cervica nodes and communicating these
findings to clinicians. This new classfication
provides precison and reproducibility to nodd
locdization; we hope that imaging will now be-
come a necessary component of patient classifi-
cation and staging.
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Fig. 10.—28-year-old woman with lymphoma.

A and B, Axial contrast-enhanced CT scans through level of lower neck. A is slightly more cranial than B. On each
side of neck oblique white line has been drawn through posterior and lateral margins of anterior scalene muscles
(A) and posterior margins of sternocleidomastoid muscles (Sc). Sagittal white line is drawn through medial mar-
gin of each carotid artery (ca). Necrotic levels IV and VI nodes, right supraclavicular nodes (S), and level VB

nodes are seen. C = clavicle.

Fig. 11.—67-year-old man with lymphoma. Axial contrast-enhanced CT scan of neck through level just below top
of manubrium (M) shows medial clavicle (C) on each side. Level VIl node is seen in superior mediastinum. Mul-
tiple axillary nodes (A) lie lateral to ribs on each side of upper chest.
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APPENDIX: Summary of the Imaging-Based Nodal Classification

Nodes Definition

Levd I: « Above hyoid bone
» Below mylohyoid muscle
* Anterior to back of submandibular gland
* Previoudly classified as submental and submandibular nodes

Level 1A: * Between medial margins of anterior bellies of digastric muscles
* Previoudly classified as submental nodes
Level I1B: * Posterolateral to level IA nodes

* Previously classified as submandibular nodes

Leve II: * From skull base to level of lower body of hyoid bone

* Posterior to back of submandibular gland
* Anterior to back of sternocleidomastoid muscle

Leve IIA: * Anterior, lateral, medial, or posterior to internal jugular vein
* Inseparable from internal jugular vein (if posterior to vein)
* Previously classified as upper internal jugular nodes

Level 11B: * Posterior to internal jugular vein with fat plane separating nodes and vein
* Previoudly classified as upper spinal accessory nodes

Leve III: » From level of lower body of hyoid boneto level of lower cricoid cartilage arch
* Anterior to back of sternocleidomastoid muscle
* Previously known as mid jugular nodes

Leve IV:  From level of lower cricoid cartilage arch to level of clavicle
* Anterior to line connecting back of sternocleidomastoid muscle and posterolateral margin of anterior scalene muscle
« Lateral to carotid arteries
* Previously known aslow jugular nodes

Levd V: * Posterior to back of sternocleidomastoid muscle from skull baseto level of lower cricoid arch
* From level of lower cricoid arch to level of clavicle as seen on each axial scan
« Pogterior to line connecting back of sternocleidomastoid muscle and posterolateral margin of anterior scalene muscle
* Anterior to anterior edge of trapezius muscle

Level VA: * From skull base to level of bottom of cricoid cartilage arch
* Posterior to back of sternocleidomastoid muscle
* Previously known as upper level V nodes

Level VB: » From level of lower cricoid arch to level of clavicle as seen on each axia scan
* Pogterior to line connecting back of sternocleidomastoid muscle and posterolateral margin of anterior scalene muscle
* Previously known as lower level V nodes
Levd VI: * Between carotid arteries from level of lower body of hyoid bone to level superior to top of manubrium
* Previously known as viscera nodes

Level VII: * Between carotid arteries below level of top of manubrium
* Caudal to level of innominate vein
* Previously known as superior mediastinal nodes

Supraclavicular: <At or caudal to level of clavicle as seen on each axial scan
* Latera to carotid artery on each side of neck
* Above and medial to ribs

Retropharyngeal: < Within 2 cm of skull base and medial to internal carotid arteries

Note—For levels |-V, the nodes are classified for each side of the neck. The parotid nodes and other superficial nodes are referred to by
their anatomic names. (Appendix modified and reprinted with permission from [16])
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