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ment, including antibiotic selection, how to employ supportive resuscitative care, when
to operate, what procedures to perform, and how to secure the airway. To make these
decisions the surgeon must understand the anatomy of the region and the etiology of
infection, appropriate diagnostic workup, and medical and surgical management. This
article provides a review of these pertinent topics.

Deep Neck Infections: Clinical Considerations in Aggressive Disease
John F. Caccamese Jr. and Domenick P. Coletti

Deep neck infections are common and occur as a consequence of several etiologies.
Antibiotic therapy, interventional radiology, and patient support modalities have
become increasingly sophisticated, although surgery continues to be the mainstay of
treatment for most patients. Today, neck infections are rarely life threatening when
sound and timely management is applied.

Cervical Spine Injuries
Jeff W. Chen

This article describes the anatomy of the cervical spine and the most common types of
fractures associated with the cervical spine. Cervical spinal cord syndromes are also
reviewed because such syndromes discovered during neurologic examinations
frequently provide the first clue that there is an underlying spinal cord injury. Because
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The modern approach to patients presenting with penetrating injuries to the neck
requires the cautious integration of clinical findings and appropriate imaging studies for
formulation of an effective, safe, and minimally invasive modality of treatment. The
optimal management of these injuries has undergone considerable debate regarding
surgical versus nonsurgical treatment approaches. More recent advances in imaging
technology continue to evolve, providing more accurate and timely information for the
management of these patients. In this article the authors review both historic and recent
articles that have formulated the current management of penetrating injuries to the neck.
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vi

Fractures of the larynx are uncommon injuries that may be associated with maxillofacial
trauma. Clinicians treating maxillofacial injuries should be familiar with the signs and
symptoms of laryngeal fractures and with proper airway management. A timely
evaluation of the larynx, rapid airway intervention, and proper surgical repair are
essential for a successful outcome.
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resolution ultrasonography and fine-needle aspiration have resulted in substantial
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incidentally discovered thyroid nodules.
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Preoperative diagnostics, including imaging and fine needle aspiration, are key elements
in treatment planning, even in the absence of absolute histologic confirmation of tumors.
Benign tumor implants in the neck can be managed with conservative surgery, whereas
aggressive surgical management, including neck dissection and adjuvant therapy, is
generally advocated for malignancy.
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Lymph node status is the single most important prognostic factor in head and neck
cancer because lymph node involvement decreases overall survival by 50%. Appropriate
management of the regional lymphatics, therefore, plays a central role in the treatment of
the head and neck cancer patients. Performing an appropriate neck dissection results in
minimal morbidity to the patient, provides invaluable data to accurately stage the
patient, and guides the need for further therapy. The purposes of this article are to
present the history and evolution of neck dissections, including an update on the current
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of the NO neck, namely when and how to electively treat, has been debated extensively.
This article presents the controversies surrounding management of the NO neck, and the
benefits and pitfalls of different approaches used in evaluation and treatment. As current
methods of assessing the risk for occult metastasis are insufficiently accurate and prone
to underestimation of actual risk, and because selective neck dissection (SND) is an
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effective treatment and has minimal long-term detriment to quality of life, the authors
believe that all patients who have oral SCC, excluding lip SCC, should be prescribed
elective treatment of the neck lymphatics. However, this opinion remains controversial.
Because of the morbidity of radiation therapy and because treatment of the primary
tumor is surgical, elective neck dissection is the preferred treatment. In deciding the
extent of the neck dissection, several retrospective studies and one randomized clinical
trial have shown SND of levels I through III to be highly efficacious.
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regionally advanced squamous cell carcinoma of the upper aerodigestive tract. Most
evidence supports the use of comprehensive neck dissection for node-positive disease
and suggests that planned neck dissection following definitive radiation therapy and
chemoradiation therapy is unnecessary in the great majority of patients with node-
positive neck disease who exhibit a complete response. Evidence for less aggressive
therapy is much less compelling in patients with bulky adenopathy. For such patients,
there is growing enthusiasm for selective or even super-selective neck dissection for
surgical salvage. Finally, when cervical disease is so advanced as to involve the carotid
artery, evidence continues to portend a dismal prognosis.
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Tracheotomy has been practiced since ancient times and continues to be a crucial
procedure. Contemporary elective adult tracheotomy is described in detail. Intra-
operative and postoperative complications can arise with elective tracheotomy. Pediatric
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emergency cricothryroidotomy and “slash” tracheotomy are discussed. Continuing
education regarding advances in tracheotomy procedures is advised.
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Reconstruction of congenital, developmental, or acquired head and neck defects remains
a significant challenge for the oral and maxillofacial surgeon. Microvascular free tissue
transfer has several advantages over nonvascularized bone grafts and pedicled soft
tissue flaps that currently make it the modality of choice for the reconstruction of
extirpative defects of the head and neck. Preoperative planning must include detailed
attention to the technical aspects of the microvascular procedure. This includes a
thorough understanding of the vascular anatomy of the patient’s neck; vascular anatomy
of the various flaps including pedicle lengths; and a knowledge of how to facilitate
microvascular surgery in the neck and to manage complicating factors in the difficult
neck.

Index

viii

499

513

521

527

CONTENTS



FORTHCOMING ISSUES

November 2008

Head and Neck Manifestations of Systemic Disorders
Sidney L. Bourgeois, Jr, DDS, Guest Editor

February 2009

Complications of Cosmetic Facial Surgery
Joseph Niamtu III, DMD, Guest Editor

May 2009

Current Controversies in Maxillofacial Trauma

A. Omar Abubaker, DMD, PhD and
Daniel M. Laskin, DDS, MS, Guest Editors

PREVIOUS ISSUES

May 2008

Orofacial Pain and Dysfunction
Ramesh Balasubramaniam, BDSc, MS and

Gary D. Klasser, DMD, Guest Editors
February 2008

Practice Management
M. Todd Brandt, DDS, MD, Guest Editor

November 2007

Topics in Bone and Bone Related Disorders
Mark R. Stevens, DDS, Guest Editor

THE CLINICS ARE NOW AVAILABLE ONLINE!

Access your subscription at:
http://www.theclinics.com




ELSEVIER
SAUNDERS

Oral Maxillofacial Surg Clin N Am 20 (2008) xi—xii

ORAL AND
MAXILLOFACIAL
SURGERY CLINICS

of North America

Preface

Eric J. Dierks, DMD, MD, FACS

o

R. Bryan Bell, DDS, MD, FACS

Guest Editors

Learning is not attained by chance, it must be sought
for with ardor and attended to with diligence.

Abigail Adams (1744-1818)

The American Association of Oral and Max-
illofacial Surgeons defines oral and maxillofacial
surgery as the specialty of dentistry that includes
the “diagnosis, surgical and related treatment of
diseases, injuries and defects involving both the
functional and esthetic aspects of the hard and
soft tissues of the head, mouth, teeth, gums, jaws
and neck” [emphasis added]. In preparing this
issue of the Oral and Maxillofacial Clinics of
North America, we recognize that the training of
American oral and maxillofacial surgeons in the
surgical and nonsurgical management of condi-
tions affecting the neck is varied. We also recog-
nize that our relatively young surgical specialty
continues to mature as it advances the education
of its members through formal fellowship training
in head and neck oncologic surgery, cranio-maxil-
lofacial trauma, pediatric cleft and craniofacial
surgery, and esthetic surgery. As the profession
matures, there is and will be a need for all oral
and maxillofacial surgeons to be familiar with, if

not proficient in, the management of a wide vari-
ety of cervical disorders.

The neck contains seven different organ sys-
tems and is one of the most complex anatomic
regions in the human body. Any or all of these
systems may be affected by a variety of congen-
ital, developmental, and acquired abnormalities,
so an interdisciplinary approach to treatment
often is necessary. Multiple surgical specialties
overlap in this critical area; in addition to oral
and maxillofacial surgery they include otolaryn-
gology, plastic surgery, neurosurgery, and tho-
racic surgery, as well as general surgery and its
subspecialties of vascular, trauma, and endocrine
surgery. To provide a contemporary and concise
review of cervical disorders, we have invited
practitioners of a number of these allied disciplines
whose areas of expertise complement those of the
oral and maxillofacial surgeon to contribute their
experience. We are deeply indebted to all the
authors for their excellent and timely contributions
and gratefully acknowledge the sacrifice of time and
energy that is necessary to generate a quality
product.

1042-3699/08/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
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We respectfully dedicate this edition of the
Oral and Maxillofacial Surgery Clinics to Dr. Wil-
liam H. Bell, who, in different ways and at differ-
ent points in our careers, served as a continual
source of inspiration. In the late 1960s, Dr. Bell
contributed to the transformation of our Ameri-
can specialty from that of oral surgery to one of
oral and maxillofacial surgery through his land-
mark research on the biologic basis for the Le
Fort I osteotomy. His subsequent textbooks pro-
vided a detailed description of the surgical correc-
tion of dentofacial deformities and served as
a reference for thousands of surgeons in multiple
disciplines across the globe. It is a testament to
his meticulous attention to detail and passionate
pursuit of excellence that in many ways these

9
William H. Bell, DDS

books remain contemporary 40 years after their
publication. He has devoted his life to improving
the human condition through patient care and
to the advancement of surgery through research
and education. Now in his sixth decade as an oral
and maxillofacial surgeon, at a time when our spe-
cialty is again evolving, he continues to expand
our collective horizons through his teaching and
international outreach. It is our hope that the fire
that burns in him will ignite the spirits of genera-
tions of surgeons to come for the betterment of
patients whom it is our privilege to serve.

Eric J. Dierks, DMD, MD, FACS
R. Bryan Bell, DDS, MD, FACS
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3181 S.W. Sam Jackson Park Road, Mail Code 1340, Portland, OR 97239-3098, USA

The anatomy of the head and neck is an
important set of knowledge for the oral maxillo-
facial surgeon. Current imaging techniques and
the exquisite detail that they provide are fre-
quently the first glimpse at disease and important
to surgical planning. CT and MRI are the primary
modes of neck imaging and are complimentary in
the information that they provide. This article
reviews the current methods of anatomic imaging
and the current methods of analysis of the region
by radiologists.

Imaging
CcT

Although CT has long been one of the primary
methods of imaging the head and neck, current
scanners have several advantages over the pre-
vious generations of scanners. Multidetector spi-
ral (helical) scanners now are composed of an
array of detector elements mounted in a gantry
that can continually rotate while the table and
patient move through the scanner. This has
largely replaced the “step-and-shoot” process of
earlier CT scanners. This configuration allows
extremely rapid acquisition of a volume data set.
The practical advantage is less motion artifact
from the rapid scan and a data set that allows for
multiplanar manipulation after data acquisition.
Postprocessing in the coronal or sagittal planes
(and into any other nonstandard plane) and into
three-dimensional volume-rendered images and
various slice thicknesses allows depiction of the

* Corresponding author.
E-mail address: andejame(@ohsu.edu
(J.C. Anderson)

anatomy in ways that can help visualize anatomy,
disease, and provide insight into surgical ap-
proaches [1]. Intravenous iodinated contrast en-
hancement is generally used to help identify
vascular structures and potentially contrast en-
hancing pathology.

Although contrast-enhanced CT provides ex-
cellent detail of the vasculature of the neck, allow-
ing one to evaluate both the venous and arterial
systems, CT angiography is performed to provide
additional resolution and detail to the vascula-
ture. Multidetector CT scanners allow for rapid
high-resolution acquisition of data timed to cor-
respond to the contrast bolus passing through the
arterial system of the neck. This method has
developed to a point where CT angiography chal-
lenges catheter angiography as the initial method
to evaluate the vasculature of the neck [2,3].

MRI

MRI examinations of the neck are generally
customized for the anatomic area of interest and
the clinical history. Different techniques, coils,
and sequences can be used for areas adjacent
to the skull base versus the infrahyoid region.
Because of the large number of variables that can
be manipulated during scanning, customization
and careful attention to scan quality are vital to
obtain information that is clinically useful.

Although there is no clear superiority of MRI
or CT, MRI does have the advantage in the area
of soft tissue contrast. Depiction of normal soft
tissue anatomy and pathologic process is excellent
with MRI. The relative lack of dental artifact on
MRI gives it the advantage when evaluating the
oral cavity and to some extent the oral pharynx and
adjacent regions. CT data can be markedly de-
graded by the streak artifacts from dental

1042-3699/08/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
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hardware. Although there are methods of scanning
off plane to reduce the area affected by the artifact,
this involves additional scanning and increased
radiation exposure. Previously stated advantages
of MRI to image in multiple planes has been
lessened somewhat by the advent of multidetector
spiral CT scanners, which allow manipulation of
the data into alternate planes to the usual trans-
verse plane [4].

Contrast use in MRI with gadolinium-based
compounds is generally safe, although awareness
of the possibility of contrast reactions and for
nephrogenic systemic fibrosis in patients with
impaired renal function, which is a relatively
new concern, should be considered [5].

Neck anatomy

The complexity of neck anatomy has led to
various means of organizing the structures for
analysis. One of the more entrenched methods is
based on the location of and spread of squamous
cell cancer of the mucosa in the head and neck.
This uses the terms ‘“‘nasopharynx,” “oral phar-
ynx,” “hypopharynx,” and “larynx” to divide the
neck into locations of the primary disease. This
method of division defines the areas by the
directly visualized mucosa and anatomic struc-
tures. Radiographically, these areas can be de-
fined and the extent of deep tissue invasion of
squamous cell cancer can be evaluated [6].

The nasopharynx is defined anteriorly by the
nasal choana and posteriorly by the prevertebral
musculature, upper cervical spine, and inferior
clivus. The lateral borders are the mucosal sur-
faces including the fossa of Rosenmiiller and the
eustachian tube. The inferior extent is the soft
palate and the imaginary line extending posteri-
orly from the hard and soft palate [6].

The oral pharynx is defined superiorly by the
soft palate, and anteriorly by the ring of structures
composed of the posterior tongue (circumvallate
papilla), the anterior tonsil pillars, and the soft
palate. The inferior extent is the epiglottis and
glossoepiglottic fold and the phyngoepiglottic
fold. Posteriorly, the superior and middle con-
strictor muscles are the border [6].

The hypopharynx or laryngopharyx is the area
inferior to the inferior margin of the oral pharynx,
and posterior to the larynx. It extends inferiorly to
the lower border of the cricoid cartilage (Fig. 1)
[6,7].

Although these definitions and divisions are
useful in the staging and evaluation of squamous

Fig. 1. Normal upper aerodigestive tract. This sagittal
upper aerodigestive tract illustrates its major subdivi-
sions: the nasopharynx (N), oropharynx (OP), oral cav-
ity (OC), hypopharynx (HP), and larynx (L). Only the
most cephalad aspect of the larynx and hypopharynx
is above the hyoid bone (arrow). This traditional method
of subdivision for the upper aerodigestive tract follows
along the lines of the primary sites in the extracranial
head and neck where squamous cell carcinoma is found.
This traditional terminology remains central to the stag-
ing issued in squamous cell carcinoma of the upper aero-
digestive tract.

cell carcinoma, they do little to help with the
remainder of the anatomy deep to the mucosal
surfaces when imaged in the traditional transverse
plane of the cross-sectional imaging of CT and
MRI.

Spaces

Because of the transverse plane in which CT
imaging has long been viewed, radiologists have
used various methods to describe the region in
a manner that allows accurate communication of
both the anatomy and the disease processes of the
head and neck. Unfortunately, there have been
debates about the terminology and definition of
the fascia of the neck; it is difficult to define
a single agreed on method for separating the
regions of the neck [6-10].

The method described next is primarily based
on a system refined by Harnsberger. Although
this may only be one of many methods, it has
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somewhat simplified the analysis of the neck when
imaged in the transverse plane. In this method the
fascial planes of the head and neck are used to
divide the region into definable areas and as a
means of systematically analyzing the complex
anatomy to help communicate the imaging find-
ings between colleagues. This spatial method of
analysis has both an anatomic basis and is a
relatively systematic way to evaluate the neck in
the transverse plane on CT and MRI. This
method divides the neck into the suprahyoid and
infrahyoid neck and then further divides regions
by the anatomic fascial planes. In this algorithm,
the facial structures are divided into the sinonasal
region, the orbit, and the oral cavity (Fig. 2). The
remainder of the structures of the face and neck
are divided into spaces using the fascia as defining
structures. The spaces of the suprahyoid neck
are pharyngeal mucosal space, parapharyngeal
space, masticator space, parotid space, carotid
space, retropharyngeal space, danger space, and
perivertebral space. Additionally, there are the an-
atomic locations associated with the oral cavity
including the sublingual and submandibular

Fig. 2. The “head and neck man.” In teaching and writ-
ing about the extracranial head and neck area the discus-
sion is usually divided by the major anatomic regions
shown in this drawing. The suprahyoid neck (SHN) rep-
resents the deep core tissues posterior to the sinonasal
(S/N) and oral cavity (OC) areas. Below the level of
the hyoid bone (arrow) the infrahyoid neck (IHN) can
be seen. A distinct area within the infrahyoid neck is
the larynx (L). BOS, base of skull; CN, cranial nerves;
O, orbit; TB, temporal bone.

spaces. Each of these spaces contains a definable
set of structures and is easily identified on cross-
sectional imaging and facilitates communication
between radiologists and clinicians [7].

Suprahyoid spaces

The sublingual space is located in the floor of
the mouth with the mandible defining the antero-
lateral border, the mylohyoid the inferiorly, hyoid
posteriorly, and oral mucosa superiorly. The sub-
lingual glands, deep lobes and ducts of the sub-
mandibular glands, lingual arteries, nerves and
veins, V3 branches from the trigeminal nerve,
genioglossus, geniohyoid, styloglossus, palato-
glossus, hyoglossus, and fat are contained within
the sublingual space. Of pathologic importance,
the posterior margin of the sublingual space freely
communicates with the submandibular and para-
pharyngeal spaces. A common description of the
sublingual space is the “horizontal horseshoe.”

The submandibular space lies superior to the
hyoid and inferiolateral to the mylohyoid muscle
and freely communicates with the sublingual
space. This space contains the superficial lobes
of the submandibular glands, anterior bellies of
the diagastric muscles, and level 1A and 1B lymph
nodes. This space is also referred to as the
“vertical horseshoe” [11].

The pharyngeal mucosal space is defined by the
mucosal surfaces of the nasopharynx, orophar-
ynx, and suprahyoid hypopharynx. The mucosal
surfaces of the oral cavity can be included, but
more commonly, the oral cavity is considered its
own space. The immediate submucosa is also
included; this space contains mucosa, lymphoid
tissue, minor salivary glands, and some muscular
tissue. MRI is considered the imaging modality of
choice for this space to evaluate for lesions that
cannot be directly visualized or for invasion deep
to the submucosa (Fig. 3) [12].

The parapharyngeal space is a primarily fat-
filled space extending from skull base to hyoid
bone. This space is defined in various ways by
various authors. Some authors divide this space
into the prestyloid and poststyloid compartments;
others include portions of the deep parotid and
muscular tissue of the masticator. The primary
area of debate on this space in the literature is
whether the carotid sheath and its fascial layers
are the posterior border. For the purposes of this
article, however, the definition of this space is the
one used by Harnsberger, which limits the
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Fig. 3. Tl-wieghted transverse MRI at the level of the
nasopharynx in the suprahyoid head and neck. The pha-
ryngeal mucosa is well seen (arrows) as distinct from the
fat and musculature deep to the mucosal surface.

definition of the parapharyngeal space as the
primarily fatty-filled space that does not include
parotid tissue, mucosa, muscle, bone, or nodes.
The posterior border is the carotid space. The
margins are limited medially by the middle layer
of the deep cervical fascia and laterally by a slip of
the superficial layer of the deep cervical fascia
separating it from the masticator and parotid. The
contents of the parapharyngeal space defined in
this manner are fat, vascular tissue, nerves, and
rare rests of salivary gland tissue (Fig. 4) [12,13].

The primary importance of the parapharyngeal
space radiographically is that it serves as a marker
to determine the location or origin of other path-
ology in the neck because it tends to be displaced
away from the site of origin of any mass. Dis-
placement of the parapharyngeal space laterally
implicates a lesion in the pharyngeal mucosa, post-
eriorly implicates the masticator space, anteriorly
implicates the carotid space, anterolaterally impli-
cates the retropharyngeal space, and medial dis-
placement implicates the lesion resides in the parotid
space.

The masticator space is defined by the super-
ficial layer of the deep cervical fascia (investing
fascia). Medially, this extends from the deep edge
of the pterygoid muscles from the mandible to
attach on the skull base medial to foramen ovale.
Laterally the fascia tracts along the superficial
masseter muscle to the zygomatic arch, then over

Fig. 4. Transverse CT image through the nasopharynx.
Outlined in black is the parapharyngeal space as defined
by Harnsberger. This fat-filled structure is centrally lo-
cated between the other spaces of the neck and is helpful
in determining location of origin of masses.

the temporalis muscle. This more superior extent
(superior to the zygomatic arch) has been termed
the “temporal fossa’ or space; however, this is an
anatomic designation only and no fascia separates
these portions of the masticator space. Radiolo-
gists may refer to this area as the superior
masticator space or the suprazygomatic mastica-
tor space; these are equivalent to the term “‘tem-
poral fossa.” The common term ‘‘infratemporal
fossa” is also part of the masticator space, being
the portion between the pterygopalatine fossa
medially and the zygomatic arch laterally. Also
of note, the parotid duct is superficial to the fascia
and is not in the masticator space (Fig. 5) [14,15].

The parotid space is defined as the parotid
gland and the structures that are within it, such as
the facial nerve, vessels, and the intraparotid
lymph nodes. CT is used to evaluate for stone
disease and some acute infections; however, MRI
is the modality of choice for imaging for masses,
perineural tumor spread, and autoimmune dis-
eases (Fig. 6) [16].

The carotid space is surrounded by the carotid
sheath, which has components of the investing
and pretracheal layers of fascia. Within the
carotid sheath are the common and internal ca-
rotid arteries, internal jugular vein, vagus nerve,
and other nervous tissue, and some deep cervical
lymph nodes. The carotid space extends from the
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Fig. 5. Transverse CT image through the nasopharynx.
Outlined in white is the masticator space, which on this
image consists of the masseter muscle (M), mandibular
ramus (R), and pterygoid muscules (Pt). Adjacent struc-
tures include the parotid (P), styloid process (white ar-
row), internal carotid artery (C), internal jugular vein
(J), and vertebral artery (V).

skull base to the mediastinum and is in both the

suprahyoid and infrahyoid neck (Fig. 7) [7,17].
The retropharyngeal space and danger space

can be discussed together because they are situated

Fig. 6. Transverse CT image through the nasopharynx.
The partotid spaces are outlined in white bilaterally.
This space consists of the parotid gland, vessels, facial
nerve, and intraparotid lymph nodes.

Fig. 7. Transverse CT image through the nasopharynx.
The carotid space is outlined in black and indicated by
the black arrowheads. The styloid process (white arrow)
lies anterior to the internal jugular vein (J). Masseter
muscle (M) and parotid (P) are indicated.

between the prevertebral layer of the deep cervical
fascia and the buccopharyngeal fascia. It is limited
by the carotid sheaths lateral and also extends from
skull base to mediastinum. It is primarily a potential
space filled with loose connective tissue; however,
in the suprahyoid portion there are lymph nodes
present, most notably the lateral retropharyngeal
nodes or nodes of Rouviere [18,19].

The perivertebral space is the area defined by
the prevertebral fascia, which encloses the bony
vertebra and surrounding muscles. This space is
divided into an anterior and posterior portion by
fascia that attaches to the transverse processes of
the vertebral bodies. This space extends both
suprahyoid and infrahyoid [20].

Infrahyoid

The infrahyoid neck can also be defined by
the anatomic facial planes and correlated with
the usual surgical approaches to these areas. The
traditional approach to these areas is the surgical
and gross dissection triangles. These triangles are
less easily defined and visualized using cross-
sectional imaging viewed in the transverse plane.
Confusion often ensues when transverse images
are viewed and attempted to be interpreted using
the anterior and posterior triangles as anatomic
areas. An alternate method of analysis that is
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based on the cross-sectional images and fascially
defined spaces and can then be translated into the
triangle vernacular has been devised. This con-
tinues the terminology and method developed for
the suprahyoid neck [21].

The anterior triangle is defined by the sternoclei-
domastoid muscle as the posterior and lateral
border, the midline is the medial border, and the
inferior border is the clavicle. The triangle is further
divided by the hyoid bone into a suprahyoid and
infrahyoid components. The suprahyoid compo-
nents of the submental and sublingual triangles are
not discussed here. The infrahyoid components are
further divided by the superior belly of the omo-
hyoid muscle into the muscular and carotid triangles.

The posterior triangle is defined anterorme-
dially by the sternocleidomastoid muscle, posteri-
orly by the trapezius muscle, and inferiorly by the
clavicle. It is further divided by the inferior belly
of the omohyoid into the occipital and supra-
clavicular triangles [19].

The spatial analysis of the infrahyoid neck uses
the anatomic fascial planes to define five spaces,
two of which are unique to the infrahyoid anatomy
and the other three are continuations from the
suprahyoid neck. These spaces are the visceral
space, carotid space, retropharyngeal space, peri-
vertebral space, and posterior cervical space. The
carotid, retropharyngeal, and perivertebral spaces
have been discussed previously (Fig. 8).

The visceral space is enclosed by the pretra-
cheal layer of the deep cervical fascia, or to avoid
confusion the visceral layer, because it surrounds
the tracheal, esophagus, and thyroid (Fig. 9). This
extends from the hyoid into the thorax. Posteriorly
the visceral layer blends with the buccopharyngeal
fascia and laterally with the carotid sheath [21].

The posterior cervical space is essentially the
primarily fat-filled space, with some lymph nodes
and the spinal accessory nerve, which lies between
the perivertebral space posteromedially, the ca-
rotid space anteromedially, and the investing layer
of the deep cervical fascia surrounding the ster-
nocleidomastoid muscle laterally. This space is
predominantly infrahyoid in location, although
a small portion does extend superior to the hyoid.
This space is essentially equivalent to the posterior
triangle [19,21].

Lymphatic system

The use of imaging in the evaluation of the
cervical lymphadenopathy for neoplastic, inflam-
matory, and infectious processes is frequently
encountered in current medical practice. It is
critical for the interpreting radiologist and con-
sulting surgeon to have a comprehensive knowl-
edge base and understanding of the normal
cervical lymphatic anatomy.

Fig. 8. (A) Transverse CT image through the infrahyoid neck. The investing fascia is highlighted and demonstrates it
splitting around the sternocleidomastoid muscule (SCM) and the trapezius muscle (T). (B) Transverse image through
the infrahyoid neck. The prevertebral fascia is highlighted. This fascia defines the perivertebral space, which is both
suprahyoid and infrahyoid in location, extending from skull base into the thoracic region.
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Fig. 9. Transverse image through the infrahyoid neck at
the level of the cricoid cartilage (white arrow). The prever-
tebral layer of the deep cervical fascia (or visceral fascia) is
highlighted in white. This fascia encircles the thyroid gland
(T), larynx, and esophagus. Posterior to the visceral space is
the retropharyngeal space (black arrowheads), which is seen
as a thin dark line of fat between the esophagus and the
vertebral body. C, carotid artery; J, internal jugular vein.

The cervical lymphatic system demonstrates
characteristic drainage patterns that involve nu-
merous chains and clusters. These patterns of
drainage were categorized into zones for prognos-
tic importance and reproducible anatomic locali-
zation for neck dissection. The system currently in
place is the revised Neck Dissection Classification
by the American Head and Neck Society and
American Academy of Otolarynogology-Head
and Neck Surgery that divides the cervical lym-
phatic system into separate levels [22].

Currently, the system organizes each side of
the neck into six levels, with levels I, II, and V
further subclassified secondary to additional path-
ologic importance. Level I lymph nodes include
the submental and submandibular groups. The
submental nodal group (level IA) is bounded by
the triangle formed by the anterior belly of the
diagastric and hyoid bone and receives drainage
from the floor of the mouth, anterior oral tongue,
lower lip, and mandibular alveolar ridge. The
submandibular nodal group (level IB) is bounded
by the triangle formed by the anterior bellies of
the diagastric, stylohyoid, and body of the man-
dible. This level receives drainage from the oral
cavity, midface soft tissues, submandibular gland,
and anterior nasal cavity.

Level II is the upper jugular lymph nodes
including the jugulodigastric node, which are

bounded by the skull base, hyoid bone, stylohyoid
muscle, and the posterior border of the sterno-
cleidomastoid muscle. This level is subclassifed
into ITA and IIB by a vertical plane created by the
spinal accessory nerve. Level IIA is anterior and
level 1IB is posterior to the spinal accessory nerve.
The drainage received by this level includes oral
cavity, nasal cavity, nasopharynx, oropharynx,
hypopharynx, larynx, and parotid gland.

Level III is the middle jugular nodes and
delineated by the hyoid, cricoid cartilage, poste-
rior sternocleidomastoid muscle, lateral sterno-
hyoid muscle, common carotid, and internal
carotid. Lymph drainage into this level is from
the oral cavity, nasopharynx, oropharynx, hypo-
pharynx, larynx, and parotid gland.

Level IV is the lower jugular nodes and located
within the borders created by the cricoid cartilage,
clavicle, lateral sternohyoid, common carotid, and
posterior sternocleidomastoid muscle. Hypophar-
ynx, thyroid, esophagus, and larynx all drain into
this nodal group.

Level V posterior triangle group are inferior to
the spinal accessory nerve and transverse cervical
artery and bounded by the trapiezus muscle,
posterior sternocleidomastoid muscle, and clavi-
cle. This level is also separated into VA spinal
accessory nodes from VB transverse cervical-
supraclaviclular nodes by a horizontal line ex-
tending from the cricoid. Drainage is from the
nasopharynx, oropharynx, and cutaneous struc-
tures from the neck and posterior scalp.

The final group is the level VI anterior com-
partment, which includes the prelaryngeal, pre-
thyroid, and pretracheal and paratracheal nodal
groups. This compartment is bounded by the
hyoid, suprasternal notch, and lateral boundaries
of the common carotid arteries. These nodes
receive drainage from the thyroid gland, larynx,
piriform sinus, and esophagus.

Lymph nodes not located within these regions
are designated by their specific anatomic location.
Examples include retropharyngeal, parotid, buc-
cinator, postauricular, malar, mandibular, in-
fraorbital, and suboccipital groups.

Radiographic-based lymph node classification

Unfortunately, not all of the designated ana-
tomic boundaries are radiographically apparent.
Radiologists have devised substitutes that approxi-
mate the surgical landmarks (Box 1). The stylohyoid
muscle and spinal accessory nerve are examples with
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Box 1. Radiographic-based lymph node
classification

Level | nodes are contained superiorly by
the mylohyoid muscle, inferiorly by
the lower body of the hyoid bone, and
anteriorly by an imaginary coronal line
at the posterior margin of the
submandibular gland on axial
imaging. Level | nodes are further
subdivided into IA and IB.

Level IA (submental) nodes are those
level | nodes contained laterally by the
medial aspects of the anterior
diagastric muscles, superiorly by the
mylohyoid, and inferiorly by the lower
body of the hyoid.

Level IB (submandibular) nodes are level
| nodes contained superiorly by the
mylohyoid, inferiorly by the lower
body of the hyoid, medially by the
medial aspects of the anterior
diagastric muscles, and posteriorly by
a coronal line at the posterior aspects
of the submandibular gland.

Level Il (upper jugular) nodes are
contained superiorly by the skull base
from the margin of the jugular fossa and
inferiorly to the lower body of the hyoid.
The anterior border is the imaginary
coronal line that extends from the
posterior edge of the submandibular
gland. The posterior border is an
imaginary coronal line at the posterior
aspect of the sternocleidomastoid
muscle on axial imaging. Any lymph
nodes medial to an imaginary sagittal
line through the carotid artery are
referred to as “retropharyngeal” and not
level Il. Level Il nodes are subclassified
into lIA and IIB.

Level IIA nodes are anterior, lateral,
medial, and posterior but inseparable
from the internal jugular vein.

Level lIB nodes lie posterior to the
internal jugular vein separated by
a visible fat plane.

Level lll (middle jugular) nodes are
contained superiorly by the lower
body of the hyoid and inferiorly by the
lower margin of the cricoid cartilage.
These nodes also lie anterior to the

ANDERSON & HOMAN

posterior border of the
sternocleidomastoid muscle and
medial to the common and internal
carotid arteries.

Level IV (lower jugular) nodes are
contained superiorly by the lower
margin of the cricoid, inferiorly by the
clavicle, anterolateral by an oblique
line from the posterior margin of the
sternocleidomastoid, and medially by
the common carotid artery.

Level V nodes are contained posteriorly
by a coronal line on axial imaging from
the anterior margin of the trapezius
muscle and anteriorly by the posterior
margin of the sternocleidomastoid
from the skull base to the clavicle.
Level V nodes are also subdivided into
VA and VB nodes.

Level VA (spinal accessory) nodes are
level V nodes superior to a horizontal
line from the lower margin of the
cricoid cartilage to the skull base.

Level VA (transverse cervical/
supraclavicular) nodes are those level
V nodes that lie inferior to the lower
margin of the cricoid and clavicle.

Level VI (anterior compartment) nodes
are contained superiorly by the lower
body of the hyoid and inferiorly by the
sternal manubrium. These nodes also
lie medial to an imaginary sagittal line
through the common and internal
carotid arteries.

the posterior submandibular gland and fat plane
posterior to the internal jugular vein being the ra-
diographic correlates, respectively [23,24].

Summary

This article reviews the anatomy of the head
and neck with regards to its radiology. A brief
discussion of the current imaging modalities is
provided. The various methods of visualizing,
analyzing, and communicating this complex re-
gion of anatomy are correlated.
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Oral and maxillofacial surgeons frequently
deal with patients who present with an unknown
neck mass. Formulation of a differential diagnosis
is essential and requires that the surgeon bring to
bear a host of skills to systematically arrive at
a definitive diagnosis and ensure that the correct
treatment is rendered. This article highlights some
of the skills needed in the workup of neck masses
and reviews some of the available techniques that
aid in achieving the correct diagnosis.

Clinical evaluation

The way you talk with a patient while taking
a history lays the foundation for good care. By
listening and responding skillfully and empathic-
ally, you learn what is bothering the patient and
what symptoms he or she has experienced. You
also may learn what the patient thinks the trouble
may be, how or why it happened, and what
outcome is hoped for or feared. As you listen to
the story of an illness, moreover, you begin to
formulate a range of possible diagnoses. By
asking additional questions, you can fill in the
gaps in the patient’s initial account and test some
of your diagnostic hypotheses... [1].

The history and physical examination is the
cornerstone of medicine. The surgeon must
continually strive to improve on this skill through
deliberate and systematic manipulation of the
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history and physical. In stressing the importance
of history-taking, Sir William Osler said: “If you
listen to your patient, they will tell you their
diagnosis™ [1].

History and review of systems

The chief complaint provides the foundation
for the evaluation of the patient and directs the
examination. Once this data have been obtained,
the history of the present illness should be
examined further because it is valuable for the
development of the initial diagnostic impressions.
Characteristics of the mass, such as the location,
growth rate, and presence of pain, provide clues to
the nature of the problem. For example, a long-
standing nonpainful mass with slow or insignifi-
cant changes points toward a benign process.
Associated symptoms, such as referred pain,
changes in voice quality, difficulty swallowing,
and epistaxis, should be discussed with the patient
and can give clues to the origin of the mass. The
surgeon should also question the patient regard-
ing systemic symptoms. Although such symptoms
may be uncommon, they can suggest metastatic
disease, especially if neurologic and pulmonary
complaints are present. The classic “B signs™ of
lymphoma are fever, night sweats, and weight
loss.

The clinician not only has to consider the
present illness, but the patient’s sex, age, social
history, occupational exposure, travel history, and
past surgical and medical history. For example, it
is not too uncommon for patients to present to
a surgeon with a neck mass only a few months
after another physician removed a skin cancer
from the patient’s face or neck.
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Physical examination

The physical examination should be performed
in a systematic fashion. The temptation to focus
on the problem area should be resisted. The
clinician should carry out a standard, detailed
head and neck examination with emphasis in this
case on the neck. A detailed skin examination
should be done with attention directed to the
ipsilateral scalp in cases where parotid swelling is
present. Cranial nerve examination is also impor-
tant because abnormal findings can indicate nerve
involvement by tumor and a poorer prognosis.
These facts serve as guides in the differential
diagnosis. A thorough examination of the oral
cavity, nasopharynx, and the larynx is crucial. The
lateral pharyngeal walls can also be involved and
ipsilateral bulging of the tonsilar area is com-
monly seen in dumbbell tumors of the parotid.
The detailed examination of these subsites is often
facilitated by the use of an endoscope or mirrors,
which is discussed later in this article.

During the physical examination of a neck mass,
the clinician should seek to determine the location,
size, and character of the lesion. One should
determine if the mass is tender to palpation, if the
mass is fixed, if there is pulsation, and if there is
fixation to the overlying skin. Palpation of the
thyroid should be done to assess for the presence of
thyroid nodules or enlargement. Some patients
with large substernal goiters produce a positive
Pemberton’s sign (ie, elevated arms above the head
results in superior vena cava syndrome). Such
findings as rubbery nodes may suggest alymphoma,
whereas a large, firm, fixed node may point to
a metastatic malignancy. Presence of a mass
isolated to the supraclavicular region should trigger
thoughts of a primary abdominal malignancy or
malignancy at other sites beyond the head and neck.

When evaluating children, it is important to
determine the timing of the appearance of the
mass because this timing is critical in the formu-
lation of the differential diagnosis. The differential
for a mass present at birth is different from those
that originated later, such as lymphangioma,
vascular malformation, and hemangioma.

A thorough working knowledge of the
lymphatics of the head and neck is essential for the
practicing oral and maxillofacial surgeon. Regard-
less of the nature of the primary disease and the
involvement of any nodal groups should be reported
using the accepted nomenclature. The patterns of
drainage can give clues for finding a primary source
in a patient presenting with a neck mass.

The lymphatic system of the neck is a network
of channels connecting both superficial and deep
lymph nodes. Although no physical or anatomic
separation exists between lymph node groups,
nodal groups have been subdivided into six to
seven groups for practical reasons that mostly
relate to treatment. Suen and Goepfert [2] in 1987
suggested this classification, which is based on the
Memorial-Sloan Kettering classification [3]. It was
then accepted by the Union International Contre
le Cancer, the American Joint Committee on
Cancer, and the American Academy of Otolaryn-
gology-Head and Neck Surgery for the standard-
ization of clinical and surgical reports [4,5].

Endoscopy

Endoscopy should be part of the oral and
maxillofacial surgeon’s armamentarium when
evaluating patients with head and neck masses,
especially if malignancy is suspected. For
example, supraglottic carcinomas can present as
an unexplained mass in the neck and are often
missed on initial examination [6]. Endoscopy can
be divided into indirect and direct endoscopy,
with the latter performed with a rigid or flexible
scope. Indirect mirror laryngoscopy is one of the
most useful techniques and has several advan-
tages. It is inexpensive and, when properly
performed on a cooperative patient, can bring
into view all the necessary structures. The prob-
lem with the indirect technique is that even with
the aid of topical anesthesia, a strong gag reflex
can be observed. Areas that are difficult to visual-
ize with indirect laryngoscopy include the anterior
commissure, portions of the epiglottis, the pyri-
form sinus, the ventricle, and the lateral base of
the tongue. Indirect mirror nasopharyngoscopy
also offers good visualization, but is technique-
sensitive. Also, the soft palate can obstruct visual-
ization or biopsy. Direct flexible fiber-optic
nasopharynscopy/laryngoscopy is the method
preferred by the authors. It is simple, relatively
well tolerated by patients, and can be easily and
comfortably performed in the office with topical
anesthesia.

The classic “panendoscopy’ of direct laryn-
goscopy, rigid esophagoscopy, and bronchoscopy
can also be performed, but has lost favor as
a routine means of evaluation of the unknown
primary patient. Several different scopes are avail-
able, but all use the same basic approach: a peroral
route, supine positioning, and general anesthesia



NECK MASSES 323

in the operating room. The role of panendoscopy
is  controversial, especially with modern
radiographic techniques, and might best be
reserved for symptom-directed evaluation.

Differential diagnosis

Formulating your diagnostic possibilities
should begin at the time of the first encounter
and evolve through to the final diagnosis. The
formulation of a good differential diagnosis is
based on a thorough understanding of head and
neck pathology. However, a complete review of
possible lesions in the head and neck goes beyond
the scope of this article. The differential list is
arranged from the most probable diagnosis to the
least likely, usually including the five most likely
diagnoses. The differential serves as the “game
plan” for the arriving at the final diagnosis. The
differential list is based on the clinical and imaging
information gathered, which can later be “‘ruled
in” or “ruled out” based on additional informa-
tion. The clinician also has to develop a priority
list within each of the most likely categories. This
may ultimately reflect your treatment or next
diagnostic step (Fig. 1). Box 1 contains a list of
commonly occurring pathology in the head and
neck subclassified based on congenital, infectious,
benign, and malignant tumors.

Pathologic assessment

Histologic assessment of neck masses should
rarely require open biopsies. The routine use of
open biopsies can lead to tumor seeding and can
ultimately require a more extensive resection.
Currently, cytologic diagnoses of neck masses
are often obtained through the use of fine needle
aspiration, while minimizing the stated negatives.
Hayes Martin recognized this during the infancy
of modern head and neck surgery:

Incisional biopsy for the removal of a portion or
of the whole of a cervical tumor should never be
made until other methods have been unsuccess-
ful. One of the most reprehensible surgical
practices is the immediate incision or excision of
a cervical mass for diagnosis without preliminary
investigation for a possible primary growth.
There can be no better example of ill-advised
and needless surgery [7].

Fine needle aspiration biopsy

Since Hayes Martin [8] first used the technique
in the 1930s, fine needle aspiration biopsy

(FNAB) has become the gold standard for the
histologic evaluation of a patient with a neck
mass. FNAB is an inexpensive, rapid, and rela-
tively accurate diagnostic tool for evaluating
neoplastic and nonneoplastic lesions, especially
in superficial or easily palpable masses. Imaging
techniques, such as ultrasound, CT, and MRI,
have also been described and proven safe in
deep-seated lesions [9]. In the head and neck,
FNAB can be used in the thyroid, skull base,
salivary glands, paraspinal lesions, cervical
masses, and nodules. It also can aid in preopera-
tive planning and patient counseling. This is espe-
cially true in patients with malignant versus
benign disease or patients who are poor surgical
candidates. There has been some controversy in
the use of FNAB because of its potential pitfalls,
such as tumor seeding, nerve damage, and salivary
fistulas. Experience has shown that these prob-
lems rarely occur when FNAB is properly per-
formed and that complications are almost
nonexistent. For example, Smith [10] reported an
incidence of 0.005% of tumor seeding, all of
which were abdominal, pelvic, or retroperitoneal
lesions.

If the clinician chooses to use FNAB in clinical
practice, he or she must have an understanding of
its limitations. A variety of lesions in the neck are
investigated by aspirates. These can range from
reactive changes, lymphomas, and malignancies to
congenital/developmental cysts. Each presents
with its own diagnostic challenges, which go
beyond the scope of this article. The diagnostic
accuracy is variable in the literature, with sensi-
tivities ranging from 77% to 95% and specificities
from 93% to 100% [11]. Squamous cell carcinoma
(SCCA) represents the most common malignancy
in the cervical lymph chains. A common diagnos-
tic problem is to distinguish it from benign squa-
mous lesions, including cysts [12-15]. The
clinician and patient must understand that the
FNAB can be ““positive” for SCCA or for other
solid tumors, but a FNAB that does not show
cancer cells is never “‘negative” and does not
rule out cancer. Another area in which FNAB
has been questioned is in its inability to accurately
diagnose primary lymphadenopathies and lym-
phomas [16]. The culmination of a cervical
lymphoma workup may still require open biopsy
for histopathology and flow cytometry.

The differential diagnosis of a neck mass in the
pediatric population is quite expansive, the most
common being reactive lymphadenopathy. How-
ever, the patient that fails to respond to an initial
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Patient with Neck Mass
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Fig. 1. Algorithm for assessment of a neck mass. Abbreviations: PET, positron emission tomography; ROS, review of

system; US, ultrasound.

course of antibiotic therapy poses a treatment
dilemma to the clinician. The incidence of malig-
nancy is lower in children than in adults, with
mesenchymal tumors representing 90% of the
lesions found in children [17]. Torsiglieri and
colleagues [18] reviewed 455 pediatric FNABs
and found 55% congenital lesions, 27% inflam-
matory, 5% noninflammatory benign lesions,
3% benign neoplasms, and 11% malignancies,
the most common being lymphoma. Several
studies have reported the efficacy and safety of

FNAB in the pediatric population [19,20]. The
psychologic trauma of an FNAB to the patient
and the parents has to be weighed against the risks
and benefits of traditional open biopsy under gen-
eral anesthesia.

FNAB is a valuable diagnostic tool in the
evaluation of a neck mass in both the pediatric
and adult patient. Its low overall cost, low
associated morbidity, and high accuracy put it at
the top of the diagnostic algorithm. However,
despite their positive attributes, FNABs are not
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Box 1. Limited differential for a neck
mass

Nonneoplastic
Congenital
Thyroglossal duct cyst
Branchial cleft cyst
Hemangiomas
Lymphangioma (cystic hygroma)
Layngoceole
Dermoid
Infectious
Acute lymphadenitis
Abscess
Tuberculosis
Cat scratch disease

Neoplastic
Benign
Lipoma
Salivary
Pleomorphic adenoma
Warthin’s tumor
Thyroid goiter
Paragangliomas (eg, carotid body
tumors)
Malignant
Salivary
Mucoepidermoid
Adenoid cystic
Thyroid carcinoma
Metastatic carcinoma
Sarcoma
Lymphoma

infallible and should never replace sound clinical
judgment.

Imaging studies

Imaging is frequently employed to help
determine the exact location and other character-
istics of the disease process among patients who
present with a neck mass. The only exception may
be someone with an obvious inflammatory or
infective process where empiric treatment may be
started, followed by re-evaluation. CT and MRI
have proven to be indispensable tools in evaluat-
ing a patient with a neck mass and can be used to
complement one another. In principle, imaging
complements the physical examination, and axial
and coronal sectional studies are based on anat-
omy and the changes that occur with pathology.

CT and MRI studies can also complement one
another. An important consideration is context of
the study (eg, after-operation, following earlier
procedures).

The use of imaging in the determination of head
and neck malignancies is vital for determining the
origin, extent, and thus resectability of the mass.
Imaging of the cervical lymphatics alters the esti-
mated clinical stage in 20% to 30% of patients [21].

CT scan

CT is probably the most widely used imaging
study in the head and neck, outside the neuro-
cranium. It has the advantages of wide availabil-
ity, speed, relatively low cost, and good spatial
resolution. It is excellent at separating fat from
muscle, and bone is well imaged. However, its
ability to separate muscle and tumor is not as
good. Spiral (helical) CT is quickly becoming the
mainstay in many medical centers [22]. The
advantages of spiral CT are a result of the contin-
uous rotation of the x-ray tube and the detector as
the patient moves through the gantry. This allows
rapid scanning of large volumes of tissue during
quiet respiration; a reduction in the amount of in-
travenous contrast needed, as well as the amount
of motion artifact; and multiplanar and three-
dimensional reconstruction [23-25]. CT can be
particularly valuable in the head and neck pathol-
ogy patient because many of these patients have
significant comorbidities, such as chronic
obstructive pulmonary disease, and cannot handle
their secretions. Therefore, breath-holding and
long scanning time are not well tolerated.

MRI

Although MRI has several favorable charac-
teristics for the evaluation of the head and neck,
its superiority compared with CT has not been
established [26,27]. There is, however, a distinct
advantage in its soft tissue capabilities and it is
useful when the distinction between the mass
and surrounding soft tissue is poor. Metallic
dental restorations do not significantly degrade
the MRI image. Many different techniques are
available for image enhancement on MRI. In gen-
eral, Tl-weighed images relate to how quickly
nuclei return to their base state. This type of
image takes less time to produce and fat appears
bright and cerebrospinal fluid dark. T2-weighted
images relate to the loss of phase coherence and
typically take longer to acquire. These images pro-
duce cerebrospinal fluid that is bright and fat that
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is darker. Gadolinium-enhanced images can also
improve the clarity of margins of many lesions
and, because gadolinium is a noniodinated
medium, it is considered safer in patients with
renal impairment and a history of allergic reac-
tions [28,29]. Additional techniques, such as fast-
spin echo and fat suppression, produce sharper
images in shorter times and allow for better delin-
eation of tissues. For example, in fast spin echo T2
images, fat does not appear dark, and distinguish-
ing between fat and fluid (eg, hemorrhage) is
difficult. Fat suppression techniques obliterate
the signal from fat, producing an image where
fluid is bright and fat is dark. This technique
can also be applied to gadolinium-enhanced T1
images where the lesion abuts fatty tissues and
the extent of the mass is obscured because both
are bright [30].

In patients with cancer of the head and neck,
nodal involvement has significant prognostic
value. Studies in the late 80s by Mancuso and
colleagues [31] and Som [32] illustrated the use of
CT in detection of nodal metastasis. Radio-
graphic abnormalities that may indicate a patho-
logic process include nodal enlargement beyond
maximal normal size, clusters of ill-defined nodes,
and distinctive nodal shapes. Although shape and
size are no longer considered reliable, round no-
des tend to be neoplastic and elliptic nodes tend
to be normal or hyperplastic [33]. Contrast-
enhanced CT is thought to be superior to MRI
in the detection of central nodal necrosis [27].
With the development of fat suppression tech-
niques, gadolinium enhancement, field strength,
high-resolution microimaging, and stylized sur-
face coils, MRI has been reported to be compara-
ble to CT in central nodal necrosis detection
[26,34]. MRI is also preferred for targeted imag-
ing of a primary site, such as base of tongue, sal-
ivary glands, and the base of the skull, especially
when perineural extension is a concern [35]. An-
other recent advance is that of the use of MRI
imaging to identify pathologic nodes using super-
magnetic iron oxide nanoparticles that accumu-
late in normal functioning nodes, giving an
intense signal. The goal is to improve sensitivity
in detecting smaller metastatic nodes from reac-
tive nodes [36].

Positron emission tomography

Positron emission tomography (PET) is
another modality for evaluating the patient with
a neck mass, especially if metastatic disease is high

on the differential. PET is a functional study
based on the uptake of 18-fluorodeoxyglucose in
cells proportional to their rate of glycolysis [37].
PET scans have the ability to survey the whole
body and detect primary tumors that would not
otherwise be visualized. It routinely is used to
detect an occult primary and in the evaluation
of recurrent disease after treatment [38,39]. Tradi-
tionally, the widespread use of PET has been
limited because of its expense, its poor spatial res-
olution, and its limited availability. Other limita-
tions are its inability to detect lesions smaller
than 5 to 10 mm and the physiologic uptake of
laryngeal and oropharyngeal muscles, resulting
in unwanted false positives [40,41]. Recently,
PET has been combined with other modalities,
such as CT, providing anatomic and functional
information. Several studies have reported
improved detection of primary and metastatic dis-
ease when PET combined with CT was compared
with PET, CT, and MRI alone [42,43].

Ultrasound

Ultrasound is another study that is readily
available, inexpensive, noninvasive, and accurate.
Conventional B-mode ultrasound has been used
with success as an examination tool in the
evaluation of benign, inflammatory, vascular,
and malignant lesions, as well as in the evaluation
and surveillance of thyroid nodules [44—47]. It also
can be used in both the pre- and postoperative
phases of treatment. Other techniques, such as
contrast-enhanced color Doppler sonography,
have also been investigated to give information
about blood flow to lymph nodes. Moritz and col-
leagues [48] showed that characterization of hilar
vessels with branching indicated lymphadenitis
and predominately peripheral vessels indicated
malignancy with very high sensitivities and speci-
ficities. The limitation of ultrasound is that it is
highly operator-dependent and many radiologists
inexperienced in ultrasound prefer CT or MRIL
Ultrasound is commonly used to direct FNAB
techniques to improve the diagnostic yield
[49,50]. Ultrasound is widely used in Europe for
neck mass evaluation and many European oral-
maxillofacial surgery clinics employ ultrasound
as an adjunct to physical examination.

Angiography

Vascular lesions should be considered when
dealing with a mass in the head and neck,
especially in the pediatric population [51]. Clinical
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examination is often sufficient for diagnosis when
all or a portion of the lesion is superficial. How-
ever, the extent of the lesion is often underesti-
mated [52,53]. Deeper lesions of the neck require
imaging and sometimes the study itself can diag-
nose the lesion. For example, angiography of
carotid body tumors demonstrates their patho-
gnomonic lyre signs (bowing of the external and
internal carotid arteries) [54]. Imaging can also
be essential for treatment feasibility, preoperative
planning, and sometimes diagnosis. The combined
use of angiography, CT, and MRI has been
described for evaluating hemangiomas, lymphan-
giomas, arteriovenous malformations, and para-
gangliomas. In general, MRI is considered to
give the most diagnostic information regarding
tissue characterization and extension of vascular
lesions [54,55]. CT and plain radiographic studies
are valuable when intraosseous involvement is
suspected. However, care must be taken with
lesions involving the mandible because on plain
radiography vascular malformations are difficult
to distinguish from benign odontogenic tumors,
such as ameloblastomas or myxomas [56]. Both
CT and magnetic resonance angiography can be
used for three-dimensional reconstruction. These
can be helpful in preoperative planning and in
some situations can eliminate the need for angiog-
raphy [57,58]. Catheter angiography is valuable
when large vascular connections are suspected or
when preoperative delineation of feeding and
draining vessels for surgery and embolization is
needed. Catheter angiography does not, however,
demonstrate the involvement of the lesion with
the surrounding tissue [59,60].

Common neck masses

The following is a short list of common neck
masses that may be encountered by the surgeon.

Nonneoplastic masses

Nonneoplastic masses in the neck may be
separated into two broad categories: congenital
or infectious. The following is a brief description
of entities that may be placed in the differential of
neck masses.

Congenital

Congenital masses are those that were present
since birth. They may have enlarged over a period
of time but the common thread is the presentation
at birth.

Lymphangiomas (cystic hygromas)

The old term for cervical lymphangioma is
cystic hygroma. This entity results from a malfor-
mation of the lymphatic system in the cervical
region that leads to proliferation of the vessels in
the region and a subsequent mass. These masses
may encompass a large area of the neck without
true localization to a specific site. Lymphangio-
mas may be subdivided into macrocystic versus
microcystic. This distinction is based on the pre-
dominant size of the cystic spaces within the lesion
and may impact on the treatment and resolution
of the lesion. Macrocystic lesions are more sus-
ceptible to the sclerosing agent OK432 (picibanil).

Branchial cleft cysts

Branchial cleft cysts originate from entrapped
squamous epithelium and lymphoid tissues during
development of the branchial grooves. There are
multiple types of branchial cleft cysts ranging
from type I to type IV. The most common
branchial cleft cyst is the type II (second brachial
cleft). The location of the second branchial cleft
cyst is in the upper neck deep to the sternocleido-
mastoid muscle with its anterior sinus often
exiting anterior to the muscle. These cysts often
present during the younger years of development
with the majority presenting before 10 years of
age. One can occasionally see these cysts in adults,
often after an infection resulting in a rapid
enlargement of the cyst and pain. These cysts
are often confused with large necrotic cystic nodes
from tonsilar cancer.

Thyroglosal duct cysts

The most common developmental cyst found
in the neck is the thyroglossal duct cyst [61]. This
cyst originates from a lack of degeneration of the
cystic track from the migration of the thyroid
gland in the neck during development. As such,
the track may be found anywhere from the fora-
men cecum up to the pyramidal lobe of the
thyroid. During development, as the thyroid
descends in the neck, it is close to the developing
hyoid bone (Reichert’s cartilage). Given this
fact, the track of the cyst may be present in front,
back, or through the central portion of the hyoid
bone. The typical presentation of the thyroglossal
duct cyst is a large mass in the midline of the neck
that moves with swallowing or protrusion of the
tongue. The lesion may also present as a lateral
or paramedian mass. A common clinical scenario
is that of a young person with a recent upper
respiratory track infection and a new neck mass.
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The resection of these cysts entails the complete
removal of the mass and its track along with the
central portion of the hyoid bone as described
by Sistrunk [62] (Fig. 2).

Vascular lesions

Virchow [63] described the first anatomic path-
ologic classification of vascular lesions. Our cur-
rent understanding was greatly expanded by the
work of Mulliken and Glowacki [64], who classi-
fied vascular lesions as hemangiomas and vascular
malformations. Hemangiomas are present at birth
and rapidly proliferate in the first years of life, fol-
lowed by a slow involution. Vascular malforma-
tions are present at birth but may not be evident
and show proportionate growth. Hemangiomas
typically are classified as capillary, cavernous,
and capillary-cavernous. These lesions are more
common in females (3:1) and 60% are located in
the head and neck [65,66]. A large majority of
these lesions are not treated because of their ten-
dency for spontaneously involution. However

40% to 50% of these have residual telangectasias,
scarring, or atrophic skin that needs treatment.
Immediate therapeutic intervention is necessary
in patients with lesions that compromise the air-
way, visual or auditory function, and feeding
[67]. Many different treatment modalities have
been described, including steroids, cryotherapy,
embolization, sclerotherapy, laser, and surgery
[68]. Vascular lesions are classified by the type of
vessel involved and their intravascular flow (ie,
high versus low). Capillary, lymphatic, and ve-
nous malformations are classified as “low flow.”
Arterial, arteriovenous malformations and arte-
riovenous fistulas are considered ‘“high flow”
[64]. Generally, treatment consists of laser, or em-
bolization, or both, followed by surgery [68].

Infectious

Infectious processes may also account for
enlargement/masses in the neck. These lesions
may appear as localized or diffuse. Other causes,

Fig. 2. (4) Adult male with enlarging neck mass. (B) CT scan of the central neck mass revealing the large cystic mass in
the central neck consistent with a thyroglossal duct cyst. (C) Surgical resection of the mass via a Sistrunk procedure. (D)

Surgical specimen.
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aside from the routine abscesses originating from
odontogenic sources or folliculitis, include tuber-
culosis and cat scratch disease (CSD).

Tuberculosis

During the past 2 decades, tuberculosis was
a relatively rare disease. However, with the
continued progression of the HIV and AIDS,
a rise in the number of cases has been noted in the
western hemisphere. Tuberculosis has and con-
tinues to be a major health problem for the
developing world. When present in the neck, this
disease is referred to as scrofula.

Cat scratch disease

The causative organism of CSD is the gram-
negative bacterium Bartonella henselae. CSD is
one of the common reasons for infectious cervical
lymphadenopathy both in adults and children.
Usually 3 to 10 days after contact with an infected
cat, often a newly acquired kitten, a small papule
appears followed by a prolonged period of
regional lymphadenopathy [69]. The workup for
CSD includes a thorough history and physical
examination and can be confirmed by serology
(IgG or IgM antibodies against Bartonella) or
bartonella DNA. The treatment for CSD is sup-
portive care. A course of antibiotic, often a cepha-
losporin, may be employed for patients with
painful or abscessed lymph nodes.

Neoplastic masses

Benign lesions

Tumors in the neck may originate from any
tissues present in the neck. As such, the tumors
include salivary gland tumors (originating from the
submandibular gland or tail of the parotid gland),
nerve sheath and nerve tumors, lipomas, vascular
tumors, and others. This simple but often forgotten
fact will aid in the formulation of a good differential
diagnosis for the surgical trainee.

Lipomas

Benign lipomatous tumors have been subclas-
sified according to their histologic features and
growth pattern into classic lipomas (solitary or
multiple), fibrolipoma, angiolipoma, infiltrating
lipoma, intramuscular lipoma, hibernoma, pleo-
morphic lipoma, lipoblastomatosis, and diffuse
lipoblastomatosis [70,71]. Further classification
has also been done according to either size or
weight. A tumor is classified as a giant lipoma if
the size is greater than 10 cm in one dimension
or the weight greater than 1000 g [72]. Lipomas

may present in the neck as large isolated masses
present for long periods of time without much
change over the years. The treatment of these
benign tumors is a simple excision. Recurrence
of these tumors is rare (Figs. 3 and 4).

Carotid body tumors

A carotid body tumor is a type of a para-
ganglioma. Paragangliomas represent vascular
neoplastic tumors that arise from chemoreceptors
located in the walls of blood vessels or are
associated with specific nerves [73]. The tissue of
origin of these tumors denotes the name given to
the tumors. They range from carotid body tumors
to jugular paragangliomas. The common presen-
tation of a carotid body tumor is a neck mass
that does not move in a superior-inferior direction
but does in the anterior-posterior direction. The
mass may be pulsatile or present with a bruit.
Angiography used to be the primary imaging
modality for carotid body tumors. This study
would give a characteristic appearance referred
to as the lyre sign. Today MR or CT scans may
be used to obtain this information. The treatment
for these tumors is surgical resection whenever
possible, depending on tumor size and patient
comorbidities (Fig. 5).

Thyroid nodules and goiters

Goiter, the Latin term for throat, describes an
enlargement of the thyroid gland. The type of
goiter can be classified based on its epidemiologic,
etiologic, functional, or morphologic factors.
Iodine deficiency is the most common factor
contributing to the development of goiter. How-
ever, other factors that can play a role include
elevated thyrotropin, advanced age, pregnancy,
and exposure to lithium. Also, a variant of
Hashimoto’s thryoiditis is associated with goiters,
as is Graves’ disease, and nutritional goitrogens
(eg, cassava) [74]. The World Health Organization
has also graded goiters from 0 to 2 or 3, based on
palpation and size of the goiter. Treatment is
based on functional disease or compressive symp-
toms (to surrounding nerves, vessels, or organs).
Goiters also can be substernal, graded from I to
II1, depending on the position in the mediastinum,
necessitating the appropriate presurgical planning
[75]. In the United States, surgery is the mainstay
of treatment but radioactive iodine can be used
instead [76,77] (Fig. 6).

Thyroid nodules can also present a challenge
to the clinician. Although most thyroid nodules
are benign, evaluation needs to be done to rule out
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Fig. 3. (A4) Patient with a right neck mass in level V. (B) CT scan of the mass revealed a large mass consistent with
a lipoma. (C) Surgical exposure and delivery of the mass. (D) Surgical specimen.

cancer. The workup varies depending on the
surgeon and the patient’s presentation. Such
factors as stability and size of nodule, age, sex,
and history of irradiation all influence the risk of
malignancy [78]. The workup generally consists of
fine needle aspiration (principal tool), ultrasound,
thyroid function tests, and scintigraphy.

Malignant neoplasms

Much like benign tumors of the neck, malig-
nant neoplasms can originate from any tissues in
the region, or may present secondary to metastasis
from distant sites. The possibilities range from
metastatic carcinomas (eg, lung, colon, breast) to
salivary gland malignancies (Fig. 7). An asymmet-
ric, asymptomatic mass in the neck, especially in
adults, is always considered a malignancy until
proven otherwise. The occurrence of a malignant
process in these lesions is approximately 30%

[79,80]. We present a short list of malignant neo-
plasms that can present in the neck.

Upper aerodigestive tract cancer

Upper aerodigestive tract cancers include
lesions arising from the oral cavity, nasopharynx,
hypopharynx, and the larynx. These cancers
represent about 3% of all cancers. It is predicted
that in 2008, 47,560 men and women will be
diagnosed with this disease. About 90% of these
will be epithelial in nature [81]. Alcohol and
tobacco are the common etiologic factors in the
development of this disease. Recent studies have
shown that there is also a link with the human
papilloma virus. The oral cavity is the most com-
mon site for primary tumors of the head and neck,
with the tongue and floor of the mouth predomi-
nating. Several factors influence the presence of
regional metastasis, such as depth of invasion
(>2 mm), site, and stage. As many as 30% of
patients present with cervical involvement and



NECK MASSES 331

Fig. 4. (4) A young woman with a long-standing, enlarging neck mass consistent with a lipoma. (B) Surgical delivery of
the mass. Note the superficial location of the mass. (C) Surgical mass.

up to 45% of patients harbor occult metastasis,
usually in levels I, II, or III [82,83]. Nasopharyn-
geal carcinoma is relatively rare in the United
States. However, because of the propensity of
nasopharyngeal carcinoma for cervical metastasis,
which has been reported as high as 87%, it should
not be overlooked [82,83]. Oropharyngeal carci-
nomas most commonly arise at the tonsil and
base of tongue and, because of the abundant lym-
phoid tissue in this subsite (Waldeyer’s ring), lym-
phomas often present here as well. Depending on
the subsite, there is a 15% to 75% rate of cervical
node involvement and bilateral metastasis is com-
mon [82,83]. Large cystic metastasis from this sub-
site is common and can be mistakenly diagnosed
and treated as a branchial cleft cyst. As a result,
high-risk “unknown primary” patients should un-
dergo tonsillectomy and blind biopsy. The

hypopharynx extends from the hyoid to the post-
cricoid area and is divided into three subsites: (1)
the pyriform sinus (the most common site), (2) the
lateral/posterior pharyngeal walls, and (3), the
postcricoid area. Cervical involvement is high
and the prognosis is quite poor with these tumors.
Laryngeal tumors are divided into (1) supraglot-
tic, (2) glottic, and (3) subglottic categories. Can-
cers of the glottis are most common and have the
best prognosis. Cervical involvement varies with
the subsite and is highest with supraglottic carci-
nomas. Supraglottic cancers tend to present later
because the area is difficult to examine and symp-
toms (eg, voice hoarseness) don’t arise as early
as with glottic cancers. Treatment of upper aero-
digestive tract cancers depends on the subsite
and involves multimodality therapy consisting of
surgery, radiation, and chemotherapy.
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Fig. 5. (A) Elderly patient with a symptomatic right neck mass that, on workup, was found to be a carotid body tumor.
(B) CT of the tumor showed the characteristic displacement of the tumor between the internal and external carotid
branch. (C) Exposure of the tumor taking care to have superior and inferior control of the vessels. (D) Near-complete
removal of the tumor without ligation of the vessels and preservation of the nerves.

Skin cancer

Skin cancers are the most common malignancy
in the United States, where basal cell carcinoma
(BCCA) and squamous cell carcinoma (SCCA)
represent the majority of lesions treated. These
malignancies are highly curable and rarely metas-
tasize: 0.1% for BCCA and 2% to 5% for SCCA
[84,85]. However, specific pathologic features
represent an increased likelihood of cervical
spread that should be respected by the clinician.
Like other head and neck malignancies, lymphatic
spread is associated with decreased survival [85].
For BCCA, most patients with metastatic disease
have the morphea or basosquamous form, dem-
onstrate perineural invasion, and are prone to

multiple local recurrences. The risk of regional
nodal involvement for SCCA increases with mul-
tiple recurrences, increased thickness, increased
size (larger than 2 cm), more poorly differentiated
tumors, perineural invasion, and tumor locations
in scars, burns, and certain sites (eg, temple, ear,
lips) [84-87].

Melanoma, although less common than the
aforementioned skin cancers, has a mortality rate
that far surpasses that of SCCA and BCCA. In
2008, 62,480 new cases will be diagnosed and 8420
men and women will die of melanoma [81]. Sev-
eral staging factors, including depth of invasion,
site, ulceration, macrometastasis, and number of
positive nodes, should be considered when
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Fig. 6. (A) Patient with large anterior neck mass with greater extension to the right neck. (B) Coronal CT of the neck
reveals a large thyroid goiter with significant deviation of the great vessels and the airway. (C) Surgical specimen of the
goiter. Note the large lobulated mass. (D) Neck surgical bed after removal of the goiter.

Fig. 7. (A) Patient with multiple bilateral lower neck nodes. Workup consisting of fine needle aspiration and CT scan
revealed the neck nodes to be metastatic lung carcinoma. (B) Young man with known carcinoid tumor developed nu-
merous neck nodes, which were found to be metastatic nodes on open biopsy.
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choosing the appropriate therapy [88]. Mucosal
melanoma in the head and neck is rare but highly
aggressive and lethal. The most common sites are
the nose, paranasal sinuses, oral cavity, and naso-
pharynx. These areas should be evaluated in pa-
tients with cervical lymphadenopathy and no
primary skin lesions.

Salivary gland tumors

The clinician should be familiar with several
malignant tumors that occur in the salivary
glands. The most common that present as a pri-
mary or metastatic lesion in the neck are mucoe-
pidermoid carcinoma (MEC) and adenoid cystic
carcinoma (ACC). MEC is the most common
salivary gland malignancy and the second most
common malignancy of the submandibular gland.
MEC is divided into low, intermediate, and high
grades, depending on the ratio of mucin, interme-
diate, or epithelial cells. Compared to low-grade
MEQC, high-grade lesions tend to present at a later
stage; have higher incidence of nodal involvement,
recurrence, and distant metastasis; and promise
lower chances of survival [89]. ACC is the second
most common salivary gland tumor and the most
common in the submandibular gland. Most pa-
tients present between 30 and 70 years of age.
Three histologic subtypes exist: cribiform, tubu-
lar, and solid. ACC has a tendency for perineural
spread, most often affecting the facial nerve or V2
or V3 of the trigeminal nerve. Perineural spread
can be centripetal (toward brain) or centrifugal
(peripheral), the former making resection difficult.
Lymphatic spread is uncommon in ACC. There-
fore, a mass in the neck would likely represent
the primary lesion. Prognosis is time-dependent
and survival does not plateau at 5 years. Even
after 20 years mortality continues to increase.

Thyroid cancer

In general, thyroid cancer presenting as a neck
mass is uncommon and the prognosis is good,
with the notable exception of anaplastic carci-
noma. The typical cancers of the thyroid are the
well-differentiated carcinomas (WDTCs), medul-
lary carcinoma, anaplastic carcinoma, and lym-
phoma. The WDTCs are papillary and follicular
carcinoma. Follicular carcinoma also includes
Hurthle cell and insular carcinomas. Patients
diagnosed with medullary carcinoma should be
screened for multiple endocrine neoplasia 2A,
multiple endocrine neoplasia 2B, and familial
medullary carcinoma. Treatment depends on the
cancer and the institution and involves some or all

the following interventions: total or subtotal
thyroidectomy, neck dissection, radioiodine
ablation, chemotherapy, and radiation therapy.
A detailed discussion thyroid nodule evaluation is
presented in another article of this volume.

Lymphoma

Cervical adenopathy is among the most com-
mon presenting symptoms in lymphoma, occur-
ring in 75% of Hodgkin’s and 30% to 40% of
non-Hodgkin’s patients. It is the most common
malignancy in childhood, representing 10% of all
malignancies [90]. Hodgkin’s lymphomas are
more frequent between 5 and 30 years of age,
whereas the non-Hodgkin’s forms occur later in
life [91]. The nodes tend to be softer, more rub-
bery, and more mobile than those associated
with metastatic carcinoma. Extranodal involve-
ment is seen in the head and neck most often in
Waldeyer’s ring and tends to be the non-Hodg-
kin’s type. Diagnosis is usually achieved by fine
needle aspiration followed by open biopsy confir-
mation. Therapy depends on the type and stage
and consists of chemotherapy, or radiation, or
both.

Unknown primaries

Carcinomas from an unknown primary repre-
sent a small group of malignancies that pose
a significant challenge to the clinician. Patients
with malignant cervical adenopathy with no
immediately apparent primary represent 3% to
10% of all head and neck cancers [92]. Most of the
primary tumors occur in the upper aerodigestive
tract, but primary sites in the lungs, abdomen,
skin, and urinary tract are possible [93]. Gener-
ally, if a patient presents with mid- to high-jugular
nodes, the clinician should suspect a head and
neck origin versus an isolated supraclavicular
node, which may be indicative of a primary below
the clavicles, such as in the lungs or gastrointesti-
nal tract. The literature reports that the primary
tumor is found in 10% to 40% of patients. The
most common site for the origin of the primary tu-
mor is the palatine tonsil (35%), base of tongue
(26%), lung (17%), and nasopharynx (9%). Other
sites, such as the esophagus, skin, and larynx, con-
tribute between 1% and 4% [94-97]. However,
approximately 1% to 2% of primary tumors elude
diagnosis despite repeated FNAB, imaging, and
directed oropharyngeal biopsies [96]. Generally,
the workup consists of physical examination; im-
aging, including PET scan; biopsy of an affected
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node; directed biopsy of the upper aerodigestive
tract; at least ipsilateral tonsillectomy; and
panendoscopy.
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Congenital neck masses are subdivided based
on their anatomic location in the neck. Midline
neck masses include thyroglossal duct cyst (TDC),
dermoid cyst, epidermoid cyst, ranula, thymic
cyst, and teratoma. Lateral neck masses include
branchial cleft cyst (BCC), laryngocele, lymphan-
gioma, hemangioma, and fibromatosis coli. Al-
though these lesions are congenital in nature,
manifestations of these lesions may not occur
until later in life. This may lead to a mistaken
suspicion of acquired lesions of inflammatory or
neoplastic origin. The appropriate diagnosis of
these lesions is necessary to provide appropriate
treatment and long-term follow up, because some
of these lesions may undergo malignant trans-
formation or be harbingers of malignant disease.

Midline congenital neck masses
Thyroglossal duct cyst

Epidemiology and etiology

Seven percent of the population has remnants
of the thyroglossal duct. This lesion is the most
common congenital anomaly of the neck. It
represents 70% of congenital neck masses [1]
and is the second most common neck mass after
cervical adenopathy in the pediatric population.
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TDC is diagnosed in 40% of childhood neck
masses and has no gender predilection [2]. There
is less than a 1% incidence of thyroid carcinoma
or other malignancy within a TDC, 90% of which
occur in adulthood [3].

The etiology of TDC is reflected by the
embryology and formation of the thyroid gland
(Fig. 1). The thyroid gland is the first endocrine
gland formed in embryogenesis [1]. It begins in
the third embryonic week as an endodermal thick-
ening in the floor of the primitive pharynx-tuberc-
ulum impar. A downgrowth develops called the
thyroid diverticulum (median thyroid anlage) [4].
This diverticulum opening, which is caudal to
the median tongue bud, becomes the foramen ce-
cum of the tongue. During elongation of the em-
bryo, the diverticulum descends into the neck
and becomes the thyroglossal duct [1]. The diver-
ticulum descends and fuses with components of
the fourth and fifth branchial pouches (lateral thy-
roid anlage). Because this occurs before the for-
mation of the hyoid bone, remnants of the duct
can become trapped within the hyoid bone during
its formation. The pyramidal lobe of the thyroid
gland, which is present in 30% of the population,
may represent distal remnants of the TGD [2].
The proximal remnant becomes the foramen ce-
cum. The duct usually obliterates between the fifth
and eighth weeks. Failure of obliteration leads to
formation of the TDC. The cyst is usually lined by
respiratory epithelium, which can undergo squa-
mous metaplasia with repeated superinfection.
Thyroid tissue can be seen within the cyst in

1042-3699/08/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
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Fig. 1. TDCs can form anywhere along the embryologic
path of descent of the thyroid gland. The dotted line in-
dicates the path of thyroid descent. (Courtesy of Alexa
Lessow, MD, New York, NY.)

45% of cases. Infection with Haemophilus influ-
enza, Staphylococcus aureus, and Staphylococcus
epidermidis can occur [5].

Diagnosis

Most TDCs present in the first 5 years of life
[6]. Two thirds are diagnosed within the first 3 de-
cades. They are usually painless cystic masses in
the midline of the neck, two thirds of which are
adjacent to the hyoid (Fig. 2) [4]. They can, how-
ever, be located anywhere from the tongue to the
pyramidal lobe of the thyroid. The cyst usually
moves with deglutination and with protrusion of
the tongue, unlike dermoid cysts. This finding
can be helpful in the differential diagnosis. One
third of these can present with concurrent or prior
infection, which is the most common way they are
diagnosed in the adult population [5]. Patients
rarely present with a chief complaint of foul taste
attributable to a draining fistula from the foramen
cecum. Most present with an asymptomatic mass
or infection. TDCs at the base of the tongue and
large neck TDCs may lead to dyspnea because
of airway obstruction.

An appropriate physical examination, medical
history, and history of presenting illness are vital

Fig. 2. TDC in a child. Note the midline position of the
neck mass.

in narrowing down the differential diagnosis for
this lesion. An imaging study, such as an ultra-
sound or CT scan, and a screening thyroid-
stimulating hormone (TSH) level should initially
be performed. If TSH levels are elevated or a solid
mass is seen on ultrasound examination, a radio-
nucleotide scan may be indicated to rule out
median ectopic thyroid [4]. Some investigators ad-
vocate radionucleotide scans in all patients with
TDC because median ectopic thyroid may be
present in 1% to 2% of TDC:s [4]. If the cyst is ex-
cised along with ectopic thyroid, replacement thy-
roid hormone therapy may be necessary if all
functioning thyroid tissue is present within the ec-
topic specimen [4].

CT scans are not necessary for the diagnosis
but aid in planning surgical excision. A TDC is
seen as a hypodense lesion with variable rim
enhancement with intravenous contrast. The lin-
ing of the cyst may be thickened secondary to
repeated infection, chronic inflammatory reaction,
or malignancy.

Treatment

The Sistrunk procedure is the classic procedure
performed for the uncomplicated TDC. A trans-
verse incision is made in the neck. The cyst and
the distal portion of the tract are identified, and
a wide-field dissection of the tract and adjacent
tissues is continued from the thyroid gland,
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including the pyramidal lobe, if present, superi-
orly toward the hyoid bone. The central compo-
nent of the hyoid bone associated with the TDC is
excised. Further en bloc removal of the proximal
tract contained within a cylinder of tongue
musculature is performed up to the foramen
cecum so that the entire tract is appropriately
removed. If the pharynx is entered, the opening is
suture ligated and the lesion is removed (Figs. 3
and 4) [6].

Surgical intervention during episodes of acute
inflammation leads to high recurrence rates (40%)
compared with treatment after inflammatory ep-
isodes have subsided (8%) [7]. It is preferable to
wait to excise a recently infected TDC until at
least 4 to 6 weeks after treatment with antibiotics.
A more recent review, however, has shown that
there may be no association between preoperative
infection and increased recurrence rates [8].

In approximately 1% of all TDCs, excised
carcinoma is detected incidentally. In such cases,
94% are thyroid in nature (mostly papillary
thyroid carcinoma) and 6% are of squamous cell
origin. If differentiated thyroid carcinoma within
the cyst is diagnosed, it is appropriately managed
within the normal treatment for TDC [9] (Sistrunk
procedure). If invasive or extensive carcinoma is
found, more extensive treatment is needed. This
may require a total thyroidectomy with or without
neck dissection in addition to the Sistrunk proce-
dure, followed by radioactive iodine therapy and

.,_\%M;— -

Fig. 3. Patient prepared for removal of a TDC.

Fig. 4. Exposure and removal from a midline neck
incision.

TSH suppression [9]. Portions of geniohyoid, my-
lohyoid, genioglossus, and hyoid may be removed
with the TDC [10].

Recurrence of TDC can occur even with
a properly performed Sistrunk operation. One
possibility is that the original Sistrunk procedure
performed on the patient did not include laterally
directed or branching tracts [11]. Hewitt and col-
leagues [11] suggest dissecting a cuff of normal tis-
sue with the specimen and removing granulation
tissue because it may represent an inflammatory
reaction to adjacent retained epithelium. Close
dissection to the hypoglossal nerve (in some situa-
tions) may be necessary to prevent leaving resid-
ual TDC, in addition to taking intraoperative
frozen sections of nearby tissue. Close follow-up
is important because recurrences do occur, even
with the most comprehensive treatment.

Dermoid cyst

Epidemiology and etiology

Dermoid cysts are germ cell tumors that are
made up of ectodermal and mesodermal elements
but have no endodermal elements. Hair follicles,
smooth muscle, fibroadipose tissue, and sebaceous
glands may be found within them. Several theories
have been formulated as to their etiology. The first
is that they are derived from anatomically isolated
totipotential rests from the mesoderm and
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ectoderm that undergo disorganized growth. The
acquired implantation theory postulates that the
cysts come from germinal derivatives that were
implanted into deeper tissue by a traumatic event.
The third theory is congenital inclusion of germ
layers into deeper tissues along embryonic fusion
lines that have failed to close completely, thereby
trapping epithelial debris [12].

Twenty percent of all head and neck dermoids
are found in the cervical region, most often in the
submental region. Seven percent of all dermoids
occur in the head and neck [13]. Most often, der-
moids present in the periorbital region (especially
in children [14]), nasal region, or scalp. They
rarely manifest in infants and usually manifest in
childhood or later. They have no gender-related
predilection [15].

Clinical presentation and evaluation

These lesions present as mobile midline neck
masses that are soft, nontender, and filled with
sebaceous debris (cheesy keratinous material).
Some may manifest in the lateral neck subman-
dibular triangle between the mylohyoid and hyo-
glossus. They wusually do not move with
protrusion of the tongue or swallowing; however,
in some instances, they may have fibrous attach-
ments to the hyoid, and thus may present similar
to TDC. The usual clinical presentation is a lump
or swelling under the tongue or submental region,
which can measure up to 10 to 12 cm in diameter
[15]. They are slow growing and become bother-
some to the patient if they interfere with speech,
mastication, or tongue mobility, but they rarely
obstruct the airway. Dermoids in this area can be-
come infected; in such cases, they become painful
and erythematous and could present with a drain-
ing sinus tract. They can usually be diagnosed by
CT or ultrasound imaging. A fine needle aspirate
(FNA) biopsy can be used but is not always diag-
nostic and may not be necessary. Ultrasound can
differentiate between simple cysts and dermoids
based on echogenicity, but dermoids may be sim-
ilar in echogenicity to lipomas [13].

Histologically, the presence of keratinizing
stratified squamous epithelium, hair follicles, and
sebaceous glands is characteristic of these cysts.

Treatment

Dermoid cysts are excised to prevent sub-
sequent infection, to establish a diagnosis, and
for cosmetic and functional purposes. Lesions
located above the mylohyoid can be excised
orally, whereas large neck lesions are excised

transcervically (Fig. 5). Recurrence of these le-
sions is unusual with appropriate excision, and
malignant transformation is rare [14].

Epidermoid cyst

Epidemiology and etiology

Epidermoid cysts are usually seen after puberty
and are most common in the acne-prone areas of
the face and neck. If seen before the onset of
puberty, they may be associated with Gardner’s
syndrome. Younger people more commonly have
these lesions on the face and neck, whereas older
individuals are more prone to developing these
lesions on the back. They occur more commonly
in men and boys than in women and girls.

The epidermoid cyst is lined by stratified
squamous epithelium, and sometimes ciliated
epithelium, in addition to mucous-secreting cells.
The epidermoid cysts in the submental region
originate from epidermal cells that become trap-
ped during closure of the first and second bran-
chial arches during the third and fourth weeks of
development [16]. They may arise after inflamma-
tion or infection of the hair follicle, which may be
attributable to a postinflammatory nonneoplastic
proliferation of the follicular epithelium. They
may also sometimes arise from traumatic implan-
tation much like dermoid cysts.

Clinical presentation and evaluation
Histologically, they are lined by stratified
squamous epithelium with orthokeratin that is
sloughed into the cystic lumen. The cyst may or
may not have a granulomatous inflammatory
reaction surrounding it in reaction to exposed

Fig. 5. Large dermoid cyst of the submental region.
Large dermoids of the submental region can be removed
orally or through the neck depending on the amount of
exposure needed.
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orthokeratin. These cysts are mobile and fluctuant
to palpation.

Imaging studies

The same imaging modalities as those that aid
in the diagnosis of dermoid cysts can be imple-
mented to diagnose epidermoid cysts. Dermoids
and epidermoids are differentiated histologically
by content. Epidermoids contain one germ cell
layer, whereas dermoids have derivatives of two
germ cell layers.

Treatment

Simple excision is the treatment of choice.
Recurrence is uncommon if epidermoid cysts are
properly excised, and malignant transformation is
rare [17].

Plunging ranula

Epidemiology and etiology

A ranula is a mucocele in the floor of mouth
that can “plunge” into the neck. Its course splits
the mylohyoid muscle, and the mass can be felt in
the submental triangle. It is usually associated
with the sublingual gland; however, it can be
associated with the submandibular gland. Block-
age of the gland ducts leads to a build-up of
mucus material. This blockage can be attributable
to direct trauma to the sublingual gland or to
prior surgery to the floor of the mouth. The
ranula does not possess a true cystic lining and
forms a pseudocyst.

Simple ranulas do not penetrate through the
mylohyoid muscle. The plunging ranula presents
as a neck lesion by entering the fascial plane
between the hyoglossus and mylohyoid, where the
deep lobe of the submandibular gland is located.
A defect in the mylohyoid muscle (mylohyoid
boutonniere) that may be congenital in origin can
predispose a simple ranula to conversion into
a plunging ranula [18].

The presentation of a plunging ranula in the
pediatric population is rare. Sixty-two percent of
simple ranulas occur on the left side, and 58% of
plunging ranulas occur on the right side [19].

Clinical presentation and evaluation

Ranulas appear as blue dome-shaped lesions in
the floor of mouth, usually on either side of the
midline. The extraoral appearance of a plunging
ranula is seen as a submental mass extending
along the inferior border of one side of the
mandible, which may be quite large in size. They
are filled with mucinous material. The spilled
mucin from the ranula elicits a granulation tissue

response that usually contains foamy histiocytes
(Figs. 6-9).

Imaging studies

A combination of a CT scan or MRI along
with FNA is effective in diagnosing the lesion. On
FNA, saliva is aspirated from the lesion. The
absence of keratin or epithelial or glandular
elements further substantiates the diagnosis and
differentiates between ranula and dermoid or
epidermoid cyst.

Treatment

Surgical excision of the sublingual gland (the
etiology in most cases) is the surgical procedure of
choice. Marsupialization involves the removal of
the roof of the lesion intraorally, thereby allowing
the sublingual gland to communicate with the oral
cavity. This allows it to drain intraorally. Marsu-
pialization is noted to have a 67% recurrence rate,
and transoral excision of the sublingual gland has
the lowest possibility of ranula recurrence [20].

OK-432 (picibanil), which is a lyophilized
mixture of low-virulence strain Streptococcus pyo-
genes incubated with zylpenicillin, has been suc-
cessfully used as an intralesional sclerotherapy
agent. This may serve as a potential treatment
for plunging ranulas before considering surgery
[21]. The surgical excision of plunging ranulas

Fig. 6. Early plunging ranulas resolve with sublingual
gland removal and decompression. Well-established or
previously infected plunging ranulas may also require
cervical exposure and excision.
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Fig. 7. Axial CT image of plunging ranula.

can be achieved orally; however, large plunging
ranulas may need cervical excision for adequate
access.

Teratoma

Epidemiology and etiology

A teratoma stems from all three germ cell
layers (ectoderm, mesoderm, and endoderm).
Teratomas develop during the second trimester
of pregnancy and are seen as midline or some-
times lateral neck masses. They occur in 1 of 4000
live births [22] with a slight female predominance
[23]. Ten percent of teratomas originate from the
head and neck. The most common site of develop-
ment is the neck, although they may also develop
in the nasopharynx, oropharynx, and oral cavity.

Fig. 8. Second BCC in a child.
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Fig. 9. Second BCC removed. Note that the tract of the
lesion must be removed with the cyst.

There are four subdivisions of teratomas: the
dermoid cyst or epithelium-lined cyst, which
contains ectodermal and mesodermal elements
(most common); the teratoid cyst, which contains
poorly differentiated tissues from all three germ
layers; the teratoma, which contains differentiated
tissues from all three germ layers, and epignathi,
which contain highly developed malformations
resembling fetal organs [23].

The origin of teratomas is controversial. Some
believe that they are derived from pluripotent
stem cells sequestered during embryogenesis,
emerging from an ectopic primitive streak. An-
other theory is that they arise from embryonic
tissue that escaped the regional influences of the
primary organizer [23].

Clinical presentation and evaluation

A teratoma may present in the neonatal period
with airway obstruction. If they arise in the neck,
these lesions can be fatal if untreated. They are
frequently associated with polyhydramnios sec-
ondary to inhibition or obstruction to swallowing
[23].

The diagnosis is usually made by prenatal
ultrasonography. If seen on ultrasound, an ultra-
fast MRI scan can be obtained prenatally to
determine the degree of tracheal compression
and to differentiate this lesion from other lesions
that it may mimic (ie, cystic hygroma) [24]. This
allows better evaluation of the lesion without the
use of radiation.

Treatment

Cesarean delivery can be considered for large
congenital teratomas, and preparation for imme-
diate surgical airway or intubation should be
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implemented. Excision is the treatment of choice.
Malignancy has not been reported in pediatric
cervical teratomas; therefore, critical structures
should be spared during excision [4]. Malignancy
has been documented among adults, and thus
may require more aggressive management.

Lateral congenital neck masses
Thymic cyst

Epidemiology and etiology

The thymus is important for cell-mediated
immunity during infancy. It grows to its maxi-
mum size at 2 to 4 years of age. It then involutes
and becomes a fibrofatty remnant.

The thymus gland develops from the third and
fourth pharyngeal pouches during the sixth week
of development. By the eighth week, paired
primordia fuse in the midline, attach to the
pericardium, and begin their descent into the
mediastinum [25]. As the superior attachment of
the thymic primordium fails to regress at 8 weeks,
solid or cystic ectopic tissue may be left behind
along the path of migration [25].

Sixty seven percent of thymic cysts occur in the
first decade of life [26]. They are present on the left
side in 68% of cases, on the right side in 25%, and
on the midline in 7% [26]. The gender distribution
is reported to be equal or to have a 2:1 male pre-
dominance [27].

Clinical presentation and evaluation

Thymic cysts are usually located anterior or
deep to the sternocleidomastoid muscle (SCM),
and 50% extend into the mediastinum by direct
extension or by connection to a vestigial remnant
or as a solid cord [26]. They are exceedingly rare
and are not reported because of the fact that
they remain dormant, and thereby clinically insig-
nificant. Eighty percent to 90% of cervical thymic
cysts are asymptomatic [27]. They may enlarge be-
cause of hemorrhage or infection and then be-
come symptomatic [27]. These can cause
dysphagia, pain, dysphonia, and dyspnea based
on mass effect on the neck. Thymic cysts are
known to expand with the Valsalva maneuver.

These cysts can be congenital or acquired. The
congenital type is usually unilobular and origi-
nates from persistent rudiments of the thymo-
pharyngeal duct [27]. They sometimes have
epithelium from the thyroid and parathyroid
glands because of their close association during
development. The acquired thymic cysts are

multilobular and develop from degenerated Has-
sall’s corpuscles (degenerated epithelial cells).

The cysts contain lymphocytes, along with
multinucleated giant cells; macrophages; choles-
terol clefts; and an epithelial lining that may be
cuboidal, columnar, or stratified squamous [25].
The size of the cyst wall can vary from a few mil-
limeters to as much as 1 cm [26].

Imaging studies

The study of choice, ultrasound examination,
can demonstrate homogeneous and nonhomoge-
neous masses and a solid or cystic mass [26]. CT
scans can guide surgical resection by giving more
detail as to the location of the mass and its asso-
ciation with adjacent structures. MRI is excellent
for soft tissue evaluation and can be a valuable
tool to determine the location of the cyst and its
mediastinal extension. FNA has little diagnostic
value [25]. Chest radiography is important for
the confirmation of normal thymic tissue in the
mediastinum in children.

Treatment

The presence of a normal thymus is vital before
excision of this lesion in children, because the
thymus is important in their cell-mediated immu-
nity. Therefore, removal of a thymic cyst in a child
with an abnormal thymus may compromise that
child’s cell-mediated immunity. If normal thymic
tissue is present, complete surgical excision that
spares the surrounding vital structures is the
treatment of choice [26].

There is a 2% recurrence rate of thymic cysts
in adults, and no recurrences have been noted in
children with complete excision [26]. In addition,
there have been reports of rare malignant trans-
formation of these cysts [28].

Branchial cleft cyst

Epidemiology and etiology

Branchial cleft anomalies arise from the bran-
chial apparatus, which develops between the third
and seventh weeks of embryologic growth. There
are five branchial arches of mesodermal origin,
each of which gives rise to specific bony, cartilag-
inous, muscular, and neurovascular structures in
the head and neck (Table 1). Between each arch is
a groove, or cleft, arising from ectoderm. The for-
mation of a BCC is thought to be attributable to
incomplete obliteration of the branchial tracts
[29]. Tt is imperative that the surgeon be familiar
with the structures associated with each arch,
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Table 1
Branchial arch derivatives
Nerve Artery Muscle Cartilage/Bone
First arch V3 None Tensor tympani, Malleus head and neck,

Second arch  VII Stapedial artery

(degenerates)

Third arch IX Common carotid artery
and internal carotid
artery

Aorta on left, proximal
subclavian artery

on right

Fourth arch X Superior
laryngeal

Fifth arch X Recurrent Ductus arteriosis

laryngeal

Mylohyoid, anterior

Platysma, facial mm,

Stylopharyngeus, superior

Inferior pharyngeal

Intrinsic laryngeal mm

masticator mm incus body and short
process, mandible,
anterior malleal
ligament,
sphenomandibular
ligament

Malleus manubrium,
incus long process, hyoid
lesser cornu and part
of body, stapes, styloid
process, stylohyoid
ligament

Greater cornu of hyoid,
rest of body of hyoid

belly of digastric,
tensor palatini

stapedius, post
belly of digastric,
buccinator, styloid

and middle constrictors

Thyroid cartilage,

constrictor, cuneiform cartilage

cricopharyngeus,

cricothyroid mm

Cricoid, trachea, arytenoid
cartilages, corniculate
cartilage

(except cricothyroid)

Abbreviation: mm, muscle.

because the tracts of the cysts follow a pathway
between the associated arch derivatives.

Clinical presentation

First branchial cleft cyst. Work [30] described first
branchial cleft anomalies by dividing them into
two types: type I, which arise from the cleft and
are therefore ectodermal only, and type II, which
have contributions from the first and second bran-
chial arches as well, and therefore contain some
mesodermal elements. Type I cysts typically
course parallel to the external auditory canal
(EAC), superior and lateral to the facial nerve,
and may terminate in the bony-cartilaginous junc-
tion of the EAC or in the middle ear space They
are considered to be duplications of the membra-
nous EAC; if infected, they can drain as a fistula
inferior to the lobule or in the preauricular or
postauricular area. Type II cysts can contain car-
tilage and adnexal structures in addition to skin
and are considered to be a duplication of the car-
tilaginous and bony EAC. The tract can lie medial
or lateral to the facial nerve; if infected, it can
present with drainage at the angle of the mandible
[31] or internally, in the EAC, with otorrhea [32].
Type II cysts can present as cysts in the parotid

gland [32] and can be confused with primary pa-
rotid lesions.

Second branchial cleft cyst. Second branchial cleft
anomalies are the most common, representing up
to 95% of all branchial anomalies [33]. Thirty-
seven percent present as cysts alone, and 63%
are also associated with fistulas or sinuses [34].
A complete fistula, with internal and external
openings, is rare but has been reported [35]. The
tract of a second BCC courses superficial to cra-
nial nerves XII and IX; between the internal ca-
rotid artery and external carotid artery; and then
pierces the middle constrictor, deep to the stylo-
hyoid ligament, and opens into the tonsillar fossa.
The cysts typically present as a mass along the an-
terior border of the SCM or near the angle of the
mandible. They can present anywhere along the
course of the tract, however, from the anterior
border of the SCM to the tonsillar fossa. Unusual
locations have been reported, including a cystic
mass in the parapharyngeal space [34]. Three per-
cent to 10% are bilateral [33] and can be associ-
ated with other congenital anomalies, such as
branchiootorenal syndrome, which is associated
with conductive hearing loss and renal abnormal-
ities. They can be asymptomatic, or they can



CONGENITAL NECK MASSES 347

present with recurrent infection, sore throat, and
dysphagia. Patients with a second BCC often pres-
ent with a history of recurrent unilateral tonsillitis
(Figs. 10 and 11). Note that in an adult with a cys-
tic neck mass, it is imperative to rule out malig-
nancy; most commonly, tonsillar and papillary
thyroid carcinoma can present with a cystic meta-
static lymph node (Figs. 12 and 13).

Third branchial cleft cyst. Third branchial cleft
anomalies usually present anterior to the SCM
near the superior pole of the thyroid lobe. The
tract of the third branchial cleft anomaly courses
from anterior to the SCM superficial to cranial
nerve XII, deep to the carotid artery and cranial
nerve IX, to pierce the thyrohyoid membrane
above the internal branch of the superior laryn-
geal nerve and open into the pyriform fossa.
Patients may present with what seems to be acute
thyroiditis [36].

Fourth branchial cleft cyst. Fourth BCCs are rare,
representing only 2% of all branchial anomalies
[36,37]. The tract of the fourth branchial cleft
anomaly is different on each side of the neck.
On the right side, the tract traces from anterior
to the SCM inferiorly to loop around the subcla-
vian artery, deep to it and the carotid artery, lat-
eral to cranial nerve XII, and inferior to the
superior laryngeal nerve, to open into the pyri-
form fossa or the larynx. On the left side, which
is the more common presentation, the course is
lateral to cranial nerve XII, inferior to the supe-
rior laryngeal nerve, to open into the lower pyri-
form sinus or larynx. Only the relation of the

Fig. 10. Axial CT image of a left second BCC in an
adult.

Fig. 11. Operative exposure of a right second BCC.

tract to the superior laryngeal nerve distinguishes
a third from a fourth branchial anomaly because
they both open into the pyriform sinus. Because
a fourth BCC usually presents as a neck mass
near the inferior lobe of the thyroid gland, it can
be confused with other entities, such as TDC, cys-
tic hygroma, and thyroid cyst [36]. It should be
high in the differential diagnosis when a patient
presents with a neck mass that increases in size
with crying or the Valsalva maneuver or with re-
current infections of the neck or thyroid gland.
A neonate may present with a lateral neck mass
and airway compromise [36].

Fig. 12. Left second BCC in an adult.
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Fig. 13. CT appearance compatible with left second
BCC. Final pathologic examination revealed a cystic
metastatic lymph node from an unknown primary,
which later proved to be the ipsilateral tonsil.

Imaging studies and diagnostic tests

CT of the neck with contrast shows the location
of the cyst and the relation of the tract to the
surrounding structures, aiding in the differential
diagnosis. In the case of first branchial cleft
anomalies, MRI shows the extent of the lesion in
the parotid area and the location of the facial nerve
in relation to the cyst tract. Injecting the tract with
oily or water-soluble contrast medium [35] and
taking radiographs can be diagnostic but may
not show the whole extent of the tract if it is
blocked by inflammatory tissue or secretions.

Treatment

If the cyst is infected, a course of antibiotics is
given and preliminary incision and drainage may
be unavoidable. Excision should be delayed for at
least 4 to 6 weeks to allow resolution of in-
flammation and greater ease of dissection. Pre-
vious incision and drainage can make later
excision more difficult.

Surgical excision of type 1 first BCCs is
relatively straightforward; if there is a fistula, an
ellipse of skin must be removed along with the
epithelial tract and the opening into the EAC
must be repaired. Excision of type II first BCCs
can be more complicated, because the tract has an
intimate although variable relation to the main
trunk of the facial nerve and its branches within
the parotid gland. Some advocate that it is not

necessary to identify and dissect the facial nerve
branches if electrophysiologic facial nerve locali-
zation is used throughout the case [31]. A superfi-
cial parotidectomy is often necessary to preserve
the facial nerve. If a fistula ends in the EAC, a por-
tion of skin and cartilage surrounding the fistula
must be removed. There is a high rate of recur-
rence if the tract is not completely excised; in a re-
view of 39 patients presenting with first BCCs,
50% of the cases had had a previous resection
[32]. Injecting methylene blue dye into the fistula
or inserting a lacrimal probe to cannulate the tract
can aid in excision [33,36].

The second BCC is the most common brachial
cyst to require excision. If there is a fistula, an
ellipse of skin must be removed along with the
epithelial tract and cyst. An isolated level II lymph
node that contains a cystic metastasis from an
occult primary squamous cell carcinoma, fre-
quently from the tonsil, can present in the adult
as a second BCC. Preoperative pharyngeal exam-
ination is appropriate for adult patients with an
apparent second BCC. Should the final pathologic
examination demonstrate a cystic metastasis
rather than a second BCC, the patient should
undergo an appropriate workup for an unknown
primary. This can be done in one or two stages.

For third and fourth branchial cleft anomalies,
direct laryngoscopy is used to explore the pyri-
form sinus for a tract to cannulate [36]. After dis-
section, the pharyngeal defect is closed with
a purse-string suture. Endoscopic cauterization
of fourth branchial cleft sinuses as an alternative
to excision has been reported by Verret and col-
leagues [37] in a cohort of 10 patients.

Laryngocele

Epidemiology and etiology

Laryngoceles are abnormal saccular dilations
of the appendix of the laryngeal ventricle of
Morgagni [38]. The sac is lined by pseudostratified
columnar ciliated epithelium and communicates
with the ventricle by a narrow stalk. Development
of the congenital laryngocele is contingent on the
presence of a congenital saccular dilatation of the
ventricular appendage [38]. An increase in intralar-
yngeal pressure may cause the sac to distend and
sometimes to extend into the aryepiglottic fold.

There are three types of laryngoceles (internal,
external, and combined type). Internal laryngo-
celes may be small or extend beyond the upper
border of the thyroid cartilage. The external type
forms when the dilated appendage penetrates the
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thyrohyoid membrane and extends into the sub-
cutaneous tissues of the neck [38]. The combined
type has components of the first two types. Lar-
yngoceles are reported to be less common in
women [38].

Clinical presentation and evaluation

Most laryngoceles are asymptomatic. There
can be symptoms of hoarseness or cough. Dysp-
nea can be a symptom in children and infants
because of obstruction. The laryngocele may be
palpable as a soft reducible mass in the lateral
cervical region that may be more pronounced
during the Valsalva maneuver [38]. Laryngoceles
are normally filled with air but may be filled
with mucus or pus to form laryngomucoceles or
mucopyoceles [39].

Evaluation involves CT or MRI, along with
laryngoscopy. Ultrasound can also be a useful
initial imaging modality. Localization of a mass
dorsal to the hyoid bone and strap muscles and
the depiction of a communication through the
thyrohyoid membrane suggest the diagnosis of
a laryngocele on ultrasound [40].

Treatment

Treatment is surgical. There are endoscopic
microsurgical techniques that may be used in the
removal of internal laryngoceles [41]. The external
approaches begin with following the external por-
tion of the laryngocele sac through the thyrohyoid
membrane. The laryngocele is then transected
close to the orifice of the saccule. Endoscopic mar-
supialization is another option that may be at-
tempted instead of excision, but this technique
has variable recurrence rates. Because symptom-
atic laryngoceles have an occult cancer rate of
4% [42], histopathologic evaluation of the lesion
is vital.

Lymphangioma

Epidemiology and etiology

Approximately 50% to 65% of lymphangio-
mas are present at birth, with 90% presenting by
2 years of age [43] as compared with hemangi-
omas, which begin to involute at this age. The
head and neck are the most frequent sites of pre-
sentation. Lymphangiomas are considered to be
a subset of vascular malformations and are classi-
fied according to the size of the endothelially lined
sinuses they contain:

1. Capillary lymphangioma (or lymphangioma
simplex): small capillary-sized vessels

2. Cavernous lymphangioma: large dilated lym-
phatic vessels; violates tissue planes

3. Cystic lymphangioma (or cystic hygroma):
large macrocystic cystic spaces

Smaller vessel lymphangiomas (capillary and
cavernous) are typically found above the mylo-
hyoid muscle in the lip, tongue, or oral cavity. They
can be infiltrative and difficult to demarcate on CT.
Cystic hygromas, the most common type of lym-
phangioma in the neck, are more sharply demar-
cated on CT and tend not to be as infiltrative.

Clinical presentation and evaluation

Cystic hygromas are painless and compress-
ible, and they tend to enlarge gradually over time.
The posterior triangle of the neck is the most
common location (Figs. 14 and 15), with approx-
imately 56% presenting in this location and ap-
proximately 44% presenting in the anterior
triangle [43]. Occasionally, these lesions enlarge
rapidly over days, which is thought to be attribut-
able to concurrent upper respiratory infection;
however, there have been reports of rapid enlarge-
ment, seemingly with no antecedent event [43]. Ul-
trasound, MRI, and CT are all useful adjuncts to
diagnosis and surgical planning.

Treatment
Surgical resection is definitive therapy; how-
ever, the lesion can be difficult to resect depending

Fig. 14. Large supraclavicular lymphangioma in an
infant.
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Fig. 15. Transillumination of lymphangioma.

on its proximity to vital structures and its ten-
dency not to follow natural anatomic tissue
planes. Recurrence rates can be high if the tumor
is not excised completely. Alternative therapies
include systemic and intralesional steroids, intra-
lesional injections of sclerosing agents [44], intra-
lesional injections of fibrin and bleomycin, and
systemic cyclophosphamide [43]. The efficacy of
these therapies is uncertain. Burezq and colleagues
[45] recommend aspiration as conservative treat-
ment, with excellent results in 14 cases of cystic
hygromas that were diagnosed over a 30-year
period.

Hemangioma

Epidemiology and etiology

Hemangiomas account for 7% of all benign
neoplasms [46].Hemangiomas affect approxi-
mately 10% of infants in their first year of life
[47]. Intramuscular hemangiomas can present in
the masseter muscle (5% of all intramuscular
hemangiomas) [48]. Most congenital hemangi-
omas of the head and neck region present during
the first 6 weeks of life. Head and neck hemangi-
omas have a 3:1 female gender predilection and
occur more commonly in whites [49]. There also
seems to be a greater incidence in premature new-
borns weighing less than 1 kg.

Hemangiomas enter into the proliferative
phase of their development in the first 8 months

to 1 year of life and slowly regress for the next 5 or
more years, which is known as the involuting
phase. The involuting phase is completed in 70%
of children by the age of 7 years [50]. During the
first year, the lesion appears bright red, and as it
involutes, it changes its color and begins to dull.

Historically, the terms capillary hemangioma
and cavernous hemangioma are used for superficial
and deep lesions, respectively. These terms are no
longer clinically relevant, however, because, histo-
logically, the endothelial pattern is similar
throughout the depth of the lesion.

Hemangiomas are classified based on their rate
of clinical regression: rapidly involuting congeni-
tal hemangiomas and noninvoluting congenital
hemangiomas.

Clinical presentation and evaluation

Most of these lesions appear as isolated lesions
that are firm to palpation and usually red in color.
A thrill can sometimes be palpable over the lesion.
Infants who present with these lesions in the lower
face are more likely to have tracheal and laryngeal
hemangiomas [51].Glut-1 is an important histo-
chemical marker (erythrocyte-type glucose trans-
porter protein) present in all stages of
hemangioma development and involution, and it
can help to differentiate hemangiomas from vas-
cular malformations [47].

Ultrasound can be useful in differentiating
these rapidly flowing vascular lesions from slower
flowing venous malformations. Magnetic reso-
nance angiography (MRA) can provide a great
deal of information in terms of the vascular flow
characteristics, which may indicate which phase
the lesion is in. Three-dimensional CT angiogra-
phy has been shown to differentiate hemangiomas
from other vascular malformations [47].

Treatment

Intralesional and systemic steroids can reduce
the size of these lesions. Vincristine has been
successfully used in lesions unresponsive to ste-
roids and has now replaced interferon-o as a med-
ical treatment because of interferon’s side effect of
permanent spastic diplegia [47]. Becaplermin gel
(recombinant human platelet-derived growth fac-
tor) is used to treat superficially ulcerated heman-
giomas refractory to standard wound care [47].

Surgical resection can be considered in any
phase of the hemangioma. Ulceration, bleeding,
airway compromise, and extent of cosmetic defect
must be accounted for as a risk for this decision.
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Fibromatosis coli (congenital muscular torticollis)

Epidemiology and etiology

Congenital muscular torticollis, or “SCM tu-
mor of infancy,” is secondary to fibrosis of the
SCM. It is the third most common pediatric
orthopedic diagnosis in childhood [52]. There is
a slight male predilection (~3:2) and an overall
incidence of 1 in 250 live births [52].

Clinical presentation and evaluation
Children present with a stiff neck tilted to one
side, most commonly to the right.

Imaging studies and diagnostic tests
Ultrasound shows a mass in the SCM. A
biopsy confirms the diagnosis.

Treatment and prognosis

Physical therapy is the usual treatment of
choice, with 50% to 70% of SCM tumors seen
to resolve spontaneously during the first year of
life. Surgical lengthening of the SCM is rarely
performed.

Summary

Congenital neck lesions reflect abnormal em-
bryogenesis in head and neck development. A
thorough knowledge of embryology and anatomy
is critical in the diagnosis and treatment of these
lesions.

Acknowledgments

The authors thank Alexa Lessow, MD, for
contributions to this article.

References

[1] Enepekides DJ. Management of congenital neck
masses. Facial Plast Surg Clin North Am 2001;
9(1):131-45.

[2] Organ GM, Organ CH. Thyroid gland and surgery
of the thyroglossal duct: exercise in applied embryol-
ogy. World J Surg 2000;24:886-90.

[3] Roback SA, Telander RL. Thyroglossal duct cysts
and branchial cleft anomalies. Semin Pediatr Surg
1994;3(3):42-6.

[4] Acierno SP, Waldhausen JHT. Congenital cervical
cysts, sinuses, and fistulae. Otolaryngol Clin North
Am 2007;40:161-76.

[5] Foley DS, Fallat ME. Thyroglossal duct and other
congenital midline cervical anomalies. Semin Pediatr
Surg 2006;15:70-5.

[6] Tracy TF, Muratore CS. Management of common
head and neck masses. Semin Pediatr Surg 2007;
16:3-13.

[7]1 Ghaneim A, Atkins P. The management of thyro-
glossal duct cysts. Int J Clin Pract 1997;51(8):512-3.

[8] Ostlie DJ, Burjonrappa SC, Snyder CL, et al. Thyro-
glossal duct infections and surgical outcomes.
J Pediatr Surg 2004;39(3):396-9.

[9] Motamed M, McGlashan JA. Thyroglossal duct
carcinoma. Curr Opin Otolaryngol Head Neck
Surg 2004;12(2):106-9.

[10] Sistrunk WE. Technique of removal of cysts and si-
nuses of the thyroglossal duct. Ann Surg 1920;71:
121-4.

[11] Hewitt k, Pysher T, Park A, et al. Management of
thyroglossal duct cysts after failed Sistrunk proce-
dure. Laryngoscope 2007;117(4):756-8.

[12] Rosen D, Wirtschafter A, Rao VM, et al. Dermoid
cyst of the lateral neck: a case report and literature
review. Ear Nose Throat J 1998;77(2):125-32.

[13] Yasumoto M, Shibuya H, Gomi N, et al. Ultrasono-
graphic appearance of dermoid and epidermoid
cysts in the head and neck. J Clin Ultrasound
1991;19(8):455-61.

[14] Pryor SG, Lewis JE, Weaver AL, et al. Pediatric der-
moid cysts of the head and neck. Otolaryngol Head
Neck Surg 2005;132(6):938-42.

[15] Leveque H, Saraceno CA, Tang CK, et al. Dermoid
cysts of the floor of mouth and lateral neck. Laryn-
goscope 1979;89:296-305.

[16] Bataineh AB, Mansour MJ. Extraoral epidermoid
cysts. Br J Oral Maxillofac Surg 1997;35:49-51.

[17] Lopez-Rios F, Rodriguez-Peralto JL, Castano E,
et al. Squamous cell carcinoma arising in a cutane-
ous epidermal cyst. Am J Dermatopathol 1999;21:
174-7.

[18] Mahadevan M, Vasan N. Management of pediatric
plunging ranula. Int J Pediatr Otorhinolaryngol
2006;70:1049-54.

[19] Zhao YF, Jia Y, Chen XM, et al. Clinical review of
580 ranulas, oral surgery, oral medicine, oral pathol-
ogy. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2004;98(3):281-7.

[20] Zhao YF, Jia J, Jia Y, et al. Complications associ-
ated with surgical management of ranulas. J Oral
Maxillofac Surg 2005;63(1):514.

[21] Rho MH, Kim DW, Kwon JS, et al. OK-432 sclero-
therapy of plunging ranula in 21 patients: it can be
a substitute for surgery. AJINR Am J Neuroradiol
2006;27:1090-5.

[22] Celik M, Akkaya H, Arda IS, et al. Congenital tera-
toma of the tongue: a case report and review of the
literature. J Pediatr Surg 2006;41:E25-8.

[23] Kountakis SE, Minotti AM, Maillard A, et al. Ter-
atomas of the head and neck. Am J Otolaryngol
1994;15(4):292-6.



352 ROSA et al

[24] DeBacker A, Madern GC, Van de Ven CP , et al.
Strategy for management of newborns with cervical
teratoma. J Perinat Med 2004;32:500-8.

[25] Newman JG. Case report of an anterior neck thymic
cyst. Otolaryngol Head Neck Surg 2001;125(6):
656-7.

[26] Delbrouck C, Choufani G, Fernandez-Aguilar S,
et al. Cervical thymic cyst: a case report. Am J Oto-
laryngol 2002;23(4):256-61.

[27] Berenos-Riley L, Manni JJ, Coronel C, et al. Thymic
cyst in the neck. Acta Otolaryngol 2005;125:108-12.

[28] Yamashita S, Yamazaki H, Kato T, et al. Thymic
carcinoma which developed in a thymic cyst. Intern
Med 1996;35:215-8.

[29] Girvigian MR, Rechdouni AK, Zeger GD, et al.
Squamous cell carcinoma arising in a second bran-
chial cleft cyst. Am J Clin Oncol 2004;27(1):96-100.

[30] Work WP. Newer concepts of first branchial cleft de-
fects. Laryngoscope 1972;82:1581-93.

[31] Isaacson G, Martin W. First branchial cleft cyst ex-

cision with electrophysiological facial nerve localiza-

tion. Arch Otolaryngol Head Neck Surg 2000;

126(4):513-6.

Triglia JM, Nicollas R, Ducroz V, et al. First bran-

chial cleft anomalies: a study of 39 cases and a review

of the literature. Arch Otolaryngol Head Neck Surg
1998;124(3):291-5.

[33] Stone R, Devaiah A, Pistey RW. Pathology quiz

case 2. Arch Otolaryngol Head Neck Surg 2004;

130(11):1137-9.

Gadiparthi S, Lai S, Branstetter BF 4th, et al. Radi-

ology quiz case 2. Arch Otolaryngol Head Neck

Surg 2004;130(1121):1124-5.

[35] Ramirez-Camacho R, Garcia Berrocal JR, Borrego
P. Radiology quiz 2. Arch Otolaryngol Head Neck
Surg 2001;127(11):1395-6.

[36] Link TD, Bite U, Kasperbauer JL, et al. Fourth
branchial pouch sinus: a diagnostic challenge. Plast
Reconstr Surg 2001;108(3):695-711.

[37] Verret DJ, McClay J, Murray A, et al. Endoscopic
cauterization of fourth branchial cleft sinus tracts.
Arch Otolaryngol Head Neck Surg 2004;130:465-8.

[38] Lindell MM, Jing BS, Fischer EP, et al. Laryngocele.
AJR Am J Roentgenol 1978;131:259-62.

[32

[34

[39] Harney M, Patil N, Walsh R, et al. Laryngocele and
squamous cell carcinoma of the larynx. J Laryngol
Otol 2001;115:590-2.

[40] VanVierzen PBJ, Joosten FB, Manni JJ. Sono-
graphic, MR, and CT findings in a large laryngocele:
a case report. Eur J Radiol 1994;18:45-7.

[41] Frederick FJ. Endoscopic microsurgical excision of
internal laryngocele. J Otolaryngol 1985;14(3):
163-6.

[42] Canalis RJ. Observations on the simultaneous oc-
currence of laryngocele and cancer. J Otolaryngol
1976;5:207-12.

[43] Sherman BD, Kendall K. A unique case of the rapid
onset of a large cystic hygroma in the adult. Am J
Otolaryngol 2001;22(3):206-10.

[44] Greinwald J, Burke D, Sato Y, et al. Treatment of
lymphangiomas in children: an update of picibanil
(OK-432) sclerotherapy. Otolaryngol Head Neck
Surg 1999;121(4):381-7.

[45] Burezq H, Williams B, Chitte S. Management of cys-
tic hygromas: 30 year experience. J Craniofac Surg
2006;14(4):815-8.

[46] Sarteschi LM, Bonanomi G, Mosca F, et al. Exter-
nal jugular vein hemangioma occurring as a lateral
neck mass. J Ultrasound Med 1999;18:719-21.

[47] MacArthur CJ. Head and neck hemangiomas of in-
fancy. Curr Opin Otolaryngol Head Neck Surg
2006;14:397-405.

[48] Wolf GT, Daniel F, Krause CJ, et al. Intramuscular
hemangioma of the head and neck. Laryngoscope
1985;95:210-3.

[49] Mulliken JB, Glowacki J. Hemangiomas and vascu-
lar malformations in infants and children: a classifi-
cation based on endothelial characteristics. Plast
Reconstr Surg 1982;69(3):412-22.

[50] Mulliken JB, Fishman SJ, Burrows PE. Vascular
anomalies. Curr Probl Surg 2000;37(8):517-84.

[51] Berenguer B, Mulliken JB, Enjolras O, et al. Rapidly
involuting congenital hemangioma: clinical and his-
topathologic features. Pediatr Dev Pathol 2003;6(6):
495-510.

[52] Do TT. Congenital muscular torticollis: current con-
cepts and review of treatment. Curr Opin Pediatr
2006;18:26-9.



ELSEVIE
SAUNDERS

Oral Maxillofacial Surg Clin N Am 20 (2008) 353-365

ORAL AND
MAXILLOFACIAL
SURGERY CLINICS

of North America

Deep Space Neck Infection: Principles
of Surgical Management

Timothy M. Osborn, DDS, MD?, Leon A. Assael, DMD®**
R. Bryan Bell, DDS, MD, FACS*"

4Department of Oral and Maxillofacial Surgery, Oregon Health & Science University, 611 SW Campus Drive,
Mail Code SD 522, Portland, OR 97239, USA
°Oral and Maxillofacial Surgery Service, Legacy Emanuel Hospital and Health Center,
2801 N. Gantenbein Avenue, Portland, OR 97227, USA

An intimate knowledge of the management of
infections of the deep spaces of the neck is essential
to the daily practice of oral and maxillofacial
surgery. Decisions must be made in a timely fashion
through the acute course of the disease. Interven-
tions must be performed with the appropriate
surgical and airway skill. The surgeon must decide
on medical and surgical management, including

Antibiotic selection

How to employ supportive rescusitative care
such as fluids and nutrition

When to operate

What procedures to perform

How to secure the airway

To make these decisions the surgeon must
understand the anatomy of the region, the etiol-
ogy of infection, appropriate diagnostic workup,
and medical and surgical management. This
article provides a review of these pertinent topics.

Anatomy
Fascial layers

An understanding of the anatomy of the
cervical fascia is critical in understanding the loca-
tion of a deep neck infection, in predicting the ex-
tent of infection, and in choosing an approach for
surgical drainage. The cervical fascia is the fibrous
connective tissue that envelops and divides the

* Corresponding author.
E-mail address: assaell@ohsu.edu (L.A. Assael)

structures of the neck and creates potential spaces
(Fig. 1). The cervical fascia is divided into superfi-
cial and deep layers. The superficial fascia is
immediately deep to the dermis and it ensheathes
the platysma as well as the muscles of facial
expression, the superficial musculoaponuerotic
system (SMAS). It extends from the cranium
down to the thorax and axilla. The deep layer is
divided into superficial, middle, and deep layers.

The superficial layer of the deep cervical fascia
(SLDCEF) is an essential structure in understand-
ing deep space infections of the neck. The SLDCF
generally forms the outer margin of odontogenic
deep space neck infections (DSNI). The tenacity
of this fascia prevents the egress of pus toward
the skin until neck infections are quite late. The
result is that because of the barrier of the SLDCF,
infections will expand to the point of descending
toward the mediastinum, ascending to the lateral
pharynx and masticator spaces, or will expand
to the point of causing airway obstruction. Under-
standing the SLDCF is essential to understanding
the pathway of infection.

The SLDCF begins posteriorly at the nuchal
ridge and spreads laterally and anteriorly, split-
ting to envelop the trapezius and sternocleido-
mastoid (SCM). It attaches to the hyoid bone
anteriorly. It envelops both the parotid and sub-
mandibular glands. It fuses with the fascia,
covering the anterior bellies of the digastric and
mylohyoid forming the inferior margin of the
submandibular space. At the mandible, the fascia
splits and the internal layer covers the medial
surface of the pterygoid muscles up to the skull

1042-3699/08/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
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Fig. 1. Fascial spaces of the neck. (Reprinted from Netter anatomy illustration collection. Elsevier. All rights reserved;

with permission.)

base. The external layer covers the masseter
muscle and inserts into the zygomatic arch.
Inferiorly, it inserts into the clavicles, sternum,
and acromion of the scapula.

The middle layer of the deep cervical fascia
(MLDCEF) is also known as the pretracheal fascia.
It often forms the base of deep space infections of
the neck, thus creating a barrier to the extension
of infection into the pulmonary, tracheobronchial
tree, esophagus, and prevertebral space. It is
separated into muscular and the visceral divisions.
The muscular division surrounds the sternothy-
roid, sternohyoid, and thyrohyoid muscles. The

muscular division does not offer important path-
ways for infection because the attachment is quite
rigid, and no potential space is typically present
except as it presents abutting the prevertebral
fascia. Inferiorly this division also inserts into the
clavicle and the sternum. Superiorly it inserts into
the hyoid and thyroid cartilages. Posteriorly it
fuses with the alar division of the deep layer of the
deep cervical fascial at the level of T2 and forms
the anterior wall of the retropharyngeal space.
The visceral layer of the MLDCEF envelops the
thyroid, trachea, and esophagus. It extends in-
feriorly into the upper mediastinum and joins the
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fibrous pericardium The middle layer also
encloses the pharyngeal constrictors and
the buccinator muscles. The visceral layer of the
MLDCF is the pathway to mediastinitis in
the deep space head and neck infection, forming
the anterior barrier that must be traversed by
advancing infection.. To descend, the infection
will also disrupt the alar division of the DLDCEF,
described below.

The deep layer of the deep cervical fascia
(DLDCF) separates into a posterior prevertebral
division and an anterior alar division. The
prevertebral division is adherent to the anterior
aspect of the vertebral bodies from the base of the
skull down the spine. It extends posteriorly
around the spine and the muscles of the deep
neck, the vertebral muscles, muscles of the poste-
rior triangle, and the scalene muscles. It envelops
the brachial plexus and subclavian vessels,
extending laterally into the axillary sheath. The
alar division is located between the visceral
division of the middle layer and the prevertebral
division of the deep layer. The deep layer corre-
sponds to the posterior boundary of the retro-
pharyngeal space, extending down to the level of
T2, where it fuses with the visceral fascia. Thus the
DLDCF is important in providing the posterior
boundary for extension of infection to the medi-
astinum. The DLDCF is rarely perforated by
infection, but when this occurs, it can result in
cervical spine osteomyelitis or epidural abscess
following head and neck infection.

Spaces

The spaces created by these fascial planes are
potential spaces that are useful to consider in
understanding the pathway of infection (Fig. 2).
They include the lateral pharyngeal, retrophar-
yngeal, submandibular, and pretracheal.

The floor of the mouth and mandible, the
superficial layer of deep cervical fascia, and the
lateral pharyngeal space bind the submandibular
space. This space is divided by the mylohyoid
muscle into sublingual and submandibular por-
tions that are continuous posteriorly around the
free margin of the muscle. The sublingual portion
contains the submandibular duct, lingual nerve,
and hypoglossal nerve, whereas the submandibu-
lar portion contains the anterior belly of the
digastric. The lateral pharyngeal space is an
inverted, cone-shaped potential space that extends
from the skull base to the hyoid. The medial
border is the buccopharyngeal fascia; the lateral

border is the pterygoid muscles and mandible.
Overlying the buccopharyngeal fascia is the
superior pharyngeal constrictor muscle, which
separates the peritonsillar “space” from the lateral
pharyngeal space. The lateral pharyngeal space
communicates anteriorly with the submandibular
space and posteriorly with the retropharyngeal
space. The styloid process and its attached struc-
tures divide the lateral pharyngeal space into two
compartments; the anterior and posterior. The
anterior compartment contains fat and connective
tissue, whereas the posterior compartment con-
tains cranial nerves IX, X, XII, the cervical
sympathetic chain, the internal jugular vein, and
the carotid artery. The retropharyngeal space lies
between the middle and deep layers of cervical
fascia, and extends from the skull base to the
bifurcation of the trachea. There is a midline
raphe that is formed by the attachment of the
superior constrictor muscle to the alar layer of the
deep cervical fascia. This midline raphe separates
two chains of lymph nodes that lie within the
space. The pretracheal space is located below the
hyoid bone and extends inferiorly to the level of
the fourth thoracic vertebrae along the arch of the
aorta. The pretracheal space has the MLDCEF as
its anterior border, and is bounded posteriorly by
the esophagus.

The infections in these spaces can be direct
extensions from other spaces of the head and
neck, or from the primary site. Extensions of
infections can follow the fascial planes into the
mediastinum or the axilla. Of special mention are
the so-called “danger space” and the carotid
sheath. The danger apace is the area between the
alar and prevertebral fascia that extends from the
skull base to the diaphragm. The carotid sheath
forms a potential space that allows for infection to
descend into the mediastinum, whereas infection
that rests between the MLDCF and the DLDCF
in the retropharyngeal region will create a retro-
pharyngeal abscess that will end at about the
tracheoesophageal junction.

Microbiology

The most common organism associated with
deep neck infections was Staphylococcus aureus in
the pre-antibiotic era. Drug resistance has, how-
ever, contributed to a change in the microbial flora
associated with these serious infections, which are
now most commonly associated with aerobic strep-
tococcal species and nonstreptococcal anaerobes.
[1,2]. The bacteria that commonly cause deep
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neck infections represent the normal oral flora that
becomes pathogenic when normal host defenses
are ineffective. Commonly cultured organisms in-
clude Streptococcus viridans, Streptococcus milleri
group species, B-hemolytic streptococci, Neisseria
species, Peptostreptococcus, coagulase-negative
staphylococci and Bacteroides [2—4]. Other causes
that should be considered but are uncommon are
Bartonella henselae and Mycobacterium tuberculo-
sis [5]. Anaerobic bacteria include Prevotella and
Porphyromonas species, Actinomyces species, Bac-
teroides species, Propionobacterium, Hemophilus,
and Eikenella. Anaerobic bacteria are found in

more than half of severe odontogenic infections
[6]. In diabetic patients, the microbial nature of
DSNI shows a higher infection rate of Klebsiella
pneumoniae when compared with those who do
not have diabetes mellitus [4].

Diagnosis

When evaluating a patient in whom a deep
neck infection is suspected, an orderly workup
should be followed. As all evaluations should
begin, a history and physical examination should
be obtained, with focus on evaluation of the
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airway. Information on the time from initiation of
symptoms to the present will give an understand-
ing of the pace of advancement of the infection.
Potential initiating factors such as dental prob-
lems, dental interventions, recent upper respira-
tory infection, recent surgery, or trauma need to
be assessed. Any signs of impending airway
obstruction should prompt immediate and neces-
sary control of the airway. Patients who are
deemed to have a stable airway may have
a more leisurely history and physical examination
performed. Physical examination should include
intraoral evaluation with focus on the floor
of mouth and dentition, oropharyngeal, and
pharyngeal examination. Attention should also
be directed behind the palatopharyngeal fold.

Understanding the common and uncommon
presentation of DSNI is critical in the early
recognition and management of these patients.
Patients will often present with systemic signs and
symptoms of disease, such as fever, chills, malaise,
and loss of appetite. Because these are general
symptoms, more localizing symptoms such as
odynophagia, dysphagia, trismus, odontalgia,
and dysphonia are often present. Mayor and
colleagues [7] showed that the most common clin-
ical presentation of DSNI was odynophagia in
84% of patients, followed by dysphagia (71%),
fever (68%) neck pain (55%), neck swelling
(45%), trismus (39%), and respiratory distress
(10%). These symptoms have been shown to be
similar in other series as well [8§-10]. Signs include
neck swelling, elevation of the floor of the mouth,
drooling, diaphoresis, elevated temperature, and
bulging of the pharyngeal wall or lingual aspect
of the mandible. Classic description of pharyngeal
wall bulging is midline bulging for prevertebral
infections and unilateral for retropharyngeal space
infections, because of the midline raphe formed by
the superior constrictor muscle, which prevents
space involvement crossing the midline [2].

There are a number of causes of deep neck
infections. Determining the site of origin or cause
of deep neck infections varies widely in the
literature, ranging from 30% to 90% of cases
having an identified source of infection [1,7]. The
submandibular space is the most common site of
deep neck infections and they are caused by odon-
togenic source in up to 85% of cases [11]. Other
causes include laceration of the floor of the
mouth, mandibular fracture, tumor, lymph-
adenitis, sialoadenitis, patient self-injection with
intravenous drugs, systemic infection, and hema-
togenous spread of infection.

Infection of the lateral pharyngeal space is
often caused by spread of tonsillar infection from
the peritonsillar space through the superior
pharyngeal constrictor muscle (Figs. 3 and 4).
Other causes include posterior extension of infec-
tion from the submandibular space, anterior
extension from the retropharyngeal space, and
medial extenstion from a deep lobe parotid
abscess or masticator space abscess. Common
causes of retropharyngeal infection are from blunt
or penetrating trauma, instrumentation (esopha-
goscopy, feeding tube placement, intubation),
and suppurative lymphadenitis (rare after age 5).
Spread of infection from the lateral pharyngeal
space or prevertebral space can result in retro-
pharyngeal space involvement (Fig. 5).

There are a number of imaging modalities that
can be used once a history and physical have been
performed. The potential for loss of airway during
radiologic assessment should be considered in
every case. Any patient who has airway compro-
mise should have control of the airway ensured
via intubation or tracheotomy before any imaging
modalities are used. Clinicians can make use of
plain radiographs (chest, lateral neck), ultraso-
nography, CT, MRI, and nuclear medicine scans.
Inspiratory lateral cervical radiography has tradi-
tionally been used because it is simple, readily
available, and applicable in cases of retrophar-
yngeal and prevertebral space involvement.
Increased thickness of the distance from the
anterior aspect of the vertebral body to the air
column in the posterior pharyngeal wall (>7 mm
at C-2), loss of cervical lordosis, and presence of
air in the soft tissues suggest space involvement
[10,12]. In most institutions, this method is rarely
used because of the 33% false-negative rate as well
as the wide availability of CT scans.

CT scanning is the most widely used modality
for diagnosing DSNI because it is less expensive,
readily available, and can localize abscesses in the
head and neck, as well as other structural abnor-
malities. The results of CT scans are easily
interpreted by surgeons and allow for precise
surgical planning. CT is not as effective as
ultrasound in determining abscess from cellulitis.
On CT, cellulitis appears as soft-tissue swelling,
increased density of surrounding fat, enhancement
of involved muscles, and obliteration of fat
planes, whereas abscess is suspect when there is
a low density area with a peripheral enhancement.
With any radiologic evaluation, the findings must
be correlated with clinical findings. A study by
Miller and colleagues [13] found combination of



358 OSBORN et al

Fig. 3. Fourteen-year-old patient who has peritonsillar abscess (PTA). Note lack of trismus, differentiating this from
a lateral pharyngeal space infection, which almost universally presents with trismus. PTAs can be safely managed by
needle aspiration combined with appropriate antibiotic therapy, again differentiating them from lateral pharyngeal space
infections, which generally require extraoral/transcervical drainage. (4) Clinical appearance. (B) CT scan of the same
patient demonstrating peritonsillar fluid collections bilaterally. (C) Needle aspiration.

clinical evaluation and CT findings led to accu-
racy in identifying drainable collection of 89%,
sensitivity of 95%, and specificity of 80%. In
a series reported in one paper [8], CT scans were
not readily available, and the lack of CT with
contrast was an important contributing factor in
all patient deaths.

Use of ultrasound gives reliable determination
of abscess versus cellulitis. The advantages of
ultrasound is that it is transportable to the patient,
can be used to direct an aspirating needle, and
involves no radiation [14]. Ultrasound is particu-
larly useful in children and in peritonsillar-upper
parapharyngeal infections, to avoid incision and
drainage in cellulitis and to support medical treat-
ment in those cases [15].

Use of MRI gives improved soft-tissue defini-
tion over CT without the use of radiation. MRI
and magnetic resonance angiography (MRA) may
also be more useful than CT technology in
diagnosis of vascular complications of DSNI—
internal jugular vein thrombosis (IJVT), carotid
erosion or rupture [16,17]. MRI should also be
used when central nervous system (CNS) involve-
ment is suspected.

Patients with DSNI should undergo incision
and drainage that includes a culture and sensitiv-
ity as a guide antimicrobial therapy. There is
varying susceptibility of organisms in head and
neck infections, and culture and sensitivity allows
identification of resistant organisms [18]. Gram’s
stain is a quick and useful tool to assist in initial
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&
Fig. 4. Forty-five-year-old patient who has lateral pharyngeal space abscess with involvement of the masticator space.
Note external swelling caused by the masticator space infection and severe trismus. (4) Clinical appearance. (B) CT scan
demonstrating fluid collections involving the lateral pharyngeal space, submandibular space, and masticator space.

Fig. 5. Fifty-two-year-old patient who has retropharyngeal space abscess. (4) MRI demonstrating enhancing fluid col-
lection in retropharyngeal space. (B) Clinical photograph demonstrating surgical approach to open drainage. Dissection
begins at the anterior border of the sternocleidomastoid muscle; the internal jugular vein and carotid artery are identified
and protected, and the retropharyngeal space is entered high in the neck. Note retraction of the internal carotid artery.
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antibiotic choice, such as when Gram’s stain may
suggest staphylococcal infection versus strepto-
coccal infection. Although there are improved
techniques for isolating anaerobic bacteria, there
is little use for anaerobic culture in DSNI. The
majority of isolates in head and neck infections
are aerobic in nature, particularly with use of
the swab technique of collection [19].

Routine sampling of blood cultures is not
widely practiced for patients in the absence of signs
of systemic symptoms such as fever, chills, night
sweats, or hypotension. Blood cultures are positive
in 10% to 15% of patients who have systemic
symptoms [4]. Patients who develop signs and
symptoms of septicemia despite adequate medical
or surgical treatment should have blood cultures.

An important consideration in people who have
DSNI is that in one series, the cause in 6% of
patients was malignant tumor [20]. Therefore the
use of panendoscopy following acute phase treat-
ment should be considered in patients who have
no clear etiology of infection. One should also con-
sider sampling of accessible lymph nodes if they are
found enlarged or abnormal. It may also be prudent
to take a biopsy specimen of the abscess wall to es-
tablish or exclude the diagnosis of malignancy [20].

Medical management

Medical management of these patients should
begin promptly with intravenous access, fluid
resuscitation, and administration of IV antibi-
otics. Antibiotic therapy should be administered
empirically and tailored to culture and sensitivity
results. Early intervention with a penicillin
derivative and clindamycin is the key to successful
therapy and avoidance of complications [21,22].
Other regimens include the use of penicillins
with -lactamase inhibitor, second, third, or fourth
generation cephalosporins, and metranidazole.
Ampicillin/sulbactam and clindamycin have each
been shown to be effective for anaerobic infections
of the head and neck [18,23]. Pipercillin/tazobac-
tam has shown efficacy in treating polymicrobial
infections as a single agent [24]. Deep neck infec-
tions in the cellulitis stage can be successfully
treated with antibiotic therapy alone [4,25].
Mayor and colleagues [7] showed that medical
treatment alone with antibiotics and steroids
could be as effective as open surgical treatment.
The traditional approach is for open surgical
drainage when the presence of purulence is
suspect.

Comorbid medical conditions are found in
many patients who have DSNI. Some of the
more common are diabetes mellitus, chronic
hepatitis, uremia or chronic renal failure, and
relative immune-suppressed states such as HIV/
AIDS or in patients on chemotherapy [4]. These
conditions require thorough workup and moni-
toring because they can be exacerbated by the
infection, and can also lead to more severe infec-
tions. Diabetes in particular requires strict man-
agement, and control of blood sugar below 200
mg/dL is imperative for good control of infection
[26].

Surgical treatment

Many deep infections of the head and neck
require surgical intervention in the form of
incision and drainage. Many would argue that
when there is an abscess in the deep neck, surgical
drainage is mandatory. Depending on the series,
surgical drainage is required in 10% to 83% of
patients who present with deep neck space
infections [7,20]. When surgical drainage is neces-
sary, Topazian and Goldberg [27] recommend the
following principles in their text: incise in healthy
skin and mucosa when possible, not at the site of
maximum fluctuance, because these wounds tend
to heal with an unsightly scar; place the incision
in a natural skin fold; place the incision in a depen-
dent position; dissect bluntly; place a drain; and
remove drains when drainage becomes minimal
[27].

Drainage of the submandibular space can be
by intraoral or extraoral incision. Intraoral drain-
age is via incision in the anterior aspect of the
floor of the mouth, and is indicated only in
uncomplicated infections limited to the sublingual
compartment; otherwise an external approach is
recommended [1]. The external approach is
through an incision approximately 3 to 4 cm
below the angle of the mandible and below the
inferior extent of swelling. If the incision is placed
in the area of swelling and erythema, the wound
may heal with excessive scarring. The 2 to 3 cm
incision should roughly parallel the inferior bor-
der of the mandible, but more importantly, should
follow relaxed skin tension lines. The incision
should be carried down through skin and subcuta-
neous tissues to the platysma. The platysma can
then be divided with electrocautery or sharp
dissection. The superficial layer of deep cervical
fascia should then be incised parallel to the infe-
rior border of the mandible. Blunt or finger
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dissection is then used in a superior-medial direc-
tion to enter the submandibular space. Care
should be taken to dissect toward the lingual as-
pect of the mandible in the area of the posterior
molars so as to avoid the facial vessels. It is often
impossible to avoid penetration of the oral mu-
cosa when teeth are extracted concomitantly,
and in the authors’ experience this has not led to
orocutaneous fistula. Surgical drains should al-
ways be left in the space, or in multiple sites within
the space. We often use red rubber catheters in ad-
dition to Penrose drains to irrigate the space.

Drainage of the lateral pharyngeal space is
approached mainly through an external ap-
proach. An intraoral approach to the lateral
pharyngeal space is discouraged because of the
presence of the carotid sheath within the space
[1]. In cases where no access to the carotid artery,
internal jugular vein, or mediastinum are antici-
pated, an approach similar to that of the sub-
mandibular space can be used. As the authors
have often seen, there is extension of submandib-
ular space infections into the lateral pharyngeal
space, and we approach both through the same
incision. The only difference is that the superome-
dial vector of dissection is carried through aiming
for the angle of the mandible and into the lateral
pharyngeal space. Another approach is through
the anterior SCM approach, which should be
used if access to the carotid artery or internal jug-
ular vein may be necessary. The incision is ori-
ented vertically along the anterior border of the
SCM beginning 3 to 4 fingerbreadths inferior to
the auricle. The incision is carried down to the
superficial layer of deep cervical fascia, and the
carotid sheath is identified and opened. Dissec-
tion is carried superiorly along the vessels as indi-
cated. Once near the angle of the mandible, blunt
dissection can be used in a superior-medial direc-
tion to enter the space, as described before. If
vascular complications are likely, proximal and
distal closure should be achieved with loose liga-
ture. In any case, drains should be left in the
space. The authors routinely use two drains,
one in the anterior and one in the posterior
compartment.

Drainage of the retropharyngeal space can be
accomplished through an intraoral or extraoral
approach (see Fig. 5). When draining the space
intraorally, it is wise to first aspirate the area of
induration or fluctuance to confirm the presence
of pus and not blood. If there is blood, one should
suspect carotid artery erosion, which dictates an
external approach. Once the presence of pus is

confirmed, then a vertical incision can be made
over the mass. Blunt dissection with hemostats
should then be used to widely spread in the space.
Copious irrigation should be used. The authors
use an intraoral approach to this space with
a clearly defined area of loculation, especially in
children. Drains are not routinely used with an
intraoral approach, but can be used if necessary,
and sutured to the lateral pharyngeal wall and
buccal mucosa. In adults and in people who
have large retropharyngeal space abscesses, an ex-
ternal approach is used. The approach is through
an anterior SCM approach as previously
described. The carotid sheath is identified and mo-
bilized medially. If there is sheath involvement, it
can be opened. With the sheath and vessels mobi-
lized medially, the prevertebral fascia will be
encountered. Blunt dissection with hemostat or
finger dissection is then used to enter the space.
Drains are used, and again, the authors com-
monly use multiple drains in the space. Adequate
drainage can be obtained without thoracotomy o
the level of T-4 [1].

Although it is a rare phenomenon, Ludwig’s
angina deserves special mention (Fig. 6). It is
defined as firm, acute, toxic cellulitis of the bilat-
eral submandibular and sublingual spaces in addi-
tion to the submental space, most commonly
secondary to dental infection. Ludwig’s requires
prompt diagnosis and surgical intervention. As
with all infections if the head and neck, airway
security is of prime concern. There is a higher in-
cidence of upper airway obstruction in cases of
Ludwig’s as well as greater need for tracheostomy.
Parhiscar and Har-El [28] noted that 16 of 36
patients underwent elective tracheostomy under
local anesthesia without complication. In this
series, when intubation was attempted, it failed
in 55% of cases and emergent tracheostomy was
necessary [28]. Therefore, with patients who
have Ludwig’s angina, or anyone who has similar
risk of upper airway obstruction, the authors
perform urgent elective tracheostomy under local
anesthesia.

Airway management

Airway compromise is the most immediate and
life-threatening of the complications encountered
in management of deep neck infections. Proper
management of the airway can be a lifesaving
measure in certain patients and should be
of primary focus. There are three options for
airway management: close clinical observation,
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Fig. 6. Nineteen-year-old patient who has Ludwig’s angina, one of the few surgical emergencies in oral and maxillofacial
surgery. (4) Clinical appearance. Note: patient upright to maintain airway in preparation for awake tracheostomy. (B)
CT scan demonstrating involvement of the submandibular and submental spaces bilaterally. (C) Incision and drainage
with instrumentation of all involved spaces bilaterally (sublingual, submental, submandibular, and lateral pharyngeal).
(D) Postoperative appearance 1 day following surgical drainage. Note: with early tracheostomy the patient requires no
short- or long-term ventilatory assistance and is transferred out of the intensive care unit on postoperative day 1.

endotracheal intubation (fiberoptic or direct), or
surgical airway. There are different advantages
and disadvantages to each. Observation of the
airway is adequate if initial evaluation reveals no
impending airway compromise, but does require
close evaluation. The main complications of
observation without mechanical intervention are
unrecognized impending airway loss, risk of over-
sedation with loss of airway, or extension of
infection and edema leading to asphyxiation.
The benefit is that there is no mechanical in-
tervention, which carries inherent risk. The ad-
vantages of endotracheal intubation include the
speed with which airway control can be achieved,
and that it is a nonsurgical procedure. Disadvan-
tages include the potential for failed intubation,
inability to bypass upper airway obstruction,

requirement for mechanical ventilation, and sub-
glottic stenosis, and endotracheal tube (ETT)
displacement/unintentional extubation. Tracheot-
omy, on the other hand, allows for the bypass of
upper airway obstruction. It is a very secure
airway, there is less need for sedation and
mechanical ventilation, and it allows for earlier
transfer out of critical care units [29]. Tracheot-
omy is a surgical procedure with inherent risks
such as pneoumothorax, bleeding, subglottic ste-
nosis, tracheoinnominate or tracheoesophageal
fistula, as well as unsightly scar. Training and
comfort with airway management procedures, as
well as available hospital resources such as anes-
thesiology, fiberoptic equipment, and critical
care resources, also have an impact [21,30]. The
decision to observe the airway, perform
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Fig. 7. Forty-nine-year-old patient who has cervical necrotizing fasciitis of odontogenic origin. Patient presented to
emergency department in sepsis with mediastinal extension following inadequate drainage of a submandibular abscess
at an outside office. (4) Intraoperative photograph at the time of initial neck exploration. Note necrotic tissue. (B)
CT of the neck at presentation, demonstrating free air and inflammatory changes within the deep fascial spaces of
the neck. (C) CT of the chest at presentation, demonstrating similar free air and inflammatory changes within the me-
diastinum in addition to pulmonary fluid collections. (D) Mediastinal exploration.

intubation, or tracheotomy must be made on an
individual basis, considering the advantages and
disadvantages of each.

Complications

Even in the advent of modern antibiotics,
severe complications can occur in DSNI. These
include airway compromise, jugular vein throm-
bosis, mediastinal involvement, pericarditis, pneu-
monia, emphysema, arterial erosion, meningitis,
and extracranial or intracranial extension of
infection if there is delay in diagnosis and treat-
ment [8,31-33]. Carotid artery erosion is a devas-
tating complication that can involve the common,
internal, or external carotid branches. A bleed

may be heralded by recurrent small hemorrhages,
hematoma, bleeding, ipsilateral Horner’s syn-
drome, unexplained cranial nerve IX to XII neu-
ropathy, persistence of peritonsillar swelling, and
blood clots on exploration or incision and drain-
age [34]. If carotid artery erosion is suspected,
then aggressive treatment is warranted by gaining
proximal and distal control with repair or ligation
[10].

IJVT is the most common vascular complica-
tion. It is characterized by shaking chills, spiking
fevers, tenderness, and swelling at the angle of the
mandible or along the SCM [10]. IJVT may pro-
duce bacteremia, circulating septic thrombi with
distant infection, or pulmonary embolism. Treat-
ment is with medical management consisting of
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anticoagulation, or surgical treatment with liga-
tion of the vein.

Mediastinitis is a rare complication of DSNI,
and the descending necrotizing mediastinitis that
results is one of the most serious and lethal forms
(Fig. 7) [35]. The diagnosis of mediastinitis is
based on clinical examination and cervicothoracic
CT, which will show tracking of infection down
the neck and signs of fluid collection or gas within
the mediastinum. These patients are treated surgi-
cally through a cervical approach when there is no
infiltration above the tracheal bifurcation or T4,
and a combined cervical and thoracic approach
in all other cases [36,37].

Summary

Management of deep infections of the neck is
a critical skill of oral and maxillofacial surgery. It
is a unique opportunity for the specialty to act as
the primary managing team for these patients. A
fundamental skill set is required for the diagnosis
and management of these potentially life-threat-
ening illnesses.
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Deep neck infections (DNIs) are common and
occur as a consequence of several etiologies. The
result is either an abscess or cellulitis in the
potential spaces of the neck. Countless reports
exist in the literature detailing the management of
infections arising from odontogenic sources, con-
genital lesions, cervical adenitis, malignancies,
surgical treatment, upper respiratory infection,
and penetrating trauma. Life-threatening compli-
cations that have been associated with DNI
include airway obstruction, sepsis, septic emboli,
Lemierre syndrome, descending mediastinitus,
and pericarditis. Additionally, extremely aggres-
sive forms of DNI exist, including necrotizing
fasciitis (Fig. 1A, B and Fig. 2A, B, O).

Despite numerous reports, little information
exists regarding the true incidence of these in-
fections. As is true in many areas of medicine,
limited prospective data are available to guide
therapy. Treatment over the years has been based
mostly on surgical principle, airway management,
and an understanding of the microbiologic flora
of these infections. Antibiotic therapy, interven-
tional radiology, and patient support modalities
have become more sophisticated, although sur-
gery continues to be the mainstay of treatment for
most patients. Today, neck infections are rarely
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life threatening when sound and timely manage-
ment is applied.

Etiology

DNI can arise from many sources. Dental
sources are widely held to be the most common
in adults and give rise to some of the more
aggres