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viiIntroduction

Laura H. Swibel Rosenthal

A handbook may be used in many ways. It 
can be particularly useful as a reference tool 
to learn about a topic of interest. When a 
handbook contains many images, it can be 
browsed as a picture book, or it can be read 
cover to cover like a textbook. A color hand-
book specifically in otolaryngology can serve 
in all of these manners. It is expected that 
most readers will use it in a combination of 
ways. However, there are many reasons why 
the subject of otolaryngology makes a very 
unique type of handbook.

This handbook is partly a reference tool 
to aid the reader in diagnosis after the exami-
nation of a patient, but it can be  challenging 
to encompass the breadth of a surgical field 
with photos of the disease alone. While pho-
tographs from a clinical examination as well 
as radiographs can partly depict a disease 
state, to fully encompass the field of oto-
laryngology, it was important to the editors 
that surgical management be understood 
as well. For many chapters, we have there-
fore attempted to capture this by deviating 
from a simple format of a photograph asso-
ciated with a written outline of the disease. 
Instead, surgical techniques are demon-
strated in many sections.

Furthermore, when thinking about the 
field of head and neck surgery, much of the 
pathology in the head and neck is buried 
in bone, beneath the skin or facial bones, 
deep in the pharynx, or within the complex 
skull base. Images in this color handbook, 
therefore, include not only traditional 

photographs and images from computed 
tomography or magnetic resonance imag-
ing but also images from rigid or flexible 
endoscopy, which has become a quintessen-
tial tool not only for medical management 
of otolaryngology but also for teaching. 
Other miscellaneous tests or diagrams 
are frequently utilized in the chapters for 
their unique contributions to diagnosis and 
management.

While the study of otolaryngology can 
seem quite narrow to a primary care provider 
or medical student, for whom the editors 
hope this book is useful, the field is actu-
ally quite broad. The subspecialties, being 
primarily head and neck surgery,  rhinology, 
skull base surgery, laryngology, neuro-
otology, and facial plastic surgery, each lend 
themselves to a different ratio of focus on 
diagnosis by physical examination, diag-
nosis by endoscopy, workup and ancillary 
studies, medical management, surgical 
technique, and epidemiology. Some chap-
ters will be more geared toward diagnosis 
and some will be more oriented toward 
surgical planning. Inconsistencies in the 
amount of photographs versus surgical 
technique between chapters are purposeful 
and meant to enhance the reader’s learning 
experience.

Otolaryngology is studied by a variety 
of practitioners. It is the editors’ choice to 
make this text useful not only for experi-
enced otolaryngologists but also for pri-
mary care and family practitioners, surgical 
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and nonsurgical residents, medical students, 
nurses, physician assistants, nurse practitio-
ners, and anyone else carrying an interest in 
this field. While textbooks will always lag 
behind journals, experienced otolaryngolo-
gists will find both the traditional and con-
temporary otolaryngology in this handbook 
a useful confirmation of what they know or 
a tool for maintaining certification in areas 
that are beyond their expertise. For the 
medical student, the basics of otolaryngol-
ogy are included and further detail helps to 
build a better understanding of the patho-
physiology and treatment.

There are many tools used in a good 
head and neck examination that are not 
routinely used to capture photographs. 
For example, the ear exam requires an 
otoscope. The nasal examination requires 
a good light and a nasal speculum. The 
oral exam often requires a headlight and 
two free hands. The laryngeal examination 
requires a head mirror. Instead of photo-
graphs taken in conjunction with any of 
these tools, these images are typically cap-
tured with an endoscope or microscope. An 
endoscope is often needed for a complete 
nasal and sinus examination and pharyn-
geal or laryngeal examination but is also 
used in many cases for teaching purposes 
or capturing images. This should not deter 
the primary care provider from using this 
handbook. The main purpose of this book 
is to help the busy practitioner develop a 
differential diagnosis for the problems they 
encounter in the office, be it inpatient, out-
patient, or acute care setting. It could also 
be useful for a primary care provider hoping 
to better understand the endoscopy exami-
nation performed by their otolaryngology 
consultants.

The scope of this book is broad enough 
to serve as a reference handbook for a vari-
ety of practitioners, but it is not inclusive of 
the entire field of otolaryngology. There are 
some areas within otolaryngology that are 
not conducive to this type of image-based 

reference learning. For example, the grow-
ing field of sleep medicine may seem lacking 
in this text, although it overlaps with areas 
such as tonsil hypertrophy.

While a handbook cannot replace clini-
cal or surgical training, our hope is that 
this book will serve as a supplement to the 
clinical encounter and will help guide the 
critical steps of history taking, physical 
examination, and management. In many 
cases, it may serve as a limited surgical atlas 
as well. The objectives in this book vary 
somewhat by section, as per the following 
descriptions; however, they will generally 
include some normal anatomy followed 
by pathologies and/or surgical treat-
ments. Each topic will generally include a 
definition and clinical features, differen-
tial diagnosis, suggestions for workup, and 
treatment. Treatment sections vary from 
minimal medical treatment options to 
extensive surgical descriptions. Providers 
from many fields may diagnose and/or 
treat head and neck diseases, but it is the 
skilled examiner, endoscopist, thinker, and 
surgeon that make the field of otolaryngol-
ogy what it is. We hope that that is reflected 
in these pages.

Head and Neck

The head and neck section is arguably one 
of the most important areas in the study of 
otolaryngology. Resident rotations on an 
otolaryngology service are often divided in 
a similar manner as in the sections of this 
book, and it is often on the head and neck 
rotation that students learn the complex 
and fascinating anatomy of the head and 
neck and some of the worst pathology of 
the head and neck, such as malignant dis-
ease. This section explores the common 
pathologies of head and neck and surgi-
cal management and the management of 
complications.
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Rhinology

When a rhinologist examines the nose, 
whether in the office, by computed tomog-
raphy, or by endoscopy in the operating 
room, it is often with a different perspec-
tive than other providers. The rhinologist is 
able to navigate the “labyrinth” of the nose 
and sinuses from the easily visible mucosa 
to the depths of the sphenoid sinus and 
treat patients with both medical and surgi-
cal problems. This section is amenable to a 
classic photograph with a description of a 
disease and to an in-depth look at surgical 
techniques. Advances in endoscopy and dig-
ital imaging have greatly facilitated teaching 
rhinology and make this section robust.

Laryngology

In some subspecialties, such as laryngol-
ogy, which is remarkably visual, a photo-
graph can be helpful but cannot replace 
the active examination of the moving (or 
immobile) vocal folds nor can it replace 
the acoustic assessment of a patient’s dys-
phonia. Nevertheless, a color handbook 
is a great way to teach laryngeal pathol-
ogy. Digital laryngoscopy photographs are 
relatively easily captured. The addition of 
 videostroboscopy to the physical examina-
tion is an invaluable tool for the subspecial-
ist, student, and patient. A color handbook 
is an ideal way to showcase pathology and to 
teach laryngeal findings from examination. 
This book provides unique insights into sur-
gical technique as well.

Otology and Neurotology

In otolaryngology, the physical examination 
is one of the most interesting aspects of the 
practice because it is so visually detailed and 
requires a well-trained, critical eye and often 
special instruments. This is especially true 

within the field of neuro-otology in which 
a novice and trained specialist may notice 
different findings on exam. The otoscope is 
one of the first tools that medical students 
are eager to obtain and learn to use; how-
ever, the beginner student examines the ear 
in a much different way from the neuro-
otologist. When learning how to do an ear 
examination, adequately assessing the ear 
canal and tympanic membrane is the pri-
mary goal. However, the trained otologist 
is able to see beyond the tympanic mem-
brane to identify nuances in the middle ear, 
from ossicular erosions to malignancy. The 
subspecialist may be adept at a cranial nerve 
examination or using a tuning fork and be 
able to identify inner ear disease on exami-
nation; however, the inner ear can often be 
difficult to assess by examination alone. The 
examination can be incredibly important or 
entirely unrevealing even in the presence of 
devastating disease. In the field of  otology/
neuro-otology, images of a patient may 
be helpful, but the audiogram, CT scan, 
or MRI can give the provider invaluable 
information. Otopathology is often located 
deep within the temporal bone, which is a 
challenging area for both the medical stu-
dent and general otolaryngologist, and 
surgical management is difficult to capture 
intraoperatively as these images are often 
obtained after mastoidectomy or a skull base 
approach. These attributes make this section 
particularly challenging and interesting.

Facial Plastics

The subject of facial plastic surgery is impor-
tant within the field of otolaryngology. It 
is extremely visual, which is excellent for a 
color handbook. However, it is not always 
conducive to the differential and workup 
sections. Also, treatment is primarily surgi-
cal. Subtitles vary purposefully by section 
to more appropriately address the unique 
issues in these subsections.
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Pediatrics

A textbook on otolaryngology would not 
be complete without including a section 
on pediatric patients. Many primary care 
visits for children are related to ear, nose, 
and throat issues. Many general otolaryn-
gology patients are children. Furthermore, 
many problems that are considered pediatric 
are common in adults as well, such as otitis 
media and tonsillitis. The pediatric subsec-
tions in this book reflect those of the adult 
sections but include problems that are more 
frequently diagnosed in childhood, whether 
congenital or acquired. Frequently, knowl-
edge in a particular area can be supplemented 
with another chapter. For example, Chapter 
26, on sinonasal disease, and Chapters 8 and 
9 in the Rhinology section, are complemen-
tary. However, it is important to understand 

some key differences in  children. The 
approach and differential may vary based 
on the patient’s age. For example, the dif-
ferential for a neck mass in a child is typically 
different than that of an adult. The surgical 
management for nasal obstruction in a child 
is usually different than that of an adult. 
At times, additional considerations in the 
workup may vary based on the patient’s age, 
level of development, and level of coopera-
tion. When children have multiple problems, 
it is important, of course, to consider sys-
temic and syndromic causes of disease. Some 
syndromes commonly seen in an otolaryn-
gology practice are discussed. This section is 
not comprehensive of the entire spectrum of 
congenital problems seen in a pediatric oto-
laryngology practice but encompasses the 
medical principles and surgical skills needed 
to diagnose and treat most problems.
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3
CHAPTER 1

Diseases of the 
Oral Cavity
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Angioedema

DEFINITIONS AND CLINICAL FEATURES
Angioedema is a rapid swelling or edema 
of the dermis, mucosa, or submucosa. It is 
usually associated with allergy and is fre-
quently seen as a drug reaction, particu-
larly to antihypertensive ACE inhibitors. 
The skin of the face and lips may become 
rapidly swollen over the course of min-
utes to hours. More concerning, however, 
is the edema that often occurs in the oral 

and oropharyngeal mucosa resulting in dra-
matic tongue and pharynx edema. In such 
cases, inspiratory stridor can develop with 
imminent airway obstruction (Figures 1.1 
and 1.2).

Angioedema can be classified as 
acquired or hereditary. Patients with 
acquired angioedema generally have a his-
tory of allergy, and episodes may occur in 
conjunc tion with other allergic findings 
such as urticaria. Hereditary angioedema 
is caused by a genetic mutation that is 

•   Angioedema

•   Ameloblastoma

•   Keratocyst odontogenic tumor

•   Lip cancer

•   Mucosal melanoma

•   Oral cancer

•   Ranula
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inherited in an autosomal dominant fash-
ion. This results in diminished levels of 
the C1-inhibitor protein, which then leads 
to abnormal activation of the complement 
cascade as the trigger for clinically appar-
ent angioedema.

DIFFERENTIAL DIAGNOSIS
Urticaria, allergic reaction, anaphylaxis.

WORKUP
The diagnosis of angioedema is based largely 
on the clinical picture. Testing may include 
routine blood tests in addition to comple-
ment levels.

TREATMENT
Since the acute episode may be life threaten-
ing, early treatment involves acute adminis-
tration of steroids and antihistamines. If a 
drug history demonstrates a likely culprit, 
such medications are of course discontin-
ued. In life-threatening cases, the airway 
must be stabilized by either elective intu-
bation or urgent/emergent tracheotomy or 
cricothyrotomy placement. In less critical 
patients, airway observation may be suffi-
cient as medical therapy is instituted and the 
angioedema resolves.

Ameloblastoma

DEFINITION AND CLINICAL FEATURES
Ameloblastoma is a benign tumor aris-
ing from the odontogenic epithelium and 
is more commonly seen in the mandible 
compared to the maxilla (Figure 1.3). 
They are most commonly associated with 
unerupted teeth and are generally seen in 
the posterior aspect of the maxilla or man-
dible. These tumors are rarely malignant 
or metastatic; however, they are progres-
sively enlarging lesions that can be locally 
destructive to the native bone and sur-
rounding soft tissue. Accordingly, they 
can cause significant facial deformity and 
functional difficulties with mastication if 
left untreated.

DIFFERENTIAL DIAGNOSIS
Other benign tumors of the mandible and 
maxilla including dentigerous cyst, odon-
togenic keratocyst, odontogenic myxoma, 
giant cell granuloma.

Figure 1.1 Angioedema involving the oral 
tongue.

Figure 1.2 Angioedema involving the upper lip.
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WORKUP
Imaging is recommended for workup of 
ameloblastoma. This begins with either 
plain films or panorex imaging, followed 
by CT scan if ameloblastoma is considered 
(Figure 1.4). Given the slow-growing nature 
of this lesion, the bone is often expanded 
and remodeled with a thin layer of new bone 
deposited and the leading edge of growth. 

This can often be seen as an expansile lesion 
on imaging studies. Biopsy is recommended, 
often transoral, to make the definitive diag-
nosis to guide further treatment (Figure 1.5).

TREATMENT
The mainstay of treatment is surgical exci-
sion. Given the locally aggressive nature 
of this disease, curettage is considered 
insufficient and proper treatment requires 
wide surgical excision. Curettage has 
been attempted, though often results in 
recurrence of disease. Accordingly, wide 
surgical margins are required for defini-
tive treatment and may result in segmen-
tal resection of the jawbones to optimize 
prognosis.

Keratocyst odontogenic tumor

DEFINITION AND CLINICAL FEATURES
Keratocystic odontogenic tumor (KCOT) 
is a developmental cystic lesion arising 
from remnants of the dental lamina, most 

Figure 1.3 Facial deformity caused by 
 underlying ameloblastoma of the left mandible.

Figure 1.4 CT scan demonstrating expansile 
lesion of the mandible.

Figure 1.5 Intraoral appearance of soft tissue 
extension to the gingival and buccal mucosa.
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often in the posterior mandible. Previously 
referred to as “odontogenic keratocyst,” this 
lesion was recently reclassified as a neoplasm 
due to its aggressive clinical course and 
high propensity for recurrence. KCOTs are 
typically unilocular cysts that are lined with 
epithelium and filled with keratinaceous 
material. Patients with basal cell nevus syn-
drome (Gorlin syndrome) may have multiple 
KCOTs. These tumors may grow rapidly 
and can be locally destructive. Many prove 
difficult to eradicate and recurrence is com-
mon. Rarely, KCOTs may transform to 
other benign odontogenic tumors such as 
ameloblastomas or even malignant tumors 
such as squamous cell carcinoma. Patients 
most commonly present with enlarging 
facial mass or swelling in the second through 
fourth decades.

DIFFERENTIAL DIAGNOSIS
Ameloblastoma, dentigerous cyst, giant cell 
granuloma, radicular cyst, metastasis.

WORKUP
KCOTs are typically first noted on plain 
film or panorex. CT and MRI are typically 
not necessary. Imaging alone is insufficient 
for diagnosis as the radiographic appear-
ance frequently mimics that of a variety 
of odontogenic cysts and tumors. Because 
KCOTs behave aggressively, they must be 
differentiated from these other lesions. 
Therefore, histologic diagnosis is important 
for both patient counseling and treatment 
choices. Biopsy including the epithelium 
should be performed transorally, if feasible 
(Figure 1.6).

TREATMENT
Surgery is the mainstay of treatment for 
KCOT. The removal of the epithelial 
lining is imperative for successful eradi-
cation. For this reason, simple marsupial-
ization and curettage are considered less 
effective than more aggressive methods. 
Enucleation is performed and is typically 

accompanied by removal of a peripheral 
margin or bone or by cryotherapy. In cases 
of extensive or recurrent disease, more 
radical resections such as segmental man-
dibulectomy or partial maxillectomy may 
be required.

Lip cancer

DEFINITION AND CLINICAL FEATURES
Lip cancer is considered the most common 
form of oral cancer, though it has its own 
dedicated staging system separated from 
other oral cavity tumors. It can occur on 
either the upper or lower lip, though the 
lower lip is more common and slow growing. 
The vast majority are squamous cell carcino-
mas that arise from the normal squamous 
cells of the lip epidermis. While squamous cell 
carcinoma is the most common, basal cell car-
cinoma and minor salivary gland carcinoma 
may also arise in the lip. Risk factors include 
cigarette smoking, pipe smoking, thermal 
or traumatic injury, and UV light exposure. 
Lesions may arise as small ulcers at the ver-
million border of the lip that are most often 
painless. Lesions continue to grow and may 
ultimately invade deeper structures such as 
the mandible or may metastasize to regional 
lymph nodes in the submental and subman-
dibular regions (Figures 1.7 and 1.8).

Figure 1.6 CT scan of keratocystic 
 odontogenic tumor involving the right mandible 
posteriorly.
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DIFFERENTIAL DIAGNOSIS
Like other forms of oral cancer, lip carci-
noma must be distinguished from other 
benign or infectious lesions. These include 
aphthous ulcer, herpes infection, leukopla-
kia, and lichen planus.

WORKUP
The workup of a concerning lip lesion begins 
with incisional biopsy. If the lesion is very 

small, the entire lesion may be removed at 
time of biopsy with an adequate margin. For 
larger lesions, incisional bx yields the diag-
nosis, and definitive treatment can then be 
planned. For small lip carcinomas, CT scan 
is recommended to assess for deeper inva-
sion and assess regional lymph nodes. For 
small lesions, CT scan may not be required.

TREATMENT
Lip cancer is most often treated with surgical 
excision. Lip lesions measuring several cen-
timeters may be resected with good recon-
structive options that offer good functional 
and cosmetic results. Lesions are generally 
resected with a 1 cm margin, though smaller 
margins may be possible. Moh’s surgery 
can also be considered for recurrent cases 
or aggressive variants such as morpheaform 
basal cell carcinoma. After resection, pri-
mary closure can be attempted; otherwise, 
there are a variety of local flaps that can be 
performed to achieve good results. Radiation 
therapy is also effective for treatment of lip 
cancer. For lesions that require sacrifice of 
the majority of the lip, radiation therapy 
offers good local control and cure while 
maintaining normal lip appearance and 
function. Accordingly, a multidisciplinary 
approach is ideal to offer each patient a treat-
ment plan that is well suited to the particular 
lesion at hand (Figures 1.9 and 1.10).

Figure 1.7 Lip cancer involving the midline 
lower lip.

Figure 1.8 Lip cancer involving the midline 
upper lip.

Figure 1.9 The tumor is resected from the 
midline upper lip.



8 SECTION 1 Head and Neck

Mucosal melanoma

DEFINITION AND CLINICAL FEATURES
A small subset of melanomas arises from 
mucosal surfaces, and about 50% occur in 
the head and neck. Of these, the nasal cavity 
is the most common location. In the oral 
cavity, mucosal melanoma (MM) most com-
monly arises from the hard palate and gin-
giva overlying the maxillary alveolus. While 
exceedingly rare, MM may also occur in the 
pharynx, larynx, and esophagus. Lesions, 
particularly those in the sinonasal region, 
are often missed on exam and do not ini-
tially cause symptoms. Appearance ranges 
from small, flat hyperpigmented lesions to 
large, destructive, ulcerative tumors. It is 
not uncommon for MM to be amelanotic. 
A subset of patients is noted to have hyper-
pigmentation of mucosal surfaces (i.e., the 
palate) preceding diagnosis; however, it is 
unclear if this represents a premalignant 
state (Figure 1.11).

While MM can occur at any age, patients 
are usually diagnosed in the seventh to ninth 
decades. Currently there are no clear risk fac-
tors, although cigarette smoking has been 
implicated. Recently, a subset of MM tumors 
has been shown to carry c-KIT mutations. 
MM is aggressive and most tumors present 

at late stages with regional lymphatic spread. 
Treatment failure is unfortunately com-
mon. Overall, the prognosis is poor with few 
patients surviving at 5 years after diagnosis.

DIFFERENTIAL DIAGNOSIS
Metastasis from cutaneous melanoma, 
minor salivary tumors, head and neck squa-
mous cell carcinoma, benign melanosis, 
sinonasal cancers.

WORKUP
Hyperpigmented lesions and frank tumors 
should be biopsied. When melanoma is 
suspected, staining for melan-A and S-100 
and genetic testing for b-RAF and c-KIT 
mutations should be considered. When a 
diagnosis of melanoma is confirmed, it is 
imperative to distinguish between primary 
MM and metastatic spread from a cutane-
ous site. This includes comprehensive skin 
and ocular exams. When MM is favored, 
the patient should be assessed for metastatic 
spread regardless of stage. This includes 
imaging of the primary site and neck; this 
is typically with contrast-enhanced CT, 
although MRI may also be useful in its abil-
ity to distinguish tissue planes and detect 
perineural invasion. A thorough workup 

Figure 1.10 Given the relatively modest size 
of the defect, primary closure is achieved after 
minimal advancement is performed from each 
side toward the midline. Figure 1.11 Mucosal melanoma involving the 

midline maxilla and anterior incisors.
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for distant metastases includes CT scanning 
of the chest and abdomen and MRI of the 
brain (Figure 1.12).

TREATMENT
As with cutaneous melanomas, treatment of 
MM is primarily surgical. Given the loca-
tion of these tumors, this often includes 
oral cavity resection or maxillectomy and 
may involve radical procedures such as 
craniofacial resection for larger sinonasal 
tumors. Even so, negative margins are often 
hard to achieve, and there is a high rate 
of recurrence despite seemingly adequate 
resection. Neck dissection is performed for 
clinically node-positive disease but is not 
recommended for clinical N0 necks. Unlike 
in cutaneous disease, sentinel lymph node 
biopsy is not routinely performed in cases 
of MM. The benefit of radiation therapy is 
questionable, and currently radiotherapy 
is usually used in cases where there are 
positive surgical margins or for palliation. 
Chemotherapy may be used as an adjunct to 
surgery or for palliation. When MM is met-
astatic or unresectable, patients may benefit 
from inclusion in clinical trials. Given the 
recent finding of c-KIT mutations in some 
MM tumors, some have recommended 

the use of imatinib based on its success in 
treating other c-KIT-positive tumors such 
as gastrointestinal stromal tumor. This, 
however, is still experimental.

Oral cancer

DEFINITION AND CLINICAL FEATURES
Oral cancer is one of the major categories of 
head and neck cancer and is defined as any 
cancerous tissue within the oral cavity. Over 
90% of such cancers are squamous cell car-
cinomas arising from the mucosal surfaces 
of the oral cavity. This includes the tongue, 
floor or mouth, buccal surface, hard pal-
ate, and alveolar ridges of the mandible and 
maxilla. Cancer may arise from different cell 
types including minor salivary glands, bone 
tumors from the mandible or maxilla, sar-
coma from mesenchymal tissues, and also 
MM (Figure 1.13).

Oral cancers generally start as small 
lesions or ulcers in the mouth. These lesions 
range from asymptomatic to causing sig-
nificant pain with chewing and swallow-
ing. Any oral lesion that does not resolve 
after 2–3 weeks should be assessed to rule 
out malignancy. Lesions may demonstrate 
bleeding and may be associated with ear 
pain depending on the depth of invasion of 
the tumor with referred otalgia.

Figure 1.12 CT scan demonstrates the 
 infiltrative nature of this tumor with extension 
into bone of the maxilla.

Figure 1.13 Oral cancer involving the gingival 
of the left lateral mandible and adjacent buccal 
mucosa.
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There are a number of independent risk 
factors for oral cancer. The two most promi-
nent risk factors are tobacco and alcohol use. 
Tobacco use can take the form of smoking, 
chewing tobacco, or snuff. Betel nut use, 
which is common in India and Asia, is also 
a significant risk factor, where oral cancer 
comprises 40% of all new cancers. Alcohol 
consumption is an independent risk factor, 
though synergistic when combined with 
the carcinogenic effects of tobacco. Finally, 
human papilloma virus infection, particu-
larly type 16, is associated with both oral 
and oropharyngeal cancer. HPV types 16 
and 18 are the most common sexually trans-
mitted diseases in the United States and are 
a leading cause of both cervical and oral 
cancers. Oral cancers that arise from HPV 
infection occur in younger patients ages 
30–50 often with no significant smoking or 
drinking history. Prognosis in this cohort of 
oral cancer patients is actually more favor-
able than what is seen in the HPV(−) oral 
cancer population.

DIFFERENTIAL DIAGNOSIS
Oral cancers must be distinguished from 
the myriad abnormalities that can occur in 
the mouth. Nonneoplastic ulcers, infectious 
process such as fungal infection, and benign 
abnormalities of the minor salivary glands 
should be considered. Benign papilloma as 
well as fibroma and neuroma can also occur 
on the tongue or buccal mucosa, sometimes 
related to previous trauma in the biteline. 
In addition, there are a number of prema-
lignant lesions that occur in the mouth. 
Cancers may begin as leukoplakia, erythro-
plakia, or lichen planus (Figure 1.14).

WORKUP
The initial step toward workup of the sus-
picious lesion is biopsy. This can often be 
done in the office with topical or local anes-
thetic. Tissue biopsy is used to distinguish 
oral cancer from other benign and infectious 
processes on the differential diagnosis list. 
If biopsy does confirm carcinoma, complete 

staging of the tumor is needed. This includes 
contrasted CT scan of the neck to assess 
depth of the primary lesion and also muscle 
or bone invasion. The neck CT also is used 
to identify if pathological node is present. 
Chest CT scan is also needed to rule out dis-
tant metastasis to the lungs and also to assess 
for second primary lesion in the esophagus 
or the bronchial tree. PET scan may be 
obtained but is not required in the workup 
of oral cancer (Figures 1.15 and 1.16).

TREATMENT
The mainstay of treatment of oral cancer is 
surgical resection. A wide local excision is 
performed, with attempt to achieve a 1 cm 
margin of normal tissue surrounding the 
lesion. The details governing what is resected 
depend on the anatomical location of the 
tumor and its depth of invasion. Resection 
may include partial glossectomy, floor-of-
mouth resection, buccal resection, or palate 
and mandible resection in the case of bone 
invasion. Most regions of the oral cavity are 
amenable to surgical reconstruction with 
local, regional, or free flaps. Prosthetic reha-
bilitation is also a consideration after bone 
resection in effort to restore mastication. 

Figure 1.14 Malignant tumor of the left lateral 
tongue.
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In  the event that there is clinical evidence 
of cervical metastasis, neck dissection is rec-
ommended on one or both sides of the neck. 
In the event of an N0 neck, there may still 
be great enough risk of occult metastasis to 
recommend staging or prophylactic neck 
dissection depending on the size and depth 
of the primary lesion. Radiation therapy can 
be considered as a primary mode of therapy, 
though there are significant risks associated 

with oral radiation including mucositis, 
xerostomia, and osteoradionecrosis of the 
mandible or maxilla. Finally, in cases of oral 
cancer where the entire tongue is involved 
and total glossectomy is needed, many 
patients and surgeons will consider chemo-
therapy and radiation therapy as a primary 
treatment choice given the significant mor-
bidity of total glossectomy.

Ranula

DEFINITION AND CLINICAL FEATURES
A ranula is a mucous retention cyst of the 
floor of the mouth associated with the sub-
lingual gland or duct. The etiology is typi-
cally trauma resulting in either injury to or 
blockage of the sublingual duct. The sub-
lingual gland continuously secretes mucous 
that, in the setting of such trauma, extrava-
sates into surrounding tissues. Most are not 
lined by true epithelium and thus should 
be classified as pseudocysts, although some 
may be partially lined. Ranulas may be clas-
sified as simple or plunging. Simple ranulas 
are limited to the sublingual space. These 
present as soft, compressible intraoral swell-
ing that cause elevation of the tongue; they 
may appear blue in color. Plunging ranulas, 
which are less common, extend through the 
mylohyoid muscle into the submandibu-
lar space, either due to iatrogenic injury to 
the muscle or via a preexisting dehiscence. 
Plunging ranulas may present as a mass 
involving both the floor of the mouth and 
neck or solely as a neck mass. Ranulas are 
often asymptomatic but may grow rapidly 
and cause airway compromise if they become 
infected. Ranulas may occur in both chil-
dren and adults but most commonly arise 
during the second and third decades with a 
slight female predominance.

DIFFERENTIAL DIAGNOSIS
Lymphatic malformation, cystic hygroma, 
benign or malignant salivary tumor, der-
moid cyst, thyroglossal duct cyst.

Figure 1.15 Larger carcinoma over the 
 majority of the right buccal mucosa.

Figure 1.16 Carcinoma involving the  alveolar 
ridge, extending down to the floor of mouth 
just posterior to the lateral incisor.
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WORKUP
Physical exam is often sufficient for diag-
nosis of simple ranulas. Plunging ranu-
las, particularly those without an obvious 
intraoral component, may be confused 
with many other cystic neck lesions and 
therefore imaging may be warranted. Both 
ultrasound and CT scan may be employed. 
Ranulas appear as homogenous cysts in the 
sublingual and/or submandibular space. A 
submandibular space cyst with a tail enter-
ing into the sublingual space is highly sug-
gestive of a plunging ranula. Tissue biopsy 
is not required for diagnosis (Figures 1.17 
and 1.18).

TREATMENT
Ranulas may be observed if they are asymp-
tomatic. Gold standard treatment is surgi-
cal excision of the affected sublingual gland. 
Marsupialization of the ranula may be associ-
ated with recurrence. Excision of the ranula 
and associated gland is performed intraorally 
for simple ranulas and should also be 
attempted for plunging ranulas. Occasionally, 
an additional neck incision must be per-
formed to address large plunging ranulas.

Figure 1.17 CT scan demonstrating a ranula 
of the right neck. It displaces the submandibular 
gland laterally.

Figure 1.18 Coronal view CT scan showing 
the typical location of a ranula between the 
tongue and the submandibular gland. The lesion 
extends right up to the floor of the mouth on 
the right side.
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CHAPTER 2

Diseases of the 
Salivary Glands
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Sialolithiasis and sialoadenitis

DEFINITION AND CLINICAL FEATURES
Sialolithiasis is a condition where salivary 
calculi or stones form in the salivary glands, 
usually in the duct. It is much more com-
mon in the submandibular gland than 
the parotid, sublingual, or minor salivary 
glands. The presentation of sialolithiasis is 
often with sialoadenitis or inflammation of 
the salivary gland. Blockage of the drainage 
system causes stasis and ensuing inflamma-
tion and infection of the gland. Sialoadenitis 
can also occur without sialolithiasis, and 
is caused by poor oral hygiene and other 
causes of decreased salivary flow or autoim-
mune disease (Figure 2.1).

DIFFERENTIAL DIAGNOSIS
Benign and malignant tumors of the salivary 
glands including pleomorphic adenoma, 
mucoepidermoid carcinoma, and adenoid 
cystic carcinoma can also present with hard-
ening or enlargement of the gland. Blockage 
of the ductal system by tumors such as sali-
vary ductal carcinoma, trauma with scarring 
or interruption of the duct, or oral cav-
ity lesions can also mimic sialolithiasis and 
cause sialoadenitis.

WORKUP
A thorough physical exam is essential in the 
workup. Culture of any purulent drainage 
will help dictate antibiotic therapy. Imaging is 
recommended to determine the location and 

•   Sialolithiasis and sialoadenitis

•   Benign parotid masses

•   Parotid malignancy

•   Submandibular malignancy

•   Minor salivary gland malignancy
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character of the stone and rule out other pathol-
ogies. This can be performed as a CT scan or 
an ultrasound. Sialoendoscopy can also be per-
formed diagnostically although this is usually 
done in conjunction with an attempt at thera-
peutic removal endoscopically. Laboratory 
studies such as a complete blood panel and 
electrolytes are helpful. Autoimmune studies 
may be obtained if an autoimmune process is 
suspected (Figures 2.2 and 2.3).

TREATMENT
The immediate treatment is with hydration, 
gentle massage, analgesics, and sialogogues. 

Antibiotics may be used if there is evidence 
of an infection. Small stones are sometimes 
expulsed with this therapy and observation. 
As stones increase in size, the likelihood of 
spontaneous expulsion decreases. Stones 
near the opening of Wharton’s duct may 
be removed intraorally with ductal cannu-
lation, dilation, and retrieval of the stone. 
Stones near the hilum or multiple stones 
require a submandibular gland excision 
transcervically. Sublingual stones can be 
removed transorally. Parotid sialolithiasis 
can be managed expectantly or via sialoen-
doscopy. Parotidectomy for recurrent sialo-
lithiasis or sialoadenitis is rarely indicated 
and is associated with a high complication 
and recurrence rate.

Benign parotid masses

DEFINITION AND CLINICAL FEATURES
Of all parotid neoplasms, roughly 80% are 
benign. Of those, the most common histo-
logic types include pleomorphic  adenomas, 

Figure 2.1 Diffuse enlargement of the right 
face due to obstruction of Stensen’s duct by a 
salivary gland stone.

Figure 2.2 CT scan demonstrates a salivary 
gland stone anterior to the masseter at the 
distal aspect of Stensen’s duct where it meets 
the buccal mucosa.

Figure 2.3 Typical appearance of a salivary 
gland stone.
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Warthin’s tumors (papillary cystadenoma 
lymphomatosum), oncocytomas, and 
 mono morphic adenomas. In children, 
 hemangioma is the most common benign 
parotid tumor. These tumors are typically 
unilateral; however, a small percentage of 
Warthin’s tumors are bilateral. Benign lym-
phoepithelial lesions are commonly found 
in parotid glands of individuals with HIV 
or Sjögren syndrome, and these often occur 
bilaterally. Benign parotid tumors typically 
present as slow-growing, painless upper cer-
vical or preauricular masses. If located in the 
deep lobe, they may present as an oropha-
ryngeal mass. Risk factors include ionizing 
radiation or silica dust exposure. Smoking 
is thought to be a risk factor for Warthin’s 
tumors. Although uncommon, certain 
benign salivary tumors may metastasize or 
undergo malignant transformation if left 
untreated (Figures 2.4 and 2.5).

DIFFERENTIAL DIAGNOSIS
Malignant parotid tumor, intraparotid 
lymphadenopathy, metastatic tumor, sialoli-
thiasis, sialoadenitis, odontogenic infection, 
odontogenic neoplasm, congenital neck 
cyst, autoimmune disease (Sjögren syn-
drome, scleroderma, sarcoidosis).

WORKUP
Patients presenting with a parotid mass 
typically first undergo contrast-enhanced 
CT scan of the neck. This can provide use-
ful information about location (superficial 
vs. deep lobe; intra- vs. extra-parotid), size, 
presence of lymphadenopathy, and tumor 
characteristics (solid vs. cystic). MRI is 
 recommended for imaging of tumors in 
the deep lobe as it can better delineate 
tumor from salivary gland, fat, and vari-
ous neurovascular structures of the para-
pharyngeal space. Fine needle aspiration 
(FNA) can be an accurate, sensitive, and 
specific method for diagnosing salivary 
neoplasms, although it is still considered 
to be controversial by some. It is highly 
dependent upon the experience of the 
pathologist. FNA is not typically feasible 
for deep lobe tumors.

Figure 2.4 Benign parotid gland tumor 
with gross distortion of the left inferior face 
 extending to the neck.

Figure 2.5 Right-sided parotid tumor showing 
diffuse enlargement of the right face.
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TREATMENT
Surgical resection is typically recommended 
to prevent complications associated with 
continued tumor growth and malignant 
transformation. Benign lymphoepithelial 
lesions are usually observed unless they are 
symptomatic. Because simple enucleation 
has been associated with unacceptable rates 
of recurrence, superficial or deep lobe parot-
idectomy is performed. This ensures that a 
cuff of normal parotid is also removed. The 
facial nerve should be preserved for benign 
disease. Occasionally, more extensive 
approaches such as mandibular swing may 
be required for access to deep lobe lesions. 
Occasionally, in poor surgical candidates or 
those with recurrent disease, radiation ther-
apy may be used (Figure 2.6).

Parotid malignancy

DEFINITION AND CLINICAL FEATURES
While the majority of parotid tumors are 
benign, roughly 20% are malignant. This 
includes a diverse group of tumors with 
mucoepidermoid carcinoma arising most 
commonly, followed by adenoid cystic car-
cinoma, adenocarcinoma, and acinic cell 
carcinoma. There are several lymph nodes 
contained within the parotid, and these may 

harbor lymphoma, regional metastases from 
head and neck skin cancers, or even distant 
metastases. Behavior of these lesions ranges 
from indolent and highly treatable (low-
grade mucoepidermoid carcinoma, acinic cell 
carcinoma) to highly aggressive (high-grade 
mucoepidermoid, salivary ductal carcinoma, 
adenocarcinoma). A unique feature of some 
salivary malignancies (particularly adenoid 
cystic carcinoma) is the propensity for local 
and distant recurrence after long disease-free 
intervals. A parotid mass that grows rapidly, 
causes pain, is fixed to or breaks through 
the skin or is associated with facial weak-
ness should raise concern for malignancy 
(Figure 2.7). Radiation exposure is thought 
to be a risk factor for malignant and benign 
parotid tumors. Smoking and alcohol abuse 
are not thought to be risk factors.

DIFFERENTIAL DIAGNOSIS
Benign parotid tumor, intraparotid lymph-
adenopathy, metastatic tumor, sialolithiasis, 
sialoadenitis, odontogenic infection, odon-
togenic neoplasm, congenital neck cyst.

WORKUP
As with benign parotid tumors, contrast-
enhanced CT is most often performed and 
is important in the evaluation of potential 
metastasis to cervical lymph nodes. MRI may 

Figure 2.6 Benign parotid tumor dissected 
away from the right facial nerve and its distal 
branches.

Figure 2.7 Parotid malignancy involving the 
left parotid gland extending to the skin.



Diseases of the Salivary Glands 17

be helpful in identifying gross perineural 
invasion or extraglandular invasion. While 
certain features may be suggestive, charac-
terization of a tumor as benign or malignant 
should not be based solely on radiographic 
workup. FNA is often diagnostic, but there 
is overlap of features between certain malig-
nant and even benign tumors and diagnosis 
is heavily reliant on pathologist experience 
(Figure 2.8).

TREATMENT
Parotidectomy (superficial or total depend-
ing on extent and location of the disease) is 
the treatment of choice. Attempts should be 
made to preserve the facial nerve; however, 
disease involvement may necessitate sacrifice 
of some or all of its branches. Neck dissec-
tion should be performed if there is evidence 
of metastatic lymphadenopathy. This is 
more controversial in the setting of a clini-
cally node-negative neck. In the absence of 
gross lymphadenopathy, neck dissection is 
performed in the setting of more aggressive 
histologic subtypes (e.g., adenocarcinoma, 
salivary ductal carcinoma) or when there are 
high-risk features of the primary tumor (high 
grade, high T-stage, extraparotid extension). 

Indications for adjuvant radiation therapy 
include advanced stage, aggressive histologic 
subtype, positive resection margins, and 
perineural invasion. Chemotherapy is used 
only for palliation (Figure 2.9).

Submandibular malignancy

DEFINITION AND CLINICAL FEATURES
Submandibular tumors, both benign and 
malignant, are relatively rare. Unlike in the 
parotid gland, where the majority of neo-
plasms are benign, about 40% of subman-
dibular tumors are malignant. Adenoid cystic 
carcinoma is diagnosed most commonly, fol-
lowed by adenocarcinoma and mucoepider-
moid carcinoma. The submandibular gland 
does not contain lymph nodes, and thus, lym-
phomas are very rare. As with other salivary 
gland tumors, features concerning for malig-
nancy include rapid growth, pain, cutaneous 
involvement, and cranial nerve palsies (e.g., 
lower lip weakness, ipsilateral tongue numb-
ness, ipsilateral tongue weakness). For unclear 
reasons, prognosis appears to be worse for sal-
ivary malignancies arising from the subman-
dibular gland compared to the parotid gland.

DIFFERENTIAL DIAGNOSIS
Benign submandibular tumor, submandib-
ular triangle lymphadenopathy, sialolithia-
sis, sialoadenitis, deep neck space infection, 
plunging ranula.

Figure 2.8 CT scan of left parotid gland 
malignancy.

Figure 2.9 Surgical field after resection, with 
preservation of the facial nerve tree.
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WORKUP
Workup of a persistent or enlarging subman-
dibular mass usually begins with contrast-
enhanced CT, although ultrasound may be 
useful in ruling out certain benign patholo-
gies such as sialolithiasis. As with other sali-
vary lesions, MRI may be employed when 
there is concern for perineural invasion. In 
addition to providing information about 
the tumor, imaging should also evaluate for 
the presence of any suspicious adenopathy. 
CT of the chest is often performed when 
malignancy is suspected or confirmed, to 
evaluate for distant metastases. FNA may be 
performed to identify malignancy or specific 
tumor type, although false-negative results 
are a risk.

TREATMENT
Other than lymphomas, which are treated 
medically, the treatment modality of 
choice for submandibular gland malig-
nancies is surgery. This includes removal 
of the submandibular gland and other 
locally involved structures. Neck dissec-
tion should be considered for high-risk 
tumors, such as those with high histologic 
grade, high T-stage, and extraglandular 
extension. Adjuvant radiation therapy is 
typically employed for high-risk lesions. 
Chemotherapy is largely palliative at this 
time. Given the risk of late recurrence with 
certain salivary malignancies, patients 
should be followed long term.

Minor salivary gland 
malignancy

DEFINITION AND CLINICAL FEATURES
Individuals have up to 1000 minor salivary 
glands that are found in submucosal tissue 
throughout the oral cavity as well as in the 
paranasal sinuses, pharynx, and upper air-
ways. Of these anatomic locations, the high-
est distribution is in the soft tissues covering 
the hard palate. Each gland is small, mea-
suring only 1–2  mm in diameter. Tumors 
involving these glands are relatively rare; of 

those, approximately one half to two thirds 
are malignant. While these tumors can arise 
in any location containing minor salivary 
glands, the most common location is the 
hard palate. The most common tumor type 
is adenoid cystic carcinoma, followed by 
mucoepidermoid carcinoma and adenocar-
cinoma (Figures 2.10 and 2.11).

Tumors located in the oral cavity present 
as fixed, enlarging masses that are frequently 
ulcerated. Pain and cranial neuropathies are 
worrisome symptoms. Sinonasal tumors 
are often discovered at late disease stages 
due to lack of early symptoms. Initial signs 
and symptoms are nonspecific and may 

Figure 2.11 Minor salivary gland of the palate 
that had grown large and occupies the entire 
roof of the mouth.

Figure 2.10 Minor salivary gland cancer 
involving the right lateral tongue.
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include nasal obstruction, epistaxis, nasal 
pain, epiphora (tearing), and headaches—
these are typically unilateral. Later signs 
and symptoms include changes in facial 
appearance, orbital proptosis or telecanthus, 
hyposmia/anosmia, extraocular palsies, 
CSF leak, and altered mental status.

DIFFERENTIAL DIAGNOSIS
Benign minor salivary gland tumor, autoim-
mune disease (Sjögren syndrome), head and 
neck squamous cell carcinoma, odontogenic 
tumor, benign sinonasal lesion (e.g., antro-
choanal polyp, inverting papillomas), other 
malignant sinonasal tumors (SNUC, olfac-
tory neuroblastoma), encephalocele.

WORKUP
Targeted physical exam should be per-
formed according to tumor site. Workup 
of sinonasal tumors includes nasal endos-
copy. Cranial nerves and regional lymph 
nodes should be assessed. Oral cavity and 
pharyngeal and upper airway lesions should 
be biopsied if feasible. Biopsy of sinonasal 
tumors should be done only after encepha-
locele or vascular lesions are ruled out by 
imaging. Contrast-enhanced CT is typi-
cally the first imaging modality employed. 
Because workup of nasal obstruction is 
geared toward more common benign 
pathologies such as chronic sinusitis, sino-
nasal CT scans are often performed without 
the use of contrast material. CT is useful 
for evaluating size and location of tumors, 
assessing regional lymph node basins and 
ruling out boney invasion. MRI is useful 
for assessing perineural invasion. For sino-
nasal tumors, MRI may be warranted to 
investigate extent of orbital or intracranial 
extension. Additionally, the chest should be 
imaged to evaluate for possible distant met-
astatic spread. Unlike major salivary gland 
tumors that have their own staging system, 
minor salivary cancers are staged according 
to their location (e.g., oral cavity, paranasal 
sinus) (Figure 2.12).

TREATMENT
As with other salivary malignancies, the pri-
mary treatment modality for minor salivary 
malignancies is surgery. En bloc resection may 
require radical surgical approaches such as 
maxillectomy with orbital exenteration or cra-
niofacial resection for large sinonasal tumors. 

Figure 2.12 CT scan demonstrates the large 
size of this lesion and its placement on the 
dorsal tongue at rest.

Figure 2.13 The surgical specimen after 
resection.
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These surgeries  occasionally require assistance 
from neurological surgeons or ophthalmolo-
gists. Recon struction, frequently requiring 
free tissue transfer, is performed for both cos-
metic and functional reasons. Neck dissec-
tion is performed for high-grade tumors or 
when aggressive histologic features are pres-
ent. Similarly, adjuvant external beam radia-
tion is employed for more aggressive disease. 
Some salivary malignancies have shown good 
response to fast neutron beam radiation; 
however, the toxicities of this treatment are 
often severe, making it an unpopular choice 
(Figures 2.13 and 2.14).

Figure 2.14 Postoperative appearance of the 
patient at 6 months. Note the preservation of 
the soft palate and uvula.
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CHAPTER 3

Masses of the 
Head and Neck
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Carotid body tumor

DEFINITION AND CLINICAL FEATURES
Carotid body tumor is the most common 
benign lesion arising from the paraganglia, 
and generally presents as a slowly enlarg-
ing painless neck mass. It derives from the 
glomus cells at the carotid body and falls 
under the classification of neuroendocrine 
tumor. The majority of these lesions are 
sporadic, though 25% may follow a heredi-
tary pattern of inheritance: 1%–3% may be 
metabolically active and secrete catechol-
amines. Given the highly vascular nature of 
this lesion, it may have a pulsatile quality on 
physical exam.

DIFFERENTIAL DIAGNOSIS
This includes other causes of neck mass, 
such as cervical adenopathy, schwannoma, 
glomus vagale, and glomus jugulare.

WORKUP
Being vascular lesions, once a pulsatile nature 
is confirmed by physical exam, needle biopsy 
is frowned upon. Instead, imaging studies are 
recommended, beginning with a contrast-
enhanced neck computed tomography (CT) 
scan or magnetic resonance imaging (MRI). 
CT imaging will show a lesion that splays the 
internal and external carotid arteries and car-
ries a “salt/pepper” appearance (Figure 3.1). 
Once the diagnosis is suspected, a vascular 

•   Carotid body tumor

•   Deep neck space abscesses

•   Glomus vagale

•   Lymphangioma

•   Necrotizing fasciitis

•   Schwannoma
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study such as MRA or formal angiography 
is recommended to confirm the diagnosis. 
A  characteristic blush is noted on angiog-
raphy, and not tissue sampling is needed to 
proceed with treatment (Figure 3.2).

TREATMENT
Definitive treatment of a carotid body tumor 
requires surgical excision. Generally, the 
tumor can be readily dissected free of the 

carotid artery system as dissection proceeds 
through the arterial adventitia. Preoperative 
embolization is recommended for larger 
lesions to minimize blood loss during sur-
gery. Radiation therapy may be a consid-
eration, though it is generally reserved for 
patients who refuse surgery or for patients 
that are suboptimal surgical candidates. 
Recent studies do support the option of 
observation, given the slow-growing nature 
of this tumor and its relatively limited risk of 
malignancy (Figures 3.3 and 3.4).

Deep neck space abscesses

DEFINITION AND CLINICAL FEATURES
Deep neck space abscesses involve the deep 
layers of the neck. The presenting symp-
toms include fever, sore throat, neck stiff-
ness, and neck swelling. The majority of 
cases are caused by pharyngitis, but other 
etiologies such as odontogenic infections, 
foreign body ingestion, postoperative infec-
tions, and trauma should be considered. 
There is a high mortality associated with 
deep neck space infections due to poten-
tial complications related to its proximity 
to other important structures and delay 
in diagnosis. These complications include 
airway obstruction, mediastinitis, epidural 
abscess, jugular vein thrombosis, sepsis, 
and necrotizing fasciitis.

Figure 3.2 Angiography showing the vasculature nature of these tumors, both sitting at the 
carotid bifurcation.

Figure 3.1 CT scan demonstrating large 
carotid body tumor of the left neck, encasing 
the external carotid artery and abutting the 
internal carotid artery. A smaller carotid body 
tumor is seen on the contralateral side.
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DIFFERENTIAL DIAGNOSIS
The differential diagnosis of deep neck 
space abscess includes phlegmon, pharyn-
gitis, peritonsillar abscess, pharyngeal for-
eign body, epiglottitis, epidural abscess, and 
esophagitis.

WORKUP
The workup starts with a thorough physical 
exam. The status of the airway should be a part 
of the early assessment. Other signs include 
neck edema, erythema, or stiffness. However, 
the exam can often be unremarkable as the 

infection and abscess is located deep in the 
neck far from the surface. Laboratory studies 
such as a complete blood count, blood chem-
istries, clotting profile, and blood cultures are 
helpful. Lateral neck x-rays showing prever-
tebral thickening may suggest a retropharyn-
geal abscess. Imaging with CT is important 
to determine the extent of the abscess and 
its location in proximity to important neuro-
vascular structures. MRI can show great soft 
tissue detail, but the increased detail usually 
does not warrant the increased expense and 
difficulty in obtaining the scan.

TREATMENT
Empiric antibiotic therapy should be initi-
ated early, covering gram-positive, gram-
negative, and anaerobic organisms. Early 
assessment of the airway in deep neck space 
abscesses is paramount. In patients with air-
way compromise, an awake tracheostomy 
may be the safest way to establish an air-
way. The presence of the abscess may make 
endotracheal intubation difficult and com-
plicated. In patients with small abscesses 
and without airway compromise, a period of 
observation with antibiotic therapy may be 
sufficient. In patients who do not improve 
within 48 hours with antibiotic therapy, 
surgical intervention with drainage of the 
abscess should be strongly considered. In 
the majority of patients, a transcervical 
approach is safest to protect neurovascular 
structures. In select patients with retro-
pharyngeal abscesses, a transoral approach 
may be sufficient. Cultures of the fluid are 
important to direct antibiotic therapy. In 
patients who are unable to undergo general 
anesthesia, a needle aspiration may be per-
formed and the aspirate can be cultured to 
direct antibiotic therapy.

Glomus vagale

DEFINITION AND CLINICAL FEATURES
Glomus vagale is another benign lesion 
arising from the paraganglia, and also pres-
ents as a slow-growing painless neck mass. 

Figure 3.4 The tumor is now dissected off 
the common carotid artery and then off the 
internal and external arteries in sequence.

Figure 3.3 The left-sided tumor is dissected 
away from surrounding structures after first 
gaining vascular control of the arterial tree.
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Like the carotid body tumor, it also derives 
from glomus cells, though in from cells 
associated with the vagus nerve in this set-
ting. The lesion may occur anywhere along 
the course of the vagus nerve. Accordingly, 
it may be first noticed in the mid-neck, 
though it can also extend up toward the 
skull base. Depending on its location with 
respect to the superior laryngeal nerve, the 
patient may notice difficulty with motor 
function of the larynx or both sensory and 
motor functions with higher lesions. This 
may manifest as hoarseness, shortness of 
breath, or aspiration symptoms.

DIFFERENTIAL DIAGNOSIS
This includes other causes of neck mass, 
such as cervical adenopathy, schwannoma, 
carotid body tumor, and glomus jugulare.

WORKUP
Imaging studies are recommended, begin-
ning with a contrast-enhanced neck CT scan 
or MRI. CT imaging will show a neck mass 
that likely enhances with contrast given its 
vascular nature. The lesion may separate the 
jugular vein from the common or internal 
carotid artery but does not typically separate 
the internal from external arteries as is seen 
with carotid body tumors. Once the diag-
nosis is suspected, an MRI can be obtained 
to better distinguish this from a schwan-
noma, which might otherwise have a similar 
anatomic location (Figure 3.5).

TREATMENT
Definitive treatment of a glomus vagale 
requires surgical excision. Generally, the 
tumor can be readily dissected away from 
other carotid sheath structures. Unlike 
schwannoma, however, the nerve fibers 
themselves are involved with the lesion and 
can rarely be dissected free of the mass. As 
such, resection does often require sacrifice of 
the vagus nerve with accompanying larynx 
dysfunction depending on the location of 
the lesion. Preoperative embolization may be 
recommended for larger lesions. Radiation 

therapy and observation may also be a rea-
sonable alternative for management depend-
ing on the age and comorbidities of the 
patient and their ability to tolerate surgery 
(Figure 3.6).

Lymphangioma

DEFINITION AND CLINICAL FEATURES
Lymphangiomas are malformations of the 
lymphatic system, which is a network of ves-
sels that carries lymph or tissue fluid back 

Figure 3.6 The tumor has been mobilized and 
now remains attached only by the vagus nerve 
inferiorly. This will be severed to complete the 
resection.

Figure 3.5 Glomus tumor is seen in the right 
neck, lying between the jugular vein and carotid 
artery, deep to the hypoglossal nerve that runs 
obliquely over it.
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to the venous system. They can occur any-
where throughout the body, but are most 
common in the head and neck. Most present 
under the age of 2, though they can present 
later in life as well. These lesions are benign, 
and typically present as slow- growing 
doughy masses in the neck, though they 
can also grow rapidly. Also known as cystic 
hygroma, the lesions can be collections of 
large, cystic areas and are often soft and bal-
lotable to palpation (Figure 3.7).

DIFFERENTIAL DIAGNOSIS
Other cystic neck masses, branchial cleft 
cyst, thyroglossal duct cyst, arteriovenous 
malformation.

WORKUP
Imaging studies such as ultrasound or CT 
scan are most often the initial study in the 
diagnosis of lymphangioma. With demon-
stration of fluid-containing cystic structures, 

MRI can help further differentiate this from 
other vascular and congenital lesions.

TREATMENT
Given that these are benign collections 
of malformed vessels, there is no malig-
nant potential. Consequently, treatment is 
focused on cosmetic outcomes or possible 
functional concerns if the size of lesion is 
causing symptoms. Surgical excision is the 
preferred method of definitive treatment if 
this can be performed with low morbidity 
and if surgery improves rather than worsens 
cosmetic appearance. In many instances, the 
lesion can be locally infiltrative, and com-
plete surgical excision may not be possible. 
In other cases, revision surgery is needed to 
address portions of the lesion that are not 
excised at the initial attempt. For lesions 
with large cystic areas, injection with scle-
rosing agents such as OK-432, ethanol, 
or tetracycline can be effective in control-
ling the lesion without surgery. With this 
approach, the sclerosing agent ablates the 
endothelial cells that contribute lymphatic 
fluid to the malformation.

Necrotizing fasciitis

DEFINITION AND CLINICAL FEATURES
Necrotizing fasciitis is a severe life-threat-
ening infection of the deep layers of the 
skin and subcutaneous tissues and spreads 
easily across fascial planes. The progression 
can be rapid and involve a large surface area 
in a short amount of time. As the infection 
begins in the deep layers, the infection may 
not be clinically obvious until the process 
has spread substantially. Necrotizing fasci-
itis may occur postoperatively, posttraumat-
ically, or be completely idiopathic.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of necrotizing fas-
ciitis includes cellulitis or infection/inflam-
mation of other deep structures such as 
parotitis, myositis, thyroiditis, etc.

Figure 3.7 Large lymphangioma involving the 
right lateral neck and face causing significant 
cosmetic deformity.
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WORKUP
The diagnosis of necrotizing fasciitis should 
be based on high clinical suspicion followed 
by prompt surgical exploration. Laboratory 
studies can help with raising the clinical 
suspicion such as CRP, a complete blood 
count, and serum chemistry. Radiographic 
workup can be obtained as either a CT scan 
or an MRI scan. Radiography can validate 
the presence of an infection, show subcu-
taneous air in gas forming infections, and 
indicate the extent of the subcutaneous 
spread of infection. Cultures of the tissue 
and infectious fluid reveal aerobic, anaero-
bic, or mixed flora, but superficial cultures 
are usually not indicative of the pathogens, 
and these cultures should be obtained intra-
operatively or via a needle aspiration. The 
most common isolates are Clostridium, 
group A Streptococcus, or polymicrobial. 
While studies for the workup may help raise 
or lower clinical suspicion, they should not 
delay movement to the operating room in a 
critically ill patient.

TREATMENT
Early initiation of empiric broad-spectrum 
intravenous antibiotic therapy is para-
mount. These antibiotics can be switched 
to culture-directed therapy after operat-
ing room cultures are resulted. Surgical 
exploration should be initiated as soon as 
possible based on the index of suspicion. 
Intraoperatively, the diagnosis is made by 
the appearance of the tissues, the pattern 
of spread of the infection, and pathologic 
evaluation. The mainstay of treatment is 
aggressive surgical debridement of necrotic 
tissue to clear and stop the spread of 
infection. Wounds are left open as repeat 
examinations and repeat debridement in 
the operating room may be needed until 
the necrotizing portion of the infection 
has cleared. Intensive care monitoring is 
also required as the patients often have 
cardiovascular instability mediated by a 
systemic inflammatory response to toxins 
or sepsis. Once the infection is cleared, 

reconstruction with skin grafts or free flaps 
for coverage of major structures and to pre-
vent contracture is often required.

Schwannoma

DEFINITION AND CLINICAL FEATURES
Schwannoma, also known as neurinoma or 
Schwann cell tumor, is a benign tumor that 
originates from the nerve sheath composed 
of Schwann cells that normally produce 
myelin that insulates peripheral nerves. 
They are slow-growing tumors that tend 
to push the nerve fibers to the side as they 
grow, and may not cause nerve dysfunction 
until quite large. They generally occur as 
solitary tumors, though they may also pres-
ent as multiple lesions. Schwannomas may 
arise from any peripheral nerve that con-
tains Schwann cells, including the cranial 
nerves. This is most commonly seen with 
the vestibular nerve (vestibular or acoustic 
neuroma) and is also often seen with the 
vagus nerve or the sympathetic chain in the 
neck (Figure 3.8).

These lesions generally present as a slow-
growing painless mass, or may frequently be 
asymptomatic and only present as an inci-
dental finding on imaging for other medical 
problems. As they enlarge, they may cause 
nerve dysfunction, which may be sensory or 
motor depending on the nerve of origin.

Figure 3.8 Right neck showing diffuse enlarge-
ment due to right vagal schwannoma.
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DIFFERENTIAL DIAGNOSIS
This includes other causes of neck mass, 
such as cervical adenopathy, paraganglioma, 
and branchial cleft cyst.

WORKUP
When these lesions are detected in the 
neck, initial workup begins with a neck 
CT with contrast. Imaging characteris-
tics will raise suspicion for schwannoma, 
though paraganglioma may have similar 
enhancement characteristics on CT scan. 
MRI may then be obtained to further dis-
tinguish schwannoma from other soft tis-
sue neoplasms that are commonly found 
in the neck.

TREATMENT
Definitive treatment of a schwannoma 
requires surgical excision. Since the tumor 
originates from the nerve sheath, it is often 
possible to dissect the schwannoma away 
from the actual nerve fibers and thus preserve 
function. This is commonly attempted for 
schwannoma of the vagus nerve to prevent 
vocal cord dysfunction that would otherwise 
arise if the vagus nerve is sacrificed with tumor 
removal. Radiation therapy may also be an 
option for schwannoma in the neck, if sur-
gery is not feasible. For vestibular neuroma, 
stereotactic radiation therapy is often the first 
line of treatment recommended, depending 
on the anatomic details of the lesion and the 
approach that would be required if surgery 
were undertaken (Figures 3.9 and 3.10).

Figure 3.9 Schwannoma dissected away from 
surrounding neck structures with preservation 
of the common carotid artery medially.

Figure 3.10 The specimen is mobilized supe-
riorly, with the internal jugular vein preserved 
lateral to the mass.
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CHAPTER 4

Malignancy of the 
Pharynx and Larynx
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Hypopharyngeal cancer

DEFINITION AND CLINICAL FEATURES
The hypopharynx extends from the level 
of the hyoid bone superiorly to the pha-
ryngoesophageal junction inferiorly. The 
larynx is located anterior and medial to the 
hypopharynx. It can be divided into sub-
sites, including the pyriform sinus, posterior 
pharyngeal wall, and postcricoid region. 
The overwhelming majority of hypopha-
ryngeal cancers are squamous cell carcino-
mas (SCCs), and most arise in the pyriform 
sinus. Men in their sixth and seventh 
decades with heavy tobacco use and alcohol 
consumption histories are most commonly 
affected. In a small subset of younger female 
patients, postcricoid carcinoma may be asso-
ciated with Plummer–Vinson syndrome.

Many hypopharyngeal cancers go unde-
tected at early stages and tumors often must 
grow to larger sizes in order to produce 
symptoms. In about half of the patients, 
neck mass secondary to nodal metastasis 
is the presenting sign. Early symptoms are 
nonspecific and include sore throat and 
dysphagia. Otalgia is a worrisome symp-
tom. Larger tumors may invade the larynx 
or recurrent laryngeal nerve, causing vocal 
cord paralysis and resulting hoarseness and 
stridor. Airway obstruction may occur with 
larger tumors. Nearly two-thirds will have 
nodal spread at the time of diagnosis and 
about 10% will already have distant metasta-
ses. Compared to other head and neck sites, 
cancers of the hypopharynx have a poorer 
prognosis and only one-quarter to one-third 
of patients are alive 5 years after diagnosis.

•   Hypopharyngeal cancer

•   Laryngeal cancer

•   Nasopharyngeal cancer

•   Oropharyngeal cancer
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DIFFERENTIAL DIAGNOSIS
Lymphoma, pharyngitis, neck abscess, 
laryngopharyngeal reflux, laryngeal cancer.

WORKUP
Patients with a neck mass or aforementioned 
symptoms should undergo comprehensive 
head and neck exam including flexible laryn-
goscopy. If possible a mass should be biop-
sied in clinic; if not possible, biopsy can be 
performed in the OR. Contrast-enhanced 
CT of the neck should be performed to 
evaluate location and extent of disease as 
well as to evaluate for nodal metastases. CT 
of the chest should be obtained to evalu-
ate for metastatic spread or for secondary 
malignancy (Figure 4.1). Similarly liver 
function tests and either esophagoscopy 

or esophagography should be performed, 
to evaluate for metastatic spread and sec-
ond primary malignancies respectively. If 
patients are to undergo radiation, thyroid 
function tests should be done.

TREATMENT
To prevent airway obstruction and to main-
tain nutrition, patients may need to undergo 
tracheostomy and/or gastrostomy tube 
placement prior to treatment. Treatment 
may include surgical and/or medical ther-
apy. Traditionally, surgical treatment of 
larger tumors has involved total laryngo-
pharyngectomy. For smaller lesions, partial 
laryngopharyngectomy may be possible. 
Neck dissection is typically performed as 
well. To select smaller lesions, transoral 
robotic surgery (TORS) may be performed. 
In extensive cases, partial or total esophagec-
tomy may also be required. Based on stag-
ing and pathologic features of the tumor, 
radiotherapy or chemoradiotherapy may still 
be needed postoperatively. Patients may also 
choose chemoradiotherapy as primary treat-
ment, particularly those wishing to preserve 
their voices when given an option of laryn-
gectomy. Early lesions can be treated with 
radiation alone, whereas later-stage disease 
requires the addition of chemotherapy. 
Given the risk of radiation-induced osteone-
crosis of the mandible, patients may require 
dental extractions prior to treatment.

Laryngeal cancer

DEFINITION AND CLINICAL FEATURES
The larynx can be divided into three parts: 
supraglottis (epiglottis, aryepiglottic folds, 
false vocal folds, ventricle, arytenoids), glot-
tis (true vocal folds), and subglottis (beneath 
vocal folds). The most common malignancy 
involving the larynx is SCC, and in most 
cases, a history of tobacco and/or alco-
hol abuse is implicated as the main causal 
 factor. The distribution of primary sites is 

Figure 4.1 CT scan showing right hypo-
pharynx cancer medial to the right carotid 
artery. Large cervical adenopathy is also seen 
on the same side of the neck, lateral to the 
carotid artery.
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as follows: glottis, 50%–60%; supraglottis, 
30%–40%; and subglottis, 1%–2%. For the 
remainder, the origin is difficult to deter-
mine. Early symptoms of laryngeal cancer 
include hoarseness, throat pain, hemopty-
sis, and dysphagia/odynophagia. As dis-
ease progresses, vocal folds may become 
fixed and patients may experience aspira-
tion or develop stridor and airway compro-
mise, occasionally necessitating emergent 
tracheostomy.

Based on differences in embryologic ori-
gin and lymphatic drainage patterns, cancers 
of supraglottic origin are far more likely to 
spread to regional lymph nodes than tumors 
of glottic origin. Nodal metastases are often 
bilateral. Prognosis is typically better in 
tumors of glottic origin compared to those 
of supra- or subglottic origin. Laryngeal 
cancer is nearly four times more common in 
men than women. The average age at time 
of diagnosis is about 65 years.

DIFFERENTIAL DIAGNOSIS
Laryngitis, laryngopharyngeal reflux dis-
ease, vocal fold nodules/polyps, respiratory 
papilloma, Reinke’s edema.

WORKUP
Patients presenting with hoarseness or neck 
mass should undergo head and neck exam 
including in-office laryngoscopy. This will 
almost always reveal the tumor except for 
small subglottic tumors, which may be 
difficult to visualize on endoscopy. Biopsy 
should be performed but is difficult and 
dangerous to perform on an awake patient, 
so most will be taken to the OR for direct 
laryngoscopy and biopsy under general anes-
thesia. This allows for better characteriza-
tion of origin and extent of the tumor. CT 
of the neck and chest with contrast should 
be obtained along with liver function tests. 
Esophagoscopy or esophagogram should be 
performed to investigate for esophageal sec-
ond malignancy (Figure 4.2).

TREATMENT
Treatment options vary based on disease 
stage. For early T-stage lesions, patients 
are typically treated with single modality 
therapy. Patients with early glottic lesions 
may choose to undergo radiation ther-
apy or surgical therapy, with comparable 
results. Surgical therapy for these lesions 
typically involves transoral laser resec-
tion  (Figure  4.3). Early-stage supraglottic 
lesions require more radical surgeries such 
as partial laryngectomy, which may be per-
formed open or transorally using a surgical 
robot. Even so, many patients opt for radia-
tion therapy as it may be less morbid in these 
cases. Neck dissection is not necessary for 
early-stage glottic cancers but should be 
performed bilaterally for early-stage supra-
glottic lesions given the propensity for nodal 
spread. For later-stage diseases, surgical 

Figure 4.2 CT scan showing supraglottic 
larynx cancer. The enhancing mass is seen 
extending up to the level of the tongue base.
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therapy is more radical and often results 
in total laryngectomy. In a select subset of 
late-stage supraglottic cancers without sig-
nificant tongue base involvement or trans-
glottic extension, partial laryngectomy 
may be feasible. These patients must first 
undergo pulmonary function tests as they 
will likely have some degree of aspiration 
and must be able to expectorate adequately. 
In later-stage disease, bilateral neck dis-
sections are performed for tumors of both 
glottic and supraglottic origin. Patients 
undergoing laryngectomy lose the abil-
ity to speak but typically have good func-
tional swallow, although there are options 
for postlaryngectomy speech (electrolar-
ynx,  tracheoesophageal puncture). Some 
patients with late-stage disease choose pri-
mary chemoradiotherapy as it is voice-spar-
ing. However, many of these patients suffer 
from radiation-induced dysphagia. Patients 
with recurrent disease who have failed radi-
ation therapy or conservation surgeries are 
most often treated with salvage total laryn-
gectomy. Those who have previously been 
radiated also often undergo either pectora-
lis major flap or free flap reconstruction to 

minimize the risk of postoperative fistula 
formation (Figure 4.4).

Nasopharyngeal cancer

DEFINITION AND CLINICAL FEATURES
The nasopharynx is the superior most 
region of the pharynx, bordered superiorly 
by the skull base, inferiorly by the superior 
surface of the soft palate, and anteriorly by 
the choanae, or posterior opening of the 
nasal cavities. The Eustachian tube orifices 
and adenoids are found in this region. The 
majority of nasopharyngeal cancers (NPCs) 
are SCCs. Other less common tumors 
include nasopharyngeal undifferentiated 
carcinoma and lymphomas. Significant risk 
factors include tobacco and alcohol abuse. 
NPC is also associated with Epstein–Barr 
virus. There are particularly high incidences 
in southern China and Greenland. There is 
a bimodal incidence, with a small peak in 
the second and third decades and a larger 
peak in the sixth and seventh decades. NPC 
tends to be about three times more com-
mon in males than females.

Early-stage NPC may cause few or no 
symptoms, and diagnosis is more often 
made at later disease stages. In fact, the 
most common presenting sign of NPC is 
an enlarging neck mass, indicating nodal 

Figure 4.3 Surgical specimen of resected 
larynx showing extensive involvement of the 
larynx.

Figure 4.4 Surgical specimen of resected 
larynx, where the disease is located more 
 inferiorly at the level of the cricoid cartilage.
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metastatic spread. Early signs and symp-
toms are nonspecific and may include epi-
staxis, nasal obstruction and unilateral ear 
fullness, conductive hearing loss, or serous 
otitis media. As the disease progresses, 
cavernous sinus or intracranial extension 
may result in cranial neuropathies. Orbital 
extension may cause visual changes, diplo-
pia, or proptosis.

DIFFERENTIAL DIAGNOSIS
Lymphoma, minor salivary tumor, sino-
nasal tumor, sarcoma, angiofibroma, 
encephalocele.

WORKUP
Since most patients present with a neck 
mass, contrast-enhanced CT of the neck is 
often the first step in workup. Detection of 
a nasopharyngeal tumor on scanning should 
prompt endoscopic exam. Biopsy should be 
taken as long as encephalocele can be ruled 
out. CT of the chest and liver function tests 
should be performed to evaluate for meta-
static spread. While CT provides useful 
information, MRI may provide more detail 
regarding intracranial extension, cavern-
ous sinus invasion, perineural invasion, and 
extent of tumor infiltration into the para-
pharyngeal space or pterygopalatine and 
infratemporal fossae (Figure 4.5).

TREATMENT
The nasopharynx is difficult to access 
surgically without significant morbidity. 
Thus, the mainstay of treatment for NPC is 
chemoradiotherapy. For early T-stage dis-
ease, single modality therapy may be used; 
this is typically external beam radiation. For 
later-stage disease, chemotherapy is added. 
Based on individual protocols, pre- or post-
treatment selective neck dissection(s) may 
be performed or, similarly, the neck(s) may 
be radiated. Radiation-induced Eustachian 
tube dysfunction may necessitate myrin-
gotomy tube placement. Recurrent disease 
presents a treatment challenge—both reir-
radiation or salvage surgery may be used 

on a case-by-case basis. Both radiation 
and chemotherapy may be used to palli-
ate symptoms such as bleeding, pain, and 
dysphagia.

Oropharyngeal cancer

DEFINITION AND CLINICAL FEATURES
The oropharynx (OP) is bordered superi-
orly by the inferior surface of the soft pal-
ate and inferiorly at the level of the hyoid 
bone. The OP contains the palatine tonsils 
as well as the tongue base and lingual ton-
sils. By far, the most common cancer aris-
ing from the OP is SCC, followed distantly 
by lymphomas and minor salivary tumors. 
Traditionally, the main risk factors for oro-
pharyngeal SCC were tobacco and alcohol 
abuse. That remains true in much of the 
world. However, in more developed coun-
tries, the human papilloma virus (HPV), 
particularly type 16, is now arising as the 
predominant cause of oropharyngeal SCC. 
Higher numbers of lifetime sexual  partners 
and oral sex partners are risk factors for 
HPV-related OP SCC. Compared to those 

Figure 4.5 CT scan showing large 
 nasopharyngeal cancer. The tumor erodes into 
the sphenoid sinus and extends intracranially 
to the pituitary. It also extends inferiorly to the 
free edge of the soft palate.
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with tobacco- and alcohol-related disease, 
patients with HPV-related disease are typi-
cally younger and are less likely to have 
smoked or abused alcohol. HPV-related 
cancers tend to present at later stagers, yet 
survival is better when compared to that of 
non-HPV-related disease.

Early signs and symptoms may include 
sore throat, otalgia, dysphagia, voice 
changes, and neck mass. Tonsillar and pal-
atal tumors are more easily visualized on 
physical exam than tongue base tumors, and 
typically appear as friable, ulcerated masses. 
Up to two-thirds of patients may have neck 
metastases at the time of diagnosis and 
these are often bilateral with more midline 
primary lesions. Larger tumors may cause 
airway obstruction or significant difficulties 
with feeding. Whereas OP SCC was his-
torically associated with the poorest survival 
rates among head and neck SCC, survival is 
now improving, likely in part due to the rise 
in incidence of HPV-related disease.

DIFFERENTIAL DIAGNOSIS
Lymphoma, minor salivary tumor, meta-
static tumor, pharyngitis, deep neck space 
abscess.

WORKUP
Patients with concerning histories and 
symptoms should undergo comprehensive 
head and neck exam including fiber-optic 
laryngoscopy. Tumors should be biopsied, 
and this is often easy to perform in clinic. 
CT with contrast of the neck and chest 
is performed to evaluate extent of local-
regional disease, to asses for pulmonary 
metastases and second primary lesions. 
Liver function tests should be obtained. 
Patients should undergo esophagoscopy 
or esophagography to evaluate for sec-
ond primaries. Thyroid function tests are 
included if radiation therapy is planned. 
MRI may be useful to assess perineural 
invasion, parapharyngeal space invasion, 
or intracranial extension.

TREATMENT
Traditionally, surgical access to the OP has 
required procedures with high morbidity, 
such as mandibulotomy. In certain early-
stage tonsillar lesions, transoral approach 
and radical tonsillectomy may be suffi-
cient. More recently, the advent of TORS 
has allowed for the surgical treatment of a 
greater number of OP SCCs with greatly 
reduced morbidity. Because of the high 
likelihood of metastatic spread to regional 
lymph nodes, neck dissection is usually per-
formed. For small tonsillar lesions, ipsilateral 
dissection is typically sufficient. For larger 
tonsillar lesions, base of tongue lesions, and 
other midline lesions, bilateral neck dis-
section is performed. Chemoradiotherapy 
is commonly used as a primary treatment 
method and has similar outcomes when 
compared to surgical therapy. In early-stage 
disease, single modality radiation may be 
used. Chemoradiotherapy is the indicated 
treatment in surgically unresectable dis-
ease. As with other upper aerodigestive 
lesions, patients with OP cancers may need 
to undergo temporary tracheostomy and or 
gastrostomy tube placement. Unlike with 
SCC, treatment of lymphoma is nonsurgi-
cal; chemotherapy and/or radiotherapy is 
typically employed (Figure 4.6).

Figure 4.6 Surgical approach where the 
tongue has been dropped to the neck, and large 
left tongue base oropharyngeal tumor has been 
resected.
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CHAPTER 5

Thyroid and 
Parathyroid Disease
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Multinodular goiter

DEFINITION AND CLINICAL FEATURES
Multinodular goiter is a clinical disease 
of diffuse or nodular overgrowth of the 
thyroid gland. Multinodular goiter can be 
further divided into two clinical entities: 
nontoxic and toxic goiter. Nontoxic goi-
ters do not secrete an abnormal amount 
of thyroid hormone. Toxic goiters can be 
inflammatory or neoplastic and secrete an 
elevated amount of thyroid hormone. The 
growth of multinodular goiters is heredi-
tary or sporadic in the majority of cases in 
the United States. Since the iodinization 
of salt, endemic goiters related to iodine 
deficiency are rarely seen. However, inter-
nationally, regions of iodine deficiency 
have an increased incidence of goiters that 
is proportionally related to the rate of 
iodine deficiency.

DIFFERENTIAL DIAGNOSIS
Thyroid nodule, thyroid malignancy, lym-
phoma, reactive lymphadenopathy, metastatic 
disease to the thyroid, Hashimoto’s thyroid-
itis, Reidel’s thyroiditis, subacute thyroiditis.

WORKUP
Physical exam may reveal an enlarged thyroid 
with multiple palpable nodules or cysts. All 
patients should be assessed for thyroid func-
tion studies. Thyroid ultrasound will reveal 
an enlarged thyroid with multiple nodules 
and/or cysts and should be used to look for 
suspicious characteristics of malignancy. Fine 
needle aspiration of suspicious thyroid nod-
ules may be used to investigate possible thyroid 
malignancy. CT and MRI scans are useful to 
determine the relationship between the goiter 
and other structures such as substernal exten-
sion, tracheal compression, or relationship 
with the esophagus. Pulmonary function tests 

•   Multinodular goiter

•   Papillary thyroid carcinoma

•   Parathyroid adenoma
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may also reveal airway obstruction from the 
goiter. Nuclear scintigraphy with radioactive 
iodine-123 or technetium-99m is useful in 
toxic multinodular goiters as they can reveal 
the cause of hyperthyroidism.

TREATMENT
Treatment for toxic multinodular goiters 
is controversial. Treatment for nontoxic 
multinodular goiters is only indicated for 
symptomatic relief. For goiters that cause 
no symptoms, observation alone is suffi-
cient. Any nodules will need to be followed 
as multinodular goiter has the same risk of 
malignancy as a solitary thyroid nodule. 
Surgery is the definitive treatment of mul-
tinodular goiter that is causing compressive 
symptoms or thyrotoxicosis. In most cases, 
a total thyroidectomy should be performed 
to prevent regrowth of the remaining thy-
roid. Studies have shown that there is no 
increased risk, but there is increased ben-
efit of a total thyroidectomy over subto-
tal thyroidectomy. Risks of the procedure 
include bleeding, recurrent laryngeal nerve 
injury, persistent hypoparathyroidism, or 
very rarely chyle leak. Most goiters with 
substernal extension do not require median 
sternotomy for removal. In patients who 
have a contraindication to surgery or who 
are older, radioactive iodine can be used. 
The majority of patients will experience 
a decrease in goiter size after radioactive 
iodine and the effect is dose dependent. 
Complications include transient hyperthy-
roidism and thyroiditis. The use of thyroid 
hormone (T4) to reduce the size of goiters 
is controversial in a euthyroid patient. The 
efficacy is disputed and the risks of creating 
a chronic hyperthyroid state are weighed 
against the benefit of shrinking the goiter. 
In patients with toxic goiters, thioamides 
and beta-adrenergic receptor antagonists 
can be used as a short-term treatment espe-
cially while rendering the patient euthy-
roid prior to radioactive iodine or surgery 
(Figures 5.1 and 5.2).

Figure 5.1 External appearance of the neck 
demonstrating a large multinodular goiter prior 
to planned resection.

Figure 5.2 The majority of the dissection is 
complete, showing the bilateral gland being 
delivered from the surgical bed.
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Papillary thyroid carcinoma

DEFINITION AND CLINICAL FEATURES
Papillary thyroid carcinoma (PTC) is the most 
common malignancy of the thyroid gland. 
Patients are most commonly diagnosed in the 
third to sixth decades of life and females are 
three times as likely as males to develop PTC. 
The most common presentation is a palpable 
thyroid nodule. Occasionally, these tumors 
may be detected incidentally during radio-
graphic workup for other conditions. Rarely, 
PTC is discovered when a patient presents for 
evaluation of enlarged cervical lymph nodes. 
Risk factors for developing PTC include his-
tory of radiation exposure, Hashimoto’s 
 thyroiditis, low iodine diet, family history 
of  thyroid cancer, and certain genetic con-
ditions such as familial adenomatous pol-
yposis (FAP). Overall, survival is excellent. 
Characteristics associated with poorer out-
comes include male gender, age >45  years, 
larger tumor size, extrathyroidal spread, vas-
cular invasion, and aggressive histologic sub-
type (see the following text).

The majority of PTCs are well differenti-
ated. Poorly differentiated tumors are rare 
but behave more aggressively. There are 
several histologic subtypes of PTC, some of 
which behave more aggressively than typical 
PTC. These include Hurthle cell, tall cell, 
and columnar cell variants.

DIFFERENTIAL DIAGNOSIS
Benign thyroid nodule, multinodular goi-
ter, thyroid lymphoma, medullary thyroid 
carcinoma, reactive lymphadenopathy, head 
and neck squamous cell carcinoma.

WORKUP
When a thyroid nodule is detected on 
exam, ultrasound will provide excellent 
information and can be used to guide fine 
needle aspiration biopsy (FNAB). Findings 
related to malignancy on ultrasound include 
hypoechogenicity and microcalcifications. 
MRI and CT scans are of limited use for 
evaluating the thyroid gland. CT may be 

useful to determine extent of cervical or 
mediastinal nodal metastasis or presence of 
distant metastatic disease. FNAB is safe and 
easily performed by experienced physicians 
with very high diagnostic accuracy. After 
treatment, surveillance for recurrence may 
include monitoring of serum thyroglobu-
lin levels, serial ultrasound examination, or 
radionucleotide scanning. Poorly differenti-
ated tumors may fail to produce thyroglob-
ulin and may have decreased radioiodine 
avidity. In these cases, PET-CT may be very 
useful for detecting residual or recurrent 
disease.

TREATMENT
Surgery is the mainstay of treatment for PTC. 
In most cases, total thyroidectomy should 
be performed. In select cases, hemithyroid-
ectomy or subtotal thyroidectomy is suffi-
cient when only microscopic disease exists. 
Elective central neck dissection is typically 
performed when primary tumors are >1 cm. 
When lateral cervical adenopathy is present, 
selective or modified radical neck dissection 
should be performed, based on the extent of 
metastatic nodal involvement. Rarely, partial 
sternotomy must be performed to adequately 
resect large tumors, which have grown into 
the mediastinum. Major risks of thyroid-
ectomy include recurrent laryngeal nerve 
injury and hypoparathyroidism and hypocal-
cemia. Postoperatively, patients may undergo 
radioactive iodine treatment when high-risk 
disease or residual disease is present. These 
patients must first become hypothyroid. 
Occasionally, the burden of residual disease 
is too great and radioiodine alone is insuffi-
cient. In these cases, external beam radiation 
may be offered (Figures 5.3 through 5.5).

Parathyroid adenoma

DEFINITION AND CLINICAL FEATURES
A parathyroid adenoma is a benign hypercel-
lular neoplasm that secretes excess parathy-
roid hormone (PTH). An increased serum 
PTH causes an increase in serum calcium. 
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In the majority of cases of primary hyper-
parathyroidism, a single adenoma is the 
source. However, a double adenoma may 
exist in about 10% of cases. Many cases are 
asymptomatic and are only discovered after a 
patient is incidentally noted to have elevated 
serum calcium on routine blood work. When 

symptomatic, patients may experience joint 
or muscle pains, kidney stones, depressed 
mood, or memory loss. Most cases of para-
thyroid adenoma are sporadic in nature. 
Parathyroid hyperplasia is a rarer cause of 
primary hyperparathyroidism. In these cases, 
multiple parathyroid glands are enlarged. 
This is seen in multiple endocrine neoplasia 
(MEN) types 1 and 2a. These conditions are 
usually hereditary, with autosomal domi-
nant transmission. Parathyroid adenomas 
are rarely palpable or visible. Normal para-
thyroid glands are about 3–5  mm in size. 
The mass of an adenoma is, on average, 
10  times that of a normal gland, although 
there is great variation. Adenomas are about 
2.5  times more common in females. They 
occur in all age groups, although the aver-
age age is around 60 years old.

DIFFERENTIAL DIAGNOSIS
Parathyroid hyperplasia, thyroid nodule, 
paraneoplastic hypercalcemia, lymphadenop-
athy, parathyroid carcinoma (extremely rare).

WORKUP
Hypercalcemia should prompt serum PTH 
testing. Phosphate and vitamin-D levels 
should also be tested. In cases when under-
lying malignancy is suspected, PTH-related 
protein (PTHrP) testing may be consid-
ered. For primary hyperparathyroidism, 

Figure 5.3 Surgical specimen of total 
 thyroidectomy demonstrating thyroid carcinoma 
throughout the left lobe of the thyroid gland.

Figure 5.4 Large thyroid cancer requiring 
sternotomy for resection of the intrathoracic 
component.

Figure 5.5 Surgical specimen of total 
 thyroidectomy for papillary thyroid carcinoma.
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preoperative imaging is necessary for local-
ization purposes. While a wide array of 
imaging methods can be employed, the most 
common are ultrasound and nuclear scin-
tigraphy (most commonly 99mTc- sestamibi 
scan). Nuclear scanning is fairly sensitive for 
locating the offending parathyroid gland; 
this is helpful in planning surgical inter-
vention. Sestamibi scanning may not be 
as accurate in multiglandular disease and 
false-positives may occasionally occur in the 
setting of thyroid disease. SPECT imaging 
may be more sensitive but is less commonly 
used. It is common for both ultrasound and 
nuclear imaging to be used before treatment.

TREATMENT
The primary treatment modality for para-
thyroid adenoma is surgery. Indications 
include symptomatic disease, severe hyper-
calcemia, renal failure, decreased bone min-
eral density, or younger age (<50). Surgery 
is usually performed under general anesthe-
sia, although select cases may be performed 
with just local anesthetic. Traditionally, 
bilateral neck exploration was performed 
via a horizontal incision, similar to that 
made for a thyroidectomy. Minimally inva-
sive approaches using smaller incisions 
and endoscopic resection are now being 
used. These approaches rely more heav-
ily on preoperative localization. In certain 
cases, radiotracer material can be injected 
preoperatively, and the surgeon may use a 
handheld gamma probe for better intra-op 

localization. Rarely, if an offending gland 
cannot be found, the surgeon must extend 
the approach to include areas known to con-
tain ectopic parathyroid tissue including 
the superior mediastinum, carotid sheath, 
thyroid gland, and retroesophageal soft tis-
sues. The use of intraoperative PTH testing 
is common, and rapid assays are available. 
Typically, a baseline PTH level is drawn 
prior to manipulation of any glands. When 
the offending gland is removed, another 
level is drawn about 10–20 minutes later. 
If the PTH level falls by at least half, it is 
generally considered that the abnormal tis-
sue has been removed. Surgery is commonly 
performed on an outpatient basis, although 
occasionally, placement of a surgical drain 
and inpatient observation is required for a 
brief period (Figure 5.6).

Figure 5.6 Typical size and appearance of 
a parathyroid adenoma, after resection for 
primary hypoparathyroidism.
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CHAPTER 6

Reconstructive 
Surgery of Head 
and Neck Defects
Urjeet A. Patel, Alice C. Lin, and Christopher Vanison

Anterolateral thigh flap

DEFINITION AND CLINICAL FEATURES
The anterolateral thigh (ALT) flap is com-
monly used to reconstruct large head and 
neck defects. This is a free flap that requires 
reestablishment of its blood supply via 
microvascular anastomosis to recipient ves-
sels in the head and neck. The ALT may 
be composed of skin, fat, and fascia lata, or 
may be used solely as a fascial flap. In some 
instances, the vastus lateralis muscle may 
be included in the flap. Its blood supply is 
based off the descending branch of the lat-
eral femoral circumflex artery. On occasion, 
the flap can be made sensate by including 

the lateral femoral cutaneous nerve (Figures 
6.1 through 6.3). A large skin paddle can 
be harvested, typically up to 8 cm × 25 cm 
or more in some cases, making this a good 
flap for reconstruction of larger wounds. 
The ALT has a wide array of applications in 
the head and neck, including reconstruction 
of scalp, midface, sinonasal, skull base, oral 
cavity, and laryngopharyngectomy defects 
(Figure 6.4). Contraindications to using this 
flap include prior injury to donor blood ves-
sels and morbid obesity. In many cases, the 
donor site may be closed  primarily. However, 
occasionally skin grafting is  required. As 
with other free flaps, patients undergo-
ing ALT flap reconstruction will require 

•   Anterolateral thigh flap

•   Fibula free flap

•   Latissimus dorsi flap

•   Radial forearm free flap
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frequent flap monitoring in an intensive care 
unit in the immediate postoperative period. 
Patients can typically ambulate on the donor 
leg after surgery and physical therapy is 
rarely required. In general, very little donor 
site morbidity is encountered after ALT flap 
reconstruction (Figure 6.5).

Fibula free flap

DEFINITION AND CLINICAL FEATURES
The fibular free flap (FFF) is most com-
monly used to reconstruct mandibular 
defects. It has also been used to reconstruct 
skeletal midface defects after extensive 

trauma or maxillectomy. The flap contains 
bone (up to about 25 cm), a portion of the 
soleus muscle and a skin paddle, though 
skin is not always needed. In most cases, 
the fibula bone is adequate to support den-
tal implants (Figures 6.6 and 6.7). The FFF 
blood supply is from the peroneal artery. 
During or after flap harvest, osteotomies 
can be made in the donor fibula in order 
to create appropriate bone contours for the 
recipient site (Figure 6.8). As with other 
free flaps, the donor vessels must undergo 

Figure 6.3 The flap is brought to the  recipient 
bed where microvascular anastomosis is 
performed.

Figure 6.2 The flap is harvested with careful 
dissection of the vascular pedicle between the 
rectus and vastus lateralis.

Figure 6.1 The flap is marked in the upper thigh.
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microvascular anastomosis to recipient ves-
sels (Figure 6.9). During harvest, some bone 
is left proximally in order to avoid injuring 
the common peroneal nerve and distally to 
preserve stabilization of the ankle mortis. 
A contraindication to harvesting the fibula 
is a history of significant peripheral vascular 
disease. In the setting of PVD, sacrificing 
the peroneal artery may lead to inadequate 
blood supply to the foot. This is a significant 
concern in head and neck patients, many of 
whom are smokers and have comorbidities 

such as diabetes and coronary artery disease. 
Preoperatively, patients should undergo CT 
angiography of the lower extremities to assess 
adequacy of the infrapopliteal blood vessels. 
Although the fibula contributes about 10% 
to weight-bearing capabilities of the lower 
extremity, patients are typically able to 
regain normal mobility with a short course 
of physical therapy. If a skin paddle is har-
vested with the flap, a skin graft is often 
required to close the donor site.

Latissimus dorsi flap

DEFINITION AND CLINICAL FEATURES
The latissimus dorsi flap (LDF) is occa-
sionally used to reconstruct large soft tis-
sue defects in the head and neck. It can be 
used as a free flap, requiring microvascular 
anastomosis, or as a pedicled flap, keeping 
it attached to its native blood supply. This 
is a muscle and fascia flap that can be har-
vested with skin, if necessary (Figure 6.10). 
In advanced applications, a portion of ser-
ratus anterior and underlying rib may be 
included. Its blood supply is based off the 
thoracodorsal artery, a branch of the sub-
scapular artery. In the head and neck, the 
LDF is often used to reconstruct large scalp 
defects, although it has a broad range of 
applications including reconstruction of the 

Figure 6.4 The flap is tailored to appropriate 
dimensions and is inset to the defect.

Figure 6.5 Appearance 1 month after 
surgery.

Figure 6.6 The left leg, in surgical position, 
with the fibula bone and skin paddle dissected 
from surrounding tissue in the leg.
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oral cavity and oropharynx (Figure 6.11). 
Flaps of up to 20 cm × 40 cm can be used, 
making the LDF ideal for reconstructing 
large soft tissue defects. Primary closure of 
the donor site is feasible with skin paddles 

Figure 6.7 The vascular pedicle has been ligated and the flap harvested for planned 
reconstruction.

Figure 6.9 The flap and plate are positioned 
and secured to the native mandible to restore 
 mandibular continuity. The microvascular 
 anastomosis is then performed to restore 
blood flow.

Figure 6.8 Osteotomies are performed to cut 
the fibula bone and shape the reconstruction 
to match the resected mandible and the metal 
reconstruction plate.
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up to about 10  cm. Despite the latissimus 
dorsi’s size, harvesting this flap results in 
little to no functional deficit. The only con-
traindication to using this flap is prior dam-
age to the donor thoracodorsal vasculature 
(Figure 6.12).

Radial forearm free flap

DEFINITION AND CLINICAL FEATURES
The radial forearm free flap (RFFF) is an 
extremely versatile flap used quite com-
monly in the reconstruction of head and 

neck defects. The flap is composed of skin 
and fascia, although in some instances the 
palmaris longus tendon and a rim of the 
radius bone may also be included. RFFF 
is harvested from the distal aspect of the 
volar surface of the forearm (Figure 6.13). 
Its blood supply is from the radial artery. 
As with other free flaps, its vessels must be 
anastomosed to recipient vessels in the head 
and neck using microvascular techniques. 
The most common application of the RFFF 
in the head and neck is in the reconstruction 
of oral cavity defects including tongue, floor 
of mouth, and buccal mucosal surfaces. 

Figure 6.12 The flap is then tailored to the 
appropriate size and inset to the defect.

Figure 6.13 Harvest of the radial forearm 
flap from the left arm. The vascular pedicle is 
dissected toward the antecubital fossa.

Figure 6.10 The flap is harvested from the 
right posterolateral trunk, with the patient in a 
lateral decubitus position.

Figure 6.11 The flap is brought to the head/
neck where microvascular anastomosis is 
 performed to vessels in the right lateral neck.
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However, it is also utilized to reconstruct 
many other defects including those of the 
palate, pharynx, cervical esophagus, skull 
base, and skin. It is a thin flap and thus not 
a good choice in reconstructing areas that 
require significant soft tissue bulk. Because 
of its pliability, RFFF can be used to recon-
struct complex 3D defects. Use of this flap 
may be contraindicated when there is prior 
radial artery trauma or if there is insuffi-
cient collateral blood flow to the hand from 
the ulnar arterial system. The latter may be 

assessed preoperatively with an Allen’s test. 
It is possible, during harvest, that the super-
ficial branches of the radial nerve can be 
injured, resulting in numbness in the lateral 
digits. For this reason, the nondominant 
hand is often chosen. If bone is harvested, 
there is a risk of pathologic fracture of the 
donor radius. Closure of the donor site 
requires skin grafting (Figure 6.14). There 
is usually little to no donor site morbidity 
and postoperative physical therapy is rarely 
required (Figures 6.15 and 6.16).

Figure 6.14 The donor site is closed with a split thickness skin graft.

Figure 6.15 The flap is inset to the left lateral 
tongue and floor of the mouth following 
 surgical resection of an oral tongue cancer.

Figure 6.16 Appearance of the flap 6 months 
after surgery.
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CHAPTER 7

General Rhinology
Jeffrey M. Hotaling and Monica Oberoi Patadia

Normal nasal anatomy: 
Turbinates, septum, and 
paranasal sinuses

The nasal cavity can be conceptualized as 
a triangle divided sagittally in half by the 
nasal septum, which is composed of carti-
lage anteriorly and bone posteriorly. Each 
nasal cavity is bounded superiorly by the 
cribriform plate of the anterior cranial fossa, 
inferiorly by the hard and soft palate, and 
laterally by the orbit and maxillary sinus.1 
The nasal cavity’s anterior limit is the bony 
pyriform aperture, and it is continuous with 
the nasopharynx posteriorly via the posterior 
nasal aperture or choana. The lateral wall of 
each nasal cavity typically has three bony 

turbinates (or conchae) projecting infero-
medially into the nasal cavity: the inferior 
turbinate, middle turbinate, and superior 
turbinate. The spaces confined below each 
of these turbinates are referred to as the 
inferior, middle, and superior meatuses, cor-
responding with the turbinate defining each 
space. These turbinates increase the surface 
area of the nose and serve to humidify and 
clean the inhaled air.2 The inferior turbinate 
is the largest of these projections and can be 
easily visualized on anterior rhinoscopy.

The paranasal sinuses are paired, mucosa-
lined structures contiguous with the nasal 
cavity, consisting of pneumatized spaces 
within the maxillary, ethmoid, frontal, and 
sphenoid bones. The frontal sinus consists of 

•    Normal nasal anatomy: Turbinates, septum, and 
paranasal sinuses

•   Allergic rhinitis

•   Turbinate hypertrophy

•   Septal deviation

•   Septal perforation

•   Epistaxis

•   References
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two paired air cells within the frontal bone 
separated by an intersinus septum, which 
drain inferiorly into the middle meatus. The 
frontal sinus is the last to develop and is typi-
cally not present at birth; full development 
continues into early adulthood although 
10%–12% of frontal sinuses remain under-
developed and hypoplastic.3 The ethmoid 
sinuses are actually a complex of two large 
groups of cells that are separated by the basal 
or ground lamella of the middle turbinate: 
the anterior ethmoid air cells that drain 
into the middle meatus and the posterior 
ethmoid cells that drain into the superior 
meatus. These air cells are the most mature 
of the paranasal sinuses at birth, reaching 
adult dimensions by about 12 years of age. 
Importantly, ethmoid air cells can expand 
beyond the boundaries of the ethmoid bone, 
pneumatizing superolaterally into the sphe-
noid bone (sphenoethmoidal or Onodi cells) 
or laterally into the maxillary bone (infraor-
bital ethmoid or Haller cells).2

The maxillary sinuses are large, paired 
air cells that lie between the orbit and hard 
palate that drain medially into the middle 
meatus. The maxillary sinuses are hypoplas-
tic at birth, typically reaching adult dimen-
sions around 12 years of age. The maxillary 
sinuses drain into the middle meatus, con-
tributing to form the osteomeatal complex, 
which is a common channel linking the 
drainage pathways of the maxillary, frontal, 
and anterior ethmoid sinuses. The osteome-
atal complex is an anatomically constricted 
area that is prone to obstruction.4 A con-
cha bullosa, which is an air cell within the 
middle turbinate, may often contribute to 
narrowing of this osteomeatal complex. 
The sphenoid sinus is the most posterior 
and medial of the paranasal sinuses, situ-
ated between the cavernous sinuses at the 
central skull base. The sphenoid sinuses are 
intimately related to the optic nerves and 
carotid artery and are divided into right 
and left by an irregular intersinus septum. 

The  sphenoid sinus typically begins to 
develop at age 1, reaching adult size by 
approximately 12 years of age. The sphenoid 
sinuses drain anteriorly into the sphenoeth-
moidal recess located above the superior 
turbinate (Figures 7.1 through 7.3).1,2

Figure 7.1 CT sinus scan, coronal view 
 showing a patient with normal sinuses. Note 
the slight deviation of the septum to the right 
and the paradoxic curvature of each middle 
turbinate.

Figure 7.2 Endoscopic view of the right nasal 
cavity showing the inferior turbinate (anatomic 
right), middle turbinate (center), and nasal 
septum (anatomic left).
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Allergic rhinitis

DEFINITIONS AND CLINICAL FEATURES
Allergic rhinitis is an IgE-mediated clini-
cal hypersensitivity of the nasal mucosa 
to inhaled substances with a prevalence of 
10%–20% in the United States. Although 
individuals of any age can be affected, onset 
is most frequently in adolescents with a 
decreasing incidence with advancing age.5 
Patients classically present with recurrent 
episodes of sneezing, rhinorrhea, nasal con-
gestion, pruritus, and lacrimation. Pruritus 
is the symptom most suggestive of an allergic 
etiology and can be nasal, orbital, pharyn-
geal, or even palatal. Patients with perennial 
allergies may not have the classic symptoms 
of pruritus and sneezing and are more likely 
to present with nasal congestion only. In 
contrast to the purulent rhinorrhea in bac-
terial rhinosinusitis, rhinorrhea in allergic 
rhinitis is typically clear. The rhinorrhea can 

be anterior, resulting in sniffing and nose-
blowing, or posterior, leading to postnasal 
drip and symptoms of laryngopharyngeal 
reflux. The nasal congestion associated with 
allergic rhinitis is most usually episodic and 
may be unilateral, bilateral, or even on alter-
nate sides in a cyclical fashion. Ocular symp-
toms including pruritus, lacrimation, and 
conjunctival injection are common.

On examination, patients may have con-
junctival injection, generalized edema of 
the eyelids, and, particularly in children, so-
called allergic shiners (periorbital cyanosis). 
Anterior rhinoscopy will classically demon-
strate pale, boggy, and/or bluish inferior 
turbinates with diffusely edematous nasal 
mucosa coated with thin, clear secretions 
(Figures 7.4 and 7.5). In severe allergic rhi-
nitis, nasal endoscopy may also demonstrate 
polypoid degeneration of the middle and 
inferior turbinates.

Allergic rhinitis can be seasonal or peren-
nial and may be a combination of both. As 
its name suggests, seasonal allergic rhinitis 

Figure 7.3 Endoscopic view of the left nasal 
cavity showing the middle turbinate (center), 
uncinate process (anatomic left), and nasal 
 septum (anatomic right). The turbinate 
appears pale because this photo was taken 
 intraoperatively after injection with 1% 
 lidocaine with epinephrine, 1:100,000.

Figure 7.4 Endoscopic view of the right nasal 
cavity demonstrating a pale, hypertrophic, and 
boggy inferior turbinate consistent with allergic 
rhinitis.
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varies by season, with symptoms occurring 
or exacerbated by the seasonal pollination 
of plants to which the individual is allergic. 
While allergens vary by geographic loca-
tion, trees usually pollinate in the spring, 
grass pollinates in the summer, and weeds 
pollinate in the fall. In contrast, perennial 
allergic rhinitis is more likely to present with 
only nasal symptoms and is frequently due 
to indoor allergens including dust mites, 
indoor molds, and animal dander, which is 
present year-round.

DIFFERENTIAL DIAGNOSIS
Infectious rhinitis (bacterial or viral), nonal-
lergic rhinitis (vasomotor rhinitis), mechan-
ical nasal obstruction (deviated nasal 
septum), rhinitis medicamentosa, granulo-
matous rhinitis (Wegener’s granulomatosis, 
sarcoidosis), and neoplastic rhinitis (nasal 
polyposis, malignant nasal tumors).

WORKUP
Although clinical examination and history 
often point to the diagnosis of allergic rhi-
nitis, allergy testing remains an important 
means of differentiating between allergic 

and nonallergic rhinitis. The two most com-
mon tests used to confirm the diagnosis of 
allergic rhinitis are skin-prick testing and 
in  vitro immunoassays, more appropriately 
known as serum specific IgE testing. Skin 
testing is performed by injecting antigen 
extracts into the dermis with a subsequent 
wheal reaction indicating hypersensitivity to 
that antigen. Although fast and inexpensive, 
skin testing has relative contraindications 
including uncontrolled asthma, dermatog-
raphism, and prior history of anaphylaxis. 
Skin testing is safe, but there is always a risk 
of local or systemic reaction, especially in 
a brittle patient that is tested during peak 
allergy season. In order for skin testing to be 
accurate, patient must be off antihistamine 
medications for at least 5  days and must 
have a positive histamine control and nega-
tive control wheal. There is an increased risk 
of false-positives compared to blood test-
ing, and sensitivity declines in patients older 
than 50.

In contrast, although in vitro testing for 
specific serum IgE levels to specific aller-
gens eliminates the risk of anaphylaxis and 
the need for multiple skin pricks, it is more 
expensive and often less sensitive than skin-
prick testing.5–7 It remains a good option for 
patients with contraindications noted earlier 
and is a highly specific test.

TREATMENT
The treatment triad for allergic rhinitis 
includes environmental control/avoidance, 
pharmacotherapy, and immunotherapy. 
Simple avoidance of allergens and decreased 
exposure should always be emphasized, but 
is often not sufficient for symptom control 
and near impossible when a patient owns 
pets they are allergic to, for example.

The mainstay of pharmacotherapy is 
intranasal steroids. Multiple studies have 
demonstrated the effectiveness of these 
agents in reducing all nasal symptoms 
in patients with allergic rhinitis within 
7–8 hours of dosing although maximal 
 efficacy requires days of administration.8 

Figure 7.5 Endoscopic view of the right nasal 
cavity demonstrating an inferior turbinate with 
clear mucoid secretions, often an exam finding 
consistent with allergic rhinitis.
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Synergistic effects have been noted with the 
addition of intranasal antihistamine sprays. 
Second-generation antihistamines are also 
commonly employed, and are rapidly effi-
cacious in controlling histamine-induced 
symptoms such as rhinorrhea, itching, and 
sneezing. Leukotriene modifiers can be 
used to modulate the allergic pathway aside 
from histamine control. Adjunctive thera-
pies including anticholinergic nasal sprays 
are employed especially for patients with 
vasomotor or nonallergic rhinitis. The first 
FDA-approved sublingual grass and rag-
weed immunotherapy tablets have hit the 
market in the spring of 2014. These pills 
require administration of the first dose in 
the doctor’s office and have relative con-
traindications similar to allergy testing and 
subcutaneous immunotherapy.

Allergen-specific immunotherapy is an 
option and involves the repeated subcu-
taneous administration of progressively 
increasing doses of antigen extract with the 
goal of altering the patient’s immunologic 
responses to the allergen. Indications for 
this include patients who fail medication 
management, patients who wish to avoid 
medications, patients who have symptoms 
>6 months of the year or are looking for a 
cure to allergies.

Adjunctive surgical maneuvers including 
septoplasty and turbinate reduction remain 
options for patients with underlying ana-
tomic obstruction and persistent congestion 
with treatment failure.

Turbinate hypertrophy

DEFINITIONS AND CLINICAL FEATURES
The nasal turbinates are projections extend-
ing inferomedially from the lateral walls of 
the nasal cavity. There are three turbinates 
or conchae on each side, named based on 
their position on the lateral nasal wall: the 
superior turbinate, middle turbinate, and 
inferior turbinate, respectively. In some indi-
viduals, there is a fourth turbinate above the 

superior turbinate, the supreme turbinate. 
Each turbinate is composed of a thin, central 
layer of bone with overlying, adherent muco-
periosteum. These turbinates, particularly 
the inferior and middle turbinates, serve 
to increase the total mucosal surface of the 
nose, thereby increasing the nasal cavity’s 
ability to humidify and warm inspired air.9

Hypertrophy of these turbinates can be 
classified as either bony or mucosal and 
is a common cause of symptomatic nasal 
obstruction. Bony hypertrophy refers to a 
congenitally large turbinate, often with a 
broad inferolateral osseous turn. Mucosal 
hypertrophy is much more common, often 
secondary to conditions such as allergic rhi-
nitis, causing chronic mucosal inflamma-
tion.10 This hypertrophy most commonly 
affects the inferior turbinate and is typically 
seen bilaterally. As physiologic studies have 
demonstrated that 50% of nasally inspired 
air passes along the nasal floor, inferior 
turbinate hypertrophy, in particular, can 
have a dramatic effect on nasal breathing. 
Clinically, patients with turbinate hyper-
trophy will present with nasal obstruction, 
which is most often bilateral, although there 
may be some asymmetric variation in tune 
with the nasal cycle (see Figure 7.4).

While bony turbinate hypertrophy can 
cause a unilateral obstruction, persistent 
unilateral nasal obstruction is more com-
monly due to a deviated nasal septum. 
Anterior rhinoscopy will demonstrate large 
inferior or middle turbinates, which may 
completely obstruct the nasal cavity and 
prohibit endoscopic examination. These 
patients may also have signs and symptoms 
of allergic or nonallergic rhinitis, including 
rhinorrhea and pruritus, and may give a his-
tory of seasonal variation of symptoms.

DIFFERENTIAL DIAGNOSIS
Deviated nasal septum, allergic rhinitis, 
nonallergic (vasomotor) rhinitis, internal or 
external nasal valve collapse, nasal polypo-
sis, nasal mass including inverted papilloma 
versus malignancy.
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WORKUP
Physical examination including anterior rhi-
noscopy and endoscopy remains the mainstay 
of diagnosis of turbinate hypertrophy. CT 
scans will elucidate any bony component to 
the turbinate hypertrophy but are not required 
to make the diagnosis. It is also important to 
identify any narrowing or dynamic collapse of 
nasal structures with nasal breathing as this 
suggests underlying nasal valve collapse rather 
than obstruction purely from enlarged turbi-
nates. A thorough history is also important in 
detecting any seasonal variation or accompa-
nying allergic symptoms, which would point 
to a diagnosis of allergic rhinitis. Relief of 
nasal congestion and obstruction with topical 
decongestants also indicates mucosal turbi-
nate hypertrophy and can easily be performed 
in the doctor’s office. Nasal obstruction 
may also be assessed objectively by means of 
acoustic or airflow rhinometry, although this 
is rarely necessary and usually not performed 
in the clinical setting.

TREATMENT
Most important in the treatment of tur-
binate hypertrophy is elucidation of the 
underlying cause of the hypertrophied 
turbinate(s). Primary treatment consists of 
an intranasal topical steroid, possibly with 
the addition of an antihistamine nasal spray 
in those patients with an allergic compo-
nent. Surgery is reserved for patients who 
fail medical management and surgical inter-
vention is frequently limited to the inferior 
turbinate. Soft tissue submucous reduction 
or resection of the turbinates remains the 
mainstay of surgical management and may 
be performed using electrocautery, radio-
frequency techniques, or a microdebrider. 
Simple lateralization of the inferior turbi-
nate is often performed in conjunction with 
turbinate reduction in order to change the 
position of the turbinate within the nasal 
cavity and thereby improve airflow.11 While 
submucous resection of the bony turbinate 
may be indicated if this bony component 
is a large contributor to overall turbinate 

hypertrophy, full-thickness turbinate resec-
tion is limited to patients with recalcitrant 
disease and extensive resection may lead 
to the paradoxical nasal obstruction of so-
called empty nose syndrome.12

Septal deviation

DEFINITIONS AND CLINICAL FEATURES
The nasal septum is a sagittally oriented 
structure composed of bone and cartilage, 
which divides the nose into two separate 
nasal cavities and serves as the main sup-
port for the external nose. More specifi-
cally, the nasal septum is composed of septal 
cartilage (the quadrangular cartilage) ante-
riorly, the perpendicular plate of the eth-
moid bone posterosuperiorly, and the bony 
vomer posteroinferiorly.1,13 Deviation of 
the nasal septum is a very common cause 
of unilateral nasal obstruction and patients 
may give a history of trauma to the nose. 
In many cases, however, there is no clear 
history of facial trauma, and the deviation 
may be secondary to either birth trauma or 
microfractures sustained in early life lead-
ing to asymmetric growth of the cartilage.14 

Interestingly, several studies have demon-
strated that a nondeviated septum is present 
in only 7.5%–23% of patients, making septal 
deformity extremely common.10

Paradoxically, patients with a devi-
ated nasal septum will often present with 
subjective nasal obstruction on the side 
contralateral to the deviation, which is sec-
ondary to a compensatory hypertrophy of 
the inferior turbinate on the unobstructed 
side. Septal deviations can involve the bony 
or cartilaginous nasal septum and can take 
the form of a single septal spur or a C- or 
even S-shaped deviation of the entire sep-
tum. These septal irregularities can even 
result in aesthetic deformity including col-
umellar irregularities, twisting of the nasal 
dorsum, and underprojection of the nasal 
tip.15 However, it is important to note that 
septal deviation is not always symptomatic, 
and studies have indicated that the degree 



General Rhinology 55

of septal deviation has little correlation 
with a patient’s level of symptoms.14

DIFFERENTIAL DIAGNOSIS
Allergic rhinitis, nonallergic rhinitis, nasal 
polyposis, internal or external nasal valve 
collapse, turbinate hypertrophy.

WORKUP
Anterior rhinoscopy and nasal endos-
copy both allow visualization of the nasal 
septum. However, while anterior septal 
deviations are easily visualized on anterior 
rhinoscopy, more posterior deviations and 
spurs may only be visualized via endoscopic 
evaluation. This examination should be 
performed both before and after decon-
gestion in order to evaluate the contribu-
tion of mucosal edema of the turbinates 
and septum to the patient’s obstruction. It 
is also important to rule out any dynamic 
narrowing of the nostrils, nasal vestibule, 
and nasal lumen with inhalation, as this 
would suggest nasal valve compromise as 
playing a role in the patient’s obstruction. 
Imaging is rarely necessary unless concom-
itant paranasal sinus disease is suspected. 
Acoustic and airflow rhinometry may be 
used to provide objective measures of nasal 
obstruction.

TREATMENT
Prior to any surgical intervention, patients 
with symptomatic deviations of their nasal 
septums are started on a topical nasal ste-
roid spray, antihistamines, and even decon-
gestants. Patients with persistent nasal 
obstruction despite medical treatment may 
be offered a septoplasty, a procedure in 
which deviated septal cartilage and bone is 
either removed or realigned to straighten 
the nasal septum. Patients with very ante-
rior or caudal deviations of their nasal 
septum, however, may require an open rhi-
noplasty approach to correct their septal 
deviation.15 Additionally, as patients with 
septal deviations often have hypertrophy 

of the inferior turbinate on the side oppo-
site the deviation, turbinate reduction/
resection is often performed concurrently 
(Figures 7.6 and 7.7).

Septal perforation

DEFINITIONS AND CLINICAL FEATURES
Nasal septal perforations are defined as a 
direct communication (or fistula) between 
the two nasal cavities across the nasal sep-
tum and are relatively common, affecting 
almost 1% of the general population.16 
While these perforations may occur as 
the result of inflammatory, neoplastic, or 
autoimmune processes, the overwhelming 
majority are either secondary to trauma 
or are iatrogenically produced. Iatrogenic 
causes include surgery, septal cauteriza-
tion, and intranasal packing. While illegal 
drugs including cocaine may cause septal 
perforations, prescription and over-the-
counter medications including intranasal 
steroids and topical vasoconstrictors can 

Figure 7.6 Endoscopic view of the right nasal 
cavity demonstrating a significant nasal septal 
deviation to the right abutting the inferior 
turbinate. Note the flattened appearance of the 
inferior turbinate due to the septal spur.
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also produce perforations when used in 
high doses. Because the mucoperichon-
drium of the nasal septum is responsible 
for the blood supply to the relatively avas-
cular septal cartilage, disruption of this 
mucosal covering on opposing locations 
via mechanical or chemical trauma can 
lead to ischemic necrosis of the cartilage, 
producing an ulceration and, ultimately, a 
perforation. The turbulent airflow over the 
edges of the perforation leads to crusting 
and bleeding, which may also lead to pro-
gressive enlargement of the perforation.17

Patients with larger and more anteriorly 
located perforations will often complain of 
epistaxis, nasal crusting, nasal obstruction, 
and rhinorrhea. Smaller perforations may 
actually cause whistling with nasal breath-
ing due to the turbulent airflow across the 
perforation.17 Extremely large perforations 
can eventually result in changes to the 
external nose including loss of septal sup-
port (“saddle nose”) and nasal tip collapse. 
As up to 92% of nasal septal perforations 
are located anteriorly, septal perforations 

are often easily recognized on anterior 
rhinoscopy.18 Perforations located more 
posteriorly or superiorly may require nasal 
endoscopy for visualization (see Figures 
7.8 through 7.10).

(a) (b)

Figure 7.7 (a) Endoscopic view of the left nasal cavity demonstrating left septal deviation. 
(b) Intraoperative view of the deviated quadrangular cartilage after a septoplasty.

Figure 7.8 Anterior rhinoscopy revealing a 
widened and soft nasal septum, indicative of 
a septal hematoma. This patient was involved 
in a nasal trauma. If left untreated, a septal 
hematoma can ultimately lead to a septal 
 perforation and/or saddle nose deformity.
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DIFFERENTIAL DIAGNOSIS
Nasal septal ulceration, history of nasal sep-
tal fracture, history of prior nasal surgery 
or nasal trauma, history of prior prolonged 
nasal spray use, autoimmune disease pro-
cess, drug abuse, malignancy, and infection.

WORKUP
A careful history is the most important 
component in the workup with patients 
with septal perforations as it is prudent to 
determine the cause of the perforation prior 
to undertaking any sort of repair. Pertinent 

inquiries regarding prior nasal procedures 
(including nasal cauterization and pack-
ing), nasal trauma, and cocaine or excessive 
vasoconstrictor use will reveal the etiology 
for the majority of patients. Chronic infec-
tions and autoimmune disease can also lead 
to septal perforation, which can be investi-
gated by means of laboratory tests, radio-
graphs, biopsies, and cultures. Endoscopic 
examination of the septum is the best 
means of evaluation, as it enables visual-
ization of the entire perforation and the 
anatomic details including location, size, 
and status of the edges of the perforation. 
Patients with inflamed or actively ulcerat-
ing lesions of the septum should undergo 
biopsy of the posterior edge of the perfo-
ration with tissue sent both for pathology 
and culture.19 Imaging is rarely required 
except when a more systemic process or 
coexisting sinus disease is suspected.

TREATMENT
Asymptomatic nasal septal perforations 
or  those giving rise to only intermittent 
symptoms may be treated conservatively 
with nasal saline sprays, regular humidi-
fication, and lubricating ointments to 
help prevent crusting. Patients with large 
perforations or more regular symptoms 
may undergo placement of a septal but-
ton, which is a silastic disk that straddles 
the perforation to close the perforation. 
Septal buttons are easily placed in the doc-
tor’s office under local anesthesia and may 
remain in place for over a year. Septal but-
tons have been demonstrated to improve 
the rates of epistaxis, nasal airway obstruc-
tion, and whistling in patients with septal 
perforations.17 Surgical repair is typically 
reserved for symptomatic patients without 
underlying chronic infection or autoim-
mune diseases. It should also be consid-
ered for those with an anteriorly located 
perforation where concern for collapse or 
saddle nose exists. Depending on the size 
and location of the perforation, surgical 

Figure 7.10 Large septal perforation with 
surrounding friable edges and crusting.

Figure 7.9 Anterior rhinoscopy revealing a 
caudal septal perforation. This can result in a 
bothersome whistling or drying sensation to 
the nose and must either be repaired or moni-
tored such that it does not enlarge.
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closure may be attempted via an endona-
sal or external rhinoplasty approach, often 
employing some form of interposition graft 
(cartilage, fascia, dermal allografts) lay-
ered in between intranasal mucosal flaps.20 
Large defects (>2 cm) may require regional 
or free microvascular flaps for closure. 

Epistaxis

DEFINITIONS AND CLINICAL FEATURES
Epistaxis is extremely common with an 
estimated lifetime incidence of 60%.21 
Despite this high incidence, there is a large 
range in severity of episodes with only 6% 
requiring medical attention.22 This dispar-
ity between incidence and severity is in 
large part due to the vascular anatomy of 
the nasal cavity, which has many anastomo-
ses and receives contributions from both 
the internal and external carotid systems. 
While epistaxis is frequently idiopathic 
in nature, it may result from myriad local 
and systemic causes. Common local causes 
including nasal trauma, nasal neoplasms, 
septal deviations, and chemical irritation; 
systemic causes including coagulopathies, 
renal/liver failure, and vascular abnor-
malities are less common but often more 
difficult to manage.23 Importantly, antico-
agulants including warfarin, enoxaparin, 
clopidogrel, and NSAIDs have also been 
linked with epistaxis.22

Clinically, epistaxis is typically divided 
into anterior and posterior bleeding based 
upon the anatomic location of the bleeding 
and the clinical severity. Anterior bleeding is 
defined as that which is easily visible and con-
trolled via anterior rhinoscopy. Anterior epi-
staxis most commonly arises from a plexus 
of vessels on the anterior septum referred 
to as Little’s or Kesselbach’s area, which is 
a site of anastomosis between the internal 
and external carotid systems. Posterior epi-
staxis, which is more difficult to visualize 
and often more profuse, typically emanates 
from branches of the sphenopalatine and 

posterior ethmoid arteries.23 While some 
patients may present with minor unilateral 
bleeding, more severe epistaxis may result in 
bilateral arterial hemorrhaging with hemop-
tysis and the potential for airway compro-
mise or exsanguination.

DIFFERENTIAL DIAGNOSIS
Neoplasm, vascular malformation, juvenile 
nasopharyngeal angiofibroma, allergic rhi-
nitis, coagulopathy, hereditary hemorrhagic 
telangiectasia.

WORKUP
In patients with minor bleeds who are 
hemodynamically stable, a patient history 
should be taken to distinguish recurrent 
bleeding versus a solitary episode, unilat-
eral versus bilateral bleeding, and any his-
tory of recent nasal trauma or surgery. Also 
important to elucidate are any underlying 
medications or medical conditions that may 
predispose the patient to bleeding as well 
as a family history of epistaxis and death. 
Physical examination is often challenging in 
patients with epistaxis and should include a 
full head and neck exam to evaluate for vas-
cular lesions as well as examination of the 
oropharynx for any bleeding or clots. Nasal 
examination should initially consist of 
anterior rhinoscopy, with nasal endoscopy 
necessary for evaluation of more posterior 
sources. Laboratory evaluation is typically 
necessary only in patients with recurrent 
epistaxis and those on anticoagulation 
therapy. Similarly, radiographic evaluation 
is rarely necessary except in cases of facial 
trauma and concern for nasal neoplasms.

TREATMENT
Paramount in the management of epistaxis 
is establishment of both the site and the 
cause of bleeding. In any nosebleed, appli-
cation of topical vasoconstrictors such as 
1% phenylephrine or 0.05% oxymetazoline 
is the first line of treatment with the goal of 
stopping the bleeding and improving visu-
alization. In patients with anterior bleeds, 
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the addition of external nasal compres-
sion for 10–30 minutes may actually con-
trol the bleeding. Once the site origin of 
the bleeding has been identified, it can be 
cauterized with silver nitrate. Care should 
be used to only perform unilateral cautery 
to prevent occurrence of a septal perfora-
tion. Electrocautery can also be used, but 
typically requires application of an anes-
thetic. If local therapy fails or the bleed-
ing cannot be pinpointed, nasal packing is 
required. Importantly, patients should be 
on antistaphylococcal prophylaxis while 
packing remains in place, which is typically 
3–5 days. If recalcitrant or recurrent, epi-
staxis may require surgical ligation of the 
affected arterial distribution, namely, the 
sphenopalatine or ethmoidal arteries. This 
may be done endoscopically or via open 
approaches with reported success rates of 
endoscopic sphenopalatine artery ligation 
as high as 75%–100%.24 Selective arterial 
embolization is another viable option for 
control of epistaxis, particularly in cases 
where surgery fails or the patient is unable 
to tolerate general anesthesia. Success rates 
of embolization are on par with that of sur-
gical ligation, but embolization carries the 
additional risks of tissue necrosis, blind-
ness, and cerebrovascular accidents.21
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CHAPTER 8

Sinusitis
Muhamad A. Amine and Monica Oberoi Patadia

Acute rhinosinusitis

DEFINITION AND CLINICAL FEATURES
Acute rhinosinusitis (ARS) is defined as 
symptoms due to inflammation of the sino-
nasal cavities for less than a 4-week dura-
tion. Diagnostic criterion is defined as the 
presence of three cardinal symptoms lasting 
up to 4 weeks—purulent nasal discharge 
(Figure  8.1) plus nasal obstruction, facial 
pain–pressure–fullness, or both. In addition, 
ARS can be characterized by fever, cough, 
fatigue, hyposmia, dental pain, or ear fullness 
or pressure; however, these symptoms are less 
sensitive and specific. ARS can be divided 
into viral and bacterial. Viral ARS is more 
common and often preceded by an upper 
respiratory infection in which nasal contents 
are blown into the sinuses. Rhinovirus fol-
lowed by influenza and parainfluenza viruses 

was the most commonly aspirated virus 
from sinus puncture studies of patients with 
acute community-acquired rhinosinusitis. 
The most common bacterial isolates include 
Streptococcus pneumoniae, Haemophilus 
influenzae, and Moraxella catarrhalis. Viral 
ARS is complicated by secondary bacte-
rial ARS 0.5%–2% of the time. In order to 
truly distinguish between viral and bacterial 
ARS, one must obtain a culture; however, 
this is not practical given the incidence in 
the general population. Therefore, in order 
to distinguish between the two, one must 
rely on illness pattern and duration. Bacterial 
ARS is suspected if symptoms last more than 
10 days, if there is worsening after an initial 
period of improvement, or if symptoms are 
severe with fevers >39°C/102°F, facial pain 
and purulent drainage that lasts for at least 
three consecutive days.
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•   Nasal polyposis
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DIFFERENTIAL DIAGNOSIS
Upper respiratory infection, viral ARS, bac-
terial ARS, chronic rhinosinusitis (CRS), 
allergic rhinitis, nasal foreign body, migraine 
headaches, dental infection.

WORKUP
Diagnosis is based on history and physi-
cal. Routine imaging is not recommended 
unless a complication is suspected such as 
orbital, intracranial, or soft tissue involve-
ment. When a complication is suspected, 
CT imaging with contrast of the sinuses 
is preferred. MRI can also be obtained if 
more information is needed to evaluate the 
extent of disease, especially if there is con-
cern for a mass or intracranial involvement. 
Cultures can be considered in the setting 
of complications or treatment failure in 
order to provide culture-directed antibiotic 
therapy.

TREATMENT
Treatment consists of symptomatic relief 
when treating viral ARS. These symp-
toms will usually resolve within 7–10 days 
and treatment will not shorten the dura-
tion of the viral infection. Analgesics or 
antipyretics are provided for pain relief. 
Decongestants in the topical or systemic 

form may be used in order to reduce nasal 
congestion and drainage. However, patients 
should be cautioned on the limited dura-
tion of use (no more than three consecu-
tive days for topical decongestants such as 
neosynephrine) in order to prevent tachy-
phylaxis and rebound congestion. Nasal 
steroids are often recommended. There is 
data showing symptomatic improvement in 
viral and bacterial ARS; however, studies 
show it is mostly helpful in patients with an 
underlying allergic component. Mechanical 
irrigation of the nasal lining and sinus pas-
sageways with nasal saline irrigations may 
improve quality of life, decrease nasal 
congestion, and reduce medication use 
for bacterial ARS although the data are 
limited. Only distilled, sterile, or bottled 
water should be used given rare but seri-
ous reports of amoebic encephalitis from 
use of tap water. Antibiotic use is not indi-
cated in viral ARS; however, it is debated 
in the setting of noncomplicated bacterial 
ARS. Antibiotics have some modest proven 
benefit at the cost of adverse side effects. 
Therefore, their benefits must be weighed 
against their potential risks. Clinical prac-
tice guidelines used to recommend amoxi-
cillin as the first-line treatment if a decision 
is made to treat with antibiotics. However, 

Figure 8.1 Thick yellow purulence emanating from the left osteomeatal complex.
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there is increased resistance, especially 
for H. influenzae and pneumococci. 
Therefore, the Infectious Disease Society 
of America (IDSA) 2012 guidelines recom-
mends amoxicillin/clavulanate as first-line 
therapy. Culture-directed therapy is most 
optimal, although this requires the avail-
ability of endoscopes or an antral puncture. 
There is no proven benefit for various treat-
ment lengths and doses.

Chronic rhinosinusitis

DEFINITION AND CLINICAL FEATURES
CRS is defined as the inflammation of the 
sinonasal cavities lasting at least 12 weeks 
and resulting in a combination of symptoms 
and physical findings. Guideline definitions 
require the presence of at least two of the 
following symptoms:

• Mucopurulent drainage (anterior, 
posterior, or both)

• Nasal obstruction (congestion)
• Facial pain, pressure, or fullness
• Decreased sense of smell

In addition, documentation of inflammation 
is required by one or more of the following:

• Purulent (not clear) mucus or edema in 
the middle meatus or ethmoid region

• Polyps in nasal cavity or the middle 
meatus

• Radiographic imaging showing 
inflammation of the paranasal sinuses

As opposed to ARS, etiology is debated. 
Theories include superantigens, biofilms, 
osteitis, immune-related deficiencies, and 
a dysfunctional host–environment interac-
tion. There is an association between atopic 
diseases, such as asthma and allergic rhi-
nitis, and CRS. Patients’ symptoms tend 
to be low grade and chronic compared to 
ARS; hence, patients or physicians may 
overlook symptoms prior to finally seeking 
treatment.

CRS is broken down into two main cat-
egories: chronic rhinosinusitis without nasal 
polyposis (CRSsNP) and chronic rhinosi-
nusitis with nasal polyposis (CRSwNP). An 
additional category includes allergic fungal 
sinusitis (AFS). CRSsNP is the most com-
mon type.

DIFFERENTIAL DIAGNOSIS
ARS, allergic rhinitis, migraines, sinonasal 
neoplasms, rhinitis medicamentosa, antro-
choanal polyp, intranasal drug abuse.

WORKUP
The workup begins with a history and phys-
ical. This includes eliciting a history of sino-
nasal complaints that may confirm or lead 
to an alternate diagnosis. Comorbid condi-
tions must also be elicited as treatment of 
comorbidities may be adjunctive, especially 
in the case of allergic rhinitis. A  history 
of asthma, allergies to nonsteroidal anti-
inflammatories and aspirin, and a finding 
of nasal polyps may clue the physician to a 
diagnosis of aspirin-exacerbated respiratory 
disease/Samter’s triad. A history of frequent 
sinus, respiratory, and ear infections may 
prompt the initiation of an immune defi-
ciency workup. The exposure to chemicals, 
especially smoke, cannot be ignored, as this 
has been shown to increase the incidence of 
CRS. A full head and neck exam is needed 
including endoscopy, which allows for the 
objective documentation of inflammation. 
CT imaging can be helpful to confirm the 
diagnosis of CRS as endoscopy can often be 
negative (Figure 8.2).

TREATMENT
Treatment begins with medical therapy, 
which is directed at the underlying or 
exacerbating factor. This includes antibiot-
ics, corticosteroids, immune-modulating 
drugs, and nasal irrigations. Antibiotics 
are commonly used; however, no consen-
sus guidelines exist regarding their use. 
The strongest of evidence exists for mac-
rolide use specifically in patients with a 
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lower serum IgE; however, even these 
reviews state that treatment is optional. 
Corticosteroids are the mainstay of treat-
ment including both topical and systemic 
therapy. Corticosteroids are the most well 
studied with proven benefits as shown from 
randomized clinical trials. Corticosteroid 
use has many benefits including symptom 
relief, objective improvements, reduced 
bleeding intraoperatively, and, in some 
studies, improved long-term outcomes. 
Topical intranasal corticosteroid use has the 
most amount of evidence that show reduced 
polyp sizes and improved symptoms. They 
have also been shown to reduce polyp recur-
rence following surgery. Antileukotrienes 
may be helpful in patients with leukotri-
ene-mediated inflammatory disease such as 
allergic rhinitis, asthma, and nasal polypo-
sis and aspirin-sensitive patients. Irrigation 
using saline has been shown to reduce 
symptoms and is a low-cost and low-risk 

adjunct, assuming sterile or bottle water 
is used. Surgical treatment is reserved for 
patients who fail medical management but 
has been shown to be very effective. Goals 
of surgery include removal of gross disease, 
preservation of mucosa, restoration of natu-
ral drainage sinus pathways, and access for 
future topical drug delivery. Patients who 
demonstrate CRS consistent with an eosin-
ophilic or systemic process must continue 
with medical management postoperatively 
in order to prevent recurrence of symptoms.

Nasal polyposis

DEFINITION AND CLINICAL FEATURES
Nasal polyposis is a manifestation of 
inflammation seen in CRS. Polyps appear 
as benign, smooth, and edematous pedun-
culated masses either in isolation or in clus-
ters. Polyps can form anywhere in the nose 
and sinuses but most commonly are seen 
in the middle meatus and sphenoethmoid 
recess. Histologically, they demonstrate 
a thickened basement membrane, dam-
aged epithelium, and massive tissue edema. 
Nasal polyps can be seen in asymptomatic 
patients. Patients with CRS and polyps 
more commonly complain of nasal conges-
tion and hyposmia than CRS patients with-
out polyps (Figure 8.3).

DIFFERENTIAL DIAGNOSIS
Inverted papilloma, sinonasal neoplasm, aspi-
rin-exacerbated respiratory disease, allergic 
fungal rhinosinusitis (AFRS), CRS, allergic 
rhinitis, encephalocele.

WORKUP
Polyps can sometimes be visualized on 
anterior rhinoscopy; however, endoscopic 
visualization provides a superior view of 
the sinonasal cavity particularly in the post-
surgical setting. It is important to note 
that polyps should be bilateral. If a unilat-
eral polyp is noted, imaging must be pur-
sued and the differential diagnosis must be 

[R] [L]

Figure 8.2 This is a coronal CT sinus scan 
obtained of a patient with CRSwNPs. Near-
complete opacification of the frontal sinuses 
and ethmoid sinuses is noted. The maxillary 
sinus lining is thickened and the nasal cavity 
is filled with soft tissue, which in this case is 
nasal polyps.
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reconsidered. Endoscopically, polyps can be 
graded using the Lund–Kennedy grading 
system as follows:

• 0 = no polyps
• 1 = polyps confined to the middle 

meatus
• 2 = polyps extending beyond the mid-

dle meatus
• 3 = polyps obstructing the nasal cavity

There are other similar grading systems as 
well. CT imaging is not necessary to docu-
ment inflammation when diagnosing CRS 
if polyps are visualized on exam. However, 
imaging is helpful when polyps are not visu-
alized and inflammation is present within 
the sinuses. On CT, polyps cannot be dis-
tinguished from hypertrophic or thickened 
mucosa. CT allows for evaluation of the 
extent of disease and is helpful for preop-
erative planning. MRI is discouraged for 
the routine diagnosis of CRS with nasal 
 polyposis. However, MRI is helpful when 
a neoplastic process is suspected and when 
more soft tissue detail is desired. Allergy test-
ing is used to rule out comorbid allergic dis-
orders. Nasal polyps in children may suggest 
cystic fibrosis and mandates a proper workup.

TREATMENT
As nasal polyps are found in the setting 
of CRS, treatment is essentially the same. 
It consists of medical management first, 
followed by surgery for failure. Mainstay 
medical management consists of topical and 
systemic corticosteroids that have the most 
proven benefits. Antibiotic use is debated 
as the majority of nasal polyps are eosino-
philic in nature. Steroid injections have been 
shown to reduce polyp size temporarily. 
Surgery is used to eradicate the majority of 
disease while preserving mucosa, to provide 
natural drainage pathways and ventilation, 
and to allow for medication delivery into the 
sinonasal cavities. It must be emphasized 
that surgery is followed by continued medi-
cal management, as these patients require 
management of a chronic disease lifelong.

Allergic fungal sinusitis

DEFINITION AND CLINICAL FEATURES
AFRS falls within the family of eosinophilic 
diseases and is characterized by thick aller-
gic mucin with necrotic inflammatory cells, 
eosinophils, and Charcot–Leyden crystals. 
It occurs in immunocompetent and atopic 
individuals and accounts for ~5% of cases of 
CRS in the United States with the highest 
incidence occurring in the southern states. 
AFRS tends to occur in the younger pop-
ulation. Classically, AFRS is diagnosed by 
the Bent–Kuhn criteria: nasal polyposis, 
fungi on staining, eosinophilic mucin with-
out fungal invasion into sinus tissue, type I 
hypersensitivity to fungi, and characteristic 
radiological findings with soft tissue differ-
ential densities on CT scanning. The patho-
physiology is thought to be related to a 
hypersensitivity reaction to fungal antigens, 
which leads to obstruction of the sinuses 
and prevents elimination of the provoking 
fungal antigens resulting in a perpetual 
cycle. The presentation is typically gradual 
in onset where patients may complain of 
thick discolored discharge, hyposmia, nasal 

Figure 8.3 Nasal endoscopy of the left side 
of the nose. Polyps are noted in the left middle 
meatus. They are obstructing the osteomeatal 
complex. Behind the polyps, a normal anatomic 
structure known as the head of the middle 
turbinate can be seen.
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obstruction, or other sinonasal-related com-
plaints. On exam, patients may have external 
signs of bony expansion and facial dysmor-
phia (Figure 8.4).

DIFFERENTIAL DIAGNOSIS
Acute invasive fungal rhinosinusitis, fungal 
ball, sinonasal neoplasm, aspirin- exacerbated 
respiratory disease, chronic invasive fungal 
rhinosinusitis.

WORKUP
The workup is similar to other forms of 
CRS and starts with a detailed history and 
physical. Imaging is called for as part of 
the diagnostic criteria, which tends toward 
unilateral or asymmetric complete opaci-
fication of contiguous sinuses. On CT 
imaging, classic findings of AFRS include 
dramatic bony expansion or erosion and 
signal heterogeneity due to accumulation 
of heavy metals. On MRI, T1 weighted 
images have a variable appearance. On 
T2 weighted images, there is peripheral 
mucosal hyperintensity with a hypointense 

signal within the sinus due to the high pro-
tein and low water content of the allergic 
mucin. Laboratory findings include ele-
vated IgE and peripheral eosinophilia. Skin 
or in vitro allergy testing is indicated and 
must demonstrate fungal-specific hyper-
sensitivity, which commonly shows a broad 
sensitivity to fungal and nonfungal anti-
gens. Histopathologic diagnosis is obtained 
typically from the surgical specimen and 
reveals fungal hyphae without evidence 
of invasion and a prominent eosinophilic 
infiltrate with necrotic and degranulating 
eosinophils.

TREATMENT
Treatment consists of surgery in order 
to eradicate the bulk of disease and to 
create widely patent cavities to facilitate 
drainage and drug delivery (Figure 8.5). 
Continued medical management post-
operatively is required in order to avoid 
recurrence. Medical management consists 
mainly of saline irrigations and topical 
corticosteroids. Immunotherapy may play 

Figure 8.5 A coronal scan of patient with 
extensive pansinusitis. Again noted is bony 
expansion and thinning of the ethmoid sinuses 
as well as hyperdensities noted in the various 
sinuses. (Photo courtesy of Jay Dutton, MD.)

Figure 8.4 Note the widened bony nasal 
dorsum of this patient due to extensive 
bony expansion. (Photo courtesy of Jay 
Dutton, MD.)
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a role in preventing recurrence, improv-
ing quality of life scores, and reducing 
the use of topical and systemic cortico-
steroids; however, these data are limited. 
Antifungals have been evaluated as poten-
tial therapy for AFRS. Systemic antifun-
gal therapy has fallen out of favor due to 
its toxicity and lack of data supporting its 
eff icacy. Topical antifungal therapy has 
the potential of delivering high doses of 
medications directly to sites of disease; 
however, the data is limited and this is not 
commonly used or recommended at this 
time (Figure 8.6).

Subperiosteal abscess

DEFINITION AND CLINICAL FEATURES
Orbital subperiosteal abscess is the col-
lection of pus between the orbital peri-
osteum and the bony orbital wall most 
commonly between the lamina papyracea 
and the medial periorbita. This occurs 
most commonly as a complication of 
acute sinusitis via direct extension. It is 
known as a Chandler class III within the 
Chandler classification of orbital compli-
cations. With progressive advancement of 

the infection, the periosteum may be pen-
etrated and the orbit entered leading to 
an orbital abscess. Extraocular movement 
and visual acuity are affected with advanc-
ing disease. Chemosis and pain with eye 
movement may be present as well. Without 
prompt recognition and proper treatment, 
rapid progression may lead to devastating 
consequences such as blindness, meningi-
tis, and even death.

DIFFERENTIAL DIAGNOSIS
Periorbital and orbital cellulitis, orbital 
abscess, cavernous sinus thrombosis, dac-
ryocystitis.

WORKUP
After obtaining a history, clinical exam 
should assess for visual acuity, pupillary 
reactivity, and extraocular motion. An affer-
ent pupillary defect is indicative of visual 
loss and is an ominous sign. A contrasted 
CT scan is the single best study to evalu-
ate the extent of disease and can distinguish 
among cellulitis, subperiosteal abscess, and 
orbital abscess (Figure 8.7). Intraoperative 
cultures should be obtained in order to 
direct antibiotic therapy.

Figure 8.6 An intraoperative view of the left maxillary sinus after being surgically opened 
and irrigated. Note the remnant thick mucoid secretions. The maxillary sinus lining is inflamed 
and irritated.
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TREATMENT
A team-based approach should be consid-
ered including an otolaryngologist, oph-
thalmologist, infectious disease team, and 
radiologist. Prompt initiation of IV antibi-
otics is critical. Timing of surgical drainage 
is debated with regard to immediate versus 
an initial period of observation with a trial of 
antibiotics. This is dependent on many fac-
tors including the age of the patient (pedi-
atric vs. adult), the size of the abscess, and 
location of the abscess. Visual acuity deficits 
are an absolute indication for immediate 
surgical exploration. Surgical drainage can 
be approached via an external Lynch inci-
sion, an endoscopic nasal approach, or both. 

Treatment of a concomitant sinusitis should 
be done as well (Figure 8.8).
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Figure 8.8 Note the orbital proptosis and 
 cellulitis associated with this patient with a 
large medial subperiosteal abscess.

Figure 8.7 An axial CT sinus scan revealing 
left ethmoid sinusitis with a fluid collection 
between the lamina papyracea and the medial 
periorbita. As the collection enlarges, it would 
continue to displace the medial rectus laterally.
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CHAPTER 9

Benign Sinonasal 
Masses
Kristin Seiberling and Peter-John Wormald

Mucocele

DEFINITIONS AND CLINICAL FEATURES
Paranasal sinus mucoceles are expansile cys-
tic lesions lined by respiratory epithelium. 
Mucoceles are thought to develop from 
the obstruction of the sinus ostium with 
resultant accumulation of mucus, which 
over time expands the sinus. Blockage of 
the sinus ostium may occur due to a variety 
of reasons including local trauma, previous 
surgery, repeated infections, polyps, and 
tumors. Although rare, they are the most 
common expansile lesions of the paranasal 
sinuses. Furthermore, while benign, local 
expansion may thin and destroy surround-
ing bone leading to extension into nearby 
structures such as the orbit and frontal 

lobe. Most mucoceles are sterile; however, if 
infected, a mucopyocele may develop, which 
has the potential to lead to meningitis or a 
brain abscess.

Mucoceles are most commonly located 
in the frontal sinus (77%) followed by the 
frontal/anterior ethmoids (14%), anterior 
ethmoids (5%), maxillary sinus (3%), and 
posterior ethmoids (1%).1 The narrow anat-
omy of the frontal sinus drainage pathway 
likely contributes to its high propensity for 
mucocele development.

Presentation varies according to the loca-
tion of the mucocele. Anterior mucoceles 
that push on the globe may present with 
proptosis, periorbital pain, and decreased 
mobility. Loss of the anterior table of the 
frontal sinus may lead to forehead swelling 
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and headache (Figure 9.1). Localized oste-
itis of the anterior table may result in Pott’s 
puffy tumor (abscess), which in turn may 
form a chronic fistula connecting the fron-
tal sinus mucocele with the skin. Maxillary 
sinus mucoceles may present with local-
ized cheek discomfort, proptosis, and 
dental pain. Posterior ethmoid mucoceles 
may expand against the orbital apex lead-
ing to blurred vision and decreased orbital 
mobility.

Histologically, mucoceles are lined with 
pseudostratified columnar epithelial cells 
with few ciliated cells and hypertrophic 
goblet cells. Reactive bone formation may 
be found adjacent to the mucocele as well 
as surrounding inflammatory infiltration. 
Inside the mucocele, there is sterile mucus 
with cholesterol crystals.

DIFFERENTIAL DIAGNOSIS
Differential diagnosis includes paranasal 
sinus tumors both benign and malignant, 
mucus retention cyst, antrochoanal polyp 
(ACP), and fungal ball. Tumors are easily 
differentiated by the presence of enhance-
ment with contrast, while both mucus reten-
tion cyst and ACP tend not to fill the entire 
sinus. A maxillary sinus fungal ball may 
cause bowing of the sinus wall; however, 
they can be differentiated by the presence 
of calcifications, which can be visualized on 
computed tomography (CT) scan.

WORKUP
CT is the imaging of choice for the diagnosis 
of mucoceles. Typical findings on CT scan 
include complete opacification of the sinus, 
low-density mucoid material, thinning of 
surrounding bone with bowing of the sinus 
wall, and sinus expansion (Figure  9.2). 
Over time, loss of surrounding bone may 
be seen with extension of the lesion into 
adjacent tissue. If contrast is administered, 
peripheral enhancement may or may not be 
seen. Magnetic resonance imaging (MRI) 
is not the modality of choice for diagnosis 
of mucocele. The MRI signal intensity is 
variable and depends on the concentration 
of water, protein, and mucus in the fluid. 
However, MRI may be beneficial to distin-
guish mucoceles from solid tumors.

TREATMENT
Mucoceles are treated with surgical drain-
age and marsupialization of the affected 
sinus (Figure 9.3). Medical therapy does not 
have a role in the management of mucoceles 
unless it becomes infected (mucopyelocele). 

Figure 9.1 Right frontal sinus mucocele with 
visible expansion of the forehead and proptosis.

Figure 9.2 CT scan of patient pictured 
in Figure 9.1. Scan demonstrates the right 
frontal sinus mucocele with compression of 
the orbit. The mucocele appears as a smooth 
expansile mass.
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In the case of the latter, surgery combined 
with antibiotics is appropriate. Surgery can 
be endoscopic (preferred), external, or a 
combined approach depending on the size 
and location of the lesion. The endoscopic 
approach allows for drainage and marsupi-
alization of the mucocele without removal 
of the sinus mucosa, whereas the external 
approach involves complete extirpation of 
the lesion including the sinus mucosa. The 
treatment of choice for mucoceles is endo-
scopic drainage with close follow-up for 
recurrence.

Antrochoanal polyp

DEFINITIONS AND CLINICAL FEATURES
An ACP is a solitary polyp that arises from 
the maxillary sinus and extends into the 
choanae. Overall, ACPs account for 4%–6% 
of all intranasal polyps.2,3 Although the 
etiologic causes of ACPs are yet to be deter-
mined, chronic sinusitis and allergic rhinitis 
have been implicated.4,5 Etiologic factors 
may include allergic rhinitis and chronic 
sinusitis. They are more commonly found in 
children and young adults. ACPs are gen-
erally unilateral and typically present with 
nasal obstruction and drainage. Other symp-
toms may include snoring, mouth breath-
ing, epistaxis, and anosmia. Pathologically, 

ACPs are lined by respiratory epithelium 
with inflammatory infiltrates seen in the 
stroma much like inflammatory nasal pol-
yps, however, with significantly less eosino-
phils.6 Unlike nasal polyps, ACPs tend to be 
solitary and unilateral, although bilateral 
cases have been reported.7,8 ACPs are pear 
shaped with two components: a large cystic 
component, which is found in the maxillary 
antrum, and a smaller solid part in the nasal 
cavity. The maxillary component originates 
from the posterior wall 85%–100% of the 
time.9–11 Most ACPs leave the maxillary 
sinus thru an accessory ostium as reported 
in several studies.11

DIFFERENTIAL DIAGNOSIS
Inflammatory polyp, inverted papilloma 
(IP), mucus retention cyst, mucocele, 
malignant tumors of the sinonasal cavity 
and nasopharynx.

WORKUP
ACPs are diagnosed primarily by nasal 
endoscopy and CT scan. Nasal endoscopy 
typically reveals a large smooth polyp with 
extension into the nasopharynx (Figure 9.4). 
Larger polyps may be visualized through 

Figure 9.3 Intraoperative cavity of the right 
frontal sinus mucocele depicted in Figures 9.1 
and 9.2.

Figure 9.4 Nasal endoscopy demonstrating 
right antrochoanal polyp with obstruction 
of the nasal cavity.
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the mouth as they hang down from the 
nasopharynx. On CT scan, ACP appears 
as a soft tissue mass that occupies the 
maxillary antrum with extension to the 
nasopharynx (Figure 9.5). There may be 
enlargement of the sinus without bony 
destruction.

TREATMENT
Complete surgical removal is the only treat-
ment for ACP. Functional endoscopic sinus 
surgery with removal of the antral com-
ponent is the preferred surgical technique. 
Recurrence rates are high with simple pol-
ypectomy without removal of the antral 
portion. A Caldwell–Luc procedure may be 
used in conjunction with FESS if there is 

concern that some of the antral component 
may be left behind.

Juvenile nasal angiofibroma

DEFINITIONS AND CLINICAL FEATURES
Juvenile nasal angiofibroma (JNA) is a 
benign highly vascular tumor found exclu-
sively in males, usually in the adolescence 
years. Despite accounting for only 0.5% 
of all head and neck tumors, they are the 
most common of benign nasopharyngeal 
neoplasms.12 JNAs originate from the supe-
rior lip of the sphenopalatine foramen at 
the junction of the pterygoid process of the 
sphenoid bone and the sphenoid process of 
the palatine bone. Although benign and 

Figure 9.5 CT findings of a right ACP, which shows a smooth mass within the maxillary sinus 
with extension into the choana and nasopharynx.
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slow growing, JNAs are locally aggressive 
and may invade critical surrounding struc-
tures if left untreated. JNAs initially expand 
intranasally into the nasopharynx and nasal 
cavity and then into the pterygomaxillary 
space. Over time, JNAs will eventually 
erode bone and invade the infratemporal 
fossa, orbit, and middle cranial fossa.

Patients commonly present with recur-
rent epistaxis and nasal obstruction. Other 
symptoms may include hearing loss due to 
chronic otitis media, nasal drainage, and 
soft palate deformity. In larger tumors facial 
swelling, cranial neuropathy, proptosis, and 
visual disturbances may occur. On endos-
copy, a smooth lobulated mass is often noted 
in the nasopharynx and/or lateral nasal wall 
(Figure 9.6). The tumor may appear as a 
pale, purplish, red-gray, or beefy red mass. 
A patient presenting with these signs and 
symptoms should not undergo biopsy due 
to the risk of bleeding.

DIFFERENTIAL DIAGNOSIS
Malignancy of the nasopharynx or sinonasal 
cavity, IP, ACP, and nasal polyps.

WORKUP
Imaging is the key diagnostic modality in 
the workup of a suspected JNA. Biopsies 
are generally discouraged due to the risk of 
uncontrolled hemorrhage. CT is particularly 

effective at delineating bony changes, while 
MRI is useful in evaluating tumor exten-
sion into the orbit and intracranial compart-
ments. MRI will also help delineate tumor 
from mucosal inflammation and sinus fluid. 
Extensive bony destruction is not a com-
mon feature; however, bone remodeling and 
resorbtion do occur with larger tumors. On 
imaging, a soft tissue mass is centered on the 
sphenopalatine foramen often causing it to 
be widened (Figure 9.7). There is typically 
bowing of the posterior wall of the maxil-
lary antrum anteriorly (Holman–Miller 
sign) as the mass extends into the pterygo-
palatine fossa. Classically the Vidian canal 
is widened in the floor of the sphenoid and 
the tumor expands posteriorly. Angiography 
is helpful in defining the blood supply to 
the tumor and can be used to embolize the 
tumor prior to surgery (Figure 9.8). The 
supply of the tumor is mainly from branches 
of the external carotid artery, including the 
internal maxillary artery, ascending pharyn-
geal artery, and palatine artery.

TREATMENT
Surgical resection is the treatment of choice 
and is usually performed with preopera-
tive embolization to help with hemostasis. 
Preoperative embolization has been shown 
to reduce intraoperative blood loss by up 
to 50% compared to those not treated with 

Figure 9.6 Nasal endoscopy and intraoperative specimen of a large JNA tumor.
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embolization prior to surgery.13 However, 
embolization does have its detractors with 
some studies noting that embolization may 
help obscure tumor extension and may 
increase the risk of leaving residual tumor 
behind.14,15 Furthermore, the possible 
benefit of embolization must be weighed 
against known risks of the embolic mate-
rial entering the internal carotid circula-
tion.16,17 Today embolization is routinely 
performed before endoscopic excision. 
The surgical approach chosen depends on 
the size, location, and extent of spread of 
the tumor. Transnasal endoscopic resection 

is an established treatment of early-stage 
tumors and is associated with decreased 
morbidity (Figure  9.9).18 Larger tumors 
may be resected with an external approach 
(transfacial, craniofacial resection) in less 
experienced hands; however, endoscopic-
assisted resection of advanced JNAs has 
been reported with good success and mini-
mal morbidity.19 Surgical management of 
tumors that extend intracranially poses a 
significant challenge and usually requires a 
multidisciplinary team–based approach.

Nonsurgical treatment options include 
chemotherapy, radiation, and hormonal 
therapy. Oral antiandrogens may have a 
role as a neoadjuvant treatment in exten-
sive tumors. Although clinical data are 
limited, antiandrogens have been shown to 
decrease tumor burden and may allow for 
a more conservative surgical resection.20 
Radiation is generally reserved for the 
treatment of advanced JNAs. Radiation 
has been shown to improve local control 
rates, but its use must be balanced by 
known complications such as cataracts, 
hypopituitarism, and malignant transfor-
mation.21 Where complete tumor removal 
is not feasible, radiation is a viable postop-
erative option to help minimize the risk of 
recurrence.

Figure 9.7 CT and MRI findings of a JNA centered on the sphenopalatine foramen with 
 destruction of the sphenoid bone and pterygoid plate.

Figure 9.8 Angiography demonstrates large 
vascular tumor consistent with JNA.
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Systemic disorders

SARCOIDOSIS
Definitions and clinical features
Sarcoid is a multisystemic inflammatory 
disease of unknown etiology. In more 
than 90% of cases, it involves the lungs 
and intrathoracic lymph nodes, but it may 
involve virtually any organ in the body.22 
Sinonasal sarcoidosis is reported in about 
1% of cases and tends to favor African-
Americans and females. The most common 
site of involvement appears to be the septum 
and inferior turbinate. Sarcoid rhinosinus-
itis typically present with nasal obstruc-
tion, epistaxis, anosmia, and crusting.23,24 

Failure to diagnosis sarcoid rhinosinusitis 
may lead to scarring and dysfunctional nasal 
epithelium and intractable symptoms simi-
lar to atrophic rhinosinusitis.

Differential diagnosis
Differential diagnosis includes other dis-
ease processes associated with granuloma-
tous inflammation, including tuberculosis, 
Wegener’s granulomatosis (WG), and fun-
gal infection.

Workup
Diagnosis is made by clinical history, suitable 
x-ray findings, biopsy, and applicable labora-
tory findings. deShazo et al. proposed three 

(a)

(c)

(b)

(d)

Figure 9.9 (a) Preoperative nasal endoscopy showing large vascular mass within the nasal cavity. 
(b) Postoperative nasal endoscopy after transnasal endoscopic removal. (c and d) CT and MRI 
findings of the vascular mass prior to surgical removal.
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diagnostic criteria for sarcoid rhinosinus-
itis: (1) sinus mucoperiosteal thickening or 
opacification on imaging, (2) tissue biopsy 
from the upper respiratory tract consistent 
with noncaseating granuloma, and (3) data 
present to exclude other disease processes 
with granulomatous inflammation such as 
WG, tuberculosis, and fungal infection.25 
Angiotensin-converting enzyme (ACE) is 
commonly elevated in sarcoidosis; however, 
this finding is both nonspecific and insen-
sitive.26 Hypercalcemia is found in 10% of 
patients and hypercalciuria in 35% of cases.27 
On nasal endoscopy, nodules may be seen 
along the nasal septum and/or turbinates 
(Figure 9.10). The nasal mucosa may appear 
erythematous and granular with a polyp-
oid appearance. Oftentimes, pale yellowish 
raised dots are visualized along the mucosa. 
In addition, crusting of nasal secretions may 
line the nasal cavity (Figure 9.11). CT imag-
ing may reveal turbinate or septal nodular-
ity, osteogenesis, and bone erosion.

Treatment
Treatment of sinonasal sarcoidosis is medi-
cal with saline irrigations and topical  and/

or systemic corticosteroids. Steroid-sparing  
agents such as methotrexate are used as an 
alternative to long-term oral steroid use. 
Surgery is reserved for refractory cases.

WEGENER’S GRANULOMATOSIS
Definitions and clinical features
WG is a rare vasculitis disorder characterized 
by granulomatous inflammation and small 
vessel vasculitis that generally affects the 
kidneys and upper/lower respiratory tract. 
The majority of patients are Caucasians 
(97%) with a mean age of 40–50  years.28 
Up to 72%–99% of those diagnosed with 
WG will have head and neck manifestations 
with mostly sinonasal involvement.29,30 
Oftentimes, sinonasal complaints are the 
first symptoms of WG. In a study of 120 
cases of WG, 89% exhibited sinonasal symp-
toms with the majority bothered by nasal 
crusting (69%) (Figure 9.12), chronic rhi-
nosinusitis  (61%), nasal obstruction (58%), 
and epistaxis (52%).31 Other findings of 
sinonasal WG include smell loss, purulent 
rhinorrhea, mucocele formation, septal 
perforation, and saddle nose deformity 
(Figure 9.13). On endoscopy, diffuse crust-
ing is typically seen with or without septal 
perforation and loss of normal visualized 

Figure 9.10 Nodular lesions along the 
 septum and inferior turbinate in a patient with 
sarcoidosis.

Figure 9.11 Septal perforation with adhesions 
between the septum and middle turbinate with 
diffuse nasal crusting seen in a patient with 
sinonasal sarcoidosis.
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structures (Figures 9.14 and 9.15). With 
advanced disease, there may be significant 
scarring with loss of normal visualized struc-
tures. Ophthalmologic symptoms include 

epiphora, dacryocystitis, orbital mass, and 
pseudotumor. Ocular manifestations usu-
ally occur in conjunction with sinonasal dis-
ease; however, this can represent an isolated 
manifestation of the WG (Figure 9.16).32 
Patients with WG are at risk of mucocele for-
mation due to scarring of the sinus ostium. 
Figures 9.17 and 9.18 show a patient with 
orbital proposis and swelling due to a frontal 

Figure 9.12 Nasal endoscopy showing 
 granulomas on mucosa covered by extensive 
crusting in the nasal cavity.

Figure 9.14 Complete loss of normal visualized 
structures in the nasal cavity of a patient with 
Wegener’s granulomatosis. There is diffuse 
crusting seen lining the nasal cavity.

Figure 9.13 Saddle nose deformity from active 
Wegener’s granulomatosis.

Figure 9.15 Dense adhesion between the 
septum and nasal wall with the middle turbinate 
seen posteriorly. Anteriorly, there is diffuse 
nasal crusting with scar tissue and loss of the 
normal appearance of the inferior turbinate 
in a patient with Wegener’s granulomatosis.



78 SECTION 2 Rhinology

sinus mucocele, which eroded into the orbit. 
The patient underwent endoscopic marsu-
pialization of the mucocele and responded 
well to the treatment (Figure 9.19).

Differential diagnosis
Differential diagnosis includes other granu-
lomatous diseases as mentioned earlier.

Workup
Laboratory testing for antinuclear anti-
bodies (c-ANCA) has become one of the 

primary diagnostic tools used to diagnose 
WG. Positive c-ANCA can be found in 96% 
of patients with severe and 83% of patients 
with limited disease.33 Localized disease 
may be c-ANCA negative. As the disease 
progresses, the c-ANCA may convert to a 
positive finding. Localized disease may be 
c-ANCA negative and further testing with 
a biopsy may be indicated. Tissue biop-
sies typically demonstrate granulomatous 
inflammation, vasculitis, and necrosis.

Treatment
Conservative treatment is recommended 
before surgical intervention in these 
patients. For WG rhinosinusitis, long-term 
antibiotics paired with topical nasal ste-
roids and aggressive saline irrigations are 
recommended. Endoscopic sinus surgery 
in the setting of WG is challenging due to 
ongoing inflammation, scarring, and crust-
ing and distorted anatomy. Furthermore, 
complete surgical cure is uncommon and 
may contribute to additional scarring and 
lead to protracted sinonasal symptoms. For 
systemic manifestations, a combination of 
high-dose corticosteroids and immunosup-
pressants is used.

Figure 9.16 CT and MRI of Wegener’s 
 granulomatosis presenting as an orbital mass.

(a) (b)

Figure 9.17 (a) Patient with Wegener’s granulomatosis who presented with orbital  proptosis sec-
ondary to frontal sinus mucocele, which eroded into the orbit. (b) Prior to endoscopic  drainage, 
nasal endoscopy demonstrated scarring of the nasal cavity with crusts and no identifiable outflow 
track of the frontal sinus.
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INVERTED PAPILLOMA
Definitions and clinical features
IP or Schneiderian papilloma is a benign 
neoplasm that represents 0.4%–4.77% of 
all sinonasal tumors.34 There is a signifi-
cant predilection for males and are most 
frequently seen in patients 40–60  years of 
age. IPs occur from localized attachment 
sites, most commonly the maxillary sinus 
(42%), ethmoid sinus (18%), nasal cavity 
(15%), middle/superior turbinate (12%), 
frontal sinus (10%), sphenoid sinus (1.5%), 
and cribriform plate (1.5%).35 Presentation 
is similar to other sinonasal masses with the 

most common symptoms being that of nasal 
obstruction, sinus discomfort/pain, and 
epistaxis. IPs are locally aggressive, have a 
tendency for recurrence if not completely 
removed, and are associated with carcinoma 
in 11% of cases.34 In a large analysis of the 
literature, IPs were found to be associated 
with carcinoma in situ 3.4% of the time, syn-
chronous cases in 7.1%, and 3.6% with meta-
chronous carcinoma.12

Differential diagnosis
Nasal polyps, sinonasal carcinoma, ACP, 
JNA, olfactory neuroblastoma, and parana-
sal sinus mucocele.

Workup
CT findings are generally nonspecific, 
demonstrating a soft tissue mass with 
some enhancement. The location of the 
mass may help with the diagnosis. IPs are 
typically found along the lateral nasal wall 
related to the middle turbinate and maxil-
lary sinus ostium (Figures 9.19 and 9.20). 
Calcifications may be found as well as 
focal hyperostosis, which tends to occur 
at the site of tumor origin/attachment 
(Figure 9.21). As the IP enlarges, there may 
be bony resorption and destruction similar 
to that seen in malignant tumors. On both 

Figure 9.18 CT of patient with Wegener’s 
granulomatosis who presented with orbital 
proptosis secondary to frontal mucocele with 
erosion into the orbit.

(a) (b)

Figure 9.19 (a) Endoscopic view of the mucocele cavity after endoscopic drainage. (b) Inverted 
papilloma extending from the maxillary sinus ostium into the nasal cavity.
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T2- and contrast-enhanced T1-weighted 
images, a distinctive appearance termed 
convoluted cerebriform pattern may be 
visualized. This MRI finding is seen in 
50%–100% of the cases and is uncommon 
in other sinonasal tumors.36,37 On endos-
copy, IP appears as irregular polypoid mass 
that tends to bleed with manipulation. 

On histology, IPs demonstrate respiratory 
epithelium, which grows into the adjacent 
stroma in an inverted pattern with charac-
teristic micromucus cysts.

Treatment
Due to the high association with malig-
nancy and potential to recur, complete 
resection is advocated. Surgical approach 
depends on tumor origination and extent 
of spread. Historically, tumors located 
along the lateral nasal wall were removed 
using an open approach: most commonly 
a lateral rhinotomy incision with medial 
maxillectomy. With advances in endoscopic 
surgical technique, most tumors can now 
be removed endoscopically. Endoscopic 
medial maxillectomy with or without 
canine fossa puncture is now considered 
the gold standard treatment for maxillary 
sinus IP (Figure 9.22). Compared to open 
techniques, endoscopic resection appears 
to have similar outcomes with less morbid-
ity.38–40 Whether an open or endoscopic 
approach is used, the complete surgical 
resection is advised. For selected lesions, 
recurrence rates are similar between open 
and endoscopic approaches and range 
between 12% and 20%.41 The presence 
of focal neo-osteogenesis on scan may 

Figure 9.21 CT findings of right inverted 
papilloma. Hyperostosis along the superior 
maxillary wall may suggest the origin of the 
inverted papilloma.

Figure 9.20 Nasal endoscopy demonstrating 
recurrent inverted papilloma extending through 
maxillary wall defect.

Figure 9.22 View into the maxillary sinus 
after endoscopic medial maxillectomy with 
removal of inverted papilloma.
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be suggestive of tumor origin and site of 
attachment and may aid presurgical plan-
ning (Figure 9.21). The site of attachment 
should be drilled down to eradicate any 
fragments of the tumor that may lead to 
recurrence if not removed.

HEMANGIOMA
Definitions and clinical features
Lobular capillary hemangioma or pyogenic 
granuloma is a rare benign vascular tumor 
of the nasal cavity that is usually found 
along the anterior septum and nasal turbi-
nates. Patients usually present with epistaxis 
and nasal obstruction. On examination, 
hemangiomas appear to be pedunculated 
red-to-purple hypervascularized mass with 
a predilection for the anterior nasal cavity 
(Figure 9.23). In a recent study of 38 cases, 
66.7% were found on the septum, 18.2% on 
the vestibule, 12.1% on the nasal turbinate, 
and 3% in the ethmoid sinus.42

Differential diagnosis
JNA, hemangiopericytoma, angiomatous 
polyp, angiosarcoma, and hypervascular 
metastases.

Workup
Workup includes nasal endoscopy and imag-
ing. Nasal endoscopy typically reveals a 
hypervascular mass located in the anterior 
nasal cavity. CT is the recommended imag-
ing modality. Typical findings on imaging 
include an intensely enhancing mass usually 
without bony destruction or invasion into 
the paranasal sinuses.

Treatment
Complete surgical excision is recommended. 
Recurrence rates are increased if the lesion is 
not completely removed.

MENINGOCELE AND 
MENINGOENCEPHALOCELE
Definitions and clinical features
Intranasal meningoencephalocele is char-
acterized by protrusion of cerebral tissue 
and meninges through a defect in the skull 
base into the nasal cavity. Meningocele is 
characterized by the protrusion of menin-
ges without the presence of cerebral tissue. 
Most are formed as a result of a congeni-
tal anomaly where during development 
there is a discontinuity of the skull; how-
ever, others may occur following trauma 
or as a result of chronic elevated intracra-
nial pressure. The majority of patients are 
diagnosed as infants with the suspicion 
raised in those with coexisting craniofacial 
anomalies and recurrent CNS infections.43 
Meningoencephalocele can be associated 
with Chiari malformations, holoprosen-
cephaly, Dandy–Walker syndrome, and 
agenesis of the corpus callosum.44,45 Cases 
diagnosed as adults are rare.46,47 Clinical 
features may include mouth breathing and 
snoring due to nasal obstruction, pulsation 
of the tumor synchronous with pulse or res-
piration, and associated facial deformities. 
Rarely, the lesion may be discovered by the 
presence of CSF rhinorrhea or recurrent 
meningitis.46,48,49

Figure 9.23 Nasal endoscopy of a 
 pedunculated vascular nasal mass consistent 
with hemangioma.
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Differential diagnosis
Other midline masses such as glioma, der-
moid, nasal polyp, hemangioma, and neo-
plastic lesion.

Workup
Imaging of a suspected meningoencepha-
locele should be performed before a biopsy 
is taken. Biopsy is not recommended due 
to the possibility of CSF leak. On endos-
copy, meningoencephalocele may be seen 
as a smooth lobulated mass hanging down 
in the nasal cavity (Figure 9.24). Both CT 
and MRI are encouraged for complete 
radiologic evaluation of suspected menin-
goencephaloceles. Imaging can identify 
intracranial connections and the presence 
of herniated brain tissue. CT evaluation 
is recommended to delineate the bony 
defect and to help with surgical resection. 
Rarely the lesion is missed on a CT scan 
and the diagnosis is only made by MRI. 
MRI also helps pick up the presence of 
associated cranial anomalies as mentioned 
earlier.

Treatment
The treatment of meningoencephaloceles 
is solely surgical. The surgical approach 
depends on the location of the lesion and the 

size of the defect. Lesions may be removed 
using a craniotomy or endoscopic approach. 
Endoscopic transnasal approach is becom-
ing increasingly more common. Currently, 
it is recommended for lesions with small 
skull base defects; however, in the hands of 
advanced endoscopic surgeon, larger lesions 
may be addressed. Key points in surgical 
resection include the identification of the 
skull base, bipolar resection of the neck of 
the meningoencephalocele sac, and mul-
tilayer closure. Prior to grafting, the skull 
base should be prepared by gentle resection 
of the mucosa around the skull base defect. 
Various grafting materials have been advo-
cated including cartilage, bone, fat, fascia, 
and alloderm.50–52
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Benign Skull 
Base Tumors
Monica Oberoi Patadia, Kevin Swong, 
and Anand V. Germanwala

Pituitary adenomas

Monica Oberoi Patadia, Kevin 
Swong, and Anand V. Germanwala

DEFINITION AND CLINICAL FEATURES
Pituitary adenomas represent approximately 
15% of all intracranial tumors. These tumors 
usually cause symptoms by compression of 
the optic chiasm or functionally through 
overproduction of hormones; smaller non-
functioning or nonsecreting adenomas may 
be found incidentally. Tumors less than 
10 mm in diameter are described as micro-
adenomas, while those 10 mm or larger are 
referred to as macroadenomas.

Nonfunctioning tumors are most com-
mon and usually present with a classic bitem-
poral visual field deficit from compression of 
the optic chiasm (Figure 10.1). Compression 
of other adjacent structures can occasionally 
create additional symptoms: headache due 

to compression of the dura, diplopia, ocu-
lomotor palsies, and rarely facial numbness 
from compression of the cavernous sinuses, 
and hypopituitarism from compression of 
the remnant pituitary gland. With func-
tioning or secreting adenomas, symptoms 
on presentation are related to hormone 
secretion. While prolactin (PRL)-secreting 
tumors are the most common functioning 
pituitary tumor and lead to oligo-/amenor-
rhea and galactorrhea, adrenocorticotropin 
(ACTH)-secreting tumors cause Cushing’s 
disease/hypercortisolism, growth hormone 
(GH)-secreting tumors cause acromegaly/
gigantism, and thyroid-stimulating hor-
mone (TSH)-secreting tumors cause hyper-
thyroidism. Pituitary apoplexy refers to the 
rare occurrence of pituitary infarction or 
hemorrhage within an existing adenoma 
and can often be a clinical emergency. 
It occurs in 2%–7% of tumors and can be 
the initial presentation of a patient with an 

•   Pituitary adenomas

•   Benign fibro-osseous lesions

•   Suggested reading
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unknown adenoma. Presenting symptoms 
are commonly acute headache, rapid vision 
deterioration, and, rarely, an altered level of 
consciousness. Patients may require imme-
diate steroid and thyroid hormone replace-
ment and urgent surgical resection of the 
adenoma with decompression of the visual 
pathways.

DIFFERENTIAL DIAGNOSIS
Other intracranial masses may present in 
this location with similar symptoms. They 
include Rathke’s cleft cysts, craniopha-
ryngiomas, meningiomas, infundibular 
granular cell tumors, chordomas, epider-
moids, pituitary hyperplasia, arachnoid 
cysts, ectopic germinomas, and, rarely, 
metastatic tumors. Extracranial sphenoid 
lesions with similar findings include a 
mucocele or fungus ball. Granulomatous/
infectious disorders include sarcoidosis 
and tuberculomas.

WORKUP
Magnetic resonance imaging (MRI) 
with and without gadolinium is the test 

of choice to help identify the presence of 
an adenoma and define its boundaries. It 
is important to determine if the mass has 
extended superiorly toward the suprasellar 
optic nerve or chiasm, laterally toward the 
cavernous sinus with encroachment on the 
internal carotid artery and/or sixth cranial 
nerve, inferiorly into the sphenoid sinus, 
and posteriorly toward the brainstem. 
Adenomas are avidly contrast enhancing 
(Figure  10.2). Compression of the visual 
apparatus and identification of the normal 
gland and infundibulum can also be visu-
alized. A  computerized tomography (CT) 
scan can also provide information on the 
presence of acute hemorrhage and the bony 
anatomy along the skull base and within 
the sinuses.

Workup ideally should involve a mul-
tidisciplinary team with evaluation by a 
neurosurgeon, endocrinologist, neuro- 
ophthalmologist, and otolaryngolo-
gist. Serum hormone levels for all six of 
the anterior pituitary hormones should 
be checked: ACTH, TSH, GH, PRL, 
follicular- stimulating hormone (FSH), 
and luteinizing hormone (LH) for women 

Left Right

30° 30°

Figure 10.1 Humphrey visual field testing revealing a bitemporal homonymous hemianopsia. This 
finding is highly suggestive of compression of the optic chiasm.
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and testosterone for men. Additional 
information regarding the  hypothalamic–
pituitary–adrenal axis can be gained 
by checking serum levels of sodium (to 
assess for hypernatremia from vasopres-
sin deficiency), free thyroxine, insulin-
like growth factor-1, and cortisol. Formal 
visual acuity and field testing should also 
be performed.

TREATMENT
Treatment recommendations depend on 
several factors, including size, the pres-
ence of neurologic visual symptoms, and 
the functional status of the tumor. Small, 
incidental, nonfunctioning tumors are 
commonly observed with serial imaging 
on an annual basis. Intervention in these 
cases is usually offered when there is sig-
nificant growth or the development of 
symptoms.

PRL-secreting tumors are usually first 
managed pharmacologically with dopamine 
receptor agonists such as bromocriptine 

or cabergoline. GH-secreting adenomas 
may be initially treated with somatostatin 
analogs, while ACTH-secreting adenomas 
may be treated with medications that lower 
the adrenal gland’s production of cortisol; 
however, medical therapy is not as effective 
in these cases and many patients undergo 
a multidisciplinary treatment with surgery 
and/or radiation therapy/radiosurgery.

Symptomatic and large adenomas, or 
non-PRL-secreting functioning tumors, 
are usually treated with surgery. Surgical 
interventions for adenomas are most com-
monly performed through transsphenoidal 
approaches (microscopic sublabial or endo-
scopic endonasal). Craniotomy for resec-
tion is reserved for very large tumors that 
require significant additional exposure. 
The endoscopic endonasal transsphenoidal 
approach for resection of adenomas with 
four-handed technique can be performed by 
an otolaryngologist and neurosurgeon and 
is gaining increasing  popularity (Figures 
10.3 through 10.9). This team approach 
combines otolaryngology expertise for 

Figure 10.2 Preoperative coronal MRI 
T1 with gadolinium demonstrating a large 
contrast- enhancing mass within the sella 
with suprasellar extension and chiasmatic 
compression.

Figure 10.3 Intraoperative  endoscopic 
endonasal photo demonstrating 
drilling of an intersphenoidal septum (black 
arrow).
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access and closure and  neurosurgical 
expertise for  adenoma resection. Surgery 
is also  offered to patients with adenomas 
that are medically refractory or who are 

unable to tolerate the side effects of medi-
cal therapy.

With surgically unresectable tumors, 
nonsurgical candidates, or in patients 

Figure 10.4 Intraoperative stereotactic navigation system that is used during the approach and 
resection to verify landmarks. A midline location along the floor of the sella is verified prior to 
dural opening.

Figure 10.5 Intraoperative endoscopic 
endonasal photo demonstrating expression 
of the adenoma after dural opening (black 
arrow).

Figure 10.6 Intraoperative endoscopic 
endonasal photo demonstrating the 
medial right cavernous wall (white arrow), 
 identification of the diaphragma during 
 adenoma resection (black arrow), and suction 
removing left-sided residual adenoma.
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with recurrent or residual disease who do 
not want to undergo additional surgery, 
radiation therapy/radiosurgery may be 
considered.

Benign fibro-osseous lesions

Monica Oberoi Patadia

DEFINITION AND CLINICAL FEATURES
There is a wide spectrum of benign bone 
containing lesions within the paranasal 
sinuses and head and neck. All of these 
lesions share the common denominator of 
normal bone that is replaced by fibroblasts 
with a variable level of mineralized colla-
gen matrix. Fibrous dysplasia has the least 
amount of bone present and osteomas result 
in the greatest amount of bone present.

Due to the varied histomorphologic pat-
terns of stroma and bone in these lesions, 
there has been controversy and confusion 
concerning classification of these lesions. 
There are many entities and some may 
indeed have overlapping microscopic or 
clinical features. The most common enti-
ties affecting the paranasal sinuses are 
described later.

Fibrous dysplasia
Fibrous dysplasia results from an excess 
production of immature bone. Osseous 

Figure 10.7 Intraoperative endoscopic 
endonasal photo demonstrating dural 
 reconstruction with onlay collagen allograft.

Figure 10.9 Postoperative coronal MRI T1 
with gadolinium of the patient in Figure 10.2 
demonstrating gross total resection of the 
large adenoma, decompression of the optic 
 apparatus, and visualization of the infundibulum. 
The patient had an immediate full resolution of 
her preoperative bitemporal visual field deficit.

Figure 10.8 Intraoperative endoscopic 
endonasal photo demonstrating placement of 
a right-sided Hadad nasoseptal flap over the 
dural repair.
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proliferation of the maxilla is most com-
mon, followed by the mandible. This dis-
ease most commonly affects adolescents, 
usually in the late first and early second 
decades. Asymmetric and painless osse-
ous expansion is often present (see Figure 
10.10). This lesion can also cause signifi-
cant pain or result in loss of vision if the 
bone growth results in obstruction of neu-
ral foramina. Growth often stops when the 
bones stop growing; however, growth can 
resume when a patient is pregnant.

Bone involvement can involve a solitary 
bone (monostotic) or many bones (poly-
ostotic). The monostotic variant is more 
common at approximately 70%. In less than 
5% of cases, patients with polyostotic bone 
may also present with precocious puberty 
or other endocrine dysfunction and café-
au-lait spots. In these cases, McCune–
Albright syndrome should be considered. 
McCune–Albright syndrome is thought to 
be due to a mutation in the gene encod-
ing the G protein alpha-subunit (Gs-alpha) 
that couples cAMP to hormone receptors. 
Mazabraud syndrome is an extremely rare 
combination of fibrous dysplasia with soft 

tissue myxomas. Cherubism, also known as 
familial fibrous dysplasia, is another benign 
dysplastic bone disease that is limited to the 
maxilla and mandible. It was once consid-
ered a variant of fibrous dysplasia; however, 
it is no longer included in the classification 
of fibro-osseous lesions.

Ossifying fibroma
These lesions are present in the slightly older 
population compared to fibrous dysplasia. 
They can occur in the mandible and max-
illa (most common), but also in the orbit, 
paranasal sinuses, and anterior skull base. 
Older terminology including cementifying 
fibroma and cemento-ossifying fibroma may 
be used for lesions noted in the mandible. 
Findings can be incidental or due to symp-
tomatic swelling.

Osteomas
Osteomas are slow-growing, dense, well-
delineated, radiopaque lesions (see Figure 
10.11). They are usually present within 
the frontal sinus (80%) or ethmoid sinuses 
(15%). Osteomas are often found due to 

Figure 10.10 Axial CT scan revealing extensive ground glass appearance of the left maxillary 
sinus. This is highly suggestive of fibrous dysplasia. The dysplasia resulted in facial asymmetry with 
enlargement of the left cheek and superior and anterior displacement of the orbit.
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sinonasal obstruction resulting in sinusitis 
or rarely mucocele formation. Direct mass 
effect of adjacent structures can also be 
noted. They are often found as an inciden-
tal finding in up to 3% of sinus imaging 
scans or present with facial pain or cranio-
facial deformity. Three possible mecha-
nisms for pain are suggested including 
local effect, referred pain via the trigemi-
nal nerve, and a prostaglandin E-2–medi-
ated mechanism.

Sinonasal osteomas are solitary; however, 
a finding of multiple osteomas should raise 
the possibility of familial adenomatous pol-
yposis (Gardner syndrome).

DIFFERENTIAL DIAGNOSIS
Fibrous dysplasia, osteomas, osteoblastoma, 
ossifying fibroma, Gardner syndrome, juvenile 

(aggressive) ossifying fibroma, McCune–
Albright, osteoradionecrosis, osteo sarcoma, 
Paget’s disease, osteomyelitis, familial fibrous 
dysplasia (cherubism), hyperparathyroidism

WORKUP
The definitive diagnosis of any fibro-osse-
ous lesion requires a complete history with 
correlation with radiographic findings, 
as well as histopathology. On history, the 
age of the patient, sex of the patient, race 
of the patient, location of the lesion, and 
the progression of growth should all be 
considered.

Fibrous dysplasia
Fibrous dysplasia often has the typical 
ground glass appearance on CT imag-
ing, as noted in Figure 10.10. There are 
no discrete margins noted on imaging. 
The affected bone blends subtly into the 
normal appearing bone, which is criti-
cal to its diagnosis. Histologically, there 
is an expanded intramedullary space that 
contains immature spindle fibroblast cells. 
Malignant transformation to an aggressive 
osteosarcoma would be very rare. Serial 
CTs and monitoring for any loss of vision 
should be done.

Ossifying fibroma
The radiographic findings of ossifying 
fibroma can range anywhere from radiolu-
cent to radiopaque, depending on the matu-
rity of the lesion. On histology, an outer 
border of cellular fibrous tissue is noted. 
Within this there is an avascular fibrous tis-
sue that can range from acellular to highly 
cellular collagen.

Osteoma findings
The CT findings include a very well-cir-
cumscribed mass with varying densities 
ranging from dense cortical bone to a 
less dense ground-glass appearance. The 
osteomas are often found within a sinus 
but can also have an exophytic growth 

Figure 10.11 CT coronal view of the sinus 
revealing a large fibro-osseous lesion, consist-
ent with an osteoma. This osteoma involves the 
frontal sinus and erodes the superior aspect of 
the orbital roof on the left side. Patient pre-
sented with headaches and diplopia.
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pattern. Histologically, osteomas can be 
divided into ivory, mature, or mixed types. 
Distinguishing an osteoma from an osteo-
blastoma can be challenging.

TREATMENT
Fibrous dysplasia
Surgery should be considered for any disfig-
uring fibrous dysplasia or neurologic deficits 
due to foraminal compression (i.e., visual 
loss). Bisphosphonates can be considered for 
patients with pain due to fibrous dysplasia. 
Sculpting procedures may be considered for 
esthetic indications.

Ossifying fibroma
In contrast to fibrous dysplasia, ossifying 
fibromas should be completely resected 
as the growth rate is not predictable. 
Usually, the lesions are well demarcated, 
and hence, a narrow margin may be used. 

Aggressive  behavior or recurrence may 
require wider margins.

Osteomas
Surgical intervention is required only if lesions 
are symptomatic due to pain or obstruction 
of the sinus outflow tracts or impingement 
on surrounding structures. Depending on 
the location and size, an endoscopic or open 
or combined approach may be used.

Suggested reading
Eversole R, Su L, ElMofty S. 2008. Benign fibro- 

osseous lesions of the craniofacial complex: 
A review. Head and Neck Pathology 2(3): 
177–202.

Kennedy DW, Hwang PH. 2012. Pathology of 
the sinonasal region and anterio and central 
skull base. Rhinology: Diseases of the Nose, 
Sinuses, and Skull Base. New York: Thieme.
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Introduction

Malignant neoplasms of the sinonasal tract 
are uncommon tumors of the head and 
neck region accounting for approximately 
5% of upper respiratory tract malignan-
cies. Presenting symptoms are often simi-
lar to those associated with paranasal sinus 
inflammatory disease, and thus, early diag-
nosis requires a high index of clinical suspi-
cion. Key distinguishing features, including 
the relative age of the patient (<50 years old 
for inflammatory disease vs. >50  years old 
for sinonasal malignancy), insidious onset of 
unilateral symptoms, and lack of prior his-
tory of sinus disease, should raise concern 
for underlying malignancy. This is further 
compounded by the advanced stage at pre-
sentation given the nonspecific nature of the 
presenting symptomatology.1

Sinonasal malignancies are generally 
divided into two main groups:  epithelial 
origin (SCC, adenocarcinoma [AC], and 
adenoid cystic carcinoma [ACC]) and 
nonepithelial origin (mucosal melanoma, 
esthesioneuroblastoma, and chondrosar-
coma). Accurate histopathologic confir-
mation and tumor staging is critical for 
optimal treatment planning. Computed 
tomography (CT) and magnetic resonance 
(MR) imaging are required for evaluation 
of sinonasal malignancy and play comple-
mentary roles to delineate the extent of 
local disease and identify tumor extension 
relative to the orbit and skull base. Positron 
emission tomography (PET)/CT assess-
ment is imperative for accurate staging and 
is commonly utilized to identify regional 
and distant disease. The combination of 
full-body CT and focal radioactive glucose 
uptake by cells can also provide standard 
uptake value information for posttreatment 
surveillance.

No standardized protocols are avail-
able for management of sinonasal malig-
nancy. Typically, the generalized treatment 
strategy consists of multimodality therapy. 

Surgical resection, with intraoperative fro-
zen section control, forms the mainstay for 
treatment of sinonasal malignancy. Open 
craniofacial resection has served as the 
workhorse for tumor extirpation for more 
than 60  years; newer techniques rely on 
the utility of minimally invasive endoscopic 
techniques for tumor removal. Minimally 
invasive endoscopic resection (MIER) has 
been successfully employed with acceptable 
oncologic outcomes and low complication 
rate. Postoperative radiation therapy is also 
a mainstay for treatment, with chemother-
apy being reserved for aggressive high-grade 
malignancies.2

While the general presentation, diag-
nostic workup, and treatment of sinonasal 
malignancies are similar for each specific 
histology, the following subsections elabo-
rate on the various malignant subtypes, 
defining key features of each.

Squamous cell carcinoma

DEFINITIONS AND CLINICAL FEATURES
Squamous cell carcinoma (SCC) represents 
the most common malignant neoplasm of 
the sinonasal tract, accounting for ~80% of 
sinonasal carcinomas. SCC most frequently 
arises in the maxillary sinus (60%–70%), 
followed by the ethmoid sinus (20%–30%), 
and the frontal and sphenoid sinuses (~1%). 
The majority of SCCs are keratinizing and 
nonkeratinizing lesions, with the undiffer-
entiated type occurring less frequently and 
having a more rapid growth pattern. The 
basaloid variant also has a more aggressive 
biologic behavior.

Males have a higher incidence, and 
SEER (Surveillance, Epidemiology, and End 
Result) incidence data suggest that although 
most cases occur among whites, paranasal 
sinus SCC is more likely to affect African-
Americans and other non-white popula-
tions. Peak incidence occurs during the 
seventh decade of life. SCC has been associ-
ated with environmental and occupational 
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exposure to wood dust, metal industry 
products (nickel and chromate), indus-
trial fumes, and textile dust. Additional 
risk factors include high levels of asbestos, 
formaldehyde, and cigarette smoke.3 More 
recently, human papilloma virus (HPV) 
has been associated with malignant trans-
formation of inverted papilloma into SCC. 
Similar to HPV-related SCC of the orophar-
ynx, HPV-positive sinonasal tumors have a 
better treatment outcome, although the 
role of HPV as a primary carcinogen in the 
sinonasal tract is unclear.4 The incidence of 
sinonasal SCC has shown a statistically sig-
nificant decline over three decades, perhaps 
related to reduced exposures and increased 
awareness.3

DIFFERENTIAL DIAGNOSIS
Other epithelial lesions, including AC and 
ACC, should be included.

WORKUP/INVESTIGATIONS
CT and MR imaging is required to deter-
mine the extent of disease (Figure 11.1a 
through c). PET imaging is required to rule 
out nodal or distant disease.

TREATMENT
Complete tumor extirpation with negative 
margins followed by adjuvant chemora-
diation is the cornerstone of treatment. If 
complete resection is not technically fea-
sible, induction chemotherapy followed 
by chemoradiation or definitive chemora-
diation may be employed with reasonable 
success rate (Figure 11.2). Salvage surgery 
may be required for residual disease after 
concurrent chemoradiation. Cervical lymph 
node metastasis at the time of diagnosis is 
reported to occur in 3%–33% of patients. 
Elective treatment of the neck should be 
considered, as failure with N0 disease 
ranges from 9% to 33%.5 The SEER 5-year 
survival rate for local disease is 85.71%. The 
5-year survival with regional and distant 
metastases decreases to 47.80% and 39.98%, 

respectively. Mean overall 20-year survival 
remains 29.37% despite decreased incidence 
of SCC.6,7

Adenoid cystic carcinoma

DEFINITIONS AND CLINICAL FEATURES
ACC is a malignant epithelial tumor aris-
ing from minor salivary glands of the upper 
respiratory tract. It is the most common 
minor salivary gland malignant histol-
ogy, representing 10% of all salivary gland 
tumors. The sinonasal tract is a common 
site for this tumor, accounting for 10%–25% 
of all head and neck ACC, making it the 
second most common malignancy of the 
nose and paranasal sinuses. The maxillary 
sinus is the most frequently involved site 
(47%–80%), followed by the nasal cavity 
(22%–30%), ethmoid sinus (11%), and sphe-
noid sinus (5%) (Figure 11.3).8

Histologically, ACC is divided into three 
major growth patterns: cribriform (well-
differentiated and described as having a 
“Swiss cheese” appearance), tubular, and 
solid (less differentiated), although most 
tumors have mixtures of cytoarchitec-
tural patterns. The histopathology confers 
prognostic significance, as the tubular and 
cribriform types tend to have a more favor-
able prognosis, while the solid form has the 
worst prognosis.9 Thorotrast exposure, a 
radioactive substance (thorium dioxide), 
has been previously reported as an etiology 
for ACC.10

ACCs have historically had a female 
predominance, with a majority reported 
in whites. Age of onset is between 40 and 
60  years, with most presenting in patients 
55  years and older. ACCs are known for 
their  prolonged history, slow progression, 
and late diagnosis, with high propensity 
for  recurrence. Local invasion coincides 
with late presentation, most commonly 
with  tumor spread to the orbit, less fre-
quently to the skull base. It has a tendency 
for recurrence, submucosal spread, and 
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 neurotropism with metastases through-
out major and minor nerves. This high 
propensity for perineural invasion can 
result in increased incidence of pain and 
neuropathies.8,11

DIFFERENTIAL DIAGNOSIS
ACC is considered in the differential diagno-
sis of most sinonasal malignancies, particularly 
poorly differentiated carcinoma, olfactory 
neuro blastoma, and pleomorphic adenoma.

(a) (b)

(c)

Figure 11.1 (a) Endoscopic view demonstrates exophytic friable mass filling the left middle 
 meatus. (b) Coronal bone window CT scan demonstrates a left maxillary sinus mass with 
 erosion of the maxilla and orbital floor. (c) Coronal T1-weighted MRI with gadolinium illustrates a 
 heterogeneously enhancing maxillary sinus mass with extension to the left middle meatus.
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WORKUP/INVESTIGATIONS
Careful workup should include high- 
resolution CT and MR imaging to define 
the extent of local disease and PET imag-
ing to rule out regional and distant metasta-
sis (Figure 11.4). Propensity for perineural 
spread necessitates that trigeminal nerve 
branches be carefully evaluated on the MRI.

TREATMENT
The most common treatment modality is 
surgery followed by postoperative radiother-
apy (Figure 11.5). Single modality radio-
therapy is indicated to treat unresectable T4 
tumors, reduce tumor burden prior to surgi-
cal resection, improve probability of achiev-
ing local control, and provide palliative 
therapy.12 Additionally, the effective use of 
gamma knife radiosurgery has been shown 
for unresectable ACC, and may provide 
local control.13 Occasionally, chemotherapy 
is used pre- or postoperatively to reduce 
tumor burden. Five-year disease-specific 

Figure 11.2 Coronal T1-weighted MRI 
with gadolinium 3 years post definitive 
 chemoradiation demonstrates complete 
 resolution of the mass. Both maxillary sinuses 
show mild peripheral mucosal enhancement.

Figure 11.4 Corresponding axial T1-weighted 
MRI with gadolinium in the previous patient 
demonstrates the soft tissue mass involving 
the left posterior nasal cavity. A second larger 
soft-tissue mass is noted in the previous 
maxillectomy region with involvement of the 
pterygomaxillary fossa and infratemporal fossa.

Figure 11.3 Endoscopic exam demonstrates 
a lobulated mass with multiple dilated vessels 
involving the left posterior nasal cavity with 
extension into the sphenopalatine region.
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survival has been reported in 50%–86% and 
up to 100% in patients without distant dis-
ease. Despite the relentless course of ACC, 
patients often survive for long periods with 
recurrent and/or metastatic disease. Five-
year local recurrence and distant metastasis 
rates are 30% and 25%, respectively.8,11

Adenocarcinoma

DEFINITIONS AND CLINICAL FEATURES
AC represents the third most common 
malignant sinonasal histology. The most 
common site for AC is the ethmoid sinuses 
(5%–30%), followed by nasal cavity (27%) 
and maxillary sinus (20%) (Figure 11.6). 
It is usually considered an occupational 
pathology, and the most notable exposure 
is wood dust, which has been identified as 
an important risk factor in the European 
literature. The large-particle dust from par-
ticular hardwoods, such as ebony, oak, and 

beech, is believed to provide a 900-fold risk 
of development of AC.14 Additional etio-
logic factors include formaldehyde, nickel, 
or chrome exposure and leather tannins.

AC of the sinonasal tract is classified 
into intestinal and nonintestinal subtypes. 
Intestinal type (IT) can be further subclas-
sified (papillary, colonic, solid, mucinous, 
or mixed) and is generally more aggressive 
with local recurrence rate in 50%, lymphatic 
spread in 10%, and distant metastasis in 
20% of patients. Hardwood dust exposure 
typically gives rise to ITAC, and in wood-
workers, ITAC is most often found in the 
olfactory cleft and appears as a polyp-like 
mass.15 Non-intestinal type (non-ITAC) 
is classified as low or high grade and most 
commonly occurs in the ethmoid and max-
illary sinuses, respectively. Current evidence 
points to histologic subtypes and ana-
tomic features as important predictors of 
survival.16

The mean age at diagnosis is 60–65 years, 
although it may present in the fifth to sixth 
decades in wood dust–related exposures. 
There is a male predominance, which likely 

Figure 11.5 The patient underwent combined 
open and endoscopic resection of both masses 
followed by neutron beam radiation therapy. 
Coronal T1-weighted MRI with gadolinium 
illustrates resolution of the left nasal cavity 
mass. Small residual enhancing mass is noted 
in the right pterygomaxillary fossa, which has 
remained stable on imaging for 2 years.

Figure 11.6 Endoscopic exam demonstrates 
an exophytic, friable mass involving the right 
superior nasal cavity. Biopsy confirmed diagnosis 
of recurrent nonintestinal adenocarcinoma.
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reflects occupational factors. Prolonged 
exposure time (mean 28  years) conveys 
increased risk, with delayed latency to presen-
tation by ~40 years. Exposures appear to be 
more common in Europe where such work is 
more prevalent.17

DIFFERENTIAL DIAGNOSIS
AC should be considered in the differen-
tial diagnosis of most sinonasal malignan-
cies. Primary sinonasal ITAC should be 
diagnosed after ruling out metastasis from 
GI tract and lung primary.18 Additionally, 
benign pathology, such as hamartoma, 
should be considered.

WORKUP/INVESTIGATION
This lesion requires both CT scan and MRI to 
determine its precise extension (Figure 11.7a 
and b). Immunohistochemistry (IHC) of 
low-grade non-ITAC shows cytokeratin 7 
positivity with no myoepithelial or basal 
cells. Additionally, colonoscopy may be 

indicated if the microscopic appearance of 
the sinonasal carcinoma resembles that of 
colorectal carcinoma.18,19 

TREATMENT
Although there is no standardized treatment 
for AC, surgical excision followed by radio-
therapy is the mainstay treatment approach 
(Figure 11.8). Tumor resection can often 
be achieved by an endoscopic approach, 
though open craniofacial resection may be 
warranted for more advanced disease, espe-
cially with disease that extends laterally over 
the orbit. Overall, AC is associated with a 
relatively favorable prognosis, despite a local 
failure rate approaching 30%. The overall 
survival is 60% at 5 years. Of the ITAC, pap-
illary subtype has a more favorable prognosis 
(80% 5-year disease free survival) compared 
to mucinous and solid subtypes. Low-grade 
non-ITAC are generally more localized at 
presentation and carry a favorable prognosis 
(80% disease free survival at 5 years), while 

(a) (b)

Figure 11.7 (a) Coronal bone window CT demonstrates a right nasal cavity soft tissue mass 
with opacification of the adjacent maxillary and ethmoid sinuses. The septum is bowed to the 
contralateral side. No skull base erosion is noted. (b) Coronal T2-weighted MRI demonstrates the 
hypointense mass with mild enhancement after contrast administration. High signal in the adjacent 
paranasal sinuses from postobstructive secretions is noted.
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high-grade tumors have a very poor progno-
sis with a 3-year survival of ~20%. Advanced 
stage tumors, sphenoid sinus extension, 
skull base invasion, and high-grade histol-
ogy portend a poorer prognosis.16

Mucosal melanoma

DEFINITIONS AND FEATURES
Primary mucosal melanoma of the sinona-
sal region is rare, accounting for 0.3%–2% of 
all melanomas, and only about 4% of head 
and neck melanomas. The sinonasal tract 
represents the most common site of muco-
sal melanoma, with the majority of tumors 
involving the nasal cavity (65.5%), followed 
by the septum, or combination of the nasal 
cavity and sinuses. Caucasians represent 
the majority of patients (90.8%), with most 
cases occurring between the fifth to eighth 
decades, with a mean age at diagnosis of 
71.2 years. There is no gender predilection. 
Additionally, no risk factors are known for 
this condition. Clinical presentation varies 
with tumor location and includes epistaxis, 

mass lesion, and/or obstructive nasal symp-
toms. The endoscopic view of malignant 
mucosal melanoma may demonstrate a 
pigmented, polypoid mass in the nasal and 
paranasal sinus regions (Figure 11.9).20

DIFFERENTIAL DIAGNOSIS
Sinonasal undifferentiated carcinoma 
(SNUC), poorly differentiated carcinoma, 
AC, lymphoma, rhabdomyosarcoma, angio-
sarcoma, neuroendocrine carcinoma, olfac-
tory neuroblastoma, and plasmacytoma 
should be considered.

WORKUP/INVESTIGATIONS
Histologically, most sinonasal mucosal mel-
anomas are comprised of large, epithelioid 
cells with abundant eosinophilic cytoplasm 
and round nuclei showing eosinophilic 
nucleoli, or spindle cells. Approximately one-
third of tumors have undifferentiated, small, 
round, blue cells that may be mistaken for 
lymphoma. IHC profile of sinonasal malig-
nant mucosal melanoma is identical to that 
of cutaneous lesions. Markers include S-100 
protein, tyrosinase, HMB-45, melan  A, 

Figure 11.8 The previous patient underwent 
endoscopic resection of the mass followed by 
radiation therapy. Endoscopic exam at 3.5 years 
demonstrates healed surgical cavity without 
evidence of recurrence.

Figure 11.9 Endoscopic exam shows a 
pigmented, friable mass involving the left 
sphenoethmoid recess with extension into the 
posterior nasal cavity.
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and microphthalmia transcription factor 
(MITF). Positivity for a series of markers is 
needed to make the accurate diagnosis. In 
addition to routine CT and MR evaluation 
(Figure 11.10a and b), PET imaging is man-
datory to establish the presence of regional 
and distant metastases.21

TREATMENT
Optimal management of mucosal mela-
noma remains a significant dilemma. The 
primary treatment modality is complete sur-
gical resection, although wide margins can 
be difficult to achieve due to restrictions 
of the paranasal sinus confines adjacent to 
critical structures (Figure 11.11). Primary 
neck dissection is not routinely recom-
mended as regional lymph node metastasis 
is generally low and has not been shown 
to impact survival. Endoscopic or open 
surgery accompanied by radiation and/
or chemotherapy is frequently employed. 
Hypofractionated radiotherapy is the pre-
ferred regimen, while chemotherapy is 
currently only used for disseminated dis-
ease and surgical failures. Recurrences are 

common with many patients succumbing 
to disseminated disease. There is a high 
risk of local recurrence (37%–54%) with an 
average time from surgery to recurrence of 
5–20 months. Distant metastasis occurs in 

(a) (b)

Figure 11.10 (a) Coronal bone window CT scan demonstrates soft tissue mass involving 
 bilateral posterior ethmoid sinuses with nasal cavity extension. Erosion of the right orbital apex 
and ethmoid roof is noted. (b) Coronal T1-weighted MRI with gadolinium shows a moderately 
 enhancing mass involving bilateral ethmoid sinuses. No orbital or intracranial extension is noted.

Figure 11.11 Intraoperative view during 
 endoscopic anterior skull base resection of 
sinonasal mucosal melanoma demonstrates 
tumor extension to the left olfactory bulb.



104 SECTION 2 Rhinology

51.5% of patients. Local failure predicts dis-
tant metastasis in 73.1% of patients, with an 
average of 12 months to development of dis-
tant disease. Nodal and distant metastases 
can occur late. Overall survival is worse than 
cutaneous melanomas with only 20% 5-year 
survival rate.22

Esthesioneuroblastoma

DEFINITIONS AND CLINICAL FEATURES
Esthesioneuroblastoma (ENB) or olfactory 
neuroblastoma is a rare sinonasal neuroec-
todermal malignancy accounting for 2%–3% 
of intranasal neoplasms. It is thought to 
arise from olfactory epithelium in the region 
of the cribriform plate. It can occur in chil-
dren and adults, reported to occur from 3 to 
90 years of age, with a bimodal peak in the 
second and sixth decades of life. There is no 
gender predilection.

Histologically, ENB typically presents as 
a lobulated tumor surrounded by susten-
tacular cells with rosettes, pseudo-rosettes, 
calcifications, and fibrillary stroma in some 
areas. A histologic grading system based on 
growth, architecture, mitotic activity, necro-
sis, nuclear polymorphism, rosette forma-
tion, and fibrillary matrix has been reported 
by Hyams and classifies four different grades 
from well-differentiated (Grade I) to undif-
ferentiated (Grade IV). Hematoxylin and 
eosin stain demonstrates a small round blue 
cell tumor. The tumor presents clinically 
as a discrete sinonasal mass. It can vary in 
size from a small nodule to a large friable 
mass, which may cause local destruction and 
extend beyond the confines of the sinona-
sal tract into the orbit or brain. It may have 
an engorged red appearance because of the 
richly vascularized tumor matrix, or could 
exhibit surface ulceration and granulation 
tissue, particularly in higher-grade tumors 
(Figure 11.12).23

Several classification schemes have been 
proposed to stage ENB. Kadish staging, 
the most common staging system, was first 
described in 1976. Group A tumors are 

confined to the nasal cavity, group B involve 
the paranasal sinuses, and group C extend 
beyond the sinonasal cavity. This system was 
modified to add stage D, which includes cer-
vical or distant metastasis.24 Dulguerov and 
Calcaterra described a third system in 1992, 
based on the TNM classification system, to 
take into account lymph node involvement 
and distant metastases.25

DIFFERENTIAL DIAGNOSIS
Sinonasal-undifferentiated carcinoma 
(SNUC), nasopharyngeal carcinoma (NPC), 
sinonasal neuroendocrine carcinomas, 
Ewing sarcoma, rhabdomyosarcoma (alveo-
lar type), lymphoma, mucosal melanoma, 
ectopic pituitary adenoma, and paragangli-
oma should be considered.23

WORKUP/INVESTIGATIONS
ENB has a distinctive immunoprofile that 
includes keratin negativity, neuroendocrine 
marker positivity (neuron specific enolase 
and synaptophysin), and S100-positive 
sustentacular cells, which surround and 
support nests of tumor. High-resolution 

Figure 11.12 Endoscopic view of right nasal 
cavity demonstrates a large exophytic mass 
with multiple dilated vessels on the surface. 
Biopsy confirmed diagnosis of high-grade 
esthesioneuroblastoma.
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CT should be carefully reviewed for ero-
sion of the lamina papyracea, cribriform 
plate, and ethmoid roof. T1-weighted MR 
images will show decreased signal intensity 
of tumor compared to brain parenchyma. 
On T2-weighted images, tumor may be 
iso- or hyperintense relative to the brain. 
Intratumoral calcifications and cysts along 
the intracranial margin are highly sugges-
tive for ENB (Figure 11.13a and b).

TREATMENT
There is no consensus regarding opti-
mal  treatment. The most frequently 
used regimen is a combined approach 
with radiotherapy given before or after 
surgical resection. Early-stage lesions 
(Kadish A or  T1) may not require adju-
vant radiotherapy if clear surgical mar-
gins are obtained. The classic craniofacial 
resection is being gradually replaced by 

expanded endoscopic approaches in select 
cases, without adverse impact on 5-year 
control rate (Figure 11.14). The impact of 
chemotherapy remains unknown,  but  it 
may be added as a radiosensitizer to reduce 
tumor growth and to manage potential 
micrometastasis for Kadish B or C lesions. 
Concurrent chemoradiation may be used 
before surgery to avoid delay in therapy 
and to reduce tumor size prior to surgery. 
In contrast to other sinonasal malignan-
cies, treatment of N0 neck should be 
considered given 15% risk of regional 
recurrence. There is potential benefit to 
neck dissection or radiotherapy aimed at 
lowering the risk of regional recurrence. 
Survival rates can be >80% for early-stage 
tumors. The 5-year disease-specif ic sur-
vival rate is reported as 52%–90%.26 Local 
recurrence rates vary widely by 16%–40% 
and distant metastasis by 0%–60%, which 

(a) (b)

Figure 11.13 (a) Coronal bone window CT illustrates left sinonasal mass destruction of left 
ethmoid air cells and superior septum. The lesion extends to the contralateral ethmoid region. 
Subtle erosion of the left cribriform plate is noted. (b) Coronal T1-weighted MRI with  gadolinium 
demonstrates enhancing mass involving the bilateral ethmoid and left maxillary sinuses. The 
mass extends through the skull base with involvement of the left olfactory bulb. Extensive dural 
enhancement is noted.
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could ref lect inclusion of different histo-
logic grades of ENB and/or misdiagnosed 
tumors such as SNUC.27

Sinonasal undifferentiated 
carcinoma

DEFINITIONS AND CLINICAL FEATURES
SNUC is a rare, highly aggressive carcinoma 
of uncertain histogenesis, thought to be part 
of the spectrum of neuroendocrine malig-
nancies that includes ENB, neuroendocrine 
carcinoma, and small cell carcinoma. The age 
range affected is broad, from 30 to 90 years 
old, with the sixth decade as the median age 
at presentation. There is a male predomi-
nance (2–3:1). Patients typically present 
with multiple complaints including nasal 
and orbital (diplopia, vision change) symp-
toms, facial pain, and cranial nerve involve-
ment, which characteristically develop over 
a relatively short duration of time. SNUC 
typically presents as a rapidly enlarging mass 
involving multiple sinonasal sites, often 

with extrasinus extension (Figure  11.15). 
Clinically positive regional nodes are pres-
ent at diagnosis in 10%–30% of patients. 
Distant metastases often involve the lungs 
and bone and can be seen at initial presenta-
tion. SNUC may rarely seed the cerebrospi-
nal fluid and result in spinal metastasis, also 
known as “drop metastases.”

DIFFERENTIAL DIAGNOSIS
ENB, small cell carcinoma, and clas-
sic neuroendocrine carcinoma should be 
considered.

WORKUP/INVESTIGATIONS
Histologic diagnosis requires clinical corre-
lation between light microscopic and IHC 
studies. SNUCs are consistently immuno-
reactive with epithelial markers, including 
pankeratins (diffuse, intense staining) and 
simple keratins (i.e., CK 7, CK 8, CK 9). 
Radiographic imaging shows a large sino-
nasal mass typically with invasive growth 
pattern extending beyond bony confines 
with orbital and/or skull base involvement 
(Figure 11.16a and b).

Figure 11.15 Endoscopic view of left nasal 
cavity demonstrates an exophytic mass filling 
the olfactory region with lateral displacement 
of the middle turbinate. Biopsy confirmed 
diagnosis of SNUC.

Figure 11.14 This patient underwent 
 endoscopic anterior skull base resection 
followed by concurrent chemoradiation. 
T1-weighted MRI with gadolinium at 2 years 
shows resolution of the mass with minimal 
 signal enhancement consistent with mild 
 ongoing inflammation in the surgical bed.
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TREATMENT
It is generally accepted that multimodality 
therapy including surgery, radiation, and 
chemotherapy provides the best oncologic 
outcomes (Figure 11.17). A meta-analysis 
review of 30 studies involving 167 cases 
demonstrated that surgery represented the 
best single modality treatment, but patients 
who underwent surgical resection with the 
addition of radiation and/or chemotherapy 
had a 260% increased chance of survival 
compared to surgery alone.28 Moreover, 
aggressive trimodality therapy including 
surgery and postoperative chemoradiation 
has yielded significantly improved locore-
gional control and overall survival compared 
to surgery alone or nonsurgical treatment.29 
Additionally, the use of neoadjuvant che-
motherapy and/or radiation therapy prior 
to definitive surgery has been proposed by 
some investigators to improve the therapeu-
tic ratio. A review of SNUC treatments and 
outcomes suggests that preoperative radia-
tion therapy may allow reduced treatment 
volumes with more accurate targeting and 

Figure 11.17 This patient underwent 
 induction chemotherapy followed by gross total 
endoscopic resection of the mass. Coronal 
T1-weigthed MRI with gadolinium 1 year after 
completion of concurrent chemoradiation 
demonstrates interval resection of mass with 
minimal inflammatory signal in the surgical cavity.

(a) (b)

Figure 11.16 (a) Coronal CT scan shows an extensive, destructive mass involving bilateral 
ethmoid sinuses. Complete erosion of bilateral lamina papyracea and skull base is evident. 
(b) Coronal T1-weighted MRI with contrast shows an enhancing ethmoid mass abutting bilateral 
frontal lobes and orbits.
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delivery of radiation therapy, and decrease 
toxicity to normal tissues.30 However, 
despite aggressive treatment regimens, the 
prognosis of patients suffering from SNUC 
remains poor. Recently, morphoproteomics 
has been described to help define the biol-
ogy of SNUC tumors and provide targets 
for the employed agents.31

Chondrosarcoma

DEFINITIONS AND CLINICAL FEATURES
Chondrosarcomas are slow-growing malig-
nant tumors that generally arise from hya-
line cartilage. Sinonasal chondrosarcomas 
are relatively rare and constitute 10%–20% 
of malignant primary bone tumors, of 
which approximately 5%–10% originate in 
the head and neck. Given the tendency 
for hyaline cartilage differentiation, there 
is increased occurrence in the maxilla and 
skull base, theoretically due to its initial 
cartilaginous composition and subsequent 
ossification.

Chondrosarcomas represent a heteroge-
neous group of lesions with variable clinical 
presentation and morphologic features. A 
unique feature is its ability to arise in either 
bone or soft tissue with a 2:1 predilection 
for the skeleton.32 A recent review shows 
a slight female predominance of 1.27:1 
with a peak age of onset between 30 and 
60  years.33 Nasal obstruction is the most 
frequently reported presenting symptom 
(50.3%). They cause local destruction, and 
due to their indolent growth and late pre-
sentation, multiple sites may be affected at 
the time of diagnosis.

DIFFERENTIAL DIAGNOSIS
Chondroma, aggressive osteoblastoma, and 
osteochondroma should be considered.

WORKUP/INVESTIGATIONS
Accurate histologic characterization is 
essential; there are three histologic grades of 
chondrosarcoma, which vary by cellularity, 

nuclear size, and mitotic rate. Grade I has 
small, densely staining nuclei. Grade II and 
III chondrosarcomas are distinguished by 
mitotic rate, with low (<2 mitoses per 10 
high power field [HPF]) and high mito-
ses (≥2 mitoses per 10 HPF), respectively. 
Historically, plain skull radiographs were 
used with calcification demonstrated in 
~60% of cases. CT characteristics include 
hyperdense mass with clumps of calcifica-
tion, foci of bone destruction, and moderate 
contrast enhancement. MR features include 
iso-/hypointense on T1-weighted images 
with pronounced contrast enhancement 
and high signal intensity on T2 sequences, 
possibly isointense to CSF (Figure 11.18a 
and b).34,35

TREATMENT
Aggressive surgical resection is the main-
stay of treatment for chondrosarcomas 
(Figure  11.19). In selected patients, com-
plete resection can be achieved using a 
transnasal endoscopic approach.36 Adjuvant 
radiotherapy is shown to have survival ben-
efit in some studies and may decrease local 
recurrence.33 A variety of factors influ-
ence the addition of radiotherapy, includ-
ing tumor size (5  cm threshold indicated 
in some studies), margin status, aggressive 
tumor type (mesenchymal), and skull base 
or neurovascular involvement.37,38 For small 
tumors, proton beam radiation therapy 
as a single modality treatment has been 
reported with some success.39,40 Although 
local recurrence is common, regional and 
distant metastases are rare, and long-term 
prognosis is good with complete surgical 
excision. Survival rate has been reported 
from 44% to 87%.

Nasopharyngeal carcinoma

DEFINITIONS AND CLINICAL FEATURES
NPC is an upper airway tract malignancy 
originating from interactions between 
epithelial and B-cells in the nasopharynx. 
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It accounts for ~1% of all childhood malig-
nancies. Almost all adult nasopharyn-
geal cancers are carcinomas, whereas only 
35%–50% of nasopharyngeal malignancies 
are carcinomas in children. NPC has a 
bimodal age distribution with a small peak 
in late childhood and a second peak occurs 
at 50–60 years. There is a 2:1 male/female 
predominance.

Three subtypes of NPC are recognized 
in the World Health Organization (WHO) 
classification: (1) squamous cell carcinoma, 
(2) nonkeratinizing carcinoma, and (3) 
undifferentiated carcinoma. Endemic areas 
include Southern China, Southeast Asia, 
Middle East, North Africa, Alaska, and 
Greenland. In these areas, there is a strong 
correlation between Epstein–Barr virus 
(EBV) latency and NPC. Most patients 
have poorly or undifferentiated carcinoma 
(WHO type 2 or 3) and present with locally 
advanced stage disease. NPC is rare in the 
United States and Western Europe, and 
the frequency of SCC (WHO type 1) is 

(a) (b)

Figure 11.18 (a) Coronal soft tissue CT scan with contrast demonstrates a moderately 
 enhancing mass involving the left sphenoid region. The lesion abuts the left optic nerve and 
erodes the floor of the sphenoid sinus. Biopsy confirmed diagnosis of low-grade chondrosarcoma. 
(b) Coronal T1-weighted MRI with contrast shows the hyperintense mass. No intracranial or 
orbital extension is noted.

Figure 11.19 This patient underwent 
 uneventful endoscopic resection of the 
mass after an extended sphenoid approach 
with a posterior septectomy. Endoscopy 
 demonstrates the immediate intraoperative 
view of the sphenoclival region.
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about 25%, which is markedly higher than 
in endemic areas. Nodal involvement and 
bilateral nodal disease are more frequently 
observed with NPC than with other head 
and neck cancers. Additionally, it differs 
from nonnasopharyngeal head and neck 
SCC in its increased radio- and chemosen-
sitivity and a greater propensity for distant 
metastases.

The tumor may appear as a submuco-
sal bulge in the lateral nasopharynx or 
may form a large exophytic tumor mass 
(Figure 11.20). Enlargement and extension 
of the tumor in the nasopharynx may result 
in symptoms of nasal obstruction, changes 
in hearing secondary to direct extension 
or eustachian tube dysfunction, and cra-
nial nerve palsies due to tumor extension 
into the skull base. NPC with spread to 
the regional lymph nodes may also initially 
come to medical attention as a primary neck 
mass before the nasopharyngeal site of ori-
gin is established.

DIFFERENTIAL DIAGNOSIS
Nasal polyps, non-Hodgkin’s lym-
phoma, and rhabdomyosarcoma should be 
considered.

WORKUP/INVESTIGATIONS
Blood work should be performed for EBV 
titers, immunoglobulin A, and immuno-
globulin G antibodies to the viral capsid 
antigen, early antigen, and nuclear antigen. 
Titers may correlate with tumor burden 
and decrease with treatment. Additionally, 
pretreatment and postradiotherapy plasma 
EBV-DNA levels may be a helpful marker 
for risk assessment, initial treatment 
response, and time of relapse, outcome, 
and survival.41,42 Biopsy of the lesion shows 
cells that generally stain with p63 and high-
molecular-weight keratins; however, the 
extent of staining may be variable. EBV 
can be shown by in  situ hybridization in 
nearly 100% of cases, although this is lower 
in non-Asian populations. CT or MRI is 
recommended to define the disease in the 
nasopharynx and to detect lymph node 
metastases (Figure 11.21a and b).

TREATMENT
Radiation therapy is the primary treatment 
modality. Intensity-modulated radiotherapy 
(IMRT) techniques are recommended with 
locoregional control rates exceeding 90%. 
Prophylactic neck irradiation is recommended 
and usually covers the entire neck lymph 
node drainage region. Radiotherapy alone is 
adequate for treating stage I NPC; however, 
the treatment for stage II and locally advanced 
NPC (stages III–IVb) is concurrent cisplatin-
based chemoradiotherapy. Concurrent cispla-
tin, 5-fluorouracil, and radiotherapy have been 
shown to improve survival.43,44 Sequential 
chemoradiotherapy with gemcitabine and 
cisplatin has been shown to improve survival 
in locoregionally advanced NPC.45 Induction 
chemotherapy appears to be better tolerated, 
and induction-concurrent sequences show 
substantially improved compliance, but may 
not significantly improve prognosis in over-
all and recurrence-free survival.46 IMRT and 
appropriate chemotherapeutic agents have 
resulted in marked improvement in the out-
come of NPC. Nonetheless, about 10% of 
patients still develop recurrent disease in the 

Figure 11.20 Endoscopic view of the right 
nasopharynx demonstrates a submucosal mass 
filling the right fossa of Rosenmuller.
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neck or at the primary site. The best salvage 
treatment for locally recurrent NPC remains 
to be determined, and the options include 
brachytherapy, external RT, stereotactic radio-
surgery, nasopharyngectomy, and microwave 
coagulation therapy, either alone or in differ-
ent combinations. The role of chemotherapy 
alone is primarily reserved for palliation in 
patients not suitable for radical radiation ther-
apy or salvage nasopharyngectomy. The role 
of targeted therapy and EBV-specific immu-
notherapy is currently under investigation. 
The 5-year local control and overall survival 
rates are as high as 91% and 90%, respectively, 
for stage I NPC using conventional RT or 
IMRT. However, the treatment outcomes for 
locoregionally advanced NPC remain unsatis-
factory and the 5-year overall survival rates are 
reported at 53%–80% and 28%–61% in NPC 
stages III and IV, respectively.47

Chordoma

DEFINITIONS AND CLINICAL FEATURES
Chordomas represent a rare clinical entity 
with an incidence of 0.08 per 100,000.48 
Chordomas are thought to arise from 

embryonic notochord remnants. They are 
most commonly located in the sacrococ-
cygeal region or clivus, though the tumor 
can occur anywhere along the spine. Rarely, 
they occur in the cervical spine and can 
present as a paravertebral or parapharyngeal 
mass. Slightly over one-third of chordomas 
originate in the clivus where they pres-
ent as midline, typically extradural masses, 
within the bone (Figure 11.22a through c). 
There are three histologic patterns: classic 
or conventional, chondroid, and dediffer-
entiated. Classic chordomas are most fre-
quently encountered. Necrosis appears to be 
an important feature that portends a more 
aggressive course. Chondroid chordomas 
tend to be less aggressive than conventional 
chordomas, while dedifferentiated chordo-
mas are more aggressive, faster growing, and 
more likely to metastasize. Dedifferentiated 
chordomas are often fatal within a year of 
diagnosis.

Chordomas can arise at any age, though 
most frequently occur between 30 and 
50 years of age with a slight male predomi-
nance. They are slow growing with a pro-
pensity for locally aggressive behavior and 

(a) (b)

Figure 11.21 (a) Coronal bone window CT illustrates a soft tissue mass in the left nasopharynx 
with erosion of the sphenoid floor and extension into bilateral sphenoid sinuses. (b) Coronal 
T1-weighted MRI with contrast demonstrates an enhancing mass in bilateral nasopharynx, which is 
more prominent on the right. Abnormal enhancement in the right cavernous sinus is noted.
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(a)

(b) (c)

Figure 11.22 (a) Endoscopic view shows a gray to green submucosal mass partly filling the left 
sphenoid sinus. Biopsy confirmed the diagnosis of chordoma. (b) Axial bone window CT scan 
demonstrates a mass involving the left sphenoclival region. Erosion of bone over both paraclival 
carotid arteries is noted. (c) Axial T1-weighted MRI with gadolinium demonstrates a hypointense 
mass involving the sphenoclival region. The lesions abuts both paraclival carotids and extends to 
the posterior fossa.
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rare metastasis, usually after recurrence. 
Cranial nerve involvement, particularly cra-
nial nerve VI, is often seen at presentation.49

DIFFERENTIAL DIAGNOSIS
Chondrosarcoma, chordoid meningiomas, 
metastatic mucinous adenocarcinomas, and 
developmental lesion like ecchordosis phys-
aliphora are in the differential.50

WORKUP/INVESTIGATIONS
Microscopic exam shows vacuolated cells 
that have been termed “physaliphorous 
cells” from the Greek meaning “bearer of 
bubbles.”49 By IHC, chordomas are posi-
tive for cytokeratin, epithelial membrane 
antigen, S-100 protein, and vimentin. 
Some are also positive for carcinoembry-
onic antigen (CEA).

TREATMENT
Optimal treatment is gross total resection 
via endoscopic endonasal approach when 
possible (Figure 11.23a and b). If the tumor 
location or extension is too lateral or inferior 
for effective endoscopic resection, an open 

or combined endoscopic/open approach 
should be utilized. Postoperative radiation 
therapy is typically indicated because of 
high likelihood for recurrence despite com-
plete surgical resection. Recurrences tend to 
be local and late recurrences are relatively 
common.50

Hemangiopericytoma

Sinonasal-type hemangiopericytoma is an 
uncommon upper aerodigestive tract tumor 
of uncertain cellular differentiation. It com-
prises less than 1% of all vascular tumors and 
15%–25% of these tumors are found in the 
head and neck.

Sinonasal hemangiopericytomas have no 
gender predilection and typically present in 
the third to fifth decade of life. Clinically, 
these tumors most often present with epi-
staxis and/or nasal obstruction. Endoscopic 
examination usually reveals a rubbery mass 
that is vascular and variable in color. Benign 
and malignant forms have been reported, 
with variable prognosis. Malignant sinona-
sal hemangiopericytomas are less common 

(a) (b)

Figure 11.23 (a) Endoscopic exam at 1 year postendoscopic resection and postoperative 
 radiation therapy demonstrates a completely healed sphenoclival region. (b) Axial T1-weighted 
MRI with contrast illustrates no evidence of recurrence at 2 years.
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and can metastasize, most frequently to the 
lung, and also to the brain, bone, and liver. 
This tumor has also been reported to cause 
a paraneoplastic syndrome, called osteo-
genic osteomalacia. The tumor is relatively 
radioresistant and surgery is the mainstay 
of treatment. Most lesions can be resected 
completely via the endoscopic route. 
Adjuvant radiotherapy has proven beneficial 
if complete surgical resection is not feasible. 
However, recurrence remains a challenge in 
managing this tumor, with rates reported 
between 9% and 51%.51

Osteosarcoma

Osteosarcoma is a rare bone tumor arising 
in the long bones, with 6%–13% of cases 
occurring in the head and neck region. 
Osteosarcomas account for 0.5%–1% of 
sinonasal neoplasms. Most cases of sinona-
sal osteosarcoma are metastatic tumors or 
high-grade primary osteosarcomas. Well-
differentiated osteosarcomas are low-grade 
malignant tumors and can de-differentiate 
to high-grade osteosarcomas and exhibit 
more aggressive biological behavior. Reports 
of long bone osteosarcomas indicate an 
average age of onset in the teenage years, 
whereas the mean age of onset of head 
and neck osteosarcomas is between 26 and 
40 years of age. Craniofacial osteosarcomas 
may arise either de novo or postradiation and 
exhibit variable imaging features depend-
ing on the extent of bone destruction, soft 
tissue extension, and matrix composition. 
Surgery with adequate margins remains 
the mainstay of treatment, although the 
benefits of preoperative or adjuvant therapy 
are disputed. Factors affecting prognosis 
include adequacy of surgical resection and 
tumor grade. Hematogenous metastases 
occur less frequently in high-grade sino-
nasal osteosarcoma than in osteosarcomas 
of long bones, although metastasis to the 
lungs, lymph nodes, and other bones has 
been reported. Progressive local disease is 

the most common cause of death in patients 
with osteosarcomas of the head and neck. 
The overall 5-year survival rate has been 
reported as 55%, despite the preponderance 
of high-grade tumors.52
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CHAPTER 12

Common Problems 
of the True 
Vocal Folds
Glendon M. Gardner and Michael S. Benninger

•   Normal examination

•   Nodule

•   Cyst

•   Polyp

•   Granuloma: Contact ulcer

•   Granulation tissue

•   Recurrent respiratory papilloma

•   Polypoid corditis, polypoid degeneration, Reinke’s edema

•   Sulcus vocalis

•   Laryngopharyngeal reflux disease

•   Laryngocele

•   Vocal fold paralysis

•   Squamous cell carcinoma

•   Leukoplakia

•   Infectious laryngitis

•   Vocal fold hemorrhage and vascular ectasias
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Normal examination

Examination of the larynx begins with lis-
tening to the patient’s voice while they give 
you their history. Voice is not something we 
can quantify like hearing. We have yet to cre-
ate the easily measurable voicegram like the 
audiogram. Yet, most of us know a  “normal” 
voice when we hear it, and an abnormal 
voice when we hear that. A normal speak-
ing voice does not draw attention to itself, 
unless it is an unusually beautiful or power-
ful voice, although some “normal” voices are 
simply unpleasant to listen to. For most nor-
mal voices, the listener does not think about 
the quality of the voice; rather they listen to 
what is being said.

The larynx can be viewed in several dif-
ferent ways. Indirect laryngoscopy with a 
mirror is the simplest method and is suc-
cessful in approximately 2/3 of patients. 
This is often adequate to rule out many 
pathologies. The mirror exam also provides 
a better appreciation of color of the larynx, 
since no video or lens is involved, which 
could distort color. For those patients in 
whom indirect laryngoscopy is not pos-
sible, due to an overly sensitive gag reflex, 
difficult anatomy, the patient’s inability 
to do the task, or certain anatomy cannot 
be adequately seen (anterior commissure), 
flexible fiber-optic laryngoscopes are used. 
This allows a clear view of all regions of the 
larynx, with the possible exception of the 
subglottis. Also, motion of the vocal folds 
can be best assessed with the flexible scope, 
since it allows the patient to sniff to maxi-
mally stimulate the posterior cricoarytenoid 
muscles, something not possible, or at least 
very difficult, with transoral examination 
with a mirror or rigid scope. The transoral 
route, which involves grasping the extended 
tongue, can cause the appearance of exces-
sive tension, which may be induced by the 
exam and not how the person typically pho-
nates, leading to a misdiagnosis of muscle 
tension dysphonia.

The larynx is composed of three large 
singular cartilages, thyroid, cricoid, and epi-
glottic; a pair of arytenoid cartilages; and 
pairs of smaller cartilages, corniculate and 
cuneiform. The three main cartilages are 
connected by ligaments as well as muscles, 
named for their attachments and positions: 
cricothyroid muscles, lateral cricoarytenoid 
muscles, posterior cricoarytenoid muscles, 
and thyroarytenoid muscles (also known 
as the vocalis muscle). The larynx is lined 
with mucosa draped over the muscles and 
ligaments. Motor and sensory innervation 
is supplied by the recurrent laryngeal nerve 
and the internal and external branches of the 
superior laryngeal nerve, which are branches 
of the vagus nerve.

The laryngoscopist will see several struc-
tures, including the epiglottis, aryepiglottic 
folds, false vocal folds, the entrance to the 
ventricles, mucosa overlying the corniculate 
and arytenoid cartilages and the true vocal 
folds (Figures 12.1 and 12.2). The anterior 
2/3 of the true vocal folds extend from the 
anterior commissure, which is attached to 
the thyroid cartilage, to the vocal processes 
of the mobile arytenoid cartilages. This por-
tion of the true vocal folds is referred to as 
the musculomembranous portion. This is 
the portion that vibrates and is responsible 
for the sound of the voice. The posterior 
1/3 is posterior to the vocal processes and 
extends to the inner surface of the cricoid 
cartilage. Although this portion of the 

Figure 12.1 Epiglottis at bottom of picture, 
right aryepiglottic fold upper left.
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glottis is typically referred to as the posterior 
commissure, it is not a true commissure and 
should be called the posterior larynx. The 
glottis is the tissue at the level of the true 
vocal folds. The supraglottis is above the 
ventricles and includes the false vocal folds, 
the epiglottis, and all the tissue connecting 
them. The subglottis starts 1 cm below the 
superior edge of the true vocal folds.

The basic parameters to observe when 
examining the larynx include relative symme-
try of the two sides, the presence of lesions, 
color of tissue, the contours of the vocal folds 
(straight or concave), motion of the vocal 
folds, closure of the glottis during phona-
tion, the size of the airway, and pooling of 
secretions in the pyriform sinuses. Obvious 
abnormalities in any of these categories will 
be apparent with indirect laryngoscopy or 
flexible laryngoscopy (Figure 12.3).

Videostroboscopy and high-speed vid-
eography are both techniques used to see 
vibrating vocal folds in slow motion. When 
vocal folds are vibrating at 100  Hz or 
greater, they appear fuzzy to the eye. Being 
able to slow this motion down allows us to 
see how well the vocal folds are vibrating. 
The mucosa of a normal true vocal fold slides 
over the vocal ligament when vibrating, 

creating a wave, referred to as the “mucosal 
wave” (Figure 12.4). Loss of the wave indi-
cates an abnormality of the mucosa or super-
ficial layer of the lamina propria. Sometimes 
normal-appearing vocal folds do not vibrate 
normally, thereby explaining why the voice 
is not normal. These techniques also often 
reveal subtle lesions of the vocal folds not 
seen with the unaided eye. It also best dem-
onstrates closure (Figure 12.3). Either tech-
nique can and should be done with either 
a rigid telescope or a distal chip (chip tip) 
flexible scope, depending on the patient’s 
tolerance and anatomy. The telescopes with 
a 3-chip camera or the distal chip flexible 
scope provide the best detail.

Figure 12.2 Normal vocal folds in fully 
abducted position.

Figure 12.3 Normal closure during  phonation. 
Normal pyriform sinuses with no pooling.

Figure 12.4 Normal mucosal waves, open 
phase of glottal cycle of vibration, as seen with 
videostroboscopy. Small amount of mucus at 
anterior commissure.
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Recording the exam enables the clinician 
to review the exam in slow motion and have 
more than one viewer, both increasing the 
sensitivity of the examination. The patient 
is also able to see the pathology (or lack 
thereof), which helps the patient understand 
the problem they have and appreciate what 
is necessary for treatment. Having an image 
is extremely valuable for follow-up examina-
tions to determine if lesions, vocal motion, 
closure, excessive muscle tension, or a vari-
ety of other parameters have changed.

If the pathology is subglottic or tracheal, 
flexible endoscopy with topical anesthesia 
in the office is employed. After topically 
anesthetizing the nose, the larynx can be 
anesthetized several different ways. The 
simplest technique is using a laryngeal mir-
ror to guide a curved cannula or sprayer 
transorally to drip or spray an anesthetic, 
such as tetracaine, on the glottis. A scope 
with a side port can also be used to spray 
the vocal folds directly, if the patient does 
not tolerate the transoral approach. Last, 
bilateral superior laryngeal nerve blocks 
can be performed with injection of lido-
caine at the lateral aspect of the thyrohyoid 
membrane bilaterally. This last technique is 
rarely necessary. Once adequate anesthesia 
is achieved, the scope can be passed beyond 
the glottis, providing an excellent view 
of the subglottis and trachea. The exam 
should be recorded because, despite the 
anesthetic, patients often cough and toler-
ate the exam only briefly and being able to 
review the exam frame by frame afterward 
can be critical.

Experienced clinicians often know 
before they look at the larynx what they 
will see. A singer whose voice became a bit 
rough while performing and has a barely 
perceptible abnormality when they come 
to the office is likely to have a submucosal 
hemorrhage. A man who awoke from a thy-
roidectomy with a weak breathy voice will 
have a paralyzed vocal fold. The loud soccer 
mom with a moderately rough voice typi-
cally has vocal fold nodules. A 60-year-old 

woman smoker who sounds like a man has 
polypoid degeneration of the vocal folds. 
These pathologies will be presented in the 
following section.

Images obtained in the office or clinic 
will be oriented anterior down, while opera-
tive images will be oriented anterior up, 
reflecting how the clinician sees the larynx 
in these different settings.

This section will feature pathology that 
can be appreciated in still images. Some 
conditions, such as adductor spasmodic dys-
phonia and voice tremor, can only be diag-
nosed by observing the larynx in motion 
and will not be addressed in this section in 
detail.

Be aware that the definitions of a vari-
ety of benign lesions of the vocal folds have 
not been agreed upon by the community 
of laryngologists in the United States. In 
addition, many general otolaryngologists 
use several of the names interchangeably, 
mostly “nodule” and “polyp,” but may, in 
fact, be describing a cyst or pseudocyst. The 
following definitions are those used most 
commonly among laryngologists. Also, 
pathologists often use the terms “nodule” 
and “polyp” for lesions that are grossly 
quite different, but may appear similar 
microscopically.

Nodule

DEFINITION
Nodules are bilateral relatively symmetric 
lesions in the midportion of the musculo-
membranous portion of the vocal folds, 
which is the area of greatest vibration.

CLINICAL FEATURES
Patients typically have a long history of 
phonotrauma (voice overuse or abuse). 
Screaming children, teachers, “soccer 
moms,” sports coaches, and untrained sing-
ers are prone to nodule formation. Early in 
their development, they are soft raised areas 
of edema located in the epithelium and/or 



Common Problems of the True Vocal Folds 125

the subepithelium or superficial layer of the 
lamina propria. At this stage, they are often 
referred to as prenodules to avoid the anxi-
ety associated with a diagnosis of nodules 
for singers (Figures 12.5 and 12.6).

DIFFERENTIAL DIAGNOSIS
Soft nodules can be differentiated from 
cysts or pseudocysts with videostrobos-
copy or high-speed digital video because 
they “ride” the mucosal wave rather than 
disrupt or abolish it. There is absence of 

the mucosal wave at a cyst. Mature fibrotic 
nodules are the end result of chronic pho-
notrauma. The lesions are thicker and 
harder as seen on videostroboscopy and 
when palpated in the operating room dur-
ing direct microlaryngoscopy (Figures 
12.7 through 12.11). The fibrosis is in the 
epithelium and/or immediately deep to 
the epithelium in the superficial layer of 
the lamina propria.

Often, a unilateral cyst or pseudocyst will 
cause swelling of the contralateral vocal fold 
and this may appear very similar to symmet-
ric classic vocal fold nodules. The contralat-
eral lesion is often referred to as a reactive 
nodule. It can be difficult to determine 
which is the primary lesion and which is 
reactive. The behavior of the mucosal wave 
can help with diagnosis. See the following 
text for the treatment considerations.

Classic nodules will be aligned with each 
other. The presence of unaligned “bamboo 
shoot” nodules, which have a transverse 
white line, raises the possibility of lupoid 
or rheumatic nodules, due to autoimmune 
disease (Figures 12.12 and 12.13). The 
mucosal wave is impaired at the site of the 

Figure 12.5 Subtle, soft prenodules in a 
female alto singer.

Figure 12.6 The glottic cycle in the same patient.
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lesion and the appearance can be mistaken 
for a submucosal cyst. An appropriate auto-
immune workup should be carried out. 
Excision of a portion of the submucosal 
fibrous tissue may improve voice. The tis-
sue, however, is not diagnostic of a particu-
lar disease.

TREATMENT
With vocal hygiene and voice therapy, soft 
prenodules usually resolve.

While the voice may improve with voice 
therapy, the more mature nodules often do 
not resolve with therapy. If further improve-
ment is desired, the nodules can be conserva-
tively excised with microsurgical technique, 
taking care not to injure the underlying 
vocal ligament or surrounding normal tis-
sue (Figures 12.14 through 12.18).

Figure 12.7 More mature nodules.

Figure 12.8 Same patient, nodules causing 
incomplete closure.

Figure 12.9 Prominent mature vocal fold 
nodules in a singer and athlete.

Figure 12.10 Incomplete closure.

Figure 12.11 Mucosal waves.
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Cyst

DEFINITION
A cyst has a well-defined membrane that 
contains liquid. Old “burned-out” cysts 
may have a similar appearance, but are a 
fibrotic mass, with no fluid within.

CLINICAL FEATURES
Patients may have a history of phonotrauma, 
similar to nodule patients or have no fea-
tures in common with that population. 
Cysts may be congenital or acquired and 

are mucus filled. Acquired cysts are thought 
to occur when inflammation leads to plug-
ging of the duct of a mucinous gland. This 
inflammation could be due to smoking, 
phonotrauma, or reflux. The mucus backs 
up slowly dilating the gland/duct, forming 
the mucus-filled cyst. The cyst is an ovoid 
structure that resides in the superficial 
layer of the lamina propria and tethers the 

Figure 12.13 “Bamboo shoot” nodules, 
 transverse white lines, not aligned from side 
to side.

Figure 12.14 Incision made with microsickle 
knife at superior junction of the nodule and 
normal mucosa. Incision into superficial layer of 
lamina propria. Right true vocal fold nodule has 
already been removed.

Figure 12.12 “Bamboo shoot” nodules impairing the mucosal wave.
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overlying mucosa so that it is unable to slide 
over the vocal ligament or the cyst, interfer-
ing with propagation of the mucosal wave 
(Figures 12.19 through 12.22). A pseudo-
cyst has a similar appearance but lacks a true 

Figure 12.15 Elevation of lesion with 30° 
blunt tipped elevator.

Figure 12.16 Posterior cut being made with 
upbiting microscissors.

Figure 12.18 Final defect.

Figure 12.17 Lesion retracted medially while 
inferior and anterior incisions are made.

Figure 12.20 Closure.

Figure 12.19 Right true vocal fold cyst in 
66-year-old woman with 5 years of hoarseness.
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capsule. Cysts can also occur in many other 
locations in the larynx and pharynx, rarely 
causing symptoms and are usually incidental 
finding (Figures 12.23 through 12.28).

DIFFERENTIAL DIAGNOSIS
Cysts most closely resemble vocal fold nod-
ules or sessile polyps. They are easily mistaken 
for classic nodules when there is a contralat-
eral “reactive nodule.” The lack of a mucosal 
wave differentiates between cysts and nod-
ules. Voice therapy will often cause resolution 
of the reactive nodule, while the cyst remains.

TREATMENT
While voice therapy may result in an 
improved voice, it does not lead to 

resolution of the cyst. Cysts have been 
known to rupture either externally, which 
can result in a sulcus vocalis, or inter-
nally, but both are infrequent occur-
rences (Figures 12.29 through 12.31). 
If the cyst persists and the patient’s 
voice remains poor, then excision of 

Figure 12.21 Mucosal wave is abolished on 
the right.

Figure 12.25 Close up of cyst.

Figure 12.24 Epiglottic cyst, lingual surface, 
close-up.

Figure 12.23 Left false vocal fold cyst.

Figure 12.22 Very large right true vocal fold 
cyst.
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Figure 12.26 Left pyriform sinus cyst.

Figure 12.27 Right aryepiglottic fold cyst.

Figure 12.28 Right base of tongue cyst.

Figure 12.30 Same patient within weeks after 
spontaneous internal rupture of the cyst.

Figure 12.29 Left vocal fold cyst.

Figure 12.31 Same patient several months 
later with normal mucosal waves. No 
 recurrence of cyst.
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the cyst  is  recommended. This is one of 
the more technically diff icult surgeries 
performed on the vocal folds, requir-
ing magnif ication, the appropriate f ine 
microlaryngeal instruments, very steady 
hands, and a delicate technique. The goal 
is to dissect out the cyst, preserving all of 
the normal overlying mucosa, not injur-
ing the underlying vocal ligament and not 
rupturing the capsule of the cyst. If the 
cyst is removed unruptured, then there 
is no doubt that the entire cyst has been 
removed. If it ruptures, then some of the 
wall may remain and the cyst may reform 
in the future. Since the cyst arises from 
and is therefore attached to the epithe-
lium, dissecting it free from the mucosa 
is very diff icult, and this is the site where 
rupturing the cyst is most likely to occur. 
If the overlying mucosa is completely 
preserved, the recovery is usually very 
smooth and rapid with improvement in 
voice in the vast majority of cases. The 
mucosal wave may or may not be restored, 
however (Figures 12.22, 12.31 through 
12.39).

As mentioned in the “Nodules” sec-
tion, there may be a reactive nodule oppo-
site the cyst. If it is soft, it may resolve 
once the cyst has been excised. If it is firm, 
it should be excised at the same time as 
the cyst.Figure 12.32 Intraoperative view.

Figure 12.33 After an incision over the top 
of the cyst, a mucosal microflap is elevated 
over the medial aspect of the cyst.

Figure 12.34 The cyst is elevated off the 
vocal ligament.
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Polyp

DEFINITION
Laryngeal polyps are not considered neo-
plasms (although some neoplasms may be 
polypoid in appearance). A polyp generally 
has a thin epithelium overlying an edema-
tous or gelatinous matrix.

CLINICAL FEATURES
They can be long and pedunculated, sessile 
and broad based, single or multiple. The 
cause of the edema within the superficial 
layer of the lamina propria can be an epi-
sode of bleeding, smoking, hypothyroidism, 
chronic phonotrauma, perhaps laryngo-
pharyngeal reflux. Polyps come in many 

Figure 12.35 Cyst is being removed intact.
Figure 12.36 Intact microflap redraped at the 
end of the case.

Figure 12.37 Eighteen months post excision. Mucosal wave still slightly blunted on the right. Tiny 
gap anteriorly.
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different shapes and sizes and can occur in 
several different locations in the larynx. The 
most common location is the musculomem-
branous true vocal fold. They have also been 
seen extending from the ventricle. The his-
tory may vary considerably from patient to 
patient, depending on the etiology (Figures 
12.40 through 12.46).

DIFFERENTIAL DIAGNOSIS
Occasionally, a polyp emanating from the 
ventricle or false vocal fold may be mistaken 
for an internal laryngocele. If there is con-
cern as to whether the mass is a polyp or a 
neoplasm, a biopsy must be done (Figures 
12.47 and 12.48).

TREATMENT
If the likely etiology is smoking, cessation 
of smoking may result in some decrease in 
the size of the polyp(s). Voice therapy may 
also be helpful, if not to decrease the size of 
the polyp(s), to improve postoperative heal-
ing. With time, some polyps recede or fall 
off. Most polyps require excision to restore 
a normal voice, but the urgency and tim-
ing depend on the size and location of the 
polyp(s) and the patient’s needs. Surgical 
excision is relatively easy, but care must 
still be taken to avoid trauma to the sur-
rounding normal tissue and vocal ligament. 
They can be removed with cold instru-
ments or lasers. Coagulation of the polyp 
with a fiber- optically delivered laser in the 
office may also provide an excellent result 
(Figures 12.49 and 12.50). The shape and 

Figure 12.38 Intraoperative photo of cyst 
being dissected.

Figure 12.39 Same patient 4 months later.
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location of the polyp, the surgical technique 
as well as how well the patient complies with 
postoperative rehabilitation will determine 
how well the patient heals and how good 
the postoperative voice is.

Granuloma: Contact ulcer

DEFINITION
The classic vocal fold granuloma is a 
smooth mass, often bilobed, arising from 
the vocal process of the arytenoid cartilage. 
There is usually no epithelium present. It is 
essentially an ulcer, composed of a mass of 
inflammatory cells. It is not a true “granu-
loma” as there are rarely multinucleated 
giant cells.

CLINICAL FEATURES
A vocal process ulcer or granuloma arises 
from trauma to the thin mucosa overlying 
the vocal process of the arytenoid cartilage. 
Endotracheal intubation, chronic throat 
clearing, laryngopharyngeal reflux, hard 
glottal onset, hard compression of the vocal 
processes due to an incompetent muscu-
lomembranous glottis, have all been listed 
as sources of that trauma (Figures 12.51 
through 12.55). For intubation granulomas 

Figure 12.41 Bilateral polyps.

Figure 12.40 Severe polypoid degeneration in a smoker.

Figure 12.42 Large left vocal fold polyp.
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or ulcers, the typical symptoms of globus 
sensation, throat clearing, pain (possibly 
with referred unilateral otalgia), and vari-
able degrees of hoarseness may not appear 
for several weeks or months after the intu-
bation. Very large granulomas may cause 
airway compromise.

DIFFERENTIAL DIAGNOSIS
Lesions that have been mistaken for granu-
lomas include granular cell tumors, cysts, 
and polyps (Figures 12.56 through 12.58). 
A cancer is more likely to resemble an ulcer 
than an exophytic granuloma. A Teflon 
granuloma is a true granuloma (foreign 

Figure 12.43 Left hemorrhagic or vascular polyp, incomplete closure.

Figure 12.44 Tiny right true vocal fold vascular polyp.
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Figure 12.45 Left sessile vocal fold polyp, incomplete closure.

Figure 12.46 Multilobed polyp as well as likely recent right true vocal fold hemorrhage.
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Figure 12.47 Left vocal fold rhabdomyoma. The white area is the result of an attempt at pulsed 
dye laser coagulation of what was thought to be a polyp emanating from the left ventricle. When 
it did not respond in a typical manner, it was biopsied, revealing the pathology and then excised in 
the operating room with the CO2 laser. It arose from the superior aspect of the true vocal fold. 
The white area is not typical of this lesion, whereas the more lateral aspect is.

Figure 12.48 Three years post excision, with no recurrence and normal closure and mucosal 
waves.
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body reaction) and has a variable appearance 
and is the result of injection of Teflon into 
the vocal fold to treat unilateral vocal fold 
paralysis. This substance is no longer used 
for this purpose (Figure 12.59).

WORKUP
If the lesion varies in appearance from the 
classic granuloma, if it grows, or if it does 
not respond to the antireflux and voice ther-
apy discussed, or if the physician has any 
doubt regarding the diagnosis or the patient 
has significant anxiety, then it should be 
excised, or at least biopsied to confirm the 
diagnosis, keeping in mind that there is a 
high recurrence rate after excision. Ulcers 
and granulomas may develop in patients 
with an incompetent glottis, so glottic clo-
sure must be assessed. While calcified ary-
tenoid cartilages have been associated with 
granulomas or ulcers, imaging is not rou-
tinely done (Figure 12.54).

TREATMENT
With intubation granulomas, the under-
lying cause has already been eliminated. 
With time and avoidance of throat clear-
ing, the granuloma may resolve on its own 
either by shrinking or falling off. Most 
(but not all) laryngologists treat patients 

Figure 12.49 Multiple large polyps and 
 polypoid corditis in a 60-year-old woman 
recent ex-smoker.

Figure 12.50 Same patient 1 month post 
pulsed dye laser coagulation of the polyps 
(no excision done).

Figure 12.51 Bilateral intubation granulomas.



Common Problems of the True Vocal Folds 139

Figure 12.52 Right vocal fold ulcer in a 
 professional singer.

Figure 12.54 Calcified arytenoid cartilage on 
same side as granuloma.

Figure 12.53 Chronic throat clearing.

Figure 12.57 Right-sided lesion that appeared 
to be granuloma, but was a cyst.

Figure 12.56 Granular cell tumor. Note dif-
ferent consistency of tissue and lack of bilobed 
appearance.

Figure 12.55 Patient with acid reflux and 
chronic throat clearing.
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with granulomas with antacid medications. 
Voice therapy may be required to decrease 
throat clearing and/or hard glottal attack 
to decrease the trauma to the vocal pro-
cesses. Simple excision of the granuloma 
often fails with at least a 50% recurrence 
rate. If the granuloma is excised, the base 
can be injected with steroids (Figures 12.60 
through 12.64). Botox injections to the 
thyroarytenoid muscles help prevent force-
ful contact between the vocal processes 
postoperatively to prevent recurrence or 
have been employed as the sole therapy 
with great success. Use of botox will cause a 
period of weaker voice lasting days to weeks, 

depending on the dosage and the patient’s 
response. On the other hand, if inability to 
achieve good closure of the musculomem-
branous vocal folds has caused someone to 
squeeze so hard that the vocal processes are 
injured, correcting the glottal incompetence 

Figure 12.59 Teflon granuloma 29 years after 
injection.

Figure 12.58 Granular cell tumor. Figure 12.60 Left vocal process granuloma 
5 months post 2 intubations.

Figure 12.61 Large left vocal process 
 granuloma, endoscopic view post intubation 
with laser proof endotracheal tube.
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by medializing the vocal folds is the key to 
resolution of the granuloma, or recurrence 
after excision.

Occasionally, the granuloma will be so 
large that it obstructs the airway and exci-
sion is mandatory. If the lesion recurs after it 
has been removed, the physician and patient 
are at least comfortable with the knowledge 
that it is only a granuloma and not some-
thing more serious. The author has treated 
several granulomas and ulcers over the years 
that recurred and due to minimal symptoms 
were finally left alone, only to finally resolve 
spontaneously. Some of these same patients 
have had recurrences years later on the con-
tralateral side.

Granulation tissue

DEFINITION
Granulation tissue is a mass of inflammatory 
cells that can occur anywhere in the larynx 
where there is a wound.

CLINICAL FEATURES
Granulation tissue can occur in the mid-
musculomembranous vocal fold after an 
intubation injury or after excision of a T1 
carcinoma. It often occurs due to irritation 
from foreign bodies such as laryngeal stents, 

Figure 12.64 One year post excision.

Figure 12.62 Right angle probe retracting the 
granuloma anteriorly demonstrating the stalk 
attachment of the mass to the vocal process.

Figure 12.63 After excision with the CO2 
laser. Triamcinolone was then injected into 
the base of the wound. Patient treated with 
 antacids postoperatively.
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tracheal T-tubes, tracheal stents, suture mate-
rial, and tracheotomy tubes. Tracheal granu-
lation tissue above the tracheotomy tube is 
a common reason why patients fail capping 
trials (Figures 12.65 through 12.72).

DIFFERENTIAL DIAGNOSIS
If the patient has a history of carcinoma, one 
must consider that the abnormal tissue may 
be a recurrence. With presence of foreign 
bodies, especially in patients with no history 
of carcinoma, the likelihood of a neoplasm 
is extremely low. The author has seen at least 

Figure 12.66 Granulation tissue at anterior 
inferior aspect of right partial cordectomy site 
for T1 SCC. Biopsied to confirm diagnosis.

Figure 12.65 Granuloma which formed within 
4 weeks of left partial cordectomy for T1 SCC. 
Excised due to significant deterioration of voice 
and to rule out rapid recurrence.

Figure 12.67 Granuloma left midvocal fold. 
No inciting etiology. Excised twice.

Figure 12.68 Granulation tissue at anterior rib 
graft site in subglottis 2 months postoperative.

Figure 12.69 Granulation tissue at left distal 
end of tracheal stent.
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one case of an angiosarcoma that appeared 
to be typical granulation tissue around a 
tracheotomy tube. Biopsy revealed the true 
diagnosis.

TREATMENT
Many laryngologists treat patients with 
antireflux measures and medications to 
help prevent granulation tissue forma-
tion, especially after laryngeal and tracheal 
reconstructions. The granulation tissue will 
usually resolve with time and removal of the 

foreign body. Injection with steroids can be 
helpful. Excision may be necessary to main-
tain the voice or airway and is often done 
to facilitate decannulation of tracheotomy 
patients. Excision can be done with cold 
instruments, microdebriders, coblation, 
electrocautery, or lasers depending on the 
location of the tissue, the instruments avail-
able, and the surgeon’s experience.

Recurrent respiratory 
papilloma

DEFINITION
Papillomata in the larynx are benign neo-
plasms caused by the human papilloma 
virus (HPV), typically the lower-risk types 
6 and 11. They can grow anywhere in the 
respiratory tract, but, within the upper 
respiratory tract, occur mostly on the true 
vocal folds.

CLINICAL FEATURES
The virus is contracted during birth or 
later in life, likely through sexual contact, 
although the mode of transmission has not 
been perfectly delineated. The virus may 

Figure 12.72 Flap of granulation tissue seen 
through the tracheotomy stoma with the tube 
removed in the same patient.

Figure 12.70 Granulation tissue at tracheal 
anastomosis post tracheal resection.

Figure 12.71 Flap of granulation tissue 
immediately superior to tracheotomy tube, 
obstructing airway. Anterior tracheal wall is 
down in picture.
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remain dormant for years and the papillo-
mata start growing with an alteration in the 
immune system or hormonal balance. The 
disease will usually be more complicated or 
aggressive when it presents at age less than 
5 years.

Voice is affected first and if left untreated, 
airway may be impaired. Laryngoscopy 
reveals the lesions. The characteristic fea-
ture that differentiates the papilloma from 
other laryngeal lesions is the presence of 
spiral vessels in the core of the lesions that 
look like red dots (Figures 12.73 through 
12.76). There is a low (less than 5%) likeli-
hood that squamous papilloma of the larynx 
will degenerate to a squamous cell carci-
noma (SCC) over the patient’s lifetime, but 
specimens should always be sent for pathol-
ogy. Various grades of dysplasia may be seen 
within the papilloma and may vary over 
time (Figure 12.77). It is not a given that 
if mild or moderate dysplasia is seen on one 
occasion, then the degree of dysplasia will 
worsen over time.

DIFFERENTIAL DIAGNOSIS
Other lesions that sometimes have a simi-
lar appearance are papillomatous dysplastic 
lesions and SCCs.

Figure 12.73 Typical glottic papilloma with characteristic vessels.

Figure 12.74 Large mass of papilloma left true 
vocal fold. Anterior commissure and right true 
vocal fold are not involved.

Figure 12.75 Less bulky, but more diffuse 
involvement of glottis with small anterior web.



Common Problems of the True Vocal Folds 145

TREATMENT
Treatment consists primarily of excising 
lesions carefully to maintain the voice and/
or the airway while avoiding trauma to the 
surrounding and underlying tissue. Excision 
can be performed with cold microinstru-
ments, microdebriders, CO2 laser, pulsed 
KTP, pulsed dye laser, and coblation wands. 
At the anterior commissure, opposing raw 
surfaces must be avoided to prevent forma-
tion of a web. If the anterior commissure 
is involved bilaterally, staged surgeries may 

be necessary. Radiation therapy should not 
be used for completely benign papilloma. 
Various medications have been investigated 
over the years. Local injections of cidofovir 
and bevacizumab seem to be effective with-
out systemic side effects, while other drugs, 
including interferon, are also effective but 
cause significant side effects. None of the 
medications consistently cause resolution of 
the disease. It is likely that the relatively new 
HPV vaccine will dramatically decrease the 
incidence of this disease.

WORKUP
Bronchoscopy should be performed at the 
same time as laryngoscopy to look for dis-
tal spread of the disease. If papillomas are 
found in the distal trachea or bronchi, imag-
ing should be obtained to rule out involve-
ment of the pulmonary parenchyma (Figure 
12.78). Lung involvement is a very bad 
prognostic sign. Tissue should be obtained 
to rule out malignancy.

Polypoid corditis, polypoid 
degeneration, Reinke’s edema

DEFINITION
Polypoid corditis is also known as pol-
ypoid degeneration or Reinke’s edema. 
There is severe edema of the superficial 
layer of the lamina propria. The overlying 
mucosa can be thin, normal, or have areas 
of leukoplakia. The edema involves only the 

Figure 12.78 Papilloma in distal trachea.

Figure 12.77 Superficial papilloma with 
severe dysplasia.

Figure 12.76 Severe case with near 
 obstruction of the larynx.
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musculomembranous portion of the vocal 
fold, ending at the vocal process of the ary-
tenoid (Figures 12.79 through 12.82).

CLINICAL FEATURES
Primarily the voice is affected, but in severe 
cases, breathing can also be impaired. 
Smoking is the primary cause of this con-
dition, and it is much more common in 

women. The typical patient is a woman in 
her 50s or 60s, smoker since her teens, who 
is often mistaken for a man over the phone. 
Fortunately, cancer rarely coexists with this 
condition, despite the mutual risk factor.

DIFFERENTIAL DIAGNOSIS
The clinician should always look for a coex-
istent neoplasm, although that occurs rarely. 
Otherwise, few lesions appear similar to 
classic polypoid corditis.

WORKUP
If there are other symptoms or signs of 
hypothyroidism, the appropriate laboratory 
tests should be obtained, starting with a 
directed thyroid-stimulating hormone level.

TREATMENT
The patient must quit smoking if there is any 
hope for improvement. After many months 
of abstaining, there may be some decrease 

Figure 12.79 A 44-year-old woman with 
25 pack-year smoking history with mild-to- 
moderate Reinke’s edema.

Figure 12.80 Glottic cycle with mucosal waves and normal closure.
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in the edema and improvement in voice. If 
further improvement is desired, excision of 
the redundant tissue with redraping of the 
mucosal microflap will result in a better 
voice, although a truly normal voice is not 
to be expected. Care must be taken not to 
remove too much of the gelatinous matrix 
creating vocal folds that are too thin with 
incomplete closure. Also, mucosa must 
remain anteriorly and medially on at least 
one vocal fold to avoid development of an 
anterior glottic web (Figures 12.83 through 
12.87). Many laryngologists will not offer 
the patient surgery if they have not quit 
smoking for several months, since smok-
ing will almost certainly cause a recurrence 
of the condition. If there is concern for a 
neoplasm, the suspicious tissue should be 
excised even if the patient has continued to 
smoke.

Sulcus vocalis

DEFINITION
This is a fairly uncommon condition in 
which the mucosa along the medial edge of 
the vocal fold is scarred down to the vocal 
ligament, creating a groove, which elimi-
nates the mucosal wave. The resulting sulcus 

Figure 12.81 A 53-year-old woman with 
30 pack-year smoking history with moderate 
Reinke’s edema.

Figure 12.82 A 65-year-old woman with 30 pack-
year smoking history with more severe edema.

Figure 12.83 A 60-year-old woman with 40 pack-year smoking history and several year history 
of gradually worsening dysphonia.
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is usually in the midportion of the muscu-
lomembranous vocal fold, not extending 
beyond the vocal process of the arytenoid 
cartilage (as opposed to “pseudosulcus” 
seen in patients with laryngopharyngeal 
reflux) (Figures 12.88 and 12.89).

CLINICAL FEATURES
The cause of sulcus vocalis could be chronic 
phonotrauma or a vocal fold cyst that 
ruptures medially, leaving a deep groove 
attached to the vocal ligament laterally. 
Often, the sulcus can be seen when the 
vocal folds are abducted, or with strobos-
copy or high-speed video during phona-
tion when the mucosal wave is abolished. 
Sometimes, however, the sulcus is not 
confirmed until the vocal fold is palpated 
during direct microlaryngoscopy and is 
sometimes surprisingly deep (Figures 12.90 
through 12.92). Closure is often incomplete 
with a midglottal gap.

DIFFERENTIAL DIAGNOSIS
A mucosal bridge may appear similar to a 
sulcus vocalis and is probably a variant of 
the same process.

TREATMENT
As with most cases of dysphonia, voice ther-
apy should be done first. Surgery for sul-
cus vocalis is much more difficult than for 
other glottic pathologies. If there is glottal 
incompetence, then medializing the vocal 
folds and improving closure may improve 
the voice adequately. Surgery that directly 
addresses the sulcus involves raising a micro-
flap of mucosa that includes a small portion 
of the vocal ligament to avoid buttonholing 
the flap. This is a difficult task to achieve. 
Sometimes just raising and redraping the 
flap is adequate for restoring the mucosal 
wave. Others, including Paolo Pontes and 
Charles Ford, slice the mucosa vertically to 
break up the scar along the medial edge of 
the vocal fold. Sulcus vocalis and other cases 
of vocal fold scarring are some of the most 
difficult conditions to treat.

Figure 12.84 Operative view.

Figure 12.85 Most of redundant mucosa 
excised leaving intact mucosa along medial edge 
up to anterior commissure and not removing 
the entire gelatinous matrix.

Figure 12.86 Reflecting remaining mucosa to 
demonstrate anterior commissure. Avoiding 
opposing raw surfaces prevents anterior glottic 
web. Minimal mucosal defect.
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Laryngopharyngeal 
reflux disease

DEFINITION
This is one of the more controversial topics 
in laryngology. Laryngopharyngeal reflux 
(LPR) refers to the reflux of gastric contents 
up to the level of the larynx. This  causes 

inflammation within the larynx and a vari-
ety of symptoms. Not all people who reflux 
up to the larynx will experience the  classic 
symptoms of gastroesophageal reflux  disease 
(GERD), heartburn, and acid indigestion. 
This has made many patients and clinicians 
question whether the symptoms attributed 
to LPR are actually caused by it.

Figure 12.88 Right sulcus vocalis (arrow). Also thickening of the vocal processes and very thick 
adherent mucus.

Figure 12.87 Several months later.
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CLINICAL FEATURES
The symptoms most commonly attributed 
to LPR include globus sensation, urge to 
clear the throat, hoarseness (especially in 
the AM), mild chronic sore throat, chronic 
cough, mild dysphagia, and episodes of 
laryngospasm, especially at night. LPR has 
been purported to cause characteristic find-
ings within the endolarynx that include 
thickening and inflammation of the pos-
terior commissure, edema of the under-
surface of the true vocal folds, causing the 
appearance of a sulcus between the true 
vocal fold edge and the edematous tissue, 
referred to as a “pseudosulcus.” This sul-
cus extends posterior to the vocal process 
(unlike the true sulcus vocalis that stops 
anterior to the vocal process). Crowding 
of the ventricles and generalized erythema 
of the larynx is also often attributed to 
LPR. The components of the reflux finding 
score include subglottic edema, ventricular 
obliteration, erythema/hyperemia (of the 
arytenoids or diffusely), vocal fold edema, 
diffuse laryngeal edema, posterior commis-
sure hypertrophy, granuloma/granulation, 
thick endolaryngeal mucus (Figures 12.93 
through 12.101).

(a) (b)

Figure 12.91 Incomplete closure (a) and impaired mucosal waves (b).

Figure 12.89 Left sulcus vocalis (arrow) as 
well as pseudosulcus.

Figure 12.90 A 58-year-old male singer with 
bilateral sulci.
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DIFFERENTIAL DIAGNOSIS 
AND WORKUP
If a patient has the classic symptoms of 
GERD, then it is usually safe to assume they 
have GERD. If they only have the symptoms 
associated with LPR and not GERD, then 

diagnostic testing (pH probe or imped-
ance  probe) is necessary to prove whether 
they do. Alarm symptoms, such as dyspha-
gia and weight loss, are indications for fur-
ther evaluation of the esophagus, including 
a swallow study and/or esophagoscopy, to 
rule out an esophageal neoplasm. Irritable 
larynx syndrome refers to hypersensitiv-
ity of the larynx of unknown etiology and 

(a) (b)

Figure 12.92 Intraoperative view of same patient showing depth of the sulci, which cannot be 
appreciated with in-office endoscopy. (a) shows the right true vocal fold sulcus and (b) shows the 
left true vocal fold sulcus.

Figure 12.93 “Pseudosulcus” formation 
(arrows) due to edema of the undersurface 
of the true vocal folds. Note that the sulcus 
extends inferior and posterior to the vocal 
process of the arytenoid cartilage, unlike a true 
sulcus vocalis that stops anterior to the vocal 
process.

Figure 12.94 A 60-year-old male with 
classic reflux symptoms as well as chronic 
throat clearing and hoarseness. Has edema of 
undersurface of the vocal folds, pseudosulcus 
formation, and a left vocal process granuloma 
(arrow).
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can also present with the same symptoms, 
although some believe it is caused by LPR.

TREATMENT
Many clinicians will treat patients for reflux 
for 2  months with proton pump inhibi-
tors and behavior modifications and if they 

improve, there is a good chance that the 
diagnosis is correct. If not, either the diag-
nosis is not correct or the patient requires 
the formal testing. After treatment, the 
symptoms will usually resolve, but the 
physical exam findings may not change sig-
nificantly or rapidly. Severe cases of classic 

Figure 12.97 A 66-year-old woman 
 never-smoker with severe thickening of 
 posterior commissure, moderate edema of 
true vocal folds and pseudosulcus formation, 
and crowding of ventricles (arrow).

Figure 12.96 A 46-year-old woman with 
chronic hoarseness with severe thickening of 
the posterior commissure and edema of the 
undersurface of the true vocal folds.

Figure 12.95 A 31-year-old untrained 
singer with early nodules as well as moderate 
 thickening of the posterior commissure (arrow) 
and left vocal process.

Figure 12.98 A 60-year-old male smoker with 
GERD and chronic hoarseness. Findings due to 
both his smoking and reflux. Severe posterior 
commissure thickening.
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GERD may be treated with a gastric fundo-
plication with good results, but LPR does 
not respond as well to that surgery.

Laryngocele

DEFINITION
A laryngocele or saccular cyst is an air- or 
fluid-filled sac that arises from the saccule 
and/or ventricle. It can remain internal, 
in the false vocal fold or aryepiglottic fold 
medial to the thyroid cartilage lamina; can 
be external, extending through the thyro-
hyoid membrane; or mixed internal and 
external.

CLINICAL FEATURES
A very large internal laryngocele will cause 
bulging of the false vocal fold and can cause 
airway obstruction or can rest on the true 
vocal fold, impairing vibration and caus-
ing dysphonia (Figures 12.102 through 
12.107). External laryngoceles may become 
infected, causing airway obstruction or other 
sequelae associated with neck abscesses. An 
external bulge in the neck at the thyrohyoid 
membrane that enlarges by blowing against 
closed lips or a modified Valsalva maneu-
ver is almost diagnostic of an external or 
mixed laryngocele (Figures 12.108 through 
12.116). Woodwind and brass musicians 
are at higher risk of developing laryngoceles 
due to the high pressures generated while 
playing.

Figure 12.99 A 57-year-old male with 
 hoarseness. Note severe inflammation of 
 posterior larynx.

Figure 12.100 A 60-year-old woman with 
chronic sore throat and hoarseness. Note 
inflammation of posterior larynx, including 
subglottis.

Figure 12.101 Same patient. Erythema of 
mucosa overlying the corniculate and arytenoid 
cartilages. Figure 12.102 Left internal laryngocele.
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DIFFERENTIAL DIAGNOSIS
Solid tumors must be ruled out. Also, a neo-
plasm may be present in the ventricle, caus-
ing an obstruction that led to retention of 
secretions in the saccule, in the case of cystic 
laryngoceles.

WORKUP
Imaging, usually with a CT scan, will delin-
eate the lesion and rule out characteristics 
that would cause concern for a neoplasm 

such as solid components and erosion of 
cartilage (Figure 12.111).

TREATMENT
If a laryngocele is symptomatic, it should 
be excised or marsupialized. This can be 
done endoscopically for internal laryngo-
celes, usually with a CO2 laser (Figures 
12.103 through 12.106). Excision of an 

Figure 12.103 Operative view through 
 microscope with bulging left false vocal fold.

Figure 12.105 After excision with ventricle 
open, view of the superior aspect of the left 
true vocal fold.

Figure 12.104 Incision made with CO2 laser 
superior to laryngocele.

Figure 12.106 Telescopic view post resection 
showing defect.
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Figure 12.112 Exposure of external 
laryngocele.

Figure 12.109 View of the glottis, same 
patient. Left false vocal fold bulging.

Figure 12.108 Combined internal and  external 
laryngocele with swelling of left lateral glos-
soepiglottic fold. Endoscopic  marsupialization 
had been performed previously.

Figure 12.107 Same patient several months 
post endoscopic excision of left internal 
laryngocele.

Figure 12.110 External bulge left neck in 
thyrohyoid region.

Figure 12.111 Axial CT of same patient at 
level of supraglottis.



156 SECTION 3 Laryngology

external or combined laryngocele requires 
an external approach, taking care to avoid 
trauma to the internal branch of the 
superior laryngeal nerve (Figures 12.112 
through 12.114).

Vocal fold paralysis

DEFINITION
Unilateral and bilateral vocal fold paralyses 
are caused by vagus, superior laryngeal, and/
or recurrent laryngeal nerve dysfunction.

CLINICAL FEATURES
These various nerves can be injured by 
tumors, infections, other inflammatory 
conditions, and most commonly by sur-
geons. The most common etiology is still 
thyroid or parathyroid surgery. A patient 
with unilateral vocal fold paralysis com-
plains of voice changes, usually a weak or 
breathy voice due to an incompetent glottis 
with incomplete closure. Aspiration of thin 
liquids is also a common complaint (Figures 
12.117 through 12.119). Patients with 
bilateral vocal fold paralysis have obstruc-
tion of the airway, as both vocal folds sit 

Figure 12.115 Same patient 12 days after 
open excision of left combined internal and 
external laryngocele via external approach 
only. Left lateral glossoepiglottic fold mildly 
edematous.

Figure 12.113 Dissecting through  thyrohyoid 
membrane to remove remaining internal 
component.

Figure 12.116 View of glottis, same time.

Figure 12.114 Laryngocele specimen.
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close together in the paramedian positions 
(Figures 12.120 and 12.121).

DIFFERENTIAL DIAGNOSIS
A vocal fold that is fixed in position by scar 
tissue, a dislocated arytenoid cartilage, or a 
tumor interfering with the cricoarytenoid 
joint will cause one or both vocal folds 

to not move, similar to paralysis (SCC or 
chondrosarcoma of the posterior cricoid 
cartilage).

WORKUP
The cause of the paralysis must be deter-
mined as it may be due to an undiagnosed 
malignancy in the neck or chest (Figures 
12.122 and 12.123). If the history and phys-
ical examination do not reveal the cause, 
imaging of the length of the nerves of inter-
est should be done. Laryngeal electromyog-
raphy (LEMG) is the only test that can truly 
determine that a vocal fold is paralyzed, but 
the results often do not change the plan and 
LEMG is not necessary in all cases of sus-
pected vocal fold paralysis. Palpation of the 
arytenoid will also reveal whether it is fixed 
or passively mobile, the latter indicating a 
paralysis.

TREATMENT
The goal of treating the paralysis is improv-
ing closure. Fortunately, many patients will 
have spontaneous recovery of the function 
of the vocal fold while others will slowly 
accommodate with the immobile vocal fold 

Figure 12.117 A 68-year-old woman 9 months post right parathyroidectomy with immobile 
bowed right vocal fold and incomplete closure.

Figure 12.118 Eighteen months post right 
 medialization laryngoplasty with silastic 
implant. Right vocal fold straight.
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moving into a position where the mobile 
vocal fold can achieve complete closure, 
or the mobile vocal fold crossing the mid-
line. In these cases, the voice may be nor-
mal or near-normal and require no surgical 

intervention. Voice therapy may also help 
the patient’s voice by improving their tech-
nique and maximizing vocal efficiency, 
although it does not affect recovery of the 
function of the nerve(s).

In those cases in which closure is not 
achieved spontaneously, the immobile 

Figure 12.119 Closure is now complete, mucosal waves normal.

Figure 12.120 Bilateral vocal fold  immobility 
post thyroidectomy. Airway limited, but 
adequate.

Figure 12.121 Closure with phonation.
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vocal fold can be medialized by injecting 
a substance into the deep tissues of the 
vocal fold (vocal fold injection or injection 
medialization) or approaching the vocal 
fold through the thyroid cartilage and 
placing an implant that holds the vocal 
fold in place (medialization laryngoplasty 
with implant) (Figures 12.117 through 
12.120). Reinnervation has also been suc-
cessful in achieving these goals, although 
normal motion of the vocal fold is not 
restored.

Bilateral vocal fold paralysis presents 
a different problem. Because both vocal 

folds sit in the paramedian position, the 
airway is restricted and patients may have 
inspiratory stridor. Because most patients 
and many clinicians will refer to stridor 
as “wheezing,” many of these patients are 
treated for asthma when they do not have 
that disease. The voice is also affected, but 
this problem is of secondary concern. If the 
airway obstruction is significant enough, 
it can be quickly remedied with a trache-
otomy or a suture lateralization of one of 
the vocal folds. If one of the vocal folds 
recovers mobility, the tracheotomy or the 
suture is removed. If bilateral immobility is 
permanent, and the patient desires/needs 
a better airway, this can be achieved with 
an airway-enlarging procedure such as an 
arytenoidectomy, a cordotomy, or a par-
tial cordectomy (Figures 12.124 through 
12.127). These destructive procedures, 
however, will sacrifice some voice quality. 
Reinnervation of the posterior cricoaryte-
noid muscle has been shown to improve the 
airway as well, without removing any vocal 
fold tissue.

Figure 12.123 Workup revealed SCC of 
trachea located 2.5 cm below glottis.

Figure 12.122 A 75-year-old male with 
5-month hx of dysphonia with right vocal fold 
immobility.

Figure 12.124 Maximum airway in woman 
with right vocal fold paralysis, left vocal fold 
paresis post three thyroid surgeries with 
 dyspnea and inspiratory stridor.
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Squamous cell carcinoma

DEFINITION
SCC is a malignant epithelial neoplasm and 
is the most common malignant lesion of 
the larynx. “Precancerous” lesions include 
various grades of dysplasia and carcinoma 
in situ. The invasive lesions are staged from 

T1 to T4 depending mostly on location and 
extension to other sites and structures and 
the mobility of the vocal fold(s).

CLINICAL FEATURES
The malignant lesions may be ulcerated, exo-
phytic, papillomatous, or smooth (Figures 
12.128, 12.131, 12.134 through 12.136, 
12.138, 12.139, 12.142, 12.143). The pri-
mary risk factor for SCC is smoking followed 

Figure 12.125 Right partial cordectomy 
incision outlined.

Figure 12.128 A 80-year-old male never 
smoker with T1a left vocal fold papillary SCC. 
Treated with radiation therapy. No evidence of 
disease at 5 years.

Figure 12.126 Final intraoperative result.

Figure 12.127 Improved airway 2 years post-
operatively. (More typical result.)
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by alcohol use. The human papilloma virus 
is also emerging as a cause of development of 
SCC in the larynx.

SCC can involve any site in the larynx 
with the true vocal folds being the most 
common. Fortunately, voice changes early in 
the development of the tumor usually leads 
to diagnosis at an early stage. Supraglottic 
and hypopharyngeal lesions, however, often 
present much later with pain, dysphagia, 
hemoptysis, and development of metastatic 
neck lymphadenopathy being the initial 
symptoms and signs of cancer.

DIFFERENTIAL DIAGNOSIS
There are few other lesions that appear simi-
lar to SCC. Lymphoma may present in the 
larynx with similar symptoms and findings. 
Metastases to (as opposed to from) the lar-
ynx are rare. Renal cell carcinoma is one 
possibility.

WORKUP
Biopsy is imperative and can be done in the 
clinic with topical anesthesia or in the OR 
under general anesthesia, depending on the 
location, the patient’s tolerance, and the 
surgeon’s experience. Imaging of the lar-
ynx and neck is usually carried out with CT 
scan with contrast to evaluate the extent 
of the lesion and possible neck metastases 
(Figure 12.137).

TREATMENT
For dysplastic lesions and carcinoma in situ 
of the glottis, endoscopic excision with 
narrow margins is usually curative with a 
good voice result. This can be done with 
cold microinstruments or the CO2 laser 
(see section on Leukoplakia). Small T1 
lesions are also usually curable with endo-
scopic excision with the voice result depen-
dent on the extent of normal tissue resected 
(Figures 12.131 through 12.133). Larger 
glottic lesions may be treated with endo-
scopic or open surgery alone or combined 

with radiation and chemotherapy (Figures 
12.128 through 12.130). The same holds 
true for supraglottic and hypopharyngeal 
lesions (Figures 12.140 and 12.141). With 
these latter locations, metastases to the 
neck are much more common than with 
glottic lesions and therefore, the necks 
must also be treated, either surgically or 
with radiation therapy. The ultimate onco-
logic surgery for laryngeal carcinoma is 
the total laryngectomy, which is necessary 
in very large lesions and those that have 
failed radiation and chemotherapy (Figures 
12.135 and 12.136).

Leukoplakia

DEFINITION
Leukoplakia literally a “white patch” 
refers to lesions often seen throughout the 
upper aerodigestive tract, both benign and 
malignant.

CLINICAL FEATURES
Although the true diagnosis can be known 
only through pathologic analysis, the 
patient’s history and especially risk factors 
may suggest the diagnosis prior to biopsy. 
For smokers and alcohol drinkers, a patch 

Figure 12.129 Same patient 4.5 years after 
treatment.
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of leukoplakia should be considered to be 
at least dysplastic until proven otherwise. 
Patients on steroid inhalers may have very 
angry–appearing white lesions that inter-
fere with the mucosal wave that resolve 
completely when treated for candida. 
Some lesions will resolve completely with 
no apparent intervention. Dysplastic white 
lesions have also been seen in patients with 
absolutely no risk factors (Figures 12.144 
through 12.152).

DIFFERENTIAL DIAGNOSIS
Candida, parakeratosis, hyperkeratosis, dys-
plasia (varying degrees), carcinoma in  situ, 
invasive SCC.

WORKUP
Biopsy done in clinic or operating room.

TREATMENT
Areas of leukoplakia that do not resolve 
over time should be excised. Elevation of 

Figure 12.132 Same patient 4 years after CO2 
laser excision of tumor.

Figure 12.131 A 62-year-old woman smoker 
with T1 SCC left vocal fold.

Figure 12.130 Same patient showing mucosal waves.
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Figure 12.133 Same patient showing mucosal waves.

Figure 12.134 A 64-year-old male smoker 
with 4 months of hoarseness. T1 SCC of left 
true vocal fold (arrow) excised.

Figure 12.135 Same patient with recurrent 
T3 left transglottic SCC after failing endoscopic 
excision, then combined chemotherapy and 
radiation therapy.
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Figure 12.140 Same patient 1 year after 
 endoscopic CO2 laser supraglottic laryngectomy.

Figure 12.141 Same patient closer view. Residual 
left false vocal fold is edematous/polypoid.

Figure 12.137 Axial CT at level of 
 supraglottis demonstrating tumor on the left 
(straight arrow) and enlarged node on the right 
(curved arrow).

Figure 12.138 A 60-year-old female with 60 
pack-year smoking history with T2 SCC of the 
supraglottis.

Figure 12.139 Closer view of same patient 
showing lesions of supraglottis.Figure 12.136 A 61-year-old male with 45 

pack-year smoking history with T3 supraglottic 
SCC.
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a microflap that includes the entire lesion 
with very narrow margins in the superficial 
layer of the lamina propria will provide the 
pathologist with enough tissue and likely 
cure the patient (Figures 12.145 through 
12.148, 12.153 through 12.156). There 
are, however, many cases of recurrence of 
dysplastic and hyperkeratotic lesions after 
complete excision, even in the absence of 
smoking. Thin areas of leukoplakia can 
also be removed in the office with topi-
cal anesthesia and lasers such as the pulsed 

KTP or pulsed dye laser, thus saving the 
patient a general anesthetic.

Infectious laryngitis

DEFINITION
Inflammation of the larynx caused by an 
infectious agent.

CLINICAL FEATURES
The most common infectious laryngitis is 
what is simply referred to as “acute laryn-
gitis” and is caused by cold and flu viruses. 
In addition to a rough hoarse voice, the 
patient experiences sore throat, odynopha-
gia, and often cough and fever. The larynx 
is diffusely erythematous and edematous. 
It lasts only a few days. Candida laryngitis 
occurs in patients who are immunosup-
pressed, on antibiotics, systemic steroids, 
or steroid inhalers. While a whitish exu-
date is usually present on the glottis and 
supraglottis, it sometimes appears to be 
part of the tissue (leukoplakia) rather than 
on the tissue’s surface. There are also eti-
ologies common in the developing world 
that are rarely seen in the United States. 
Bordetella pertussis, Corynebacterium diph-
theriae, and Haemophilus influenzae type 
B are important pathogens, usually affect-
ing children, especially where vaccinations 
are not routine. The human papilloma 
virus may cause the development of papil-
lomas, which are discussed in another sec-
tion. Herpes simplex virus will appear as 
blisters, although that stage may be missed 
and only the inflammation be seen by the 
clinician. Staphylococcus aureus has also 
been identified as a laryngeal pathogen 
recently (Figures 12.157 through 12.163).

DIFFERENTIAL DIAGNOSIS
Some neoplastic lesions can appear the same 
as laryngitis caused by some of the less well-
known infectious agents, such as histoplas-
mosis (Figure 12.164).

Figure 12.142 T1 spindle cell carcinoma right 
anterior true vocal fold in a 60-year-old male 
occasional smoker.

Figure 12.143 Verrucous carcinoma of the 
left true and false vocal folds.
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WORKUP
If the laryngitis persists beyond 2 weeks, it 
should be assumed to not be typical viral 
caused acute laryngitis. If the inflammation 
does not resolve with medical treatment for 
a presumed specific agent (e.g., fluconazole 
for candida), then cultures and/or biopsies 
should be obtained to guide therapy and 
rule out a neoplasm.

TREATMENT
Viral acute laryngitis is treated with sup-
portive symptomatic measures (anti- 
inflammatories, antitussive, mucolytics, 
analgesics) and much water, until resolved. 
Candida laryngitis responds within days 
to fluconazole, usually given for a 2-week 
period. Other less common pathogens 
require specific medical therapy once they 
have been identified (Figure 12.165).

Figure 12.145 Intraoperative view of lesion of 
right true vocal fold.

Figure 12.146 Lesion reflected medially as 
CO2 laser is used to incise tissue.

Figure 12.144 A 69-year-old female smoker with a history of excision of mild-to-moderate 
 dysplasia from the right true vocal fold 18 months earlier, continued to smoke, and presented 
with new lesion.
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Vocal fold hemorrhage 
and vascular ectasias

DEFINITION
The true vocal fold is not a particularly 
vascular structure, but submucosal hemor-
rhages may still occur. A vascular ectasia is 
a distended vessel, presumably with a some-
what weakened wall.

DIFFERENTIAL DIAGNOSIS
The appearance of an acute hemorrhage is 
very typical, not likely to mistaken for any 
other lesion.

CLINICAL FEATURES
Hemorrhage of the vocal fold is most likely to 
happen to people who are singing, shouting, 
straining, and on anticoagulants (Figures 
12.166, 12.168, and 12.173). Women who 
are menstruating are also at risk. The most 
significant risk factor, however, is the pres-
ence of a vascular anomaly, referred to as a 
varix or a vascular ectasia (Figures 12.168 
through 12.171).

Patients with an acute vocal fold hemor-
rhage will report a sudden or rapid change 
in voice, often while singing or shouting or 
straining and occasionally report pain. The 
dysphonia may be severe and obvious or 
may be a subtle control and range issue for 
a singer.

WORKUP
Examination of the larynx with almost 
any technique will reveal evidence of the 

Figure 12.147 Mucosal defect post excision 
with vocal ligament visible, but intact in depth 
of wound.

Figure 12.148 Ten months post excision of lesion, which was also mild-to-moderate dysplasia.
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hemorrhage with varying amounts of sub-
mucosal blood. While underlying vascular 
ectasias are a common cause of hemor-
rhage, the lesion may be obscured by the 

surrounding blood on initial presenta-
tion. Follow-up examinations should be 
done, looking for a vascular lesion (Figures 
12.168 through 12.171).

Figure 12.150 Post 2 weeks of fluconazole with resolution of the leukoplakia and restoration of 
the mucosal wave.

Figure 12.149 A 50-year-old ex-smoker woman (20 pack-year) with right vocal fold 
“ leukoplakia” post excision of polyps bilaterally 13 years earlier. No mucosal wave. Had chronic 
cough, possibly due to pertussis. Treated with Advair.
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TREATMENT
Treatment is voice rest and avoidance of 
anticoagulants. Voice rest may be complete 
silence for a week or not singing and using 
a soft voice for several weeks, depending 
on the patient’s needs. A singer who has 
an upcoming performance should be silent 
until cleared to start speaking and singing 
again, while a truck driver, who may not talk 
much during his typical day, could probably 
simply use a soft voice and avoid straining 
(Figures 12.166 through 12.175).

Figure 12.151 A 75-year-old male with 
30 pack-year smoking history. No voice 
 complaints. Incidental finding of left true vocal 
fold leukoplakia.

Figure 12.152 No mucosal wave on left.

Figure 12.153 Intraoperative view showing 
leukoplakia left true vocal fold.

Figure 12.155 Fifteen months post excision of 
lesion, which was carcinoma in situ.

Figure 12.154 After excision of the lesion 
with 1–2 mm margin done with microsurgical 
instruments. Vocal ligament visible, but intact in 
base of wound.
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Figure 12.157 A 48-year-old male with several days of sore throat and raspy voice diffuse 
 erythema of entire larynx with pus/mucus in subglottis is consistent with acute viral laryngitis.

Figure 12.156 Incomplete closure and lack of left-sided mucosal wave.

Figure 12.158 A 48-year-old male smoker with COPD on Advair for 5 months with hoarseness.
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The patient should follow up within 1–2 
weeks and when the blood has reabsorbed, 
they can return to normal voice use. The 
patient must be educated in vocal hygiene 
and avoidance of phonotrauma to avoid a 
recurrence. Also, at follow-up, an underly-
ing vascular ectasia may become evident. If 
present, the risk of another hemorrhage is 
much higher. The patient should be coun-
seled as to what to expect if there is another 
bleed and to immediately decrease voice use 
and return to see the clinician.

Surgery to coagulate or excise a vascular 
ectasia is indicated in patients who have had 
several recurrent hemorrhages. Most laryn-
gologists use a laser to coagulate the ves-
sel. Very low power must be used to avoid 
trauma to the surrounding normal tissue 
and resultant scar and stiffness (Figures 
12.168 through 12.172). Hemorrhages may 
lead to formation of a hemorrhagic polyp 
if the blood is not able to reabsorb, which 
may occur with repeated trauma (voice use, 
straining) and bleeding (Figure 12.176).

Figure 12.159 Same patient post 14 days of fluconazole with improvement in voice.

Figure 12.160 Severe, diffuse candida 
in a 47-year-old woman smoker with 
immunodeficiency.

Figure 12.161 One month later after 2 weeks 
of fluconazole.
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Figure 12.162 A 76-year-old ex-smoker on inhaled steroids and antibiotics referred with 
 concerns regarding glottic leukoplakia.

Figure 12.163 Post 2 weeks of fluconazole.

Figure 12.165 After 3 months of itraconazole.

Figure 12.164 A 68-year-old woman smoker 
with 4-month history of hoarseness since neck 
surgery. No immunosuppression. Excision of 
the abnormal tissue revealed histoplasmosis.



Common Problems of the True Vocal Folds 173

Figure 12.167 Same patient after 3 weeks of relative voice rest. No obvious underlying vascular 
ectasia. Mucosal wave restored.

Figure 12.166 A 74-year-old woman with sudden-onset hoarseness 1 month earlier. Obvious 
right true vocal fold hemorrhage. No inciting event. No mucosal wave on right.
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Figure 12.168 A 35-year-old professional 
soprano with pitch control problems at upper 
range. This is their second hemorrhage.

Figure 12.169 One week of absolute voice 
rest later with decreased submucosal blood.

Figure 12.170 One week later with further 
improvement. Underlying vascular lesion is 
evident.

Figure 12.171 Another week of relative rest. 
Blood is reabsorbed, left vocal fold has residual 
edema and is stiff and vascular lesion remains.
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Figure 12.172 Two weeks after pulsed dye laser coagulation and excision of left vocal fold 
 vascular ectasia. Mucosal wave is intact.

Figure 12.173 Sudden onset of hoarseness with sneeze 1 day prior to the exam in a 43-year-old 
workman smoker.

Figure 12.174 After 5 days of relative voice rest and avoidance of heavy lifting or straining.
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Figure 12.175 One month later, completely 
resolved, no underlying lesion.

Figure 12.176 A 17-year-old female singer. 
Two months post coughing episode and change 
in voice. Hemorrhagic polyp superior surface of 
the right true vocal fold.
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CHAPTER 13

Laryngeal and 
Tracheal Stenosis
Glendon M. Gardner and Michael S. Benninger

Laryngeal and 
tracheal stenosis

DEFINITION
We divide laryngeal stenosis into anterior and 
posterior glottic stenosis, supraglottic stenosis 
and subglottic stenosis. Anterior glottic steno-
sis consists most commonly of a web between 
the vocal folds (Figures 13.1 through 13.9). 
Posterior glottic stenosis is scarring of the 
posterior aspect of the glottis usually result-
ing in immobility of both vocal folds and nar-
rowing of the airway (Figures 13.10 through 
13.12). Supraglottic stenosis involves the epi-
glottis and/or the false vocal folds (Figure 
13.13). Subglottic stenosis is at the level of 
the cricoid cartilage (Figures 13.14 through 
13.21). Tracheal stenosis includes narrowing 
of the tracheal airway due to scarring within 
the lumen of an otherwise normal trachea or 
collapse of the wall of the trachea due to loss 

of integrity and rigidity or external compres-
sion (Figures 13.22 and 13.23).

CLINICAL FEATURES
Patients with stenosis of the larynx and/
or trachea complain of dyspnea and often 
have inspiratory stridor. Voice is often also 
affected but is of secondary concern. The 
etiology of most cases of laryngeal and tra-
cheal stenosis is iatrogenic trauma.

Anterior glottic stenosis may be congenital 
and present at birth, but in adults is usually 
the result of laryngeal surgery in which tis-
sue has been removed from both vocal folds 
anteriorly. External trauma with injury to the 
cartilaginous framework and the endolaryn-
geal mucosa can also result in anterior glottic 
stenosis. The voice is usually affected.

Posterior glottic stenosis is usually due 
to long-term intubation and results in 
immobile vocal folds and a very narrow 

•   Laryngeal and tracheal stenosis

•   Sarcoidosis

•   Cicatricial pemphigoid



178 SECTION 3 Laryngology

airway, similar to bilateral vocal fold paraly-
sis described earlier.

Supraglottic stenosis can be due to caus-
tic ingestion, a variety of connective tissue 
and inflammatory disorders (pemphigoid, 
sarcoidosis), treatment of supraglottic carci-
noma (radiation therapy, supraglottic laryn-
gectomy), or external trauma.

Subglottic stenosis is usually due to long-
term, frequent, or traumatic endotracheal 
intubation or that combined with a cricothy-
roidotomy or very high tracheotomy. There 
are also many cases of idiopathic subglot-
tic stenosis, which almost always occur in 
women of childbearing age. Other diseases 
such as Wegener’s granulomatosis, relapsing 

Figure 13.1 Small anterior glottic web (and a 
small right true vocal fold lesion) in a 52-year-
old woman who had undergone excision 
and radiation therapy for a T1 squamous cell 
carcinoma of the right true vocal fold 18 years 
earlier.

Figure 13.2 Anterior glottic and supraglottic 
webs in a 46-year-old woman who underwent 
three laryngeal surgeries at age 3.

Figure 13.4 Intraoperative image prior to lysis 
of the anterior web with the CO2 laser. Laser 
proof tube in airway.

Figure 13.3 Anterior glottic web in 33-year-
old woman who had been intubated several 
times. Had had lysis of the anterior web at least 
once. Patient is on liver transplant list and  airway 
is small enough to interfere with  intubation and 
postoperative airway management.
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polychondritis, and carcinoma may also be 
responsible.

Tracheal stenosis, like subglottic steno-
sis, is usually due to prolonged endotracheal 
intubation, often followed by tracheotomy. 
While the patient still has the tracheotomy 
tube in place, capping trials may fail, leading 

to endoscopy and discovery of the stenosis. 
Or, the patient may be decannulated after 
successful capping trials and then, within a 
month or two, develop stridor and dyspnea.

Figure 13.8 Glottis immediately after stent 
removal. Long-term follow-up is not available 
for this patient. Some degree of reformation of 
the web is expected.

Figure 13.7 Stent being removed in the clinic 
2 weeks after lysis of the web in the  operating 
room with application of mitomycin and 
 placement of the stent.

Figure 13.6 Stent in place, folded piece of 
silastic sheeting secure with one 2-0 prolene 
suture passed from externally through the 
cricothyroid membrane through the inferior 
aspect of the stent and then through the 
superior aspect above the level of the glottis, 
secured externally over a button.

Figure 13.5 After lysis, prior to placement of 
stent.
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DIFFERENTIAL DIAGNOSIS
Rarely would anterior glottic stenosis be due 
to anything other than trauma of some sort. 
Posterior glottic stenosis should be differ-
entiated from bilateral vocal fold paralysis, 
the latter requiring a workup for the eti-
ology of the paralysis. A tumor of the cri-
coid cartilage (chondrosarcoma) can cause 
narrowing posteriorly, fixed vocal folds, or 

subglottic stenosis. Supraglottic stenosis may 
be due to rare conditions such as cicatricial 
pemphigoid, which appears similar to scar 
tissue. Glottic and subglottic stenosis can be 
due to any number of inflammatory condi-
tions including Wegener’s granulomatosis, 
relapsing polychondritis, sarcoidosis, amyloi-
dosis, chondromas or chondrosarcomas, and 
carcinoma. The potential diagnoses are simi-
lar for tracheal stenosis. External compres-
sion of the trachea must also be considered.

Figure 13.10 Type 2 posterior glottic  stenosis 
in a 55-year-old woman with history of 
 prolonged intubation, tracheotomy.

Figure 13.9 A 73-year-old male post excision of recurrent respiratory papillomatosis with 
 resultant anterior glottic web. Only a small portion of the glottis is vibrating.

Figure 13.11 Mild residual stenosis 2 years 
post incision of the scar.
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WORKUP
Prior to any surgical intervention, a CT scan 
of the larynx and trachea should be done to 
evaluate the outer contours of the larynx and 
trachea to determine if endoscopic surgery 

is safe or likely to be successful and if there 
are any neoplastic lesions causing the airway 
obstruction (Figures 13.24 and 13.25). This 
is also an easy way to measure the extent of 
stenosis and, in the case of tracheal steno-
sis, how much of the trachea may need to be 
resected. Biopsies of any abnormal tissue are 
necessary to rule out causes of stenosis other 
than scarring, such as those listed earlier 
(Figures 13.26 and 13.27). Bronchoscopy of 
the remainder of the airway may also reveal 
other abnormalities such as tracheomalacia, 
bronchomalacia, and tracheo-esophageal fis-
tulas (Figures 13.28 through 13.30).

Figure 13.13 A 33-year-old man with 
 cicatricial pemphigoid causing supraglottic 
stenosis beyond the turban-shaped epiglottis. 
Bulge in center of view is the right false vocal 
fold. The true vocal folds are normal, but not 
seen well in this image.

Figure 13.14 A 39-year-old woman with 
1-year history of progressively worsening 
dyspnea and stridor. Vocal folds in foreground 
with stenosis of subglottis and proximal trachea 
seen in distance.Figure 13.12 Almost complete glottic stenosis 

after intubation after CVA. Tracheotomy.

Figure 13.15 Closer view of stenosis. Patient 
underwent biopsy, incisions, and dilation of the 
stenosis with application of mitomycin. Workup 
revealed Wegener’s granulomatosis.
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Figure 13.16 Nine months post only surgical intervention and now with medical treatment. 
Closer view of patent airway on right.

Figure 13.17 A 50-year-old woman with 
idiopathic subglottic stenosis.

Figure 13.18 Intraoperative view prior to 
 incisions and dilation. Direct  microlaryngoscopy 
done with jet ventilation and CO2 laser.

Figure 13.19 Close-up of stenosis.

Figure 13.20 After incisions, before dilation.
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TREATMENT
For anterior glottic stenosis, lysis of the web 
and prevention of recurrence with medi-
cation, microflaps, or a stent improves the 
voice, although it will rarely be perfectly 
normal (Figures 13.3 through 13.8).

Posterior glottic stenosis may be more 
difficult to treat. Milder cases (type 1, 
synechia between the vocal processes) are 
treated with lysis of the scar tissue, which 
usually restores normal vocal fold motion 
and a normal airway. More severe cases 
(types 2–4) are often treated in a similar 

manner to bilateral vocal fold paralysis with 
excision of vocal fold tissue or the arytenoid 
cartilage to improve the airway, but at a 
cost to the voice (Figures 13.10 and 13.11) 
(see also “Vocal Fold Paralysis” section in 
Chapter 12). Tracheotomy is often neces-
sary, permanently or temporarily, while 
other surgeries are done to improve the air-
way. Augmentation of the posterior glottis 
with a rib cartilage graft is sometimes neces-
sary and usually successful.

Figure 13.21 After dilation with balloon.

Figure 13.22 Multiple intubations and 
 tracheotomy for chronic lung disease. Stenosis 
at tracheotomy site seen with tip of scope at 
glottis.

Figure 13.23 Four weeks post tracheal 
resection. View of anastomosis. Carina seen in 
distance.

Figure 13.24 A 63-year-old male  underwent 
emergent reintubation post cardiac surgery, then 
tracheotomy, with posterior glottic  stenosis and 
tracheomalacia. View of trachea from end of 
tracheotomy tube during inspiration.



184 SECTION 3 Laryngology

Treatment of supraglottic stenosis may 
involve tracheotomy, excision and/or inci-
sion of scars, dilation, placement of stents, 
and various local flaps.

Most cases of subglottic stenosis respond 
to incision of the scar tissue and dilation 
with balloons and application of mitomy-
cin (Figures 13.17 through 13.21). For the 
traumatic cases, one surgery may be enough. 
The idiopathic cases, however, tend to recur 
at an unpredictable rate. More severe or 
recurrent cases of subglottic stenosis may 
require a more aggressive, open surgery, 

either an anterior or posterior cricoid aug-
mentation with rib cartilage grafts, or a 
cricotracheal resection. For the idiopathic 
subglottic stenosis, resection has been more 
successful in the long term than augmenta-
tion. Cricotracheal resection carries with it 
the risk of injury to one or both recurrent 
laryngeal nerves.

For tracheal stenosis: if the outer con-
tour of the trachea is normal and there is 

Figure 13.25 Complete collapse of trachea 
with cough, as seen from tracheotomy tube. 
Also, significant drying and crusting of mucosa.

Figure 13.27 A portion of a hemangioma or 
vascular malformation in the hypopharynx, part 
of a much larger lesion throughout the neck, 
the lower portion causing airway obstruction.

Figure 13.26 A 54-year-old woman with 
low-grade chondrosarcoma of posterior 
cricoid  cartilage, obstructing airway. Tumor is 
submucosal.

Figure 13.28 Carina in a 41-year-old woman 
with chronic cough.
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scarring within the lumen, the problem 
may be remedied with incisions and dila-
tion. If the outer walls of the trachea are 
collapsed, then the endoscopic incisions 

are unlikely to work and violation of the 
tracheal wall may occur, leading to tra-
cheomalacia, bleeding, pneumomediasti-
num, or pneumothorax. Some patients can 
be managed with placement of a tracheal 
stent for several months, while others will 
require resection of the stenosed segment 
with primary reanastamosis (Figures 13.22 
and 13.23). As with cricotracheal resec-
tion, there is risk of injury to the recurrent 
laryngeal nerves.

Keep in mind that tracheotomy can 
achieve an adequate and safe airway in 
almost all these situations and should always 
be considered as a possible permanent solu-
tion. Patients with scar above the tracheot-
omy tube may require a tracheal T-tube to 
maintain a laryngeal voice.

Sarcoidosis

DEFINITION
Sarcoidosis is a poorly understood disease 
in which noncaseating granulomas form in 
various tissues.

CLINICAL FEATURES
The lungs are most commonly involved by 
sarcoidosis. The region of the larynx most 
commonly affected by sarcoidosis is the 
supraglottis. The epiglottis thickens and 
seems to curl onto itself, eventually taking 
on a turban shape. The supraglottic airway 
becomes narrow, causing inspiratory stri-
dor and dyspnea (Figure 13.31). The glot-
tis can also be involved by sarcoidosis. The 
tissue has an irregular, but not quite ulcer-
ated appearance (Figures 13.32 through 
13.36). In the head and neck, sarcoidosis 
may cause dryness and crusting in the nasal 
cavity and masses in the skin, lymph nodes, 
and salivary glands.

DIFFERENTIAL DIAGNOSIS
Cancer and other autoimmune and inflam-
matory conditions must be ruled out.

Figure 13.29 Bronchomalacia with complete 
collapse of right mainstem bronchus with cough 
in the same patient.

Figure 13.30 Tracheo-esophageal fistula at 
the site in the posterior tracheal wall where 
the tracheotomy tube tip had been. Patient had 
had tracheotomy tube in place for 2 months. 
View is through the stoma with the tube out.
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WORKUP
Biopsy reveals noncaseating granulomas. 
Angiotensin-converting enzyme levels are 
often high. The lungs must be imaged look-
ing for hilar adenopathy and pulmonary 

lesions. The workup is often carried out by 
pulmonologists.

TREATMENT
Supraglottic involvement sometimes 
requires excision of a portion of the epi-
glottis or aryepiglottic folds. The main-
stay of treatment, however, is systemic 
medical therapy.

Involved tissues can also be injected with 
steroids, which may result in a fairly long 
improvement (Figures 13.34 through 13.36).

Figure 13.31 Classic turban shaped epiglot-
tis in a 59-year-old woman with sarcoidosis. 
Note floppy aryepiglottic folds, which cause 
 intermittent inspiratory stridor. Glottis is 
normal.

Figure 13.34 Intraoperative photo of same 
patient with sarcoidosis affecting the glottis 
prior to steroid injections, after tracheotomy.

Figure 13.33 Disease progression requiring 
tracheotomy.

Figure 13.32 A 41-year-old woman with sar-
coidosis affecting the glottis and supraglottis. 
She has dyspnea and dysphonia.
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Cicatricial pemphigoid

DEFINITION
This is a rare chronic autoimmune blister-
ing disease that can affect any mucous mem-
brane in the head and neck, including the 
conjunctiva, mouth, nasal cavity, and the 
supraglottis.

CLINICAL FEATURES
Blisters develop in the aforementioned loca-
tions, which lead to scarring. The supraglot-
tis may scar and cause airway obstruction 
with inspiratory stridor and dyspnea 
(Figures 13.37 through 13.39).

DIFFERENTIAL DIAGNOSIS
Other autoimmune and inflammatory 
causes of stenosis should be ruled out.

WORKUP
Biopsy of the affected tissue may yield 
a diagnosis, but is often inconclusive. 
Autoimmune laboratory workup should be 
pursued.

TREATMENT
Maintaining the airway often requires 
tracheotomy. Epiglottectomy and various 
endoscopic surgeries to enlarge the airway 
with incisions, mitomycin application, 
and steroid injections may be necessary 
(Figure 13.40).

Figure 13.35 Laryngeal examination 9 days 
after steroid injections.

Figure 13.36 Airway 10 months post 
injection.

Figure 13.37 A 33-year-old male with 
 cicatricial pemphigoid affecting his nose and 
larynx. Note the turban-shaped epiglottis.
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Figure 13.40 Final airway at time of 
decannulation.

Figure 13.39 Progressive worsening of the 
airway led to tracheotomy and later epiglot-
tectomy and surgical enlargement of the airway 
and decannulation.

Figure 13.38 Supraglottic stenosis beyond 
the turban-shaped epiglottis. Bulge in center 
of view is the right false vocal fold. The true 
vocal folds are normal, but not seen well in this 
image.
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CHAPTER 14

Other 
Neuromuscular 
Causes of 
Dysphonia 
and Trauma
Glendon M. Gardner and Michael S. Benninger

Muscle tension dysphonia

DEFINITION
Muscle tension dysphonia (MTD) refers to 
dysphonia due to improper tension in mus-
cles of phonation affecting the vibration of 
the vocal folds. It is not directly due to an 
organic lesion, although it may be compen-
sating for one.

CLINICAL FEATURES
Many patients will present with vari-
able dysphonia, the voice often returning 
to normal, with rapid changes in voice. 
Some will report inciting events such as 
changes in temperature (walking into an 
air- conditioned room), exposure to fumes 
and scents, or a true case of viral laryngitis. 
Examination will reveal otherwise normal 

•   Muscle tension dysphonia

•   Vocal fold bowing

•   Paradoxical vocal fold motion

•   Laryngeal trauma

•   Suggested reading



190 SECTION 3 Laryngology

looking vocal folds, but with phonation, 
various abnormalities may become evident, 
all reflecting improper technique. The most 
common situations include the true vocal 
folds adducting too forcefully, causing a 
very tight strained voice, or no voice at all; 
closure of the supraglottis, resulting in a 
very rough voice; or lack of closure, with a 

weak whispery voice (Figures 14.1 through 
14.11). The excessive muscle strain will 
often cause soreness of the muscles in and 
around the larynx, as well.

DIFFERENTIAL DIAGNOSIS
Adductor spasmodic dysphonia presents 
with tight voice breaks with the spasm 
occurring at the level of the glottis. It does 
not respond to voice therapy. Abductor spas-
modic dysphonia has breathy voice breaks 
with the vocal folds suddenly bursting open 
during vowels. It also does not respond to 
voice therapy.

WORKUP
While most cases of MTD are due to 
incorrect technique in an otherwise nor-
mally functioning larynx,  sometimes 
the hyperfunction is compensating for 
an underlying organic problem, such  as 

Figure 14.2 Montage of glottic cycle showing prolonged closed phase, suggesting tight closure. 
Mucosal waves are normal.

Figure 14.1 A 62-year-old woman with 
 dysphonia for 3 years post hysterectomy.
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incomplete glottic closure due to vocal 
fold bowing, vocal fold paresis, or 
paralysis. With supraglottic compres-
sion, sometimes referred to as dysphonia 
plica ventricularis, the glottis cannot be 
seen during phonation and the clinician 
does not know if the patient is actually 
able to achieve complete glottic closure 
(Figures 14.9 and 14.11). Asking the per-
son to phonate while inhaling will cause 

the supraglottis to relax, providing a clear 
view of the glottis (Figure 14.12). Also 
a cough will cause closure and the glot-
tis may still be in view. If the glottis is 
incompetent, correcting that problem will 
usually resolve the compensatory MTD. 
Voice therapy may result in relaxation of 
the supraglottis providing a view of the 
glottis during phonation and revealing an 
underlying glottic abnormality.

Figure 14.3 A 31-year-old woman with 
 intermittent aphonia or severe whisper 
 dysphonia over 7-year period. Rapid onset with 
no predisposing factors. Normal vocal fold 
motion.

Figure 14.4 Classic whisper posture with 
arytenoids rotated slightly with posterior 
glottic gap. Musculomembranous vocal folds 
adducted tightly and not vibrating. Voice is only 
a whisper.

Figure 14.5 A 14-year-old girl with loss of 
voice after bout of laryngitis. Normal motion.

Figure 14.6 Able to achieve complete closure 
at times.
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TREATMENT
Voice therapy is the mainstay of treatment 
for MTD with the vast majority of patients 
having a normal voice at the conclusion of 
therapy. If there is an underlying cause of 
a compensatory MTD, such as vocal fold 
bowing, paresis, or paralysis, that problem 
may need to be remedied to achieve the best 

voice possible. Those topics are addressed in 
other sections.

Vocal fold bowing

DEFINITION
Bowed vocal folds are no longer straight and 
taut and are unable to approximate com-
pletely during phonation.

CLINICAL FEATURES
As we age, muscles weaken, ligaments slacken, 
joints stiffen, and neural conduction slows. 

Figure 14.7 Whisper posture while phonating 
with large posterior glottic gap.

Figure 14.8 A 71-year-old woman with 
4-month history of dysphonia following upper 
respiratory infection with severe cough. Much 
edema of undersurface of glottis and posterior 
commissure suggestive of LPR. Also possible 
bilateral saccular cysts.

Figure 14.9 Tight closure of false vocal folds 
with phonation, consistent with “dysphonia 
plica ventricularis” form of MTD.

Figure 14.10 A 35-year-old male who 
 experiences severe dysphonia 5 times per year, 
each episode lasting 2–3 weeks.
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The voice also normally changes as we age 
and most listeners can predict the approxi-
mate age of a speaker based on the voice with-
out seeing that person. Exceptions exist, of 
course, and many singers are successful well 
into their later years.

For some elderly and not-so-elderly 
people, the vocal folds weaken to the point 
that they become bowed and unable to 

approximate adequately (Figures 14.13 
through 14.16). Early on the person will 
note that as the day goes on, and with more 
use, the voice fatigues and weakens. Later, 
the voice is persistently softer and lacks vol-
ume. In severe cases, especially if the person 
has Parkinson’s disease, they may be almost 
aphonic.

DIFFERENTIAL DIAGNOSIS
Vocal fold paresis, vocal fold paralysis, sul-
cus vocalis, Parkinson’s disease.

WORKUP
Laryngoscopy is usually adequate to 
rule out the other causes of an incompe-
tent glottis. If paralysis is suspected, the 
appropriate workup for that problem must 
be undertaken as described in another 
section.

TREATMENT
Initial treatment is voice therapy, which 
helps many patients. If that is not successful, 
improving closure by injecting a substance 
into the vocal folds to increase their volume, 
or medializing them with implants, will 
improve the voice (Figures 14.15 through 
14.19). Deciding which to pursue depends 
on the patient’s age, overall health and life 
expectancy, vocal needs, and the surgeon’s 
experience.

Figure 14.11 Severe closure of supraglottis 
with phonation.

Figure 14.12 Inhalational phonation 
 demonstrates normal vocal motion and ability 
to achieve closure of glottis.

Figure 14.13 A 91-year-old man with 
 several-year history of gradually worsening 
 dysphonia primarily characterized by a weak 
voice. Subtle vocal fold bowing bilaterally.
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Paradoxical vocal fold motion

DEFINITION
Paradoxical vocal fold motion (PVFM) refers 
to closure of normally mobile vocal folds dur-
ing inspiration, which causes inspiratory stri-
dor and dyspnea (Figures 14.20 and 14.21). 

The classic description of this condition also 
includes opening of the vocal folds while 
attempting phonation causing aphonia, but 
this latter situation is rarely observed and 
the voice is usually normal in these patients 
(Figure 14.22).

CLINICAL FEATURES
The typical patient is a teenage girl, although 
any age or sex may be affected. The episodes 
are sporadic and may occur during physical 
exertion; asthma exacerbations; exposure to 
smoke, fumes, and scents; episodes of LPR; 

Figure 14.14 Montage of glottic cycle at midrange showing incomplete closure.

Figure 14.15 An 80-year-old with a 2-year 
history of dysphonia with bilateral vocal fold 
bowing.

Figure 14.16 Incomplete closure.
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and emotional stress. It may be associ-
ated with an anxiety disorder and panic 
attacks. Because most patients and many 
clinicians will refer to stridor as “wheez-
ing,” many of these patients are treated for 
asthma when they do not have that disease, 
similar to patients with bilateral vocal fold 
 paralysis. However, perhaps 50% of patients 
with PVFM actually have asthma also.

While the presentation of these patients 
may be very distressing with loud inspiratory 
stridor and retractions, the O2 saturation 

does not drop very much below the patient’s 
baseline, if at all. The patient will not lose 
consciousness.

DIFFERENTIAL DIAGNOSIS
Bilateral vocal fold paralysis, laryngeal or 
tracheal stenosis, respiratory dystonia.

WORKUP
Laryngoscopy (best done in these cases with 
a flexible scope) reveals vocal folds often rest-
ing in a paramedian position during “quiet” 
respiration. With deep inspiration, the vocal 
folds often come together, either due to the 
Bernoulli effect or activity of the adductors 
(Figures 14.20 and 14.21). With a sniff, the 

Figure 14.17 Bilateral vocal fold injections 
performed percutaneously in the office 
with local anesthesia with Radiesse voice gel 
causing swelling of both vocal folds as a test to 
 determine if improved closure would improve 
voice significantly.

Figure 14.18 Closure and voice improved 1 
month post injection.

Figure 14.19 Vocal folds straight. Voice 
remained improved despite temporary nature 
of injected material and patient had no further 
intervention.

Figure 14.20 Vocal folds adduct during 
inspiration.
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vocal folds usually abduct, except in the most 
severe cases. If they do not, asking the patient 
to cough will cause the folds to open widely 
either before or after the cough. Sometimes 
the vocal folds will eventually open normally 
if watched long enough (Figures 14.23 and 
14.24). If the stridor resolves when the vocal 
folds abduct, the obstruction is at the glot-
tis and is consistent with PVFM. If it persists 
with an open glottis, the source of the stridor 
must be in the subglottis or trachea and must 
be investigated further. If none of the above 
maneuvers result in an open glottis, the 
patient may have bilateral vocal fold paralysis, 
which is much more serious. Various neu-
rologic disorders have also been reported to 
cause PVFM and should be evaluated if there 
are other neurologic signs or the condition 
does not respond to the usual treatment.

Figure 14.21 Twenty-four-year-old woman. 
During inspiration, vocal folds adducted, but 
with  patent posterior glottis (whisper pos-
ture), causing inspiratory stridor, but allowing 
 adequate air passage.

Figure 14.22 Incomplete closure with gap posteriorly during phonation and resultant weak, 
breathy voice.
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TREATMENT
Treatment of PVFM is “voice therapy,” 
which is aimed at relaxation techniques 
to help the patient relax the adductors 
and allow the vocal folds to open. This 
is successful the majority of the time. In 
recalcitrant cases, psychological evaluation 
should be considered. There are also very 
rare cases of a respiratory dystonia, which 
is a focal dystonia causing the same con-
dition described earlier. This may be seen 
in patients with other dystonias, such as 
blepharospasm and spasmodic dyspho-
nia. This true dystonia does not respond 

to voice therapy and may be responsive to 
botox injections. There are also cases of 
patients with Munchhausen’s syndrome 
who present with inspiratory stridor and 
are frequently intubated and sometimes 
even undergo tracheotomy.

It should be noted that the pulmonary 
and allergy community refer to PVFM as 
“vocal cord dysfunction,” an unfortunate 
phrase that is very general and not at all 
descriptive. The otolaryngology community 
continues to use the much more accurate 
term “paradoxical vocal fold motion.”

Laryngeal trauma

DEFINITION
Laryngeal trauma may be external (blunt 
or penetrating) or internal. External is usu-
ally the result of accidents (motor vehicle, 
bicycle, various sports including those with 
sticks, bats, racquets, and many different 
sizes of balls) or assaults (guns, knives, fists, 
feet, pipes, and the same implements used in 
sports). Internal trauma is often iatrogenic 
(intubation, poorly performed laryngeal 
surgery, rigid bronchoscopy, laryngoscopy, 
or esophagoscopy) or due to inhalation of 
caustic fumes, fire, or smoke, or ingestion of 
caustic chemicals.

CLINICAL FEATURES
External trauma can be as mild as a vocal 
fold hemorrhage after being struck in the 
larynx with a baseball, with no fractures, or 
a life-threatening crush injury of the laryn-
geal cartilages from striking the larynx on 
the edge of a counter when falling (Figures 
14.25 through 14.28). Patients may pres-
ent with a mildly hoarse voice or may be in 
severe respiratory distress (Figure 14.29). 
Many cases of severe laryngeal trauma never 
make it to a medical facility, dying at the 
scene of the trauma.

Iatrogenic internal trauma is usually not 
life threatening, but can still cause signifi-
cant voice problems. Vocal folds have been 

Figure 14.23 Full abduction between coughs 
demonstrating normal vocal fold motion and 
normal airway.

Figure 14.24 Normal abduction seen at times 
during respiration, showing normal motion and 
airway.
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lacerated and the arytenoid cartilage can 
be dislocated, although this is a very con-
troversial subject. Patients may have voice 
complaints immediately after a surgical pro-
cedure with endotracheal intubation, or it 
may develop over the next few weeks.

DIFFERENTIAL DIAGNOSIS
Onset of symptoms immediately at the time 
of trauma makes the etiology clear. The his-
tory may be less clear-cut if the patient is 
unconscious or if intervention (intuba-
tion, exploration of the neck) has occurred 
between the time of the trauma and the 
evaluation by the clinician who is assessing 
the larynx.

WORKUP
If the airway is stable, the patient should be 
assessed with awake laryngoscopy (Figures 
14.25 and 14.26) and, in the case of external 
trauma, CT scan, to assess the extent of injury 

Figure 14.25 Blunt external trauma (struck 
on neck) 2 weeks prior to presentation in 
a 22-year-old football player resulting in 
 hemorrhage of the right side of the larynx 
(false and true vocal folds). Patient experienced 
pain and hoarseness.

Figure 14.26 No impairment of mucosal 
wave.

Figure 14.27 A 28-year-old male with 
self-inflicted laceration of thyroid cartilage and 
detached anterior commissure, 2 weeks post 
open reduction with internal fixation.

Figure 14.28 Phonation, supraglottic 
 compression, 2 weeks post open reduction 
with internal fixation.
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and plan treatment (Figure 14.29). If the air-
way is not stable, the patient should undergo 
an awake tracheotomy and exploration of the 
larynx without any imaging (Figure 14.33).

TREATMENT
For a mild hemorrhage, simple observation 
and relative voice rest suffices, while for the 
more severe injury with impending loss of air-
way, an awake tracheotomy is recommended. 
Attempting to intubate the patient with a 
severe injury can result in complete obstruc-
tion. Once the airway is secured, direct 

laryngoscopy is performed to assess inter-
nal injuries. Definitive treatment is aimed 
at restoring the larynx to its original con-
figuration by repairing mucosal injuries with 
absorbable suture and the laryngeal frame-
work with sutures or miniplates. Careful 
attention should be paid to reestablishing the 
anterior commissure (Figures 14.30 through 
14.35). If there is severe mucosal injury and 
the framework is unstable, stenting may be 
necessary for a couple weeks.

Figure 14.29 Axial CT scan (done after 
 emergent tracheotomy done at outside 
 hospital, prior to repair) demonstrating 
multiple fragments of thyroid cartilage pushed 
posteriorly into the laryngeal lumen.

Figure 14.30 Larynx open through laceration. 
4-0 prolene sutures through anterior vocal lig-
aments bilaterally. Sutures later placed through 
anterior aspects of false vocal folds and petiole.

Figure 14.31 After reduction of lacerated 
thyroid cartilage, sutures from within larynx 
tied around plate on the outside.

Figure 14.32 Six months post injury with 
normal airway.
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Conservative care often results in healing 
of mucosal injuries, but scarring may result, 
which is very difficult to treat. Caustic 
ingestion is potentially life threatening, 
with strong acids and bases causing acute 
edema and chronic scarring. The esophagus 
is also at risk.

Suggested reading
Belafsky PC, Postma GN, Koufman JA. 2001. 

The validity and reliability of the reflux 
finding score (RFS). Laryngoscope 111: 
1313–1317.

Figure 14.34 Right laryngeal hematoma in a 
66-year-old male who fell, striking the larynx 
against the edge of a counter top, fractured the 
thyroid cartilage, and presented with worsen-
ing airway obstruction due to the hematoma. 
Underwent awake tracheotomy, open reduc-
tion, and fixation of fracture with miniplates 
and screws. Picture taken 4 days after injury 
and surgery.

Figure 14.33 Closure not quite complete.

Figure 14.35 Same patient 6 months later with patent airway and good closure.
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Examination 
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Ear Disorders
Anthony Chin-Quee, Foluwasayo 
E. Ologe, and Michael D. Seidman

•   Normal ear examination

•   Normal inner ear

•   Hearing loss and hearing aid options

•   Auricular hematoma

•   Chronic nodularis helicis

•   Otitis externa

•   Osteoma

•   Exostosis

•    Necrotizing otitis externa (previously 
known as malignant otitis externa)
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Normal ear examination

The auricle is a cartilaginous framework that 
serves to collect and direct sound waves to the 
external auditory canal (EAC) (Figure 15.1).

The middle ear converts sound waves 
to mechanical energy and amplifies sound 
before it is transmitted to the inner ear. This 
takes place by way of the delicate relation-
ships among the tympanic membrane, the 
ossicles, and the oval window (Figure 15.2).

The tympanic membrane is composed 
of three layers: the lateral squamous cell 
epithelial layer; the medial mucosal layer, 
which faces the middle ear; and the fibrous 
layer or tunica propria, which lies between 
the two and is comprised of both circular 
and radiating fibers. The majority of the 
tympanic membrane consists of these three 
layers (pars tensa), with the exception of a 

small triangular portion of the membrane 
located superior to the lateral process of the 
malleus, which is missing the fibrous layer 
(pars flaccida).

Problems with the external ear and mid-
dle ear can often be diagnosed by physical 
examination. Further evaluation with an 
audiologic examination is often necessary. 
This typically includes an audiogram, tym-
panogram, and acoustic reflexes. Additional 
workup, such as CT or MRI, can be impor-
tant in the evaluation.

Normal inner ear

The inner ear is housed within the petrous 
temporal bone. It is composed of a continu-
ous bony labyrinth, within which there is 
a membranous labyrinth. The structures 
within this labyrinth include the cochlea; 
the superior, posterior, and lateral semi-
circular canals; the endolymphatic sac and 
duct; and the vestibule (including the utri-
cle and saccule). The cochlea is the organ 
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Figure 15.1 Normal auricle. 1—helix, 2—
antihelix, 3—triangular fossa, 4—scaphoid 
fossa, 5—conchal cymba, 6—conchal cavum, 
7—helical crus, 8—tragus, 9—antitragus, 10—
external auditory meatus, 11—lobule.
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Figure 15.2 Normal right middle ear as seen 
by otoscopy. 1—posterior crus of stapes, 
2—long process of the incus, 3—pars tensa, 
4—umbo, 5—lateral process of the malleus, 
6—pars flaccida, 7—round window, 8—manu-
brium of the malleus.
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of hearing, while the remainder of the inner 
ear structures functions to maintain bal-
ance and equilibrium. The inner ear organs 
receive innervation from the nerves that 
travel through the internal auditory canal. 
These nerves include the superior and infe-
rior vestibular nerves, and the cochlear 
nerve, all of which are derived from cra-
nial nerve 8. The facial nerve also courses 
through the internal auditory canal, how-
ever it does not directly innervate any of the 
aforementioned structures (Figure 15.3).

Disorders of the inner ear can often cause 
hearing loss and/or vertigo. The term “diz-
ziness” is often used by patients to describe 
a sensation of “room spinning,” lighthead-
edness, unsteadiness, wooziness, confusion, 
giddiness, a sensation of being pulled, a sen-
sation of walking on a waterbed, a floating 
sensation, a feeling of being on a boat or just 
getting off a roller coaster, etc. Typically, 
describing the sensation that they are expe-
riencing is very difficult for most people with 

balance problems. Vertigo is a term that 
describes an abnormal sense of motion, and 
can be quite difficult for patients to describe. 
True vertigo is often distinguished on history 
as a sense of the “room spinning” before a 
patient’s eyes. A generalized sense of imbal-
ance, or lightheadedness, is not often due 
to inner ear pathology. Because the sense of 
 balance is maintained by complex interac-
tions between the inner ear, the somatosen-
sory proprioception system, and the visual 
system, it is essential that the physician deter-
mine the source of the balance abnormality 
with a thorough history and physical exam. 
Associated ear symptoms such as hearing loss 
or fluctuation, tinnitus, ear fullness, or pres-
sure should raise suspicion for an otologic 
cause. A history of recent infection, trauma, 
ototoxic medications, or polypharmacy is 
also vital to obtain. Prior to evaluation by 
an otolaryngologist, an extensive workup on 
nonotologic causes of vertigo should be per-
formed by a primary care physician.

Temporal lobe
Semicircular

canals Cochlea

Pons

Eighth nerve

Medulla

Petrous apex

Mastoid
air cells

Ossicles

Tympanic
membrane

TC

Internal
auditory canal

Jugular bulb

Jugular vein
Carotid artery

Eustachian tube

Figure 15.3 Coronal cut of the temporal bone, with normal external, middle, and inner ear 
structures.
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Evaluation by the otolaryngologist will 
include a complete otolaryngologic head 
and neck examination and a directed neu-
rotologic exam that will include tests of the 
cranial nerves, eye movements, and balance 
testing. Other objective tests that may be 
done are a comprehensive audiologic exami-
nation, auditory brainstem response, ENG, 
rotational chair testing, platform posturog-
raphy, and electrocochleography. If after 
completing the extensive evaluation the 
source of the balance abnormality remains 
unclear, imaging by way of CT or MRI may 
be obtained.

Hearing loss and 
hearing aid options

For patients who suffer from chronic hearing 
loss, there are several options for amplifica-
tion devices. The process by which patients 
can obtain hearing aids typically consists 
of a hearing test demonstrating hearing 
loss (typically valid for obtaining hearing 
aids within a 6-month window), medical 
clearance from a physician, followed by a 
hearing aid selection appointment with an 
audiologist who will review the myriad in-
ear hearing aid options. In addition to the 
traditional hearing aid options, there is also 
the option of the SoundBite hearing aid. 
This aid is designed for patients with uni-
lateral hearing loss. It works by transmitting 
sound from a microphone in the ear to a 
dental appliance, which amplifies the sound 
through vibration.

There are several surgically implantable 
hearing aids available as well. For unilateral 
hearing loss, the bone-anchored hearing 
aid (BAHA) may prove a suitable option. 
Sometimes patients do not like the idea of 
the requisite metal abutment sticking out of 
the skin, in which case the BAHA Attract, 
or Sophono hearing aids, may be consid-
ered—these use magnets to connect the 
processor instead of the abutment. There 
is also a fully implantable surgical option, 

the Envoy Esteem, which entails implanta-
tion of a driver in between the ossicles and 
provides amplification using the eardrum as 
a natural microphone.

Patients who suffer from severe to pro-
found hearing loss in both ears, and receive 
little to no benefit from hearing aid use, 
may be candidates for cochlear implanta-
tion. Criteria for implantation include age 
of at least 12  months, either pre- or post-
lingual onset deafness in adults or children, 
bilateral moderate to profound hearing loss 
(if older than 2 years old), and bilateral pro-
found hearing loss (younger than 2  years 
old). Audiologic exam must show a three-
frequency pure tone loss of an average of 
70 dB or worse in the better hearing ear, a 
speech discrimination score of less than 50% 
in the ear to be implanted (typically the bet-
ter hearing ear), and a speech discrimination 
score of less than 60% when aided with hear-
ing aids. Prior to the operation, high-resolu-
tion scan of the temporal bones is obtained 
to assess for complete cochlear agenesis 
and abnormalities of the cochlear nerve. 
Additionally, due to the increased risk of 
postoperative meningitis in cochlear implant 
patients, vaccination against Streptococcus 
pneumoniae is generally required prior to 
surgery. Other risks of the surgery include 
surgical site infection, facial paralysis, and 
CSF leak (Figures 15.4 and 15.5).

Auricular hematoma

DEFINITION AND CLINICAL FEATURES
An auricular hematoma is a collection 
of blood between the auricular cartilage 
and its associated perichondrium. This is 
typically secondary to blunt trauma to the 
external ear and is often seen in athletes who 
wear poor-fitting protective headgear or no 
headgear at all. The hematoma forms when 
tangential force is applied to the auricle. The 
outer surface of the auricle lacks layers of 
subcutaneous tissue; thus, when tangential 
force is applied to the auricle, it is directly 
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Figure 15.4 Facial recess approach for implantation of cochlear implant.
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Figure 15.5 Insertion of cochlear implant electrode.
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transmitted to the perichondrium and the 
underlying cartilage. Small blood vessels of 
the perichondrium are ruptured, leading to 
leakage of blood and subsequent elevation 
of the perichondrium off the cartilage.

The patient typically presents with a soft, 
warm, fluctuant painful mass on the outer 
surface of the auricle with a recent history of 
trauma (Figure 15.6).

DIFFERENTIAL DIAGNOSIS
Subperichondrial abscess, perichondritis, 
cauliflower ear.

WORKUP
No diagnostic testing is currently rec-
ommended in the workup of auricular 
hematoma.

TREATMENT
Treatment of auricular hematoma includes 
evacuation of the hematoma and preven-
tion of reaccumulation. Although needle 

aspiration is widely practiced, it is not the 
recommended mode of evacuation due to a 
high risk of reaccumulation and infection. 
Incision and drainage is most commonly 
performed following local injection of lido-
caine with a small retroauricular skin inci-
sion. This incision should be carried down 
through the perichondrium to the level of 
the cartilage, with complete evacuation of 
blood. Reaccumulation can be prevented 
in a number of ways including noninva-
sive application of plaster molds or silicone 
splints, bolster dressings, drain placement, 
and through-and-through suturing. Oral 
antibiotic prophylaxis is commonly admin-
istered for several days following the pro-
cedure. The patient should be reevaluated 
in at least 3 days’ time to examine for reac-
cumulation, and perichondritis. The long-
term complications of auricular hematoma 
include formation of neocartilage (cauli-
flower ear), cartilage necrosis, chondritis, 
erythema, hearing loss, and increased risk of 
otitis externa (Figure 15.7).

Figure 15.6 Auricular hematoma.

Figure 15.7 Cauliflower ear.
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Chronic nodularis helicis

DEFINITION AND CLINICAL FEATURES
Chronic nodularis helicis is a chronic, 
benign disorder of the helix or antihelix 
of the external ear. It typically presents as 
a painful nodule that enlarges rapidly to a 
maximum size and then remains stable. The 
onset is precipitated by exposure of the most 
prominent projection of the ear to pressure, 
trauma, or cold. Lesions are typically unilat-
eral, and the patient often admits to sleep-
ing on the affected side. Nodules are firm, 
tender, and round with a raised edge and a 
central ulcer.

DIFFERENTIAL DIAGNOSIS
Actinic keratosis, atypical fibroxan-
thoma, basal cell carcinoma, squamous 
cell carcinoma, Merkel cell carcinoma, 
cystic chondro malacia, elastotic nodule, 
keratoacanthoma, perforating dermatoses, 
pseudocyst of the auricle.

WORKUP
A biopsy is typically performed to establish 
diagnosis.

TREATMENT
Medical treatment of chronic nodularis 
helicis centers on symptom relief. Topical 
antibiotics, topical or intralesional steroids, 
collagen injections, and cryotherapy have 
been used to relieve pain and discomfort. 
Additionally, custom pillows and pressure-
relieving prosthesis are available to relieve 
symptoms. If symptoms cannot be relieved 
conservatively, surgical treatment is neces-
sary. Wedge excision, curettage, electrocau-
terization, CO2 laser ablation, and excision 
of affected skin and cartilage have all been 
used in the treatment of these nodules. 
The recurrence rate is high unless all dam-
aged cartilages are removed and pressure is 
relieved (Figure 15.8).

Otitis externa

DEFINITION AND CLINICAL FEATURES
Otitis externa is an inflammatory, and often-
times infectious, disorder of the EAC. The 
inciting event is disruption of the EAC epi-
thelium, which allows for bacterial infection 
leading to progressive erythema and edema 
of the epithelial and subcutaneous layers. 
Fungal infection is also occasionally seen as 

Figure 15.8 Chronic nodularis helicis of the antihelix.
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an opportunistic infection following treat-
ment of a preceding bacterial infection. The 
patient typically presents with symptoms of 
itching, otalgia, hearing loss, aural fullness, 
granulation tissue, and otorrhea. On physi-
cal exam, typical findings include squamous 
debris, otorrhea, canal edema, and, in the 
setting of necrotizing external otitis (in the 
past known as malignant otitis externa), 
 cranial neuropathies.

DIFFERENTIAL DIAGNOSIS
Necrotizing external otitis, otitis media, 
cerumen impaction, foreign body, trauma, 
exostoses.

WORKUP
Generally speaking, cultures are not rou-
tinely indicated; however, in the setting of 
persistent or refractory infection, it is rea-
sonable to consider evaluating for the type 
of bacteria or fungus present.

TREATMENT
Debridement of the EAC is the initial treat-
ment, as it facilitates clearance of infectious 
agents, as well as allows for uptake of topi-
cal medications. Following debridement, 
the mainstay of treatment is an antibiotic 
drop with coverage for Pseudomonas aeru-
ginosa (the most common type of bacteria 
seen). Fungal otitis externa can be treated 
with debridement and topical antifungals. 
Complications include cellulitis, perichon-
dritis, medial canal fibrosis, tympanic mem-
brane perforation, and necrotizing otitis 
externa (in the past, referred to as malignant 
otitis externa) (Figures 15.9 and 15.10).

Osteoma

DEFINITION AND CLINICAL FEATURES
Osteomas are benign, slow-growing, bony 
neoplasms that can be found in the EAC. 
They often arise as single, pedunculated 
lesions from the tympanomastoid or tympa-
nosquamous suture lines. These masses are 

often found incidentally but can cause symp-
toms related to the degree of obstruction of 
the EAC. Patients may complain of hearing 
loss, or recurrent otitis externa, due to inabil-
ity of squamous epithelial cells to migrate 
laterally and subsequent infectious coloni-
zation. Exostoses, while histologically the 

Figure 15.9 Otitis externa with significant 
EAC edema.

Figure 15.10 Otitis externa demonstrating 
squamous debris of the EAC.
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same, are typically multiple unlike osteoma, 
which is typically a single bony growth.

DIFFERENTIAL DIAGNOSIS
Exostoses, osteosarcoma, Gardner’s 
syn drome.

WORKUP
If hearing loss is suspected, an audiogram 
should be obtained. A CT scan can be 
obtained to evaluate the origin and extent 
of the lesion prior to any consideration for 
surgical removal (rarely necessary).

TREATMENT
Symptomatic osteomas can be removed sur-
gically, with the surgical approach being 
determined by the location and extent 
of the mass. These approaches typically 
include canaloplasty via transmeatal or ret-
roauricular approach. The approach that 
the surgeon determines will afford the best 
exposure of the mass given its size and loca-
tion in the EAC is chosen. Complications of 
surgical intervention include recurrent oti-
tis externa, canal stenosis, and damage to 
surrounding structures (i.e., the temporo-
mandibular joint, facial nerve, tympanic 
membrane, ossicular chain) (Figures 15.11 
and 15.12).

Exostosis

DEFINITION AND CLINICAL FEATURES
Exostoses are the result of hyperplasia of 
the periosteum and underlying bone of the 
EAC. These lesions are multiple, smooth, 
broad-based, and covered in epithelium. 
These lesions are most often seen in patients 
who have a history of exposure to cold, wet, 
and windy conditions, and is commonly 
known as “surfer’s ear.” Symptomatic exos-
toses present similar to osteomas—patients 
may have hearing loss or pain secondary to 
recurrent otitis externa.

DIFFERENTIAL DIAGNOSIS
Osteoma, osteosarcoma.

WORKUP
Identical workup to osteoma: If hearing 
loss is suspected, an audiogram should be 
obtained. A CT scan can be obtained to 
evaluate the origin and extent of the lesion 
prior to surgical removal (Figures 15.13 
and 15.14).

Figure 15.11 Osteoma of the superior medial 
EAC.

Figure 15.12 Osteoma of the anterior medial 
EAC.
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TREATMENT
Surgical removal of exostoses is similar 
to the removal of osteomas. The surgi-
cal approach, either transcanal or postau-
ricular, is determined by the location and 
extent of the mass. Complications of 
surgical intervention include recurrent 
otitis externa, canal stenosis, and dam-
age to surrounding structures (i.e., the 

temporomandibular joint, facial nerve, 
tympanic membrane, ossicular chain). 
Extreme care is required when drilling the 
abnormal bone away, so as not to inadver-
tently contact the ossicular chain. If the 
ossicular chain is contacted by a high speed 
drill, the patient may experience sensori-
neural hearing loss. If the ear is continu-
ally exposed to cold, wet conditions, the 
disorder may recur.

Necrotizing otitis externa 
(previously known as 
malignant otitis externa)

DEFINITION AND CLINICAL FEATURES
Necrotizing otitis externa is a very aggres-
sive and potentially fatal infection of the 
EAC that is most often seen in immu-
nocompromised patients. Patients often 
present with long-standing otalgia and otor-
rhea. Classically, there is granulation tissue 
seen in the floor of the EAC at the bony– 
cartilaginous junction. The infection pro-
gresses from the soft tissues of the ear canal, 
to the bony structures of the temporal bone, 
and to the intracranial cavity, or along the 
skull base to involve the cranial nerves. 
Intracranial involvement often presents as 
headache, altered mental status, fever, and 
nuchal rigidity. The facial nerve is the most 
commonly involved cranial nerve and pres-
ents as unilateral facial paralysis.

DIFFERENTIAL DIAGNOSIS
Otitis externa, temporal bone neoplasm.

WORKUP
Bacterial and fungal cultures of otorrhea 
should be obtained. CT scans can show 
evidence of bony erosion, while MRI 
scans are superior for detecting soft tis-
sue changes and enhancement of the dura, 
if present. Technetium-99m bone scans 
detect osteoblastic activity, and are very 
specific to active infection, should the CT 

Figure 15.13 CT temporal bone 
 demonstrating exostoses.

Figure 15.14 CT temporal bone 
 demonstrating exostoses.
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scan be inconclusive. Gallium-67 citrate- 
and indium-111-labeled leukocyte scans 
show inflammatory cell activity and have 
high sensitivity for monitoring resolution 
of disease.

TREATMENT
Treatment of necrotizing otitis externa is 
primarily medical. Early infections are often 
treated with oral antipseudomonal antibi-
otics (i.e., fluoroquinolones), while more 
progressive infections are treated initially 
with IV antibiotics. On occasion, surgical 
debridement may become necessary, but 
usually, the surgeon is “chasing” a diffusely 
spreading disease and surgical intervention 
may prove futile. Hyperbaric oxygen ther-
apy may be used to facilitate the manage-
ment of the bone infection (Figure 15.15).

Figure 15.15 Malignant otitis externa with 
significant EAC edema.



http://taylorandfrancis.com


215
CHAPTER 16

Middle Ear 
Disorders
Anthony Chin-Quee, Foluwasayo E. Ologe, 
and Michael D. Seidman

Tympanic membrane 
perforation

DEFINITION AND CLINICAL FEATURES
A tympanic membrane perforation is a hole 
that develops in the tympanic membrane 
as a result of chronic infection or trauma. 
Patients commonly present with otalgia, 
otorrhea, hearing loss, tinnitus, and a sensa-
tion of fullness. Perforations are classified as 
central (involving the pars tensa, sparing the 
annulus), marginal (involving the pars tensa 

and the annulus), and attic (involving the 
pars flaccida) (Figures 16.1 and 16.2).

DIFFERENTIAL DIAGNOSIS
Retraction pocket, cholesteatoma, tympano-
sclerosis, monomeric tympanic membrane.

WORKUP
When evaluating a tympanic membrane 
perforation, hearing loss and compliance of 
the middle ear mechanism are quantified by 
obtaining an audiogram and tympanogram.

•   Tympanic membrane perforation

•   Otitis media

•   Mastoiditis

•   Paraganglioma

•   Cholesteatoma

•   Otosclerosis

•   Cholesterol granuloma
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TREATMENT
The majority of traumatic perforations will 
heal spontaneously over the course of weeks 
to months. In order to promote healing of 
perforations associated with chronic otitis 

media, dry ear precautions and antibiotics 
are the mainstay of treatment. If the perfora-
tion persists, surgical intervention through 
myringoplasty with autologous cartilage or 
fat graft for small perforations, and formal 
tympanoplasty with autologous fascia graft 
may be required for larger perforations. The 
approach to the tympanoplasty (transmeatal 
vs. postauricular, graft underlay vs. lateral 
graft overlay) is determined by the size and 
location of the perforation, as well as sur-
geon preference.

Otitis media

DEFINITION AND CLINICAL FEATURES
Otitis media is defined as an inflammatory 
condition of the middle ear and mastoid 
space and is an extremely common disorder 
of childhood. A middle ear effusion may 
or may not be present. Inflammation may 
be acute, subacute, or chronic. Eustachian 
tube dysfunction is the most important 
pathological factor. Patients with acute oti-
tis media often present with fever, irritabil-
ity, otalgia, and hearing loss. In the case 
of advanced disease, patients may present 
with tinnitus, vertigo, facial paralysis and 

Figure 16.1 Marginal tympanic membrane 
perforation.

Figure 16.2 Central tympanic membrane perforation.
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swelling, and pain behind the ear. In the 
case of otitis media with effusion, the only 
presenting symptom may be hearing loss 
or speech delay. In the case of chronic sup-
purative otitis media, persistent purulent 
drainage is observed through a tympanic 
membrane perforation or tympanostomy 
tube (Figures 16.3 and 16.4).

DIFFERENTIAL DIAGNOSIS
Mastoiditis, otitis externa, otosclerosis, 
cholesteatoma.

WORKUP
A careful examination of the tympanic mem-
brane with pneumatic otoscopy is essential 
to initial evaluation. An audiogram with 
tympanometry should be performed for any 
patient with complaint of hearing loss. If 
there is suspicion of intracranial complica-
tions, a CT scan can be considered.

TREATMENT
Otitis media may be treated with observation, 
medically with analgesics and antimicrobials 
targeting the most common causative agents 
of acute otitis media: Streptococcus pneu-
moniae, Haemophilus influenzae, Moraxella 
catarrhalis, and group A Streptococci. 
Disease refractory to medical management 
can be treated with myringotomy with tym-
panostomy tube placement, as well as ade-
noidectomy with or without tonsillectomy.

Mastoiditis

DEFINITION AND CLINICAL FEATURES
Mastoiditis can be defined as an inflam-
matory process of the mastoid air cells. 
Mastoiditis may be acute, associated with 
acute otitis media, or chronic, associated with 
chronic suppurative otitis media. In addition 
to presenting with symptoms of acute otitis 
media (fever, hearing loss, otorrhea), pain as 
well as erythema and swelling in acute mas-
toiditis may be localized to the postauricular 
area and is typically worse at night.

DIFFERENTIAL DIAGNOSIS
Deep neck space infection, lymphadenopa-
thy, cellulitis, basilar skull fracture, paroti-
tis, otitis externa, trauma, neoplasm.

WORKUP
Seeing as mastoiditis often arises when there is 
inefficacy of antimicrobial therapy for acute oti-
tis media; a CBC as well as tympanocentesis/

Figure 16.3 Acute otitis media,  demonstrating 
hyperemia and bulging of membrane.

Figure 16.4 Acute otitis media,  demonstrating 
progression of infection, membrane in danger 
of perforation.
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myringotomy may be performed for both 
therapeutic pain relief and bacterial cultures. 
CT scan of the temporal bone is the main-
stay of imaging evaluation and can be used to 
identify signs of need for surgical intervention, 
including coalescence of air cells, enhancing 
areas of abscess formation, dehiscence of the 
tegmen or mastoid cortex, and elevation of the 
mastoid periosteum (Figures 16.5 and 16.6).

TREATMENT
Acute mastoiditis without evidence of oste-
itis or periosteitis may be treated medically 
with antibiotics. If there is evidence of peri-
osteitis, IV antibiotics as well as high-dose 
steroids (with encapsulated bacteria, steroids 
may be contraindicated) and tympanostomy 
tube insertion are recommended. With evi-
dence of osteitis, surgical treatment with 
mastoidectomy with tympanostomy tube 
placement is required.

Paraganglioma

DEFINITION AND CLINICAL FEATURES
Paragangliomas are the most common 
benign tumors of the middle ear. The two 
most common paragangliomas of the head 
and neck, glomus tympanicum and glomus 
jugulare, can be distinguished by their sites 
of origin. Glomus tympanicum tumors arise 
from paraganglia on the cochlear promon-
tory in the middle ear, while glomus jugu-
lare tumors arise from the paraganglia of 
the jugular bulb. Patients often present with 
hearing loss, pulsatile tinnitus, and aural 
fullness. Patients may also present with 
unilateral lower cranial nerve palsies and 
symptoms of sympathetic system activation 
(i.e., hypertension, palpitations, diaphore-
sis, flushing). On physical examination, the 
common finding is a reddish-blue pulsatile 
mass in the middle ear space. A bruit may 

Figure 16.5 Mastoiditis, demonstrating 
postauricular swelling and erythema.

Figure 16.6 Mastoiditis, comparing infection on the right with a normal examination on the left.
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be appreciated on auscultation over the mas-
toid (Figure 16.7).

DIFFERENTIAL DIAGNOSIS
Otitis media, hemotympanum, cholestea-
toma, meningioma, neurofibroma, carci-
noma, aneurysm.

WORKUP
There is a role for several imaging modalities 
in the evaluation of the paraganglioma. A CT 
scan should be obtained to evaluate for pat-
terns of bony erosion and to aid in surgical 
planning by identifying aberrant anatomy. 
MRI scan can help delineate tumor from 
native soft tissues, as well as identify dural 
involvement in the case of intracranial exten-
sion. Angiography is useful to identify vessels 
for preoperative embolization. Laboratory 
tests should be performed to assess the secre-
tory status of the tumor, including serum 
and urine catecholamines, metanephrines, 
and vanillylmandelic acid. The likelihood 
of secretion is approximately 3%; however, 
if this is not known preoperatively, you may 
experience life-threatening anesthetic com-
plications (Figures 16.8 and 16.9).

TREATMENT
Surgical excision is the definitive treat-
ment in majority of cases. In the event of 
an incomplete resection or a poor surgical 

candidate, angiography with embolization 
and/or radiotherapy may be used.

Cholesteatoma

DEFINITION AND CLINICAL FEATURES
Cholesteatoma is a benign overgrowth of 
keratinized squamous epithelium in the 

Figure 16.7 Paraganglioma as viewed using 
microostoscopy.

Figure 16.9 MRI of a right-sided 
paraganglioma.

Figure 16.8 CT of right paraganglioma, 
demonstrating bony erosion of the temporal 
bone.
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middle ear, leading to the replacement 
of middle ear mucosa and resorption of 
underlying bone. Cholesteatoma can be 
congenital or acquired in nature. Patients 
often present with persistent foul smelling 
otorrhea and hearing loss. Physical exami-
nation will often reveal granulation tissue 
in the external auditory canal, as well as 
an attic retraction pocket of the tympanic 
membrane. A white-yellow mass may be 
seen in the middle ear space (Figures 16.10 
and 16.11).

DIFFERENTIAL DIAGNOSIS
Otitis media, otitis externa, tympanic mem-
brane perforation, malignant neoplasm.

WORKUP
Initial workup of cholesteatoma includes 
physical examination, audiogram, and CT 
scan of the temporal bone. The senior 
author (MDS) rarely obtains CT scans for 
chronic ear issues, reserving the use for 
some revision procedures, or if the patient 

has symptoms suggestive of inner ear or 
facial nerve involvement (i.e., lateral canal 
fistula, dizziness, or facial paresis). Typical 
imaging findings include blunting of the 
scutum, bony erosion of the lateral attic 
wall, superior external auditory canal, and 
ossicles. In the case of advanced choles-
teatoma, nonenhancing mass with smooth 
borders can be appreciated eroding sur-
rounding bone.

TREATMENT
Surgical management of cholesteatoma with 
mastoidectomy is the mainstay of treatment. 
In the event that a canal wall up mastoid-
ectomy is performed, a “second-look pro-
cedure” may be performed in 9–12 months 
to evaluate for recurrence of the disease. 
Generally speaking, the past teaching is that 
cholesteatoma recurs in approximately 40% 
of patients; however, in the senior author’s 
experience (MDS), it is approximately 5%. 
If there is recurrent disease, the canal wall 

Figure 16.11 Demonstration of a superior 
retraction pocket, the depths of which can 
no longer be appreciated (short arrows), 
with development of cholesteatoma pearl 
(long arrow).

1

Figure 16.10 Demonstration of a superior 
retraction pocket, the depths of which can still 
be appreciated. 1—retraction of the tympanic 
membrane onto the long process of the incus.
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may need to be taken down, and the patient 
is then managed with outpatient mastoid 
debridement and aural toilet (Figure 16.12).

Otosclerosis

DEFINITION AND CLINICAL FEATURES
Otosclerosis is an autosomal-dominant dis-
order with variable penetrance. It is char-
acterized by abnormal alternating phases of 
bone resorption and formation in the bony 
otic capsule. This will most commonly 
result in fixation of the stapes footplate 
and conductive hearing loss. Rarely, oto-
sclerosis can affect other areas of the otic 
capsule, resulting in sensorineural hearing 
loss. The most common presenting symp-
tom is a conductive hearing loss. On physi-
cal examination, otoscopy can demonstrate 
a focus of reddish-blue discoloration on the 
cochlear promontory (Schwartze’s sign) 
(Figure 16.13).

DIFFERENTIAL DIAGNOSIS
Fibro-osseous footplate fixation, congeni-
tal footplate fixation, ossicular discontinu-
ity, fixed malleus–incus syndrome, crural 

atrophy, congenital cholesteatoma, Paget’s 
disease, osteogenesis imperfecta.

WORKUP
Initial workup includes otologic exam 
including micropneumotoscopy to assess for 
malleus mobility, tuning fork testing, and 
audiogram, which will typically show a ficti-
tious conductive loss at 2000 Hz (Carhart’s 
notch). Stapes reflex testing is also appro-
priate. A high-resolution CT scan of the 
temporal bone is rarely helpful or necessary 
(Figures 16.14 through 16.16).

TREATMENT
Medical treatment includes daily doses of 
sodium fluoride, though it is rarely used; 
bisphophanates have been tried with limited 
success. Due to typically good speech dis-
crimination, these patients may be suitable 
hearing aid candidates. Surgical interven-
tion is the preferred treatment and consists 
of stapedectomy or stapedotomy using KTP 
laser, with replacement of the ossicle with a 
prosthesis.

Figure 16.12 Cholesteatoma pearl. Figure 16.13 Schwartze’s sign in a patient 
with otosclerosis.
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Figure 16.14 Carhart notch in a patient with otosclerosis.

Figure 16.15 CT of otosclerosis demonstrating thickening of the fissula ante fenestram, right ear.
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Cholesterol granuloma

DEFINITION AND CLINICAL FEATURES
Cholesterol granuloma of the temporal 
bone is an expansile lesion incited by an 
inflammatory response with subsequent 
hemorrhage in an area of impaired  aeration. 
This results in formation of cholesterol 
crystals (as the heme resorbs), which in 
turn stimulate an inflammatory response. 
Within the temporal bone, cholesterol 
granuloma may arise from the tympano-
mastoid compartment, or the petrous apex. 
The former is often found in patients with 
chronic otitis media and is rarely symptom-
atic. Cholesterol granulomas of the petrous 
apex can present with chronic deep ear 
pain, or retro-orbital pain. Patients may 
also present with hearing loss, dizziness 
and neuropathies of the trigeminal, abdu-
cens, and facial nerves.

DIFFERENTIAL DIAGNOSIS
Cholesteatoma, epidermoid cyst, encephalo-
cele, mucocele, petrous apicitis, meningioma, 
schwannoma, chondrosarcoma, chor doma, 
plasmacytoma, metastatic disease, internal 

carotid artery aneurysm, Langerhans cell 
histiocytosis, asymmetric fat in the petrous 
apex.

WORKUP
Diagnosis relies primarily on imaging. A CT 
with fine cuts of the temporal bone char-
acteristically shows a lesion with smooth 
borders, little if any rim enhancement, and 
bony changes secondary to lesion expan-
sion. Relationships between the lesion and 
surrounding structures can be appreciated 
on CT images in preparation for surgical 
treatment. On MRI, the lesion is hyperin-
tense on both T1- and T2-weighted images 
and does not display enhancement with the 
addition of contrast. Diffusion-weighted 
imaging may also offer assistance in the 
preoperative diagnosis. Prior to treatment, 
an audiogram should be obtained as well 
(Figures 16.17 and 16.18).

TREATMENT
Asymptomatic lesions can be managed 
expectantly with serial MRI examinations. 
For symptomatic lesions, surgical drain-
age is the primary treatment modality. 

Figure 16.16 CT of otosclerosis demonstrating thickening of the fissula ante fenestram, left ear.
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The approach to the lesion is determined 
by the patient’s degree of hearing loss 
in the affected ear, as well as the com-
plexity of the anatomical relationships 
between the lesions and other temporal 

bone  structures. In the author’s experi-
ence, the petrous apex can most often be 
exposed by using either a retrocochlear or 
retrofacial approach with the aid of neuro-
navigation (Figures 16.19).

Figure 16.18 Postoperative CT temporal bone of a cholesterol granuloma.

Figure 16.17 Preoperative CT temporal bone of a cholesterol granuloma.
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Figure 16.19 Anatomy of the retrocochlear approach to the petrous apex.
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CHAPTER 17

Inner Ear Disorders
Anthony Chin-Quee, Foluwasayo E. Ologe, 
and Michael D. Seidman

Schwannoma

DEFINITION AND CLINICAL FEATURES
A schwannoma is a benign proliferation of 
Schwann cells within the nerve sheath of 
a peripheral nerve. In the head and neck, 
these occur most frequently in the cerebel-
lopontine angle (CPA) and may involve the 
vestibulocochlear, facial, and trigeminal 
nerves. Patients often present with unilateral 
hearing loss, tinnitus, vertigo, disequilib-
rium, facial numbness, and facial weakness. 
Less commonly, patients may present with 
decreased visual acuity, dysphagia, hoarse-
ness, and headache.

DIFFERENTIAL DIAGNOSIS
Meningioma, epidermoid cyst, arachnoid 
cyst, glioma, hemangioblastoma, papilloma, 
glomus tumor, primary bone tumor, meta-
static lesion.

WORKUP
Workup should begin with an audiogram, 
which may demonstrate sloping high-
frequency hearing loss and “rollover”—
decreased speech discrimination as speech 
decibel level increases. Auditory brainstem 
reflex (ABR) testing should be performed 
and will often show a decreased, or absent, 
response. High-resolution CT scan of the 

•   Schwannoma

•   Meningioma

•   Benign paroxysmal positional vertigo

•   Meniere’s disease

•   Bell’s palsy

•   Ramsay Hunt syndrome

•   Temporal bone fractures

•   Superior semicircular canal dehiscence
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temporal bone may be obtained for evalua-
tion of bony erosion and surgical planning; 
however, the gold standard for diagno-
sis of schwannoma is MRI with contrast. 
The schwannoma characteristically appears 
iso-/hypointense on T1-weighted images 
and heterogeneously hyperintense on 
T2-weighted images. The lesion enhances 
with contrast (Figures 17.1 through 17.3).

TREATMENT
Schwannomas of the CPA can be treated with 
surgery, radiation, or observation. Lesions 
are often observed when very small in size 
and in elderly patients and followed with 
yearly MRI scans. If the patient is deemed 
a poor surgical candidate, treatment with 
stereotactic radiation therapy (i.e., Gamma 
Knife, Cyber Knife) is an option. There are 
three main surgical approaches considered 
when evaluating a vestibular schwannoma 
for removal. The translabyrinthine approach 
is typically the first considered. Although it 
poses the least theoretical risk to the facial 
nerve, the main downside is that hearing 
will be obliterated with this approach. The 
retrolabyrinthine (or suboccipital) approach 

is typically used for tumors that are closer to 
the brainstem, with the bulk of the tumor 
in the cerebellopontine angle (as opposed to 
within the internal auditor canal). Hearing 
can be saved in this approach, depending 
on the size of the mass. The middle cranial 
fossa approach is typically used for tumors of 
the IAC that are less than 10–14 mm in size. 
Again, hearing can be saved in this approach; 
however, there is a higher incidence of men-
ingitis, encephalopathy, and seizures given 
the degree of exposure and retraction on 
the brain required. Postoperative function 
of the facial nerve ranges from 50% to 90% 
depending on the size of the tumor (Figures 
17.4 and 17.5).

Meningioma

DEFINITION AND CLINICAL FEATURES
Meningioma is a neoplasm arising from 
the endothelial cells of the arachnoid villi. 
Patients with meningioma of the cerebello-
pontine angle present in a similar manner to 
those with schwannoma—unilateral hear-
ing loss, tinnitus, vertigo, disequilibrium, 
facial numbness, and facial weakness.

Figure 17.1 MRI of a left vestibular schwannoma, T2-weighted image, demonstrating progression 
of the lesion, with surrounding edema of the brain parenchyma.
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Figure 17.3 CT temporal bone of a right vestibular schwannoma, demonstrating bony erosion.

Figure 17.2 MRI of an advanced right vestibular schwannoma, T2-weighted image, demonstrating 
heterogeneity.
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DIFFERENTIAL DIAGNOSIS
Schwannoma, pituitary macroadenoma, 
craniopharyngioma, hemangiopericytoma, 
sarcoidosis, tuberculosis, idiopathic hyper-
trophic pachymeningitis, Paget’s disease, 
fibrous dysplasia.

WORKUP
Workup should begin with an audiogram, 
which may demonstrate sloping high-
frequency hearing loss and “rollover.” A 
decreased, or absent, response on ABR 
testing is common. High-resolution scan 
of the temporal bone will typically show 
a homogenous, contrast-enhancing mass 

with a well-defined border and associated 
edema. The meningioma typically appears 
isointense on T1-weighted images, hyperin-
tense on T2-weighted images, and enhances 
brightly with gadolinium. A “dural tail” is 
typical (Figures 17.6 and 17.7).

TREATMENT
Definitive treatment of meningiomas 
includes surgical resection of the tumor, 
dural attachment, and involved bone. 
Though meningiomas can be variable in their 
locations, the otolaryngologist will often be 
consulted prior to the removal of tumors of 
the petro-clival region. These  tumors can 

1. Malleus (Hammer)
2. Incus (Anvil)
3. Stapes (Stirrup)
4. Horizontal semi-circular canal
5. Superior semi-circular canal
6. Posterior semi-circular canal
7. Round window

  8. Sigmoid sinus
  9. Jugular bulb
10. Internal jugular vein
11. Internal carotid artery
12. Eustacian tube
13. Facial nerve

Surgical approaches

A. Transcochlear
      Direct, but deaf and dizzy
      for certain

B. Translabyrinthine
      Direct but deaf and dizzy

C. Middle Fossa
      Preserves hearing and balance,
      but drainage into head

D. Retrofacial
      Nice and direct, but very close to
      posterior semi-circular canal. Can
      lead to deaf and dizzy. (Very
      quick-1.5–2.5 hours)

E. Infracochlear
      Intends to save hearing and balance

Risks of procedure
   1. Bleeding
   2. lnfection
   3. Change or loss of sense of taste
   4. Numbness of face
   5. Facial paralysis
   6. Difficulty swallowing
   7. Deafness
   8. Dizziness
   9. Ringing
10. Paralysis vocal cord
       (Hoarseness)
11. Aspiration (food/liquid goes
       down wrong pipe)
12. Tongue weakness, paralysis
13. Shoulder weakness/soreness
14. lnjury to carotid artery
15. Need to take carotid artery
16. Stroke
17. Death
18. Persistent tumor
19. Need for more surgery
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Figure 17.4 Sagittal schematic of the right temporal bone, outlining multiple approaches to the 
CPA, and associated risks.
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typically be removed using a combination 
of presigmoid and postsigmoid transtem-
poral and transpetrosal approaches to the 
skull base. These approaches require cra-
niotomies, complete mastoidectomy, and 
middle cranial fossa approach. In the case 
of inoperable tumors, incomplete resection 
or malignant meningioma radiation therapy 
is indicated. Regular follow-up with MRI is 
indicated, as meningiomas have a high 
recurrence rate (Figures 17.8 and 17.9).

Benign paroxysmal 
positional vertigo

DEFINITION AND CLINICAL FEATURES
Benign paroxysmal positional vertigo (BPPV) 
is a very common balance disorder, which is 
characterized by short-lived spells of vertigo 
lasting 15–60 seconds provoked by rapid 
changes in head positioning. Although there 
may be a history of head trauma or recent 
infection, the cause is usually unknown.
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Figure 17.5 Axial view, outlining multiple approaches to the CPA.
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DIFFERENTIAL DIAGNOSIS
Meniere’s disease, vestibular neuronitis, 
labyrinthitis, superior semicircular canal 
dehiscence.

WORKUP
The Dix–Hallpike maneuver is pathogno-
monic for this condition. A positive test will 
reveal a delayed and then fatigable rotatory, 
and geotropic nystagmus when the head is 
turned to the affected side.

TREATMENT
The mainstay of treatment for BPPV is 
the particle repositioning (Epley) maneu-
ver. Following this maneuver, patients are 
encouraged to sleep upright for 48 hours and 
avoid positions that evoke dizzy spells. For 
persistent symptoms, Cawthorne  exercises 

Figure 17.7 CT of a left meningioma.

Figure 17.6 CT of a left meningioma (closed arrow), demonstrating mass effect, and  surrounding 
edema of the brain parenchyma (open arrow).
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Figure 17.8 Demonstration of the combination approach to a petroclival mass.
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Figure 17.9 Anatomy of the petroclival approach.
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(designed to stress the balance system by 
evoking dizziness) may be performed by the 
patient at home. If conservative treatments 
fail, surgical options include singular neurec-
tomy and semicircular canal occlusion.

Meniere’s disease

DEFINITION AND CLINICAL FEATURES
Meniere’s disease, also known as endolym-
phatic hydrops, is thought to arise secondary 
to expansion of the endolymphatic compart-
ment due to increased pressure. There appears 
to be a strong association with allergic dis-
orders. Patients present with the constella-
tion of episodic vertigo lasting up to several 
hours, fluctuating hearing loss, sensation of 
fullness in the affected ear, and tinnitus.

DIFFERENTIAL DIAGNOSIS
BPPV, perilymphatic fistula, vertebral/basilar 
artery insufficiency, migraine, vestibulopathy, 

vestibular neuronitis, labyrinthitis, vestibular 
schwannoma, central nervous system lesion.

WORKUP
During a Meniere’s attack, audiogram can typ-
ically show a low-frequency hearing loss. This 
loss can change on subsequent testing when 
the disease is not active. Electrocochleography 
during an attack can show a summating 
potential of greater than 50%, which is indica-
tive of increased inner ear pressure; some sug-
gest anything greater than 40% is significant. 
Vestibular testing, including electronystag-
mography, and VEMP testing play a role in 
ruling out other causes of vertigo. CT and 
MRI scan can be used to rule out other causes 
of symptoms, should clinical suspicion for a 
lesion be high (Figures 17.10 and 17.11).

TREATMENT
Treatment is primarily medical, with use of 
diuretics and dietary modification, which 
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Figure 17.10 Meniere’s audiogram during attack, demonstrating low-frequency sensorineural 
hearing loss.
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includes low sodium diet, caffeine, alcohol, 
and tobacco avoidance. Some patients are 
sensitive to dietary modification, and some 
have no such relationship. Management of 
allergies, seen in up to 50% of patients with 
Meniere’s disease, may be very helpful. In the 
event of failure of medical management (oral 
steroids for 1–2 weeks, transtympanic gen-
tamicin, beta-histidine [not approved by the 
U.S. FDA; frequently used in Canada and the 
United Kingdom with 80%–85% improve-
ment]), surgical options include endolym-
phatic sac decompression, vestibular nerve 
section, and labyrinthectomy (Figure 17.12).

Bell’s palsy

DEFINITION AND CLINICAL FEATURES
Bell’s palsy is defined as an acute-onset idio-
pathic facial nerve weakness/paralysis. It is a 
diagnosis of exclusion after other potential 

causes of facial nerve damage have been ruled 
out. Aside from the characteristic acute onset 
(24–48 hours) of unilateral upper and lower 
facial weakness, patients may also present 
with blurred vision secondary to decreased 
tearing and eyelid closure, ear pain, hyper-
acusis, taste disturbance, and dry mouth.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of facial paralysis 
is extensive, and includes infection—otitis 
externa/media, mastoiditis, Ramsey Hunt 
syndrome, Lyme disease; neoplasm of tem-
poral bone or cerebellopontine angle, dia-
betes mellitus, hyperthyroidism, trauma, 
congenital birth defect, intoxication, and 
vascular malformation.

WORKUP
Workup is limited but could include lab work 
(rarely needed), imaging (MRI indicated if 
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Figure 17.11 Meniere’s late stage audiogram, demonstrating sensorineural hearing loss across 
several frequencies.
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no recovery in 3 months, but is often done 
earlier to reassure both the patient and 
the physician), and audiologic testing to 
aid in ruling out all other causes of facial 
paralysis. In the case of complete paralysis, 
ENoG testing may be done within the first 
14–21 days of paralysis onset to assess the 
degree of neural degeneration.

TREATMENT
Medical treatment is the first line, consist-
ing of systemic corticosteroids and possibly 
antivirals, as there is much evidence sup-
porting the idea that herpes simplex virus 
type 1 is a causative agent in Bell’s palsy. 
Protective eye care should also be instituted. 
In the case of complete paralysis and evi-
dence of 90% nerve degeneration or greater 
on ENoG testing, surgical decompression of 
the nerve may be considered (Figures 17.13 
and 17.14).

Ramsay Hunt syndrome

DEFINITION AND CLINICAL FEATURES
Ramsay Hunt syndrome, or herpes zoster 
oticus, is caused by a reactivation of latent 
varicella zoster infection, and is defined 
as a herpetic vesicular rash of the concha, 
external auditory canal, or pinna with an 

ipsilateral facial nerve palsy. Patients typi-
cally present with severe, paroxysmal deep 
ear pain, and herpetic lesions of the ear and 
mouth. Vertigo, tinnitus, hearing loss, fever, 
headache, and cervical adenopathy may also 
be present.

Figure 17.13 Left-sided Bell’s palsy, at rest.

Figure 17.12 Human temporal bone section, endolymphatic hydrops, and organ of Corti (arrow).
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DIFFERENTIAL DIAGNOSIS
Bell’s palsy, trigeminal neuralgia, postherpetic 
neuralgia, temporomandibular joint disorder.

WORKUP
In addition to the pathognomonic physi-
cal examination findings, an infectious 

laboratory workup could be performed, 
including CBC, ESR, electrolytes, and viral 
studies. An audiogram should be obtained 
if there is any complaint of hearing loss. 
Imaging is usually not necessary to make 
the diagnosis; however, an MRI with con-
trast can help to evaluate inflammation of 
the facial nerve.

TREATMENT
Treatment of Ramsay Hunt syndrome is 
typically medically and includes systemic 
steroids, antivirals, vestibular suppressants, 
and pain control. Surgery has no role in 
management (Figures 17.15 and 17.16).

Temporal bone fractures

DEFINITION AND CLINICAL FEATURES
Temporal bone fracture is defined as the 
clinical condition in which there is a com-
plete or incomplete break in the tempo-
ral bone, induced by impact with a blunt 
surface, penetrating missiles, or sharp 
objects. These patients may present with 
hearing loss, vertigo, otorrhagia, and CSF 
leak. Physical examination may reveal 
lacerations of the EAC, Battle’s sign, 
Raccoon sign, hemotympanum, tympanic 
membrane perforation, and otorrhea on 
otoscopic exam.

Figure 17.14 Left-sided Bell’s palsy, during 
attempted smile.

Figure 17.15 Ramsay Hunt, demonstrating vesicles of the face and oral cavity.
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DIFFERENTIAL DIAGNOSIS
The differential diagnosis of temporal bone 
trauma includes ossicular chain discontinu-
ity, tympanic membrane perforation, cere-
brospinal fluid leak, perilymphatic fistula, 
and vascular injury/anomaly.

WORKUP
In addition to the physical examination, the 
primary imaging modality is high-resolution 
CT scan with thin cuts through the tempo-
ral bone. Fractures are classified as longitu-
dinal, transverse, or oblique. Longitudinal 
fractures are far more common; however, 
transverse fractures are more likely to violate 
the otic capsule.

TREATMENT
The majority of temporal bone frac-
tures are observed. Surgical intervention 
is indicated in the setting of immediate 
onset facial nerve injury. Oftentimes, 
given the severity of the trauma, this may 
not be initially assessable. Surgery may 
also be appropriate for conductive hearing 
loss secondary to ossicular chain disloca-
tion or tympanic membrane perforation, 
and persistent CSF leak (Figures 17.17 
through 17.19).

Superior semicircular 
canal dehiscence

DEFINITION AND CLINICAL FEATURES
Superior semicircular canal dehiscence is 
defined as a thinning and dehiscence of the 
bony superior aspect of the superior canal. 
Patients typically complain of vertigo brought 
on by loud sounds (Tullio’s phenomenon) or 
aural pressure (Hennebert’s sign). Pneumatic 
otoscopy may also reveal nystagmus in the 
plane of the superior semicircular canal.

DIFFERENTIAL DIAGNOSIS
BPPV, labyrinthitis, Meniere’s disease, oto-
toxicity, perilymphatic fistula, otosclerosis, 
migraine.

WORKUP
A thin-cut CT of the temporal bone is one 
of the first steps in confirming a diagnosis. 
Additionally, audiogram and vestibular-evoked 
myogenic potentials may be used to confirm 
the diagnosis (Figures 17.20 through 17.22).

TREATMENT
SSCD can be treated conservatively with 
observation and avoidance of stimuli. 
Surgical interventions include placement of 
myringotomy tubes, canal resurfacing, and 
canal occlusion.

Figure 17.16 Ramsay Hunt, demonstrating vesicles of the external ear and preauricular skin.
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Figure 17.17 Longitudinal temporal bone fracture (arrows).

Figure 17.18 Transverse temporal bone fracture (arrow).
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Figure 17.19 Complex temporal bone fracture with an oblique component (left arrow), 
and a longitudinal component (right arrow).

Figure 17.20 CT demonstrating SCC dehiscence, coronal view.



Inner Ear Disorders 241

125

–10

0

10

20

30

40

50

60

H
ea

rin
a 

le
ve

l (
dB

)

70

80

90

100

110

120

130

250 500 1k

Frequency (Hz)

2k 4k 8k

Figure 17.21 Audiogram with low-frequency conductive hearing loss typical of SCC dehiscence.

Figure 17.22 CT demonstrating SCC dehiscence, oblique sagittal view in the plane of the 
 superior canal.
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SECTION 5

FACIAL PLASTICS
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CHAPTER 18

Normal Facial 
Analysis
Celeste Gary and Laura T. Hetzler

Assessment of the face for facial plas-
tic surgery requires an understanding of 
the aesthetic ideal in relation to age, sex, 
body type, and cultural and contemporary 
trends. Once one understands what makes 
a face attractive, then an analysis can be 
performed to determine the problem areas 
and determine the priorities of surgery. Key 
concepts include balance, proportion, sym-
metry, and harmony.

Photographs

Photographs should be obtained prior to 
facial aesthetic surgery. Photos should be 
taken with the patient in the Frankfort 

horizontal position, and the supratragic 
notch should be on a level with the infra-
orbital rim. At a minimum, a frontal view, 
left and right lateral views, and left and right 
oblique views should be obtained. Other 
additional views include lateral with smile, 
frontal with smile, basal, and close-ups of 
planned operative sites.

FACIAL ANATOMIC LANDMARKS
Trichion: Midline at hairline
Glabella: Prominence in midsaggital 

plane, superior to the root of the nose
Nasion: Nasofrontal suture
Sellion: Deepest soft tissue point within 

the nasofrontal angle

•   Photographs

•   Facial aesthetic units

•   Forehead and brow

•   Periorbital region

•   Perioral region and chin

•   Suggested reading
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Radix: Root of the nose, which contains 
the sellion and nasion

Rhinion: Cartilaginous–bony junction
Supratip break: Just cephalic to the tip-

defining point
Tip-defining point: Two points repre-

senting the highest point on the crural arch
Infratip lobule: Portion of the lobule 

inferior to the tip-defining point, superior 
to the nostril

Infratip break: Junction of the columella 
and the lobule

Alar crease: Most posterior portion of the 
nose

Stomion: Embouchure of the lips
Pogonion: Anterior most border of the 

chin
Menton: Inferior most portion of the 

chin
Cervical point: Menton and neck 

intersection
Tragion: Supratragic notch of the ear

SKIN
The skin has a key role in facial appearance. 
The texture, thickness, elasticity, and degree 
of sun damage should be assessed by inspec-
tion and palpation. Skin lesions, scars, rhytids, 
and pigmentation should also be noted.

Pigmentation is assessed with the 
Fitzpatrick’s sun-reactive skin types:

Skin type Skin color Tanning response 

I White Always burns, never 
tans

II White Usually burns, tans 
with difficulty

III White Sometimes mild burn, 
tan average

IV Brown Rarely burns, tans 
with ease

V Dark Brown Very rarely burns, tans 
very easily

VI Black Never burns, tans very 
easily

Aging skin results in a thinned epidermis, 
decreased subcutaneous fat, loss of dermis 
elasticity, decreased melanocytes, decreased 
mounts of type I collagen, and reduced vas-
cular supply.

HAIR
The position of the hairline, temporal reces-
sion, and density of hair follicles should be 
taken into account when considering surgi-
cal incisions.

Facial aesthetic units

FACIAL THIRDS
Facial height is divided into three equally 
spaced segments, demarcated by the 
trichion, glabella, subnasale, and menton 
(Figure 18.1).

Figure 18.1 Facial height divided into thirds 
(red), lower face further subdivided into thirds 
(blue), and vertical face divided into fifths 
(yellow).
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LOWER FACIAL THIRDS
Lower third is further divided into 1/3, 
subnasale to stomion, and 2/3, stomion to 
menton (Figure 18.1).

VERTICAL FIFTHS
Facial width is divided into five equally 
spaced segments demarcated by the lateral 
auricle, lateral canthus, medial canthus, 
medial canthus, lateral canthus, and lateral 
auricle (Figure 18.1).

Forehead and brow

Considered the upper third of the face.
Classically described brow position in the 

female

 1. Brow begins medially at a vertical 
line drawn perpendicular through 
the alar base.

 2. Brow terminates laterally at an 
oblique line drawn through the 
lateral canthus of the eye and the 
alar base.

 3. The medial and lateral ends of the 
eyebrow lie at approximately the 
same horizontal level.

 4. The medial end of the eyebrow 
is club shaped and this gradually 
tapers down laterally.

 5. The apex of the brow lies on a ver-
tical line drawn directly through 
the lateral limbus of the eye.

MALE BROW

 1. The apex of the brow lies on a 
vertical line through the lateral 
limbus of the eye.

 2. The entire complex is minimally 
arching.

 3. The brow is positioned at or just 
above the supraorbital rim.

Two main age-related changes to the upper 
third of the face are brow ptosis and hyper-
dynamic facial lines.

 1. Brow ptosis can cause lateral 
hooding over the upper eyelids, 
which is a problem of the upper 
third of the face and not an eyelid 
issue. Assess whether the patient 
has limited superiolateral visual 
fields as this is a functional indica-
tion for surgical intervention of 
the upper third of the face.

 2. Hyperdynamic facial lines are 
caused by repeated pull on the 
skin by the underlying facial 
muscles.

Periorbital region

This includes the upper and lower eyelids, 
the medial and lateral canthal regions, and 
the globe.

Intercanthal distance should be approx-
imately equal to the width of one eye. In 
Caucasian patients, the intercanthal dis-
tance should be equal to the interalar width 
of the nasal base.

The snap test assesses lower lid laxity. The 
lower lid is grasped between the thumb and 
forefinger and pulled away from the globe. 
An abnormal result is delayed return to the 
globe surface or return only after blinking. 
Scleral show should be addressed.

The eyelids often show the earliest signs 
of aging. Problems include skin laxity, pseu-
doherniation of the orbital fat through the 
septum, prominent fat pads, and orbicu-
laris muscle hypertrophy. Other periorbital 
problems such as lid ptosis, enophthalmos, 
proptosis, exophthalmos, lower lid laxity or 
malposition, and lateral hooding should be 
assessed.

Hyperdynamic lines in this region are 
known as “crow’s feet.”

CHEEK
The aesthetic unit that extends from the pre-
auricular crease laterally, to the nasolabial 
fold medially, from the zygomatic arch and 
inferior orbital rim superiorly, to the inferior 
border of the mandible. The most noticeable 
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landmark is the malar eminence, which con-
sists of the zygomatic arch and the maxillary 
bones. A prominent malar eminence is con-
sidered both youthful and beautiful.

The buccal fat pad should be assessed. 
Aging in his area causes a weakening in 
the supportive matrix between the SMAS 
(superficial muscular aponeurotic layer) and 
the underlying buccal fat pad. This results 
in deepened nasolabial creases and jowling. 
Hollow cheeks can occur with lack of buccal 
fat bulk.

Hypertonic facial muscles can result in 
festooning and facial rhytids.

NOSE
This is considered the most noticeable of the 
facial aesthetic units. It is typically described 
in terms of its length, width, projection, and 
rotation.

Aesthetic subunits of the nose, nine total 
(Figures 18.2 and 18.3)

 1. Paired/bilateral subunits include 
alar, soft tissue triangle, and nasal 
sidewall.

 2. Central subunits include nasal 
dorsum, nasal tip, and columella.

Nasal thirds

 1. Upper third: nasal bones and skin
 2. Middle third: upper lateral carti-

lages, septum, and skin
 3. Lower third: lower lateral carti-

lages and septum

General aesthetics

 1. Dorsum follows a smooth curve 
downward from the medial aspect 
of the brows to the supratip 
region.

 2. The tip should show a double 
break and supratip break, which 
separates the dorsum from the 

Figure 18.2 Nasal aesthetic subunits: dorsum, 
tip, bilateral sidewall, and bilateral alar subunits.

Figure 18.3 Nasal aesthetic subunits, base 
view: columella, paired soft tissue triangles.
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lobule and is located 1–3 mm 
above the tip-defining point and 
an infratip break between the 
infratip lobule and columella.

 3. Columellar show of 2–4 mm is 
ideal.

 4. Frontonasoorbital line should be 
smooth from the eyebrows along 
the lateral edge of the nasal dor-
sum and then slightly diverge at 
the tip.

 5. Nasofrontal angle (Figure 18.4):
 a. Angle between the external 

nose and forehead
 b. Approximately 120°
 6. Nasolabial angle (Figure 18.4):
 a. Determines tip rotation
 b. Male: 90°–105°
 c. Female: 95°–110°

 7. Tip projection:
 a. Distance between the facial 

plane and the tip of the nose
 8. Lobular height:
 a. Should be 1/3 of the total 

height on the basal view

Perioral region and chin

This includes the region from the sub-
nasal and nasolabial folds to the menton. 
The contour of the chin is determined by 
the shape and position of the mandible as 
well as the soft tissue overlying it. The chin 
should align with a vertical line from the 
vermillion border of the lower lip to the 
chin. If the line is anterior to the pogonion, 
then the patient is microgenic or possibly 
micrognathic.

Full lips are favored. The upper lip should 
be fuller and project slightly anterior to the 
lower lip in profile.

With aging, there is lengthening of the 
upper lip, thinning of the red lip portions, 
and midface retrusion.

Perioral rhytids should be assessed. 
Marionette lines can appear.

NECK
Addressing cervicomental definition is 
an important part of facial aesthetics. A 
youthful neck has a well-defined mandibu-
lar line that casts a submandibular shadow. 
A cervicomental angle of 90° or less is con-
sidered youthful. The location of the hyoid 
bone should be noted. If it is at the level of 
the fourth cervical vertebra, it is consid-
ered ideal. If it is lower, an obtuse angle 
results.

Cervical fat volume and redundancy of 
neck skin should be noted as well.

Aging results in jowling, chin ptosis, 
ptotic submandibular glands, and platysmal 
banding.

Figure 18.4 Nasofrontal angle (red) and 
nasolabial angle (yellow).
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EARS
The top of the auricular helix should be at 
the level of the lateral eyebrow. The inferior 
attachment of the earlobe should be at the 
level of the alar-facial junction. The width 
to length ratio of the ear is about 0.6:1. The 
ear should protrude from the posterior scalp 
<30° and mid-ear should be no more than 
2 cm from the head.

Suggested reading
Bailey BJ, Johnson JT, Newlands SD. 2006. 

Head and Neck Surgery-Otolaryngology, 
4th ed. Philadelphia, PA: Lippincott 
Williams & Wilkins, pp. 2481–2498.

Papel I. 2009. Facial Plastic and Reconstructive 
Surgery, 3rd ed. New York: Thieme 
Medical Publishers, Inc., pp. 177–186, 
477–486.
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CHAPTER 19

Nose
Krishna Patel and Laura T. Hetzler

Rhinoplasty: Nasal bone 
deformity/nasal tip deformity

Krishna Patel

NASAL BONE DEFORMITY
Definitions and clinical features
While planning rhinoplasty procedures, 
critical pre-assessment of the nasal dimen-
sions in all standardized views is critical. 
By profile, the ideal nasal projection can be 
defined by a ratio measuring the height of 
the nasal tip to the length of the nasal dor-
sum, which should equal 0.67. Additionally, 
on the lateral view or profile, the nasal dor-
sum should lie along or slightly lower than a 
line drawn from the nasion to the nasal tip. 
If nasal bones protrude significantly over 

this line, there exists nasal bone deformity 
in the form of a dorsal hump (Figure 19.1).

On frontal view, the nasal dorsum should 
be straight with the width of the bony side-
wall base equaling 75% of the width of the 
alar base. If the nasal dorsum is not straight, 
there exists a nasal bone deformity in the 
form of a crooked nose (Figure 19.2).

Both dorsal humps and crooked noses may 
involve distortion of the nasal bones, upper 
lateral cartilages, and septum. Determining 
the underlying cause is imperative for surgi-
cal correction.

Differential diagnosis
Etiology of nasal bone deformities may 
be genetically predisposed or induced by 
trauma or surgery. If congenital, often the 

•   Rhinoplasty: Nasal bone deformity/nasal tip deformity

•    Postrhinoplasty complications: 
Inverted-V deformity, pollybeak

•   Nasal valve collapse

•   Rhinophyma

•   Nasal Mohs defects and reconstruction

•   Suggested reading
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deformity becomes more pronounced dur-
ing puberty when the nasal bones are grow-
ing and achieving mature form.

The splaying of the nasal bone or midline 
creasing may be a sign of larger craniofa-
cial anomalies such as frontonasal dysplasia, 
midline clefting, or the mass effect of a der-
moid or nasal/septal mass.

Workup
Physical examination with thorough inspec-
tion, palpation, and anterior rhinoscopy 
is sufficient. Nasal endoscopy may aid in 
diagnosing if septal deviations are contrib-
uting to the nasal bone deformity. In the 
setting of trauma, computed tomography 
(CT) scans may be helpful, although not 

indicated for isolated nasal bone deformi-
ties. Photography of frontal, oblique, lateral, 
and base views enables objective measure-
ments of the nasal dimensions.

If a more unusual nasal bone shape is 
present, CT scans aid in detecting larger 
craniofacial anomalies such as frontona-
sal dysplasia, midline clefting, or the mass 
effect of a dermoid or nasal/septal mass.

Treatment
Surgical correction of the nasal dorsal hump 
often requires rasping the nasal bony dor-
sum and performing medial and lateral 
osteotomies. The crooked nasal bone defor-
mity also involves osteotomies but should 
be tailored to address the asymmetry with 

Figure 19.1 Lateral view of a dorsal hump 
nasal bone deformity. Nasal shape should 
 ideally follow a straight plane from the nasion 
to the nasal tip depicted by the black line.

Figure 19.2 Frontal view of a crooked nose 
nasal bone deformity induced by trauma. The 
nasal bones are severely deflected to the right 
of midline, which is depicted by the black line.



Nose 253

any combination of medial, lateral, and/or 
intermediate osteotomies.

NASAL TIP DEFORMITY
Definitions and clinical features
Like nasal bone deformities, critical analy-
sis of the nasal tip dimensions is necessary. 
50%–60% of the nasal tip should lie above a 
horizontal line drawn from the upper lip. As 
stated previously, the nasal height/length 
ratio should equal 0.67. The tip should 
appear symmetric with two light-reflecting 
points at the domes. On lateral view, the 
columella should have 2–4  mm of show, 
and ideally, the contour reveals an infratip 
and supratip break. The nasolabial angle 
ranges from 90° to 115°, with preferentially 
higher angles for females. Disruption of 
these dimensions may manifest as a nasal tip 
deformity.

When asymmetry exists at the tip, this 
most often generates a nasal tip deformity. 
The asymmetry may be genetically predis-
posed or may be caused by trauma or pre-
vious nasal surgery. Regardless, the most 
common underlying etiology is due to the 
irregular shape and contour of the lower lat-
eral cartilages.

If the nasal skin is very taut and thin 
revealing the lower lateral cartilages as knob-
like, this is defined as bossae (Figure 19.3). 
Bossae are typically a sequela of previous 
rhinoplasty, where the lower lateral carti-
lages become weakened from resection and 
buckle unpredictably.

Differential diagnosis
The most common underlying etiology of 
nasal tip deformities is due to irregularly 
shaped lower lateral cartilages. However, 
skin diseases that manifest with growth pro-
tuberances may also present as asymmetrical 
tip deformities.

Workup
Physical examination with thorough inspec-
tion, palpation, and anterior rhinoscopy is 
sufficient. Photography of frontal, oblique, 

lateral, and base views enables objective 
measurements of the nasal dimensions.

Treatment
Correction can be achieved by surgically 
exposing the lower lateral cartilages and cor-
recting the source of the deformity. If the 
deformity is due to asymmetry, then goals 
should be directed toward achieving sym-
metrically shaped cartilages, which may be 
performed through suture and camouflage 
grafting techniques. If the deformity is due to 
weakened or buckling cartilages (Figure 19.4), 
then structural grafting is necessary.

Postrhinoplasty 
complications: Inverted-V 
deformity, pollybeak

Krishna Patel

DEFINITIONS AND CLINICAL FEATURES
A risk of rhinoplasty is an undesirable result 
that causes physical and/or functional 
compromise. Two classic complications of 

Figure 19.3 Oblique view of bossae nasal 
tip deformity. Tip appearance is knoblike and 
overprojected.
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rhinoplasty surgery are the inverted-V and 
pollybeak deformities.

The inverted-V deformity is identified 
on frontal view as visibility of the caudal 
edges of the nasal bones, with disruption 
of the brow-tip aesthetic line. Classically, 
the inverted V occurs at the bony-cartilag-
inous junction where the upper lateral car-
tilages collapse underneath the nasal bones 
(Figures 19.5 through 19.7). This may hap-
pen after any surgical technique that dis-
rupts the bony-cartilaginous junction, such 
as a dorsal hump reduction or aggressive 
septal resection resulting in loss of struc-
tural support to the upper lateral cartilages.

The pollybeak deformity (Figure 19.8) 
is seen as fullness in the supratip region, 
best seen on lateral view. Etiology of the 
pollybeak deformity can be multifactorial. 
Causes include poor tip support causing loss 

of tip projection, inadequate cartilaginous 
dorsal hump reduction, overresection of the 
bony dorsal hump, excess dead space, and 
scar formation at the supratip region.

DIFFERENTIAL DIAGNOSIS
Congenital nasal deformities may share sim-
ilar appearances as postrhinoplasty defor-
mities. Trauma and oncologic radiation 
treatments may also induce similar deformi-
ties as those caused by surgical rhinoplasty.

WORKUP
A positive history of previous nasal surgery and 
physical examination with thorough inspec-
tion, palpation, and anterior rhinoscopy are 

Figure 19.4 Frontal view of a nasal tip 
deformity that is pinched and asymmetric.

Figure 19.5 Frontal view of a subtle 
 inverted-V deformity caused by a dorsal hump 
reduction. The arrow denotes the bony- 
cartilaginous junction revealing an inverted-V 
shadowing and a disruption to the brow-tip 
aesthetic line.
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sufficient. Photography of frontal, oblique, 
lateral, and base views enables objective mea-
surements of the nasal dimensions.

TREATMENT
Secondary revision rhinoplasty is necessary 
to correct the deformity.

To correct the inverted-V deformity, rees-
tablishing support to the bony-cartilaginous 
junction is commonly performed through 
placement of spreader grafts.

Surgical correction of the pollybeak 
deformity relies on properly identifying 
the etiologic cause. Techniques should be 
tailored to address the underlying cause 
of the deformity. For loss of tip support, 
a columellar strut graft or caudal septal 
extension graft can recreate proper support 
and projection of the nasal tip. If there was 

inadequate cartilaginous hump reduction, 
then further cartilage resection is required. 
If overresection of the bony dorsal hump 
occurred, grafting of the bony dorsum may 
be necessary. If scar is causing the supratip 
deformity, then conservative steroid injec-
tion with Kenalog or taping may improve 
healing and reduce fullness.

Nasal valve collapse

Krishna Patel

DEFINITIONS AND CLINICAL FEATURES
The internal and external nasal valves rep-
resent the cross-sectional area of the nasal 
cavity with the greatest resistance to airflow. 

Figure 19.6 Frontal view of a severe 
 inverted-V deformity caused by surgical loss 
of septal support and radiation effects. The 
arrow denotes the bony-cartilaginous junction 
 revealing an obvious inverted-V deformity.

Figure 19.7 Lateral view of a severe 
 inverted-V deformity caused by surgical loss of 
septal support and radiation effects. The arrow 
denotes the bony-cartilaginous junction.
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Narrowing of these areas can cause nasal 
airway obstruction during respiration. The 
internal valve boundaries are the caudal 
margin of the upper lateral cartilage, the 
septum, the anterior head of the inferior 
turbinate, and the nasal floor. The inter-
nal valve angle measured at the junction of 
the septum and the upper lateral cartilage 
normally is 10°–15°. The external valve is 
defined as the nasal vestibule. The borders 
include the area under the ala, the caudal 
septum, the medial crura of the lower lateral 
cartilage, the nasal sill, and the nasal rim.

The terminology of nasal valve “col-
lapse” typically implies that the narrowing 

is caused by the dynamic process of soft 
tissue collapsing under the negative pres-
sure generated by airflow during inspira-
tion. The  dynamic collapse of the valves 
commonly is due to an inherent weakness 
within the cartilage structure of the upper 
lateral cartilages (for the internal valve) 
or lower lateral cartilages (for the exter-
nal valve). Additionally, if the lateral crus 
of the lower lateral cartilage is cephali-
cally malpositioned, the nasal sidewalls are 
weaker, which exacerbates external valve 
collapse. Aggressive resection of the lower 
or upper lateral cartilages during cosmetic 
rhinoplasty may cause compromised struc-
tural support and postoperative nasal valve 
collapse.

DIFFERENTIAL DIAGNOSIS
An inflammatory process such as allergic 
rhinitis can generate a dynamic narrow-
ing of the nasal valves through fluctuating 
mucosal edema. Anatomic obstructions, 
such as septal deviation, can statically nar-
row the nasal valves and generate similar 
nasal obstructive symptoms.

WORKUP
Perform anterior rhinoscopy to inspect the 
shape and strength of the lower/upper lat-
eral cartilages. During normal respiration, 
observe for visible collapse of the valves on 
anterior rhinoscopy exam or collapse of the 
supra-alar creases on external nasal inspec-
tion. Improvement of nasal obstructive 
symptoms with valve stabilizing maneuvers 
(Cottle, modified Cottle) can confirm exis-
tence of collapse.

Physical findings suggestive of valve 
compromise include deepened supra-alar 
grooves, pinched nasal tip, narrowed mid-
dle nasal third, or “parentheses” deformity 
caused by a cephalically malpositioned 
lateral crus of the lower lateral cartilage 
(Figures 19.9 through 19.11).

Figure 19.8 Lateral view of a pollybeak 
deformity caused by inadequate cartilaginous 
dorsal hump reduction.
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TREATMENT
Nonsurgical intervention includes use of 
nasal cones or Breathe Right® strips, which 
support the weakened cartilages and open 
the nasal valves.

Surgical correction for internal valve 
collapse includes spreader grafts, butterfly 
grafts, and flare sutures. Surgical correction 
for external valve collapse includes batten 
grafts, strut grafts under the lateral crus of 
the lower lateral cartilage, or caudal reposi-
tioning of the lateral crus of the lower lateral 
cartilage. Placement of synthetic implants 
has been described to strengthen the valves.

Figure 19.11 Base view of external valve 
 collapse revealing narrowing of the nasal 
 passageway from recurvature and collapse of 
the lower lateral cartilages.

Figure 19.10 Frontal view of external valve 
collapse translating on external exam as 
 deepened supra-alar grooves.

Figure 19.9 Internal valve collapse translating 
on external exam as a narrowed middle nasal 
third caused by aggressive cartilage resection 
during a rhinoplasty.
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Rhinophyma

Krishna Patel

DEFINITIONS AND CLINICAL FEATURES
Rhinophyma is a chronic progressive skin 
disease caused by overgrowth of sebaceous 
glands. Nasal skin is porous, oily, and thick-
ened, with a ruddy-reddish discoloration. 
In milder forms, the nose appears bulbous; 
however, in severe forms, the nose may be 
completely distorted with tumorlike irreg-
ularities that obstruct the nasal vestibule 
(Figures 19.12 through 19.14). This presents 
typically over 40 years of age. It affects men 
more than women, and it may represent a 
severe progression of long-standing rosacea.

Postulated infectious pathogenesis sug-
gests that the mite species, Demodex fol-
liculorum, incites an abnormal hyperplasia 
of the sebaceous glands. Historically, excess 

Figure 19.12 Frontal view of severe form of 
rhinophyma.

Figure 19.13 Base view of severe form of 
rhinophyma, causing nasal obstruction.

Figure 19.14 Lateral view of severe form of 
rhinophyma.
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alcohol was speculated to cause the disor-
der; however, this has been disproven.

DIFFERENTIAL DIAGNOSIS
Rosacea, lymphoma, or other lymphoprolif-
erative diseases.

WORKUP
This is often diagnosed by clinical evaluation 
alone. Skin biopsy may confirm diagnosis.

Patient often has previous medical his-
tory of rosacea.

If not classical in appearance, biopsies 
should be performed because more serious 
diseases may mask as rhinophyma, such as 
lymphoma, other lymphoproliferative dis-
eases, or angiosarcoma.

TREATMENT
Surgical intervention for physically distorted 
noses involves debulking the excess tissue 
with a scalpel, electrocautery, or laser (CO2 or 
erbium/YAG). Dermabrasion and skin graft-
ing are less frequently employed as well. Care 
must be taken to remove only the dermal tissue 
plane, so that the open wound will reepithe-
lialize without causing scarring of the deeper 
subcutaneous layer or cartilaginous structures.

Medical maintenance to prevent progres-
sion is similar to that for rosacea. The medical 
treatment is used for mild forms of rhino-
phyma or for postsurgical prevention in severe 
forms. Daily low-dose tetracycline is com-
monly used. Alternative oral antibiotics used 
include erythromycin or minocycline. Topical 
agents used include metronidazole gel, 15% 
azelaic acid, benzoyl peroxide, and tretinoin.

Nasal Mohs defects 
and reconstruction

Laura T. Hetzler

CLINICAL FEATURES AND DEFINITIONS
Nasal reconstruction requires careful pre-
operative analysis to define the explicit 
elements of nasal architecture affected. 

Nasal  mucosal lining, structural support 
such as cartilage and bone, and external 
nasal skin must be reconstructed individu-
ally. Equal importance must be granted to 
function as well as aesthetic outcome. The 
transition of contours, color, and texture in 
the nasal form makes a precise reconstruc-
tion extremely difficult.

DIFFERENTIAL DIAGNOSIS
Nasal defects may be the result of traumatic 
injury or neoplasm, both benign and malig-
nant. Certain nasal deformities can be the 
result of systemic diseases such as connec-
tive tissue disorders, autoimmune and rheu-
matologic disorders, as well as lymphoma. 
Diseases such as Wegener’s granulomatosis, 
sarcoidosis, lupus, and others can lead to 
deformities that may be difficult or impru-
dent to attempt correction in the presence of 
active disease.

WORKUP
Considerations must be given to the disease 
course and need for further treatment such 
as chemotherapy or radiation therapy before 
embarking on a longer staged reconstructive 
course. Contraindications to nasal reconstruc-
tion include poor overall health status and 
inability to safely tolerate a procedure. Positive 
margins or uncertain margins may indicate 
observation prior to reconstruction. Patients 
with diabetes mellitus, poor nutritional sta-
tus, and history of active tobacco use are at an 
increased risk of poor wound healing.

Patient expectations must be managed 
prior to nasal reconstruction. Addressing 
risks for asymmetry, skin mismatch, a pro-
longed healing period, scars, poor function, 
graft or flap failure, donor site morbidity, 
and multiple surgical stages must be openly 
discussed.

The first step in formulating a reconstruc-
tive plan includes the analysis of the defect 
size, depth, and composition. The condition 
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of the surrounding skin, the local vas-
cular supply, and history of surgery or 
radiation therapy need to be considered. 
Adjacent skin with similar texture, color, 
and thickness should ideally be utilized 
for superior outcomes. Strict attention 
should be given to functional insuff icien-
cies and should be addressed prior to for-
mal reconstruction.

PERTINENT ANATOMY
All nasal reconstructions must separately 
address the three layers of the nose: skin, 
framework of cartilage and bone, and muco-
sal lining. The nose is visually perceived as 
having natural concave and convex surfaces 
that become apparent as lighted ridges and 
shadowed valleys, which are the basis of 
nasal  subunits. Five of the nasal subunits 
are  considered convex: the tip, the nasal 
dorsum, the columella, and the bilateral 
alar subunits (see Figures 18.2 and 18.3). 
Four nasal subunits are referred to as con-
cave: the paired soft tissue triangles and 
nasal sidewalls. If more than 50% of a sub-
unit is involved, it is recommended that the 
remaining subunit should be resected at 
the time of reconstruction for an improved 
aesthetic result. A thorough understanding 
of these subunits combined with the antici-
pated healing qualities of certain graft and 
flaps is fundamental to creating a suitable 
reconstructive plan of the nasal form.

The upper and middle thirds of the nose 
are shaped by the nasal bones and by the 
dorsal septum and upper lateral cartilages, 
respectively. The overlying skin in this area 
is thin and mobile. The lower third nasal 
shape is maintained by the lower lateral 
cartilages and fibrofatty tissue supporting 
a more thick sebaceous skin that is fixed to 
the underlying framework. Precise attention 
to the 3D structure of the lower third of the 
nose and strict adherence to the subunits 
in this area are critical in maintaining the 
natural shape of the nasal tip.

TREATMENT
Reconstructive decisions are guided by loca-
tion and size of defect in conjunction with 
thickness or components to be reconstructed. 
Reconstruction may vary from simple graft-
ing to extensive multistage approaches. Flaps 
and grafts that cross subunit lines, particu-
larly the alar crease, may require later revi-
sions to refine aesthetic results.

Nonsurgical therapy for patients intoler-
ant of surgical intervention includes pros-
thetic application with either bone implant 
settings or simple adhesive. Healing by 
secondary intention may be acceptable for 
small subcentimeter defects and particularly 
for concave subunits such as the nasal side-
walls, medial canthal portions of nasal root, 
and alar creases. The defect in these cases 
must be at least 6 mm from the alar margin 
to avoid distortion.

External nasal skin reconstruction
Primary closure
Vertical closure of dorsal subunit defects 
may be performed in smaller defects of 
1 cm or less. Wide full thickness undermin-
ing may be necessary to achieve tensionless 
closure.

Grafting
Skin grafts are generally full thickness 
when used in superficial nasal reconstruc-
tion. Donor site is selected based on recipi-
ent location. The thin skin of the nasal 
dorsum and sidewall is best reconstructed 
with thin postauricular skin. Preauricular 
donor skin is best for nasal tip or alar graft-
ing due to similar thickness and sebaceous 
quality. Supraclavicular donor sites are 
medium thickness with less sebaceous qual-
ity than the preauricular site but are a good 
source for larger skin-only defects. The 
columellar subunit may be reconstructed 
with a skin graft if the underlying medial 
crural support is still intact. The principle 
of delayed grafting may be employed for 
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deeper defects that need to granulate prior 
to grafting (Figure 19.15).

Composite grafts composed of auricular 
skin and cartilage may be used in alar rim 
full-thickness defects that are 1 cm or less. 
The helical root is the most common site of 
harvest for composite grafts.

Local flaps
Local flaps may be used for soft tissue cover-
age and are used throughout all subunits of 
the nose. These may be used in conjunction 
with structural or lining flaps in composite 
reconstructions. Glabellar flaps are employed 
in upper nasal third reconstruction. Simple 
nasofacial flaps can be used for sidewall or 
alar subunits. Larger sidewall unit defects 
are amenable to larger superior- or inferior-
based meilolabial flaps. All of these transpo-
sition flaps may require a second procedure 

for standing cone deformities at the base of 
the flap or to refine the alar crease should the 
subunit line be crossed.

Bilobed flaps as described by Zitelli and 
Esser may be used in the dorsal, the sidewall, 
and especially the nasal tip subunit in skin-only 
defects of 1.5 cm or less. Again full-thickness 
elevation of the nasal skin will be necessary to 
close without standing cone deformity.

Pedicle flaps
Larger defects of the nose greater than 
1.5 cm are often reconstructed with pedicled 
flaps that have a named arterial and venous 
blood supply. The most commonly utilized 
pedicled flap in nasal reconstruction is the 
paramedian forehead flap based on the supra-
trochlear artery and vein (Figure  19.16). 

Figure 19.15 Full-thickness skin graft to right 
nasal sidewall and alar defect, 1 month post 
procedure.

Figure 19.16 Interpolated paramedian fore-
head flap 3 weeks post-op from first stage.
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The supratrochlear neurovascular bundle 
lies approximately 1.7–2.2 cm from the mid-
line glabella at the level of the medial brow. 
The meilolabial flap based on the angular 
artery is also used for alar or columellar sub-
unit reconstruction. Pedicle flaps are rou-
tinely a two-staged procedure that requires 
a division and inset of the flap secondarily. 
Adjunctive procedures to refine or thin the 
flap may be necessary to improve upon an 
initial result.

Structural nasal reconstruction
Cartilage and bone may be harvested from 
various sites for support in nasal reconstruc-
tion. Nasal septal cartilage may be harvested 
and is ideal for nasal sidewall and columel-
lar support. Auricular cartilage may be har-
vested from either conchal bowl; however, 
if alar contour is needed, the contralateral 
conchal bowl is used (Figure 19.17). Costal 
cartilage may be used when large stocks of 
autologous cartilage are needed for robust 
support or septal and auricular cartilage 
is not available (Figures 19.18 and 19.19). 
Irradiated cadaveric costal cartilage is avail-
able as an allograft. Calvarial bone for dorsal 
support may be used as well.

Nasal lining reconstruction
Inadequate nasal lining reconstruction 
can compromise even the best structural 
and external nasal restoration. Bipedicle vestibular skin or mucosal flap can be used 

with skin grafts filling the donor site if nec-
essary. Septal mucoperichondrial flaps may 
be based off of the caudal septum ipsilat-
erally or the contralateral dorsal septum to 
serve as nasal sidewall or vestibular lining. 
Inferior turbinate flaps may be used as well 
and are based off of the anterior turbinate. 
The same local or pedicle flaps that are used 
in external nasal reconstruction may be 
used with the skin facing inward to serve as 
nasal lining (Figures 19.20 through 19.22). 
Free tissue transfer with a three paddle 
radial forearm free flap has been described 
as well for intranasal lining for total nasal 
reconstruction.

Figure 19.17 Nasal septal cartilage graft used 
as alar support prior to transposition flap 
closure.

Figure 19.18 Autologous costal cartilage 
grafts used for total nasal support after 
rhinectomy.

Figure 19.19 Autologous costal cartilage 
grafts used for total nasal support after 
rhinectomy.
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Figure 19.20 Large heminasal defect.

Figure 19.21 Left and right paramedian 
forehead flaps used as nasal lining and external 
skin coverage, respectively, for large heminasal 
defect.

Figure 19.22 Eleven-month postoperative 
photo of bilateral paramedian forehead flap for 
full-thickness nasal reconstruction.
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CHAPTER 20

Ear
Laura T. Hetzler, Allison M. Holzapfel, and Celeste Gary

Otoplasty

Laura T. Hetzler

INTRODUCTION
Congenital prominence or malformation of 
the external ear is one of the more common 
reasons that the pediatric population under-
goes cosmetic surgery. Otoplasty is a surgi-
cal procedure designed to give the auricle a 
more natural anatomic appearance.

ANATOMY
The external ear is a cartilaginous structure 
with exception of the lobule. The cartilagi-
nous plate of the auricle is covered by tightly 
adherent skin anteriorly and more mobile 
skin posteriorly. The morphology of the ear 
is characterized by smooth undulations and 
furrows (Figure 20.1). The normal auricle 
has an angle with the scalp of approximately 
20°–30°. When measured from the mastoid 
skin, the helical edge is ideally 1.5–2.0 cm 

lateral to the skull. The average height and 
width of the auricle are 63.5 and 35.5 cm 
in a male and 59.0 and 32.5 cm in a female, 
respectively. The auricle is 85% of adult size 
by the age of 3% or 4% and 95% of adult 
size by age 5 or 6. Though younger carti-
lage is more pliable and otoplasty is most 
commonly performed on children between 
4 and 14 years old, similar corrections can 
be achieved on patients of all ages.

PREOPERATIVE EVALUATION
The age of 4–6 years old is ideal in that the 
auricular size is near the adult dimensions as 
well as an improved ability to tolerate dress-
ing changes and bandaging. This is also the 
age at which other children will begin teas-
ing each other for perceived differences.

Precise preoperative evaluation by the 
surgeon requires careful analysis. The ears 
must first be evaluated separately. Multiple 
locations of abnormalities can contribute 
to the deformity and must be corrected 
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independently. The most common ana-
tomic abnormality observed in prominent 
ears has to do with the overgrowth of the 
conchal cartilage (Figure 20.2). The more 
frequently talked about deformity has to 
do with underdevelopment of the antihelix 
(Figure 20.2). Perceived lobule prominence 
can also occur secondary to soft tissue 
excess or helical crus length. These two 
causes are corrected in different manners 
as a result of adequate physical exam. Other 
auricular malformations are described that 
include lop ear (Figure 20.3) or overfolding 
of the superior helix; Stahl’s ear deformity, 
which has flattening of the superior heli-
cal rim, and antihelical and scaphoid fossa 
deformities; constricted ear (Figure 20.3); 
cryptotia; and simply intrauterine position-
ing deformities.

Objective measures are helpful as well. 
The helical–mastoid distance should be 
measured at superior, mid-, and inferior 
helix or lobule and should be less than 2 cm 
(Figure 20.4). Preoperative photographs 
should be taken to include anterior and pos-
terior full face views as well as close-up lat-
eral and oblique views to depict architecture 
and absent landmarks.

NONSURGICAL MANAGEMENT
The simplest method of nonmedical treat-
ment of auricular deformities is limited to 
adaptations of hairstyles to cover or cam-
ouflage the external ear. If the deformity 
is noted in the neonatal period shortly 
following birth, “molding” with ointment-
impregnated cotton balls or gauze to rec-
reate the standard folds and furrows of 
the normal ear is possible. Simple banding 
or taping may be used to reposition a sig-
nificant lop or overfolded auricle as well 
as intrauterine positional deformities. The 
effects of maternal progesterone for the first 
6 weeks of life allow the auricular cartilage 
to maintain a certain amount of malleability 
for reshaping.

SURGICAL MANAGEMENT
There are two main techniques employed 
in otoplasty, cartilage splitting and carti-
lage sparing. Cartilage-splitting technique 
involves resection of full-thickness regions 
of cartilage and subsequent repositioning 
of the remaining framework to the desired 
position. This technique can result in dis-
ruption of the smooth contours of the auri-
cle or give rise to unfortunate rippling in the 
auricular skin. This technique is sometimes 
necessary to reduce a significantly overpro-
jected conchal bowl.

Cartilage-sparing techniques use sutures 
and/or partial-thickness weakening of 
the cartilage for reshaping the existing 
framework to a more ideal conformation 
maintaining smoother contours and a 
more natural appearance. A postauricular 

Figure 20.1 Key. A, Tragus; B, Antitragus; 
C, Helix; D, Helical crus; E, Cauda helicis; F, 
Common crus of the antihelix; G, Inferior crus 
of the antihelix; H, Superior crus of the anti-
helix; I, Triangular fossa; J, Scaphoid fossa; K, 
Lobule; L, Conchal cymba; M, Conchal cavum.
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skin incision is created in an elliptical or 
hourglass fashion just lateral to the post-
auricular crease. Dissection is performed 
laterally toward the helical edge if anti-
helical refinement is to occur or if a lop 
deformity needs to be corrected. A conchal 
setback and reduction requires resection 
of the soft tissue from the postauricular 
crease to include the posterior auricular 
muscle and allow little interface between 
your conchal bowl and the mastoid.

CONCHAL PROTUBERANCE 
CORRECTION
The conchal bowl can be anatomically 
enlarged or only relatively prominent if it 
rests at an increased angle from the mastoid 
skin. The standard technique to improve the 
conchomastoid position is a conchal setback 
or Furnas-type suture. Cartilage-modifying 

Figure 20.3 Congenital constricted ear with 
lop deformity.

Figure 20.2 A 4-year-old male with overgrowth of conchal bowl and ill-defined antihelical fold.
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methods utilized include both cartilage 
cutting and sparing techniques. A full-
thickness strip of the concha cavum can be 
excised to reduce the size of the cartilagi-
nous bowl or the posterior surface of the 
conchal bowl can be shaved in a partial-
thickness fashion to allow scarring and con-
traction of the conchal bowl in the direction 
of the mastoid. Conchomastoid sutures can 
then be placed to allow repositioning of the 
conchal bowl closer to the skull. Care must 
be taken not to place the mastoid stitch too 
anteriorly or the external auditory canal 
could be compromised. The author prefers 
4-0 mersilene for this maneuver and has 
little trouble with suture complications in 
this region.

ANTIHELIX CORRECTION
The anticipated contour of the antihelix is 
often identifiable in preoperative analysis. 

The antihelical common crus and supe-
rior crus are marked in the preoperative 
area or prior to injection in the operating 
room (Figure 20.5). The neoantihelix is 
then marked by passing a 25 gauge needle 
through the cartilage anterior to posterior 
with methylene blue. The Mustarde suture 
technique of antihelix formation utilizes 
between three and four horizontal mattress 
sutures to create the proposed shape. Suture 
placement is paramount to create a smooth 
contour. The suture is placed through the 
posterior surface of the auricle extending 
through the anterior perichondrium exit-
ing posteriorly resulting in an approximately 
10 mm bite. The author prefers 4-0 nylon 
though mersilene has also been described. 
Placement of the medial and lateral limbs 
of each horizontal mattress stitch must 
be far enough apart, roughly 15  mm, so 
that pinching does not occur. The indi-
vidual mattress stitches need to be no 
more than 1–2 mm apart to avoid buckling 
(Figure  20.6). Overcorrection is recom-
mended as the suture will often relax with 
time to allow the helical rim to be visible 
lateral to the antihelix.

LOBULE IRREGULARITIES
Lobule prominence can be a soft tissue or 
cauda helicis phenomenon. Correction is 
performed by soft tissue reduction or trim-
ming of excess cartilage, respectively.

Figure 20.5 Preoperative marking of 
 proposed antihelical fold of left ear.

Figure 20.4 Helical rim to mastoid distance 
should be less than 2 cm.
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CONTRAINDICATIONS
Contraindications would include any patient 
with unrealistic expectations. A thorough 
discussion of preexisting asymmetries and 
limitations of surgery are imperative. History 
of bleeding disorders should be noted as 
postsurgical hematomas can be catastrophic 
to the healing process and can cause sig-
nificant deformity. Patients with a history 
of keloids or hypertrophic should be advised 
that these may occur following otoplasty.

COMPLICATIONS
Complications can be divided into early and 
late complications. Hematoma and infection 
are typically heralded by atypical amounts of 
pain. Asymmetry or incomplete correction is 
the most common complaint. Management 
of expectations during preoperative discus-
sions allows the surgeon to point out pre-
existing asymmetries that will be difficult 
to correct for. Overcorrection resulting in 
telephone ear or reverse telephone ear defor-
mity may occur. Suture webbing or bridging 
as well as delayed suture complications can 
be an issue as well.

Mohs defects and 
reconstruction of the auricle

Allison M. Holzapfel

INTRODUCTION
The projection of the auricle and, therefore, 
its significant exposure to the sun make the 
auricle a common site for the development 
of skin malignancies. Nonmelanoma skin 
cancer of the auricle represents 6%–10% of 
all cutaneous neoplasms. The relative fre-
quency of squamous cell carcinoma, basal 
cell carcinoma, and melanoma of the auricle 
has been reported with variation but ranges 
from 35% to 60% for squamous cell carci-
noma, 30% to 60% for basal cell carcinoma, 
and 2% to 6% for malignant melanoma.1–5 
The helix, antihelix, and posterior surfaces 
of the auricle are the most common loca-
tions for cutaneous malignancies.6 Mohs 
micrographic surgery aims to evaluate 100% 
of the margins of the specimen to reduce the 
risk of recurrence. The tissue-sparing nature 
of Mohs surgery is of great advantage on 
the ear due to its limited amount of tissue 

Figure 20.6 Pre-op and 1-year post-op photo demonstrating improved contour of antihelical 
fold left ear.
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available for reconstruction. A smaller defect 
allows easier reconstruction and a better 
cosmetic outcome.3

The goal of reconstruction of defects of 
the auricle is to retain the approximate size, 
shape, and projection of the ear. As both ears 
are not readily visible at the same time, some 
small differences in size and shape are quite 
acceptable. When planning reconstruction, 
the defect size and location and the avail-
ability and condition of the adjacent skin, 
as well as the health and aesthetic desires 
of the patient, are all taken into consider-
ation. Reconstructive options include heal-
ing by secondary intention, primary linear 
closure, skin grafting, chondrocutaneous 
advancement flaps, cartilage grafting, and 
local transposition flaps. Proper planning 
is essential to create an acceptable ear with 

minimal scarring and a minimal number of 
procedures.

DEFECTS OF THE LATERAL 
SURFACE OF THE AURICLE
Defects within the lateral surface of the auri-
cle itself are readily repaired with secondary 
intention healing or full- or split-thickness 
skin grafts. Concave surfaces of the ear, 
including the concha, cymba, and trian-
gular fossa, are ideal candidates for healing 
by secondary intention (Figure 20.7). The 
scar contraction forces help fill in the defect 
and decrease the size of the final scar. Any 
exposed cartilage may be excised to allow 
granulation tissue from the opposite side 
to speed healing.7 If a well- vascularized 
tissue bed, such as perichondrium or sub-
cutaneous tissue, is present within the 

Figure 20.7 Full-thickness skin graft to lateral surface of the ear.
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defect, a full- or split-thickness skin graft 
may be the most advantageous reconstruc-
tive option. The contralateral postauricular 
skin is an excellent full-thickness skin graft 
source. Immobilizing the graft with a bol-
ster-type dressing decreases the buildup of 
serosanguinous fluid beneath the graft and 
improves the chances of graft survival.

DEFECTS OF THE HELIX 
AND HELICAL RIM
Defects of the helical rim can involve skin 
only or skin and cartilage. Treatment of 
defects with intact cartilage can be treated 
by simple linear closure (Figure 20.8). This 
can create a depression or flattening of the 
helical rim that can be camouflaged by 
extending the linear closure or significant 
undermining of the skin on the medial side 

of the ear. This closure usually works best 
with smaller defects. For larger defects in a 
patient in which complicated repair is not 
warranted, cartilage can be trimmed and 
the anterior and posterior wound edges 
sewn together or oversewn.

Helical rim defects that do not extend 
deeply into the antihelix can be repaired 
with a sliding chondrocutaneous advance-
ment flap (Figure 20.9). In this flap, the skin 
along the helical rim is undermined both 
superiorly and inferiorly. The flap has two 
possibilities. In the first, the flap is detached 
both anteriorly and posteriorly. The flap is 
relatively narrow in this version, which can 
limit its available length. In the second, the 
posterior skin is left intact and advanced 
with a much broader flap base. The skin 
is advanced and repaired to reconstruct 

Figure 20.8 Primary linear closure of helical rim defect.
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the natural contour of the helix. Mattress 
sutures are mandatory to prevent helical 
notching. Burrows triangles are removed on 
the posterior surface of the ear. This flap is 
usually limited to defects 2.5 cm or less.8

The banner transposition flap based on 
either the pre- or postauricular skin is an 
excellent tool for reconstruction of anterior 
superior helical rim defects.9 Figure 20.10 
demonstrates a posteriorly based flap. As 
these transposition flaps carry their own 
blood supply, they can also be used to cover 
autogenous cartilage grafts placed for struc-
tural support.

Defects that involve the cartilage of the 
helical rim and extend into the scaphoid 
fossa can be repaired with a full-thickness 
wedge excision. This excision allows the ear 
to maintain its overall shape and alignment 
but decreases the ear’s overall size. Care 

must be taken in defects greater than one-
fifth of the helix, as closure can place undue 
tension on the ear and cause cupping of the 
residual cartilage. Larger defects of the skin 
and cartilage may require large Burrow’s tri-
angles in a star-shaped pattern to repair the 
defect without distorting the relative shape 
of the ear but do cause a significant decrease 
in the size of the ear.10

A staged postauricular advancement 
flap can also be used in lateral helical rim 
and scaphoid fossa defects to maintain the 
overall size of the ear. Autogenous cartilage 
grafting may be included to maintain the 
contour of the auricle. In this flap, the mas-
toid skin is undermined toward the scalp 
and a pedicle is maintained while advancing 
the edges to the lateral side of the defect. 
The pedicle is divided 2–4 weeks later with 
flap trimming and possible reconstruction 

Figure 20.9 Chondrocutaneous helical rim advancement flap.
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of the donor defect or healing by secondary 
intention (Figures 20.11 and 20.12).

Larger defects measuring over one-third 
of the auricle require the use of cartilage, 
a temporoparietal fascia flap (TPFF), and a 
skin graft for reconstruction. The TPFF is 
based on the posterior branch of the super-
ficial temporal artery. The TPFF is a thin 
and mobile flap that provides a robust blood 
supply to the underlying cartilage graft and 
nourishes the overlying skin graft. Structural 
cartilage grafts can be harvested from the 
ipsilateral or contralateral conchal bowl, the 
nasal septum, or the rib cartilage. These 
grafts are secured to the existing cartilage 
for structural support. Awareness of the 
anatomical location of the temporal branch 
of the facial nerve immediately deep to the 
temporoparietal fascia is very important. 

Dissection anteriorly and inferiorly at the 
level of the zygomatic arch should be lim-
ited to avoid damage. The TPFF is draped 
over the cartilage and sutured in place. A 
full-thickness skin graft is placed over the 
flap. The donor skin graft is typically har-
vested from the contralateral postauricular 
skin.10–14

DEFECTS OF THE LOBULE
Lobular defects can usually be closed with 
a full-thickness wedge excision and simple 
closure. This will decrease the size of the 
ear but maintain the overall shape. Defects 
involving the entire lobule can be recon-
structed with staged local flaps from the 
postauricular skin, including a tubed single-
pedicle flap or a posterior–inferior-based 
chondrocutaneous flap.15,16

Figure 20.10 Posteriorly based banner transposition flap.
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Figure 20.11 Pedicled flap development and inset.

Figure 20.12 Takedown of pedicled flap.
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DEFECTS OF THE 
POSTAURICULAR AREA
Due to the mobility and relative excess of 
skin in the postauricular area, rotational and 
transpositional flaps are easily executed for 
repair (Figure 20.13). Full-thickness skin 
grafts are also a viable option in defects 
with nutritious wound beds. Defects that 
lie in the postauricular sulcus can easily 
be allowed to heal by secondary intention 
without the distortion of the auricle.

DEFECTS OF THE 
PREAURICULAR SULCUS
Due to the laxity of the cheek skin, defects 
in the preauricular sulcus can usually be 
repaired with simple cheek advancement 
flaps. The flaps can extend all the way to the 
helical root and across the tragus. This scar 

can rarely be seen from a frontal view and 
hides well within the traditional facelift scar.

CONCLUSIONS
The surgeon’s approach to auricular recon-
struction must focus on maintaining the size 
and shape of the auricle so that it appears simi-
lar to the contralateral ear. The reconstruction 
should be performed with similar tissues pro-
viding support and maintaining function while 
providing the best possible aesthetic outcome.

Ear trauma and repair

Celeste Gary and Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
The ear has unique anatomy that centers 
around a cartilaginous framework with a 

Figure 20.13 Postauricular transposition flap. (Photo by Scott Nelton, Crestview Hill, KY.)
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tightly adherent skin envelope anteriorly 
with more loosely adherent skin posteriorly.

Ear lacerations should be divided into 
two categories:

 1. Defects of cutaneous coverage
 a. With intact cartilage
 b. With disrupted cartilage
 2. Full-thickness defects

Auricular hematomas can occur with con-
tact sports, especially wrestling. Shearing 
forces disrupt the connections between 
the cartilage, perichondrium, and skin and 
cause microvascular disruption. Blood accu-
mulates in the space between the perichon-
drium and the cartilage.

DIFFERENTIAL DIAGNOSIS
Auricular skin lesions including skin malig-
nancies can present as nonhealing auricular 
ulcers and lacerations.

WORKUP
Adequate investigation of the extent of a lac-
eration including the involvement of dam-
age to the perichondrium and cartilage is 
paramount.

Timing of the injury should be con-
sidered. Most lacerations can be repaired 
primarily but lacerations over 24 hours 
old and human or dog bites over 5 hours 
old may need delayed closure after sev-
eral days of treatment with antibiotics. 
Though this is good practice, due to the 
robust auricular blood supply, late closure 
is often safe.

TREATMENT
When repair of the ear is needed, an 
ear block is a helpful approach for anes-
thesia in a patient who is not sedated or 
under general anesthesia. This technique 
involves infiltration of the soft tissues sur-
rounding the attachment of the auricle 
with a local anesthetic, 1% lidocaine or 
0.5% bupivacaine. If performed properly, 

the need for local anesthetic infiltration at 
the laceration site may be avoided as this 
can distort the thin and adherent tissues 
of the auricle.

The ear and surrounding soft tissue 
should be thoroughly irrigated with saline 
and should be prepared with an antiseptic 
solution. A sterile drape should be placed 
(Figures 20.14 and 20.15).

AURICULAR HEMATOMA 
MANAGEMENT
Either needle aspiration or incision and 
drainage can be performed.

After adequate evacuation of the hema-
toma is performed and irrigation of the 
wound is completed, a compression dress-
ing or bolster of antibiotic-coated dental 
rolls, Xeroform gauze, or thermoplastic 
splinting material should be secured to the 
hematoma site with a through and through 
suture (usually a 3-0 nonabsorbable suture) 
to prevent reaccumulation. This bolster can 
be removed in 7–10 days.

LACERATION REPAIR
Focus should be on retaining the normal 
position and contour of the helical rim and 
conchal bowl.

Defects of cutaneous coverage with 
intact cartilage can be managed with 
primary skin repair with a fine suture, 
commonly a 5-0 or 6-0 absorbable or non-
absorbable suture. If avulsion of the skin 
alone has occurred, a full-thickness skin 
graft can be placed over intact perichon-
drium or the wound can be left to heal by 
secondary intention.

Defects of cutaneous coverage with dis-
rupted cartilage should be addressed by 
coverage of the cartilage with vascularized 
tissue or excision of the denuded cartilage.

Full-thickness defects up to 5  mm can 
be closed primarily. A three-layer closure 
is ideal and involves repair of the cartilage 
with anterior and posterior skin (Figures 
20.16 and 20.17).
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Figure 20.14 Right auricular trauma with significant soft tissue avulsion.

Figure 20.15 Right auricular trauma following debridement and repair.
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If the laceration involves the canal, place-
ment of antibiotic-coated gauze or a wick 
should be considered as a management 
option.

Ear lacerations can be managed with 
many types of suture material. A 4-0 or 5-0 

absorbable suture should be used to close 
the cartilage and/or perichondrium. The 
auricular skin can be closed with a 5-0 or 
6-0 absorbable or nonabsorbable suture. To 
avoid helical notching, the eversion of the 
skin should be considered a high priority or 
a Z-plasty.

COMPLICATIONS
Auricular hematoma post laceration repair 
requires exploration of the wound, hemo-
static control, irrigation, and closure. 
Untreated hematomas can result in cartilage 
loss secondary to pressure necrosis and sub-
sequent auricular deformity. Infection can 
occur as well. This should be treated with 
drainage and antibiotics to cover gram-pos-
itive cocci and Pseudomonas. The goal is to 
prevent perichondritis and chondritis that 
can result in cartilage necrosis or thickening 
and deformity.
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CHAPTER 21

Aging Face
Bradford Terry, Laura T. Hetzler, Blake Raggio, 
Aditi Bhuskute, Lane D. Squires, and Jonathan Sykes

Neuromodulators

Bradford Terry and Laura T. Hetzler

INTRODUCTION
Injection of botulinum toxin has become 
the most frequent aesthetic procedure per-
formed in the United States. It is versatile and 
outstandingly safe when used properly by 
experienced practitioners. Botulinum toxin 
products are derived from two serotypes 
of neurotoxins produced by Clostridium 
botulinum. Botulinum toxin temporarily 
improves dynamic rhytids caused by muscle 
contraction.

MECHANISM OF ACTION
Botulinum toxin works at the neuromuscu-
lar junction to prevent muscular contraction 
by inhibiting the release of acetylcholine. 
Presynaptic neurons harbor vesicles with the 
acetylcholine neurotransmitter inside, which 
are ready to release when signaling occurs. The 
toxin enters the terminal end of the presynap-
tic neuron and inhibits acetylcholine release.

FORMULATIONS AND EFFICACY
There are several approved formulations 
of botulinum toxin that are derived from 
two serotypes: type A and type B. Type A 
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derivatives are more prevalent and have vari-
ous brand options. OnabotulinumtoxinA is 
the most common and most studied brand 
of type A. Newer type A formulations 
include abobotulinumtoxinA and incobotu-
linumtoxinA. At this time, rimabotulinum-
toxinB is the only type B agent that is FDA 
approved. It is a primary agent for cervi-
cal dystonia and has also been studied to a 
lesser degree for cosmetic use.

The generally accepted clinical effec-
tiveness of onabotulinumtoxinA begins to 
appear in 1–3 days, peaks in 1–4 weeks, and 
gradually declines after 3  months. Some 
patients may have longer response, especially 
if they have received multiple treatments to 
the same area. Rare occurrences of antibody 
formation arise, which causes decreased effi-
cacy of treatments.

CONTRAINDICATIONS
Absolute contraindications to usage are 
known hypersensitivity to any component 
of the product and allergy to cow’s milk 
protein should not be given abobotulinum-
toxinA. Injections should not be admin-
istered to patients with current infections 
at site of injection. Relative contraindica-
tions are neuromuscular disorders includ-
ing myasthenia gravis, Eaton–Lambert 
syndrome, myopathies, and amyotrophic 
 lateral sclerosis. Caution should be used for 
patients taking drugs that can interfere with 
neuromuscular transmission such as amino-
glycosides, cholinesterase inhibitors, quini-
dine, magnesium sulfate, succinylcholine, 
and curare-type nondepolarizing blockers. 
Most botulinum toxins are pregnancy class 
C agents; thus, injection is avoided in preg-
nant women.

PREPARATION
As with most cosmetic procedures, photo 
documentation before and after treatment 
is useful for assessing individual patient 
improvement. Potential adverse effects, ben-
efits, anticipated duration of treatment, and 

need for retreatment should be addressed 
and discussed with the patient. Realistic 
expectations and psychosocial factors should 
be evaluated.

Type A botulinum toxins must be recon-
stituted in saline prior to use. Recommend-
ations for dilution vary by formulation and 
between practitioners from 1cc to 4cc’s of 
nonpreserved saline. The reconstituted 
solution must be refrigerated if not used 
immediately and has a limited shelf life of 
4–24 hours according to package inserts, 
but many clinicians keep solution for lon-
ger periods. Anesthesia of treatment areas 
is often performed by holding an ice pack 
to anticipated areas and applying topical 
anesthetics.

TREATMENT TIPS
Small-volume syringes and a fine needle 
such as 30 gauge are used for injection. 
Men typically have more musculature in 
their face and require more per injection site 
than women. The dosage for each location is 
dependent on the number of injection sites 
per muscle, size of muscle, and desired out-
come for paralysis or milder weakening of 
the muscle. Patients may be instructed to 
sit upright for 2–4 hours after injection and 
to not rub the areas for 24 hours. Schedule 
a follow-up appointment for 2–3 weeks to 
perform touch-up injections for unsatisfac-
tory areas.

SIDE EFFECTS
Cosmetic application of botulinum toxin is 
relatively safe when appropriately dosed and 
administered by properly trained personnel. 
The most common side effects are bruising 
and swelling. Patients can describe mild 
and transient effects of headache or flulike 
symptoms. Complications of treatment to 
the upper face include brow ptosis due to 
weakness of frontalis muscle, eyelid ptosis 
due to weakening of the levator palpebrae 
superioris muscle, and assymetric brow 
arching. In addition, orbital and periorbital 
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effects include diplopia, ectropion, lower 
eyelid droop, epiphora, decreased strength 
of eye closure, and dry eye. In the lower 
face, complications include asymmetrical 
smile, flaccid cheek, incompetent mouth, 
and inability to whistle. The rare but 
required black-box side warnings include 
aspiration, dysphagia, pneumonia, anaphy-
laxis, and death.

RHYTIDS AND TECHNIQUES
Glabellar rhytids
This is the most commonly treated area 
of dynamic rhytids. The glabellar complex 
consists of the corrugator supercilii, pro-
cerus, depressor supercilii, and orbicularis 
oculi muscles, all of which function as brow 
depressors. Glabellar rytids are vertical 
lines primarily caused by contraction of the 
corrugator supercilii and horizontal lines 
caused by the procerus muscle. Five to six 
sites are commonly targeted that should fall 
above the supraorbital rim by approximately 
1 cm (Figure 21.1, black).

Transverse forehead rhytids
Forehead rhytids are caused by contraction 
of the frontalis muscle. Treatment of the 
frontalis should only weaken the muscle in 
order to preserve some facial animation and 
avoid brow ptosis. Typically, about 6 sites 
are injected in a straight or slight “v” pat-
tern (Figure 21.1, white).

Lateral canthal rhytids
Lateral canthal rhytids, or crow’s feet, 
are radial oriented lines formed by con-
traction of the lateral fibers of orbicularis 
oculi muscle. The radial contraction of the 
muscle appearance is exacerbated by smil-
ing. Hyperactive areas are noted when the 
patient squints and can be targeted as injec-
tion sites. Typically, around 3–5 sites are 
injected at least 1  cm lateral to the orbital 
rim just beneath the skin. Locations are 
planned in a radial fashion from canthus and 
inferior to the eyebrow (Figure 21.1, red).

Nasal “bunny lines”
Bunny lines are rhytids that originate on the 
nasal dorsum and radiate laterally toward the 
nasofacial groove. The treatment of a single 
injection in bilateral nasofacial groove at least 
1  cm inferior to the medial canthus is suf-
ficient for these rhytids (Figure 21.1, green).

Perioral lip rhytids
Also known as smoker’s lines or lipstick 
lines, perioral lip rhytids radiate outward 
from the lips and are accentuated with puck-
ering the lips. Perioral rhytids are formed by 
skin pleating from repetitive contraction of 
the orbicularis oris, photodamage, loss of 
volume, and pursing of lips. These are dif-
ficult to treat with toxin injection alone and 
often require additional fillers. Target sites 
are typically one to two locations on each 

Figure 21.1 Sites of injection for botulinum 
toxin improvement of kinetic rhytids (black, 
glabellar rhytids; white, forehead rhytids; red, 
crow’s feet; green, bunny lines; blue, perioral 
rhytids; purple, frown lines).
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quadrant of the lips (Figure 21.1, blue). 
Overweakening of the orbicularis oculi can 
cause altered lip proprioception, dysarthria, 
dysphagia, and drooling.

MOUTH FROWN
The rhytids at corner of the mouth trav-
eling inferiorly give the appearance of a 
frown at rest. The depressor anguli oris 
pulls the oral commissure inferiorly while 
opposed by the zygomaticus muscle com-
plex. Target injections to the depressor 
anguli oris muscle are just anterior to the 
masseter muscle, essentially at the inferior 
extent of the marionette lines (Figure 21.1, 
purple). This can improve the downward 
position of the commissure at rest as well 
as improve developing rhytids.

Fillers

Bradford Terry, Laura T. Hetzler, 
and Blake Raggio

INTRODUCTION
Injectable fillers play an important role in 
nonoperative cosmetic enhancement. They 
are utilized to improve many issues from 
fine rhytids to broad-based volume defi-
cits. The ideal filler has not been discovered 
yet. It would be biocompatible, noninflam-
matory, affordable, and durable and not 
migrate. There are many compositions that 
last many months, such as hyaluronic acid or 
collagen fillers to semipermanent fillers like 
poly-l-lactic acid (Table 21.1).

TYPES OF FILLERS
Hyaluronic acid
Hyaluronic acid (HA) is the most widely 
utilized filler. HA stabilizes intercellular 
structures by forming a viscoelastic frame-
work. It avidly attracts water molecules 
causing volume expansion and hydration 
of the skin. Some patients remark that 
periods of dehydration versus adequate 
hydration make a difference in their result. 

Cross-linking was developed to prevent 
degradation and promote longevity. Larger 
molecules of HA filler have been designed 
for a more robust result with deeper injec-
tions in areas of greater volume deficits. 
Benefits of HA include absence of skin test, 
biodegradability, longevity, easy storage at 
room temperature, and reversibility if nec-
essary. Placement of HA into the subcutis 
or deep dermis is recommended but may 
vary by defect and location. HA is FDA 
approved for severe facial rhytids and folds 
such as nasolabial but also used in lip aug-
mentation, brow elevation, tear trough, and 
chin, cheek, and jowl augmentation. HA is 
generally well tolerated with normal minor 
common side effects and rare delayed hyper-
sensitivity and granulomatous reactions.

Collagen
There are three types of collagen avail-
able: bovine, human, and porcine. Bovine 
collagen is made of calf skin composed of 
mostly type I collagen fibers. Patients must 
undergo skin testing prior to use. Collagen 
fillers have the shortest duration of action 
that may be beneficial for filler trials or 
other applications. Common side effects 
include immediate mild bruising, edema, 
and erythema. Hypersensitivity reactions 
to bovine collagen are present in about 
three percent of patients. Rarely local tissue 
necrosis, abscess formation, and recurrence 
of herpetic eruptions occur.

Autologous fat
Fat is harvested from other areas and 
is transplanted to the face. The main 
advantage is there is no risk for hyper-
sensitivity or foreign body reactions. Fat 
is partially reabsorbed by the body and 
reportedly 20%–80% of the injected mate-
rial is retained. Unpredictable reabsorp-
tion can lead to contour irregularities. 
Complications include donor site mor-
bidity, necrosis, and calcification of the 
injected fat and rarely fat emboli.
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Calcium hydroxyapatite
Calcium hydroxyapatite (CaHA) is a 
longer-acting semipermanent filler. The 
CaHA formed into microspheres and sus-
pended in a gel carrier. It causes a mechani-
cal filling effect and endogenous production 
of collagen around the microspheres. CaHA 
is viscous and therefore injected deeper into 
the dermal–subcutaneous border. The lon-
gevity depends on location but typically at 
least 12 months and up to 2 years. It is gen-
erally well tolerated with rare hypersensitiv-
ity reactions. Caution should be used with 
injection into dynamic areas of the lips.

Poly-l-lactic acid
Poly-l-lactic acid (PLLA) is a semiperma-
nent filler with duration of 9–24  months. 
PLLA is a synthetic polymer that stimulates 
an inflammatory response as the product is 
degraded. In the first couple of weeks, there 
are a decrease in volume and then gradual 
increase as the fibrous reaction causes col-
lagen deposition. Full effects may take sev-
eral months as the filler continues to work. 
PLLA is utilized for volume filling for broad 
areas of thinning or depression especially in 
HIV patients with lipoatrophy.

APPLICATION SITES
Upper face
Superficial application for horizontal fore-
head rhytids and glabellar rhytids is often 
combined with botulinum toxin injection. 
Glabellar rhytids can be injected with filler 
with either linear threading or serial punc-
ture technique directly beneath the rhytid 
(Figure  21.2). The temporal fossa can be 
augmented with deeper filler injections for 
patients with temporal wasting. Lateral 
browlift can be accomplished by inject-
ing into the subdermal space at the lateral 
brow cilia.

Midface
Fillers can be applied for tear trough depres-
sion and projection of the malar region that 
may be difficult to correct with  surgery. 

Malar eminence projection needs higher 
volumes of filler, 1–2 mL, applied with 
a fanning or cross-hatching method 
(Figure  21.2). Larger-molecule HA fill-
ers or semipermanent fillers may be used 
in this region. Fillers may also be used to 
make minor nose improvements such as tip 
definition or minor revisions of rhinoplasty; 
however, these techniques may be too 
sophisticated for the novis injector.

Lower face
The most common application site is the 
lower face. Nasolabial folds are augmented 
with single or multiple layers using either 
linear threading or serial puncture tech-
niques. Application of filler medial to and 
under the fold directly can be performed at 

Figure 21.2 Areas amenable to filling:  forehead 
rhytids (black), vertical glabellar  rhytids (green), 
horizontal glabellar rhytids (gray), tear trough 
(red), malar eminence (orange), nasolabial 
creases (purple),  marionette lines (pink), 
 prejowl sulcus (blue), smokers lines (yellow).
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the discretion of the practitioner or may be 
serially injected in separate settings to avoid 
overfilling (Figure 21.3). The oral and peri-
oral areas are frequent treatment locations. 
Lips are augmented with varying amounts 
depending on patient desire. Filler is placed 
in the dermal layer. Additional placement 
in vermillion border or philtrum may also 
improve results. Perioral rhytids such as 
marionette lines and prejowl sulcus can be 
improved with fillers. The prejowl sulcus is 
an area where deeper, larger molecule depot 
injections may be beneficial (Figure 21.2). 
Finally, mental augmentation and mandible 
projection can be amplified using fillers.

TREATMENT
Preparation
Photo documentation is important before 
and after each patient. Remove all makeup 
and clean sites with alcohol. Topical anes-
thetic or nerve blocks may be performed 
for added patient comfort. Discuss with 
patient the risks, benefits, and anticipated 
duration of action.

Depth of injection
The depth of injection depends on the type 
of filler, the defect location, or the depth of 
rhytid. For superficial rhytids, thinner fill-
ers should be used and injected at level of 
superficial dermis. Filler placed into the mid 
to deep dermis is appropriate for moderate-
depth defects with thicker products in the 
HA group. For deeper defects, the filler can 
be placed into the dermal– subcutaneous 
junction or even supraperiosteal. The deeper 
the penetration, the less visible a given 
amount will be.

Injection techniques
Fillers can be applied by several different 
methods to augment specific target areas. 
The four common techniques include serial 
puncture, threading, fanning and cross-
hatching. In the serial puncture method, the 
needle is inserted and small bead of product 
is delivered and then repeated multiple times 
along the length of the rhytid. Care must be 
taken to place the beads of filler close enough 
to ensure a smooth contour of correction. 

Figure 21.3 Radiesse filler into bilateral nasolabial creases. (Image courtesy of Benjamin Marcus.)
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To thread filler, the needle is tunneled at 
the appropriate depth along the length 
of the needle, and as the needle is withdrawn, 
the product is applied in a steady stream. 
Threading is often used for lip augmentation 
and nasolabial folds. Fanning uses the same 
technique as threading and is repeated in a 
radial pattern. Finally, crosshatching uses the 
fanning technique in two locations that cre-
ates threads that are perpendicular to each 
other. Crosshatching is useful for large and 
broad-based areas of volume deficit.

Facial rejuvenation 
and rhytidectomy

Aditi Bhuskute, Lane D. Squires, 
and Jonathan Sykes

DEFINITIONS AND CLINICAL FEATURES
The face is the central organ of emotion and 
identity. Defining an individual’s unique 
appearance universally includes a discussion 
of their facial features. Medical and surgical 
techniques to rejuvenate facial appearance 
in patients with facial again can improve 
self-confidence by bestowing a more youth-
ful appearance. Often patients will seek to 
change their appearance because of per-
ceived flaws, which can be normal signs 
of aging including forehead or glabellar 
creases, ptosis of lateral eyebrow, redundant 
eyelid tissue, generalized skin laxity, ptosis 
of malar tissue, perioral wrinkling, deepen-
ing of the labiomental creases, jowling, and 
an excessive submental fat pad.1

While facelifting procedures address pto-
sis and atrophy of facial tissues, they have no 
predictable effect on the patient’s actual skin 
quality. Skin affected by sun damage, exces-
sive creasing, or irregular pigmentation is best 
treated via medical therapies or skin resurfac-
ing. Each of these therapies will be addressed 
separately as outlined in the succeeding text.

PERTINENT ANATOMY
The rhytidectomy procedure involves mak-
ing a periauricular incision with elevation 

and tightening of the supportive soft tis-
sues. The type of rhytidectomy procedure is 
often defined by the plane of dissection used 
as related to the superficial musculoaponeu-
rotic system (SMAS) (Figure 21.4). The 
SMAS is a continuous musculofascial sheath 
housing the anterior midfacial mimetic 
muscles, arising from the zygomatic arch, 
extending inferiorly to be continuous 
with the platysma muscle. Posteriorly, the 
SMAS forms a separate layer superficial 
to the parotid/parotidomasseteric fascia. 
Superficial to the SMAS are skin and sub-
cutaneous fat. Deep to the SMAS, there 
is a layer of areolar tissue that can inform 
the surgeon as to the location of the facial 
nerve branches. Although the facial nerve 
branches travel deep to the SMAS layer and 
generally underlie this areolar tissue, more 
medially, the branches of the facial nerve are 
located superficially and innervate the over-
lying muscles and are in danger of direc-
tion or traction injury.2 Another potential 
danger zone for injury occurs near the 
zygomatic arch as the soft tissue anatomy 
is generally tightly compressed in this area 
(Figure 21.5). Dissection in this region can 
be performed either superficial to the nerve 
branches in the subcutaneous plane or deep 
to the branches on the surface of the deep 
temporalis muscle fascia.

WORKUP
The management of a facelift patient involves 
many stages of care before the day of the 
actual procedure.3 Even before the initial 
consultation, each interaction with the physi-
cian and office staff is critically measured by 
the patient to formulate their level of comfort 
and trust. The initial consultation allows the 
surgeon and patient to explore a working rela-
tionship in which trust is built and true moti-
vations and expectations are explored. While 
it is important that a cosmetic surgeon learn 
which patients are good potential candidates, 
it is equally crucial that each clinician be able 
to distinguish which patients are poor candi-
dates and are to be avoided. After counseling 



Aging Face 289

together, the clinician should decide on the 
most appropriate surgical therapies to offer. 
Specific questions evaluating the patient’s 
medications, allergies, medical comorbidi-
ties, prior surgeries, and smoking habits must 
also be explored in the initial consultation. 
As this surgery is always elective, all attempts 
should be made to minimize complications 
by optimizing the patient’s medical status 
prior to the operation.

A preoperative visit should also be offered 
to allow time to reconnect, ensure appropri-
ate expectations are set, and to answer any 
and all remaining questions. At this appoint-
ment, each surgeon should be forthright with 
potential complications and direct and honest 
about the recovery process. A well-informed 
patient can lead to decreased pre- and post-
surgical anxiety and alleviate unreason-
able  fears. Preoperative photographs should 
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Figure 21.4 The layers of the face. The soft tissue layers of the face are shown here. Underlying the 
skin and subcutaneous tissue is the superficial musculoaponeurotic system (SMAS). Note that the 
SMAS lies in a separate layer superficial to the parotidomasseteric fascia, and underlying this fascial 
layer is the parotid tissue posteriorly and a layer of loose areolar tissue anteriorly. The facial nerve 
branches travel within this layer. Great care should be taken as the dissection is carried medially as the 
branches can lie more superficially within this plane. (Adapted from author’s personal images/files.)
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be taken, as they are essential for preopera-
tive and postoperative patient counseling, 
intraoperative decision making, and chart 
documentation.

MEDICAL TREATMENT
The use of these medical techniques as 
adjunctive therapies to surgical rhytidec-
tomy has been proven to be beneficial in 
improvement of the aging face. Numerous 
noninvasive treatment options exist but can 
be simplified into three technologies: laser 
ablative therapy, chemical peels, and radio-
frequency techniques.

Laser treatment has taken an increas-
ing role in the reduction of facial rhytids 
through dermal remodeling and the 

mainstay of laser therapy is the unfraction-
ated CO2 ablative laser. The use of a laser 
for resurfacing relies on the properties of the 
laser to target discrete chromophores in the 
dermis or the dermal–epidermal junction. 
Lasers that penetrate deeper into the dermis 
are more effective at treating rhytids, while 
more superficial lasers target scars, vascular 
lesions, and actinic keratoses. Superficial 
rhytids can be nearly eliminated and 
dynamic rhytids can be significantly effaced. 
Lasers are advantageous as they can deliver 
a precise treatment to a specified area, but 
the ablative nature of this device can lead 
to increased risk of scarring, hypopigmen-
tation, and extending postoperative healing 
and downtime.4

Figure 21.5 Relationship of zygoma with the facial nerve. The relationship of the temporal 
branch of the facial nerve and the zygoma is shown here. Note that inferior to the zygomatic 
arch, the temporal branch lies just deep to the superficial musculoaponeurotic system (SMAS) 
layer, while above the zygomatic arch, this branch is contiguous layer of the SMAS or the 
 temporoparietal fascia. (Adapted from author’s personal images/files.)
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Chemical peels have been a mainstay of 
facial rejuvenation for many years. Unlike 
laser ablation, chemical peels induce caustic 
liquefaction of the exposed tissue. In gen-
eral, chemical peels compare favorably to 
laser resurfacing. Superficial-depth peels tar-
get the epidermis with occasional involve-
ment of the papillary dermis. Medium-depth 
peels target the papillary and upper reticular 
dermis. Deep chemical peels penetrate to 
the mid reticular dermis. Peels cause epi-
dermolysis, protein precipitation, and dena-
turation of the native tissue. The deeper 
the peel, the more likely the photodam-
aged skin can be removed and neocollagen-
esis begins, although  superficial-depth peels 
are especially effective for solar lentigines 
and melasma. Solutions for peels include 
Jessner’s trichloroacetic acid peel and 
Baker–Gordon phenol peels. Disadvantages 
of chemical peels include lack of laser-like 
precision to a targeted area, need for neu-
tralization of peel solution, scarring, and 
infection. However, the healing time after 
chemical peels is predictable, especially with 
superficial-depth peels.5

Recently, the development of skin resur-
facing technologies has emerged that induce 
dermal injury while maintaining epider-
mal integrity. Radiofrequency technology 
applies energy to the skin with concomitant 
cryogen cooling of the epidermis, which in 
result causes controlled dermal injury. This 
injury causes collagen remodeling, shown 
in clinical and ultrastructure analysis. Early 
studies have shown that with multiple radio-
frequency treatments, an improvement in 
skin laxity can result.5

SURGICAL TREATMENT
Facelift surgery has changed significantly 
since Lexer described the first subcutaneous 
rhytidectomy in the early twentieth century. 
Early facelift surgery involved subcutane-
ous dissection and redraping of skin with 
removal of excess skin after redraping. As 
with the use of any tissue expanders, the 
skin stretches and becomes lax with time. 

For this reason, subcutaneous rhytidec-
tomy has not been shown to have longev-
ity. This technique has largely been replaced 
with SMAS and sub-SMAS techniques. 
Most facelift surgeries begin with dissection 
above the platysma muscle and submental 
lipectomy to improve the contours of the 
jawline and submental fat pad. The platysma 
muscle is then included in all suspensions to 
tighten the aforementioned areas.

The SMAS flap is the mainstay of face-
lift surgery today. As described in the suc-
ceeding text, the SMAS is a layer that is in 
close proximity to the facial nerve and its 
branches. Inferior to the zygomatic arch, 
the facial nerve branches lie just deep to 
the SMAS layer, while above the zygomatic 
arch, the temporal branch of the facial nerve 
lies within the contiguous layer of the SMAS 
or the temporoparietal fascia (Figure 21.5).

There have been several basic techniques 
described to address the ptotic SMAS and 
fat layers. The first is the SMAS plication 
technique. The safest of the three tech-
niques, the surgeon carries the dissection 
along the SMAS and subcutaneous tissue. 
This tissue is then grasped and a nonab-
sorbable suture is placed to pull the tissue 
up in a cosmetically pleasing vector. This 
technique does not violate the SMAS and 
keeps the facial nerve branches safe. Careful 
consideration should be made to keep the 
sutures from penetrating too deeply in order 
to avoid the nerve injury. Another SMAS 
technique is called SMAS imbrication. In 
this technique, a horizontal incision is made 
in the SMAS inferior to the zygomatic arch 
and anterior to the skin incision site. The 
flap is then undermined; a cutback is made 
in the 90° angle. The SMAS is then pulled 
and sutured into place. The SMASectomy 
technique involves excision of a small rect-
angle in a vector parallel to the nasolabial 
fold. This allows the pull of the SMAS to 
be perpendicular to the nasolabial fold to 
improve and efface the fold. The SMAS 
rectangle is excised and the proximal and 
distal borders are sutured, inducing a vector 
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to pull the ptotic SMAS, subcutaneous tis-
sue, and skin vertically upward.

Excellent cosmetic results have been 
made with a variety of SMAS suspension 
techniques. However, facial plastic surgeons 
continually face difficulties adequately 
addressing the nasolabial fold and promote 
longevity of the suspension techniques. The 
deep plane technique involves a composite 

flap with the skin and SMAS layer being 
elevated in a single layer before fixation 
sutures are used to lift the flap superiorly 
(Figure 21.6). Dissection is taken in a sub-
cutaneous plane initially for 2–3 cm anterior 
to the tragus. The sub-SMAS plane is then 
entered immediately superficial to the orbi-
cularis and zygomaticus muscles. Superiorly, 
the dissection is performed below the facial 
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Figure 21.6 The deep plane technique. The relationship of the skin layers in the deep plane 
rhytidectomy dissection is shown here. The subcutaneous plane is raised initially prior to entering 
the sub–superficial musculoaponeurotic system plane as noted by the dotted line above. Please 
note the proximity of the facial nerve during the deep plane dissection. (Adapted from author’s 
personal images/files.)
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nerve at the level of the deep temporalis fas-
cia. This creates a large, thick flap, which is 
then resuspended under tension.

COMPLICATIONS
The face is visible and exposed daily. 
Therefore, it is essential to prevent complica-
tions from facelift surgery as these can have 
a significant negative impact on the patient’s 
overall satisfaction and outcome of the sur-
gery. Surgical complications can be divided 
into preoperative, perioperative and post-
operative complications. Preoperative com-
plications most often occur due to patient 
factors, including their medications, smok-
ing status, hypercoagulable state, age, and 
medical comorbidities (diabetes, emphy-
sema, hypertension). Adequate preoperative 
evaluation for surgical candidacy is essen-
tial in prevention of surgical complications. 
Perioperative complications are most often 
associated with general anesthesia and sur-
gical technique. Improper placement of 
surgical incisions can lead to poor scars and 
malposition of the hairline. Poor placement 
of temporal and post auricular incisions can 
lead to raising of the hairline in an abnormal 
fashion. Increased wound tension can result 
in postoperative alopecia. Inappropriate pull 
of the skin flap can create a vector that cre-
ates a “windswept” look. Also, if careful 
attention is not taken around the tragus and 
lobule, abnormal ear deformities and a pixie 
ear deformity can also occur.6

Postoperative complications are often 
multifactorial in nature, but identification 
and management of these complications in 
a timely manner are essential for good out-
comes in facelift surgery. The most com-
mon and potentially serious postoperative 
complication of facelift surgery is hema-
toma. This can occur in up to 15% of face-
lift patients. Meticulous hemostasis during 
surgery is of the utmost importance. An 
expanding hematoma can put the facelift 
flap under pressure and compromise the 
vascular flow to the flap itself. Most post-
operative hematomas are identified at the 

immediate end of the operation while ban-
daging or washing the patient’s hair. These 
can be quickly evacuated with pressure or 
by placing a suction catheter under the skin 
flap. Immediate placement of a pressure 
dressing is imperative to prevent accumula-
tion of blood. Minor hematomas are often 
reabsorbed or can be evacuated in office. 
Major expanding hematomas often require 
emergent treatment with removal of the 
sutures and exploration for bleeding points.

Facial nerve injury can be the most devas-
tating postoperative complication in facelift 
surgery and can occur in 2%–3% of facelift 
patients. Common causes of facial nerve 
injury include direct injury with surgical 
instruments, neuropraxia by stretching, 
thermal injury from cautery, and compres-
sion injury from suture, edema, or hema-
toma. The most common site of motor facial 
nerve injury occurs at the marginal man-
dibular branch, with the second most com-
mon being the temporal branch as it passes 
just over the zygomatic arch. If facial nerve 
injury is detected at the time of surgery, 
immediate repair can be performed. Facial 
nerve weakness has been shown to regain 
some function if complete transection has 
not occurred.

Other potential complications of face-
lift surgery include seromas and sialoceles, 
infection, flap necrosis, and hypertrophic 
scarring. With the recent advent of SMAS 
and sub-SMAS facelift techniques, post-
operative seroma and sialocele can occur. 
Minor seromas and sialoceles respond very 
well to aspiration and pressure dressing 
application. Infection is a rare complication 
that must be recognized early and treated 
appropriately with antibiotic therapy. If the 
skin wound is under tension, flap necrosis 
and hypertrophic scarring can occur. Flap 
necrosis most often occurs due to increased 
pressure or tension on the flap. This most 
often occurs in the postauricular portion 
of the facelift flap as the flap is longest 
and under the most tension in this area. 
The most important factor to prevent flap 
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necrosis is prevention of perioperative smok-
ing. Stretching or widening of the facelift 
scar can occur if the flap is placed under ten-
sion, in addition to hypertrophy of the scar 
itself. Intralesional steroids can be used to 
reduce a poor cosmetic result from hyper-
trophic scarring.6

SUMMARY
In summary, facial rejuvenation procedures 
range from rhytidectomy to various skin 
resurfacing techniques as mentioned ear-
lier. The SMAS is an important anatomic 
landmark for the critical structures of face-
lift anatomy. Recent advances in medical 
therapies, including chemical peels, laser 
resurfacing, and radiofrequency therapy, 
can be effectively utilized independently or 
in conjunction with surgical therapy. Each 
procedure is not without complication, but 
these can be minimized. It is important to 
counsel patients for realistic expectations of 
all facial rejuvenation procedures.

Blepharoplasty

Bradford Terry and Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
The eyes and periorbital area play a cru-
cial role in facial expression and aesthetics. 
Blepharoplasty is understandably one of the 
most common facial plastic surgeries per-
formed. It can rejuvenate youthfulness to 
the face or correct functional eyelid prob-
lems. The task of the aesthetic surgeon is to 
strike the balance between excess soft tissue 
removal and volume depletion. It is impor-
tant to consider the surrounding structures 
in the evaluation and enhancement of the 
eyelids including the eyebrows, forehead, 
and cheeks.

AGING PROCESS
The aging process of the face affects the 
periorbital region primarily through laxity 
of tissues, redistribution of fat, and hyper-
trophy or weakening of muscles. There are 

many factors that contribute to the look of 
aging including effects of gravity, sun expo-
sure, smoking, stress, and many disease pro-
cesses. Several characteristic signs of aging 
include rhytids, descent of the eyebrow, 
malar descent and subsequent lengthening 
of the lower lid, and decrease in visible size 
of the palpebral fissure.

PERTINENT ANATOMY
Eyelid skin is the thinnest skin in the body 
yet has a rich vascular supply. The orbicu-
laris oculi encircles the orbit, functions as 
a sphincter, and assists as a pump for tears 
during blinking. The combination of skin 
and orbicularis oculi defines the anterior 
lamella. The tarsus and the conjunctiva 
comprise the posterior lamella. The tarsus 
is a stiff cartilage like plate that functions 
as a major support of the upper and lower 
eyelid. Conjunctiva is the inner surface of 
eyelid that reflects at the fornix to cover the 
globe.

Upper lid retraction (opening) is per-
formed mostly by the levator palpebrae 
superioris with some contribution by 
Mueller’s muscle. Lower lid retractors, the 
capsulopalpebral fascia, attach to the infe-
rior tarsus and are an expansion of the infe-
rior rectus.

The orbital septum is an extension of peri-
osteum and contains the orbital fat. It fuses 
with levator aponeurosis and the dermis to 
form the upper eyelid crease. In the lower 
lid, the septum fuses with the capsulopalpe-
bral fascia. In the upper lid, the superior fat 
compartments lie posterior to the septum 
and anterior to the levator aponeurosis. The 
upper lid has a medial and central fat com-
partment with the lacrimal gland occupy-
ing the lateral lid. The central compartment 
fat pad is larger and more yellow than its 
dense and whiter medial counterpart. The 
lower lid contains three fat compartments 
separated by the inferior oblique between 
the medial and central fat pads, while the 
 arcuate expansion is between the central 
and  lateral fat pads (Figure 21.7).
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TERMINOLOGY
In order to understand the complexities 
of preoperative analysis prior to blepharo-
plasty, a brief review of terminology of facial 
aging changes with their major causes is in 
order. Dermatochalasis is often confused 
with blepharochalasis. Blepharochalasis is 
an inflammatory condition of the eyelids 
manifesting as edematous and atrophic eye-
lid skin that allows for protrusion of fat. It 
is usually intermittent and recurrent due 
to histamine response related to increased 
levels of IgE. Dermatochalasis is the more 
common “baggy eyes” that occurs with 
aging due to loss of skin elasticity and appar-
ent excess upper lid skin. Lateral hooding, 
“droopy eyelids,” is caused by dermatocha-
lasis and brow descent or ptosis. Orbital sep-
tum weakness allows for steatoblepharon, 
which is a pseudoherniation of orbital fat. 
Festoons are redundancies of orbicularis 
oculi muscle in lower lid and may contain 
orbital fat protrusion. The tear trough is 
a crescent-shaped depression between the 
orbicularis oculi and levator labii superioris 
medially. Malar bags are skin and fat pro-
truding from the malar prominence.

INDICATIONS
Cosmetic improvement is often the motiva-
tion, but there also are some indications for 

medical conditions. Certain medical indi-
cations resulting from eyelid ptosis include 
impairment of visual fields, eye strain, and 
impaired reading ability. Lower eyelid 
blepharoplasty can be combined with tarsal 
tightening procedures to improve defects 
causing corneal or conjunctival irritation, for 
example, entropion, ectropion, epiphora, or 
corneal exposure. Other medical conditions 
need to be ruled out for which surgery will 
not alleviate or could conceivably worsen 
symptoms including allergic, fluid retention, 
or metabolic causes. Confounding cosmetic 
issues need to be screened including lagoph-
thalmos, lower lid laxity, vision loss, dry-eye 
syndrome, ptosis of lacrimal gland, ptosis of 
eyebrows, or ptosis of the lid itself.

PREOPERATIVE EVALUATION
Overall: Evaluation of the periorbital region 
for blepharoplasty should not start with the 
eyelids. Attention to Fitzpatrick skin type, 
pigmentation, preexisting scars, and signs 
of hypertrophic scarring should be noted. 
Symmetry defines the face and sources of 
asymmetry should be closely examined and 
discussed with the patient.

Analysis of the upper face: Includes both 
the arch and position of the brow. The 
female brow extends from medially, in a 
position slightly superior to the orbital rim, 

Figure 21.7 Postseptal orbital fat of the lower lid. (Courtesy of Ben Marcus.)
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to laterally with an arch present at the level 
of lateral limbus. Males have a flatter arch 
that is located roughly at the level of the 
orbital rim.

Analysis of the midface: Includes the vol-
ume status, shape, and fold position. The 
midface should have smooth transitions 
between the lower lid and cheek.

Direct palpebral analysis: Demonstrates 
that the lateral canthus rests 2  mm above 
the medial canthus. The upper eyelid crease 
should sit 8–10 mm above the lash line. The 
upper lid should cover 2–3 mm of the supe-
rior limbus but not encroach on the pupil. 
The lower lid should rest on the inferior lim-
bus or 1 mm below. The lower lid should 
also be examined with eye movement 
because pseudoherniation becomes more 
apparent in upward gaze. The snap test for 
assessing lid tone is performed by pinching, 
pulling, and releasing the lid that should 
snap back quickly. The lid distraction test 
pulls the lower lid inferiorly and should be 
less than 10 mm.

Ocular testing: Includes visual acuity and 
visual fields with objective testing. Use the 

Schirmer test to measure the amount of lac-
rimation for dry eyes.

UPPER LID BLEPHAROPLASTY
During preoperative evaluation, the patient 
is marked in the upright position. Mark the 
supratarsal crease from slightly lateral to 
medial canthus extending to the lateral can-
thus and then angled about 30° posterolat-
erally and superior to the supratarsal crease 
(Figure 21.8). Pinch the skin with forceps to 
allow visualization of the predicted result. 
Local anesthesia is applied, and first, only 
the skin is incised with a blade. Scissors are 
then used to remove the skin from underly-
ing muscle. A small amount of orbicularis 
oculi muscle can be excised to expose the 
underlying preaponeurotic fat. The eye may 
be gently pressed to reveal excess fat. The 
orbital septum may then be incised with 
judicious removal of excess fat using scis-
sors and cautery. Meticulous hemostasis is 
achieved to prevent orbital hematoma. Skin 
closure can be performed with Prolene or 
fast-absorbing gut suture in a running fash-
ion (Figures 21.9 and 21.10).

Figure 21.8 Typical upper lid blepharoplasty incision.
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LOWER LID BLEPHAROPLASTY
Two common approaches are used for lower 
lid blepharoplasty. The subciliary approach 
can be used to treat excess skin, pseudoher-
niation of fat, and orbicularis oculi hyper-
trophy. The transconjunctival approach 
leaves no visible incisions but is primarily 
to treat pseudoherniation of fat and can be 
combined with pinch excision of skin for 
mild amounts of tightening.

SUBCILIARY APPROACH
An incision is created 2 mm inferior to lower 
lid margin from the punctum medially to 
roughly 6 mm lateral to the lateral canthus. 
The skin flap is dissected free of the under-
lying orbicularis oculi muscle. Dissection 
through orbicularis is performed in a beveled 
or stairstep fashion from the skin incision. 
Small incisions in the orbital septum can be 
created for each fat compartment. Pressure on 
the globe reveals excess fat to be removed judi-
ciously with scissors and cautery. Careful skin 
excision can be judged by having the patient 
look up and open their mouth if awake.

The incision may be closed with 6-0 
absorbable running suture.

TRANSCONJUNCTIVAL APPROACH
Expose the lower lid conjunctiva with a 
Desmarres retractor. Incise into the con-
junctiva inferior to tarsus using monopolar 
cautery. A submuscular plane can be fol-
lowed to the orbital rim. Small incisions 
in orbital septum can be made for each 
fat compartment with depression of the 
globe to reveal excess fat. No sutures are 
needed for closure of the tranconjunctival 
approach though some surgeons prefer a 
few fast-absorbing gut simple interrupted 
sutures.

COMPLICATIONS
The most feared complication of blepha-
roplasty is retro-orbital hemorrhage with 
vision loss due to optic nerve compres-
sion. Conservative skin resections are 
made to prevent the major issue of lagoph-
thalmos and lower lid retraction. Other 
complications include infection, excess 
skin removal, blepharoptosis due to leva-
tor muscle injury, diplopia from superior 
or inferior oblique muscle damage, ectro-
pion, web formation, and hollowed out 
appearance.

Figure 21.10 Three-month postoperative photo following upper lid blepharoplasty.

Figure 21.9 Dematochalasis and lateral hooding.
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Brow ptosis and browlift

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Brow ptosis is a term used to describe descent 
of the eyebrow and associated fat pads that 
occur with aging. Brow ptosis is frequently 
seen in conjunction with dermatochalasis or 
age-related eyelid changes, and one cannot 
accurately improve lid appearance without 
formally ruling out whether or not brow 
ptosis is a contributor (Figure 21.11). Mild 
brow ptosis is typically only a concern with 
respect to aesthetics. As the brow descends, 
it can become an issue with visual field dis-
turbance. Patients may complain of frontal 
headaches and horizontal rhytids due to 
tonic contraction of the frontalis muscle to 
improve brow height.

DIFFERENTIAL DIAGNOSIS
Etiology of brow ptosis is most typically 
related to soft tissue laxity as the result of 
age and manifests laterally first. Other causes 
of a drooping brow must be ruled out prior 
to intervention. The frontalis muscle is the 
only brow elevator and thus loss of function 
can result in brow malposition. Neurologic 
causes related to decreased unilateral fron-
talis function include facial nerve paralysis 

associated with neuromas of cranial nerve 
VII or VIII, Bell’s palsy, postsurgical defi-
cits, other CNS or parotid tumors, or acci-
dental trauma. Other neurologic disorders 
that may contribute to unilateral or bilateral 
deficits include myasthenia gravis, oculo-
pharyngeal muscular dystrophy, and myo-
tonic dystrophy. Primary skin neoplasms, 
metastatic lesions, or perineural invasion 
can cause a partial facial nerve weakness and 
brow ptosis by invading the upper branches 
of the facial nerve including the frontal 
branch. Muscular hyperfunction of the 
brow depressors such as the orbicularis oculi 
in patients with blepharospasm can pull the 
brow to a lower position by tonic contrac-
tion inferiorly.

PREOPERATIVE CONSIDERATIONS
Beginning your preoperative examination 
with a thorough ophthalmic examination 
is prudent in any periocular surgery. Visual 
acuity, extraocular muscle function, and 
pupillary examination should be recorded. 
Neurologic causes such as myasthenia gra-
vis, myotonic and oculopharyngeal mus-
cular dystrophy, or facial nerve impairment 
not previously described must be excluded 
or worked up prior to addressing brow 
 ptosis. Asymmetries in brow position must 

Figure 21.11 Age-related brow ptosis with dermatochalasis.
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be noted preoperatively. Scars or a history of 
periocular trauma is important to recognize.

It is important for the patient to be in 
complete repose during evaluation. Often, 
patients with brow ptosis compensate by 
tonic contraction of the frontalis muscle. To 
achieve full repose, it may be beneficial to ask 
the patient to close their eyes, focus on relax-
ing the forehead, and gently open their eyes 
for a more precise analysis of brow position.

Men tend to have a heavier, thicker brow 
with little arc present that should lie approxi-
mately at the level of the superior orbital rim. 
The female brow is club shaped medially and 
tapers laterally with the medial border on a 
vertical line with the alar–facial crease. The 
lateral end of the brow lies on a line drawn 
from the alar–facial crease tangent to the 
lateral canthus. Of note, the medial and lat-
eral brows are on the same horizontal plane. 

The highest arch of a female brow is ideally at 
the lateral limbus or just lateral to this. Ideally, 
the brow in females should lie just above the 
superior orbital rim (Figure 21.12).7

Physical exam findings may deem a certain 
brow procedure more appropriate. Deep fore-
head rhytids or the level of the hairline may 
make one browlift technique more reason-
able. The patient’s overall health may also play 
a role in preoperative decisions. Unhealthy 
patients not suited for longer surgeries or 
general anesthesia may elect a less invasive 
approach. Botulinum toxin prior to browlift-
ing may be helpful to eliminate the function 
of the brow depressors including the corruga-
tor, procerus, and orbicularis oculi muscles.

The preoperative evaluation of brow 
ptosis is inextricably linked to the physical 
assessment prior to blepharoplasty surgery. 
This will be discussed in a separate chapter.

D

E

AB

C

Figure 21.12 Schematic diagram of ideal brow position in a female. The lateral brow lies at 
or above the medial brow (A–B). The medial brow begins along a vertical line drawn from the 
nasal ala (A–E). The brow peaks at the lateral limbus of the iris (C–D). The lateral brow extends 
to a line drawn through the lateral canthus to the ala (B–E). (Modified from Gunter, JP and 
Antrobus, SD, Plast. Reconstr. Surg., 99, 1808, 1997.)
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TREATMENT
The main treatment for brow ptosis is surgi-
cal. There are multiple techniques used for 
browlifting that may be elected based on 
an individualized basis following complete 
examination and discussion of patient goals. 
The transblepharoplasty approach uses 
the upper eyelid crease, whereas the direct 
browlift uses an incision immediately along 
the upper border of the eyebrow. A  mid-
forehead browlift may be used in someone 
with deep forehead rhytids to camouflage 
the incision, especially within the male 
population. These three methods require 
less aggressive dissection and are ideal for 
patients with prevailing functional com-
plaints or inability to tolerate a larger sur-
gery or a general anesthetic.

The pretrichial approach is ideal for 
someone with a high hairline. The inci-
sion is placed just within the hairline in 
a trichophytic fashion. A coronal incision 
may also be used and is created just ante-
rior to the vertex. This is an acceptable 
option if the patient has a lower hairline. 
The endoscopic approach is currently the 
most widely utilized within the aesthetic 
community. It requires 3–5 incisions pos-
terior to the hairline that are well con-
cealed and preserve scalp sensation. The 
endoscopic approach allows for earlier 
resolution of edema as well as minimal 
change in hairline position.

COMPLICATIONS
Complications vary with approach and inci-
sions used. Poor scarring as well as scalp 
and forehead sensory deficits may occur. 
Sensation usually improves over the course 
of months. Alopecia may be related to inci-
sion creation or closure tension. Damage to 
the facial nerve can occur where it passes 
near the lateral brow. Brow asymmetry or 
inadequate elevation can frustrate surgeons 
as well. Adverse hairline alteration can hope-
fully be avoided with the appropriate choice 
of approach.
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Skin resurfacing with 
chemical peels

Devinder S. Mangat 
and Mark J. Been

INTRODUCTION
The study and intervention of the aging 
face has become an increasingly popular 
field. Facial skin resurfacing has, in the last 
50 years, undergone a transformation with 
a myriad of techniques and products avail-
able to the facial aesthetic surgeon. The 
most common techniques include chemical 
peels (chemexfoliation), laser resurfacing, 
and dermabrasion (mechanical exfoliation). 
Chemical peels, simply stated, involve the 
application of cytotoxic chemicals to the 
surface of the face. The goal is to create a 
controlled destruction of the epidermis and 
dermis in order to remove the unwanted 
superficial layers of the skin. Different 
depths of penetration and skin destruction 
can be achieved by altering the types and/
or concentrations of chemexfoliant applied 
to the skin.

Chemical peels represent a reliable 
technique for facial skin resurfacing. 
Advantages of this technique include 
highly predictable outcomes over large 
areas of the face with results equal or bet-
ter than laser and dermabrasion. There 
is a relatively low incidence of pigmenta-
tion abnormalities for properly selected 
patients. The process of performing 
a chemical peel is fast and technically 
straightforward for the experienced prac-
titioner. Additionally, the chemical agents 
involved are inexpensive to stock.

In the 1960s, the classic Baker–Gordon 
phenol-based chemical peel was described 
and became the gold standard in deep 
chemical peels.1 Numerous other chemi-
cal agents are commercially available that 
demonstrate efficacy including trichlo-
roacetic acid (TCA), Jessner’s solution, 
alpha-hydroxy acids (e.g., glycolic acid), 
and, more recently, a modification of the 

Baker–Gordon formula described by Hetter 
that is based on the concentration of croton 
oil.2 While the purpose of this chapter is 
not to delve into the variety of the chemical 
peels most commonly utilized, it is hoped 
that a greater understanding will be borne 
by students and clinicians alike regarding 
the factors involved in assessment and diag-
nosis of common aging face problems as 
well as preparation and execution of chemi-
cal peels.

WORKUP
The astute facial aesthetic surgeon must be 
able to perform critical facial analysis and 
recognize age-related changes that occur 
in the face. From a demographic stand-
point, individuals with sequelae of chronic 
sun exposure or acne scarring may be 
most inclined to seek consultation for skin 
resurfacing (Figure 22.1). The following 

Figure 22.1 Preoperative photo of patient 
with diffuse facial rhytids and skin lentigenes.
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are skin conditions commonly addressed 
with chemical peels:

 1. Dyschromias, lentigines
 2. Actinic skin damage
 3. Facial rhytids
 a. Deep facial (forehead, glabella)
 b. Fine facial (periorbital, 

perioral)
 4. Acne scars
 5. Posttraumatic, surgical scars
 6. Melasma

Not all individuals are candidates for chemi-
cal peels and one must discern favorable 
patient qualities prior to proposing the pro-
cedure. Based on skin character, the ideal 
patient is one with thin skin, fine rhytids, and 
Fitzpatrick skin types I or II (Table 22.1).3 
Individuals with darker skin, or higher 
Fitzpatrick skin types, carry increased risk 
of postoperative pigmentation compli-
cations. Other favorable factors include 
patients who are nonsmokers and those who 
are not opposed to wearing makeup during 
the healing process. The patient should be 
motivated and the practitioner must work 
to establish a good rapport with the patient. 
Patients must also diligently adhere to pre-
operative and postoperative regimens for 
optimal outcomes. Avoidance of significant 
sunlight exposure for 2–3 months postop-
eratively is paramount to reduce the likeli-
hood of pigmentation anomalies.

Contraindications to performing chemi-
cal peels include the following conditions4:

 1. Fitzpatrick skin types IV–VI
 2. Active herpes outbreak
 3. Immunosuppression
 4. Recent isotretinoin treatment
 5. Collagen disorders
 a. Scleroderma
 b. Ehlers–Danlos syndrome
 6. Severe hepatic, renal, or cardiac 

dysfunction (phenol peels)
 7. History of radiation to face or 

keloid formation
 8. Telangiectasias
 9. Unreliable patients

PREOPERATIVE ROUTINE
Preoperative measures may be performed to 
enhance the outcome of the chemical peel. 
Medications are started up to 6 weeks prior 
to performing the chemical peel.5 Tretinoin 
(Retin-A) is a topical vitamin A deriva-
tive that is applied topically to the face. 
Tretinoin contributes to multiple favorable 
skin conditions including thinning of the 
stratum corneum, increased dermal collagen 
formation, and increased mitotic activity of 
follicular epithelium that allows for more 
rapid reepithelialization of the skin follow-
ing the chemical peel.6

Hydroquinone and topical steroids are 
other medications applied topically to the 
face up to 6 weeks prior to the procedure. 

Table 22.1 Fitzpatrick skin type classification

Skin color Tanning pattern  Burning pattern 

Type I Very white Never tans Always burns

Type II White Tans minimally Usually burns

Type III White to olive Tans moderately Sometimes burns

Type IV Light brown Tans readily Rarely burns

Type V Dark brown Tans profusely Very rarely burns

Type VI Black Tans profusely Never burns
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Hydroquinone inhibits the enzyme tyrosi-
nase, which blocks the conversion of dopa 
to melanin. The clinical effects are suppres-
sion of melanocyte activity and reduction 
of potential pigmentation abnormalities. 
Topical steroids, such as hydrocortisone 
ointment, help reduce local inflammation. 
Antivirals, such as acyclovir or valacyclovir, 
are utilized perioperatively to prevent her-
petic outbreaks.

TREATMENT
Chemical peels may be subdivided according 
to their depth of penetration into the skin. 
The peel agents create a keratocoagulation of 
surface proteins that prevents further pene-
tration to deeper layers of the skin. Chemical 
peels are routinely divided into superficial, 
medium, and deep categories. Superficial 
chemical peels will cause full-thickness 
destruction of the epidermis. Medium-depth 
peels penetrate to the deep papillary dermis. 
Deep chemical peels typically penetrate to 
the superficial reticular dermis.

Chemical peels are routinely performed 
under monitored anesthesia with intrave-
nous sedation and cardiac monitoring. A 
local anesthetic is used to perform nerve 
blocks and infiltrate the subcutaneous 
regions of the skin to be treated. The pro-
cedure may also be performed exclusively 
under local anesthesia if only treating lim-
ited areas with superficial-depth peel. In this 
instance, topical anesthetic products may be 
used to prevent the burning sensation that 
may be encountered after application of the 
peel agent.

After the patient is adequately anesthe-
tized, the face is cleansed and degreased 
with acetone. Application of the peel agent 
is performed with cotton tip applicators or 
4 × 4 gauze. The goal is to achieve a uni-
form frost in the treated area(s). The depth 
of penetration may be gauged intraopera-
tively by the color of the frost obtained. 
Light pink or whitish pink frost indicates 
penetration through the epidermis to the 
papillary dermis. Solid white frost indicates 

penetration through the papillary dermis 
to the upper reticular dermis and a whitish 
gray frost suggests deeper penetration to the 
mid-reticular dermis.

While performing the procedure, the face 
is divided into subunits. Intervals of 15 min-
utes are allowed between applications to the 
different subunits to decrease the risk of car-
diac toxicity from any phenol-based peel. At 
the end of the procedure, the periphery of 
the peeled area is feathered with a superficial 
peel agent to blend the treated areas of the 
face with the surrounding skin.

General guidelines can be followed 
regarding the depth of chemical peel based 
on regions of the face. Considerations are 
dependent on the thickness of skin and 
associated condition(s) being treated. The 
lower eyelid, periorbital area, and nose 
should be limited to superficial chemical 
peels due to thin skin. On the eyelids, appli-
cation of the peel may approach the ciliary 
margin. The upper eyelid is not routinely 
included in peels. Medium-depth peels 
may be performed on the cheeks and fore-
head; however, deeper peels may be neces-
sary to address deep forehead and glabellar 
rhytids or acne-related scars. The perioral 
region and mentum have thicker skin and 
can tolerate medium to deep chemical peels. 
Application of the peeling agent may extend 
across the vermillion border without untow-
ard effects. In general, chemical peels are 
not extended inferiorly below the subman-
dibular region; however, in select cases, very 
superficial peels may be performed on the 
neck and upper chest.

POSTOPERATIVE CARE
Immediately following the procedure, the 
patient’s skin will assume a light to deep red 
color depending on the depth of peel. The 
treated areas of the face are covered gener-
ously with topical emollient, and the patient 
is instructed to maintain adequate moistur-
ization until the treated areas exfoliate and 
reepithelialization occurs. At this time, the 
patient’s face resembles the erythematous 
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nature of a sunburn (Figure 22.2). The time 
to reepithelialization is dependent on the 
depth of the chemical peel. The following 
outline may serve as a general guide for time 
to skin reepithelialization:

 1. Superficial peel
 a. 5 days
 2. Medium-depth peel
 a. 7–10 days
 3. Deep peel
 a. 10–14 days

After reepithelialization occurs, the patient 
should continue to keep the skin moistur-
ized. Application of topical steroids can help 
to decrease posttreatment inflammation of 
the skin. The final results are often appar-
ent at 3–6 months following the procedure 
(Figure 22.3).

COMPLICATIONS
Listed in the following are potential compli-
cations associated with chemical peels:

 1. Acne
 2. Milia
 3. Scarring
 4. Prolonged erythema
 5. Pigmentary
 a. Hypopigmentation
 b. Hyperpigmentation
 6. Ectropion
 7. Infectious
 a. Cellulitis
 b. Herpes outbreak

Complications are infrequent and almost 
always temporary in nature. Generally, post-
treatment problems can be managed with 
conservative measures (e.g., skin cleansers, 

Figure 22.3 Six months following a 
 medium-depth Hetter-based chemical peel.

Figure 22.2 Postoperative day 6 following a 
medium-depth Hetter-based chemical peel.
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topical steroids). If complications persist, 
further medical and/or surgical interven-
tion may be necessary.

CONCLUSION
Chemexfoliation is a safe and effective skin 
resurfacing technique to address a number 
of commonly encountered aging face prob-
lems. Chemical peels should be performed 
by experienced practitioners with detailed 
understanding of chemical peel agents to 
avoid possible complications.

Skin resurfacing with lasers

Benjamin Marcus

INTRODUCTION
Laser and light therapy for facial skin has 
become a mainstay of aesthetic practices. With 
the advent of newer technologies, we can offer 
patients treatments that span from minimal 

down time to major skin resurfacing—all 
with a high degree of safety and reliability.

BACKGROUND
The basic premise of laser and light therapy 
centers on the concept of the chromophore. 
Laser devices produce a singular frequency 
of light and that frequency is absorbed by 
particular color target or even water. With 
the correct chromophore and laser target 
pair, one can vaporize skin cells or gently 
target brown or red pigment (Figure 22.4).

Lasers can be classified into two main 
groups: ablative and nonablative lasers. 
Ablative lasers work by removing layers of skin 
cells. Nonablative lasers often target nonskin 
elements such as brown pigments or the red 
of blood vessels. Superficial or light ablative 
laser peels generally just ablate the outer sur-
face (epithelium) of the skin. Medium-depth 
ablative laser peels penetrate into the upper 
(papillary) dermis. Deep ablative laser peels 

Figure 22.4 Patient before and after treatment with the noninvasive broad band light treatment.



Skin: Refinement and Reconstruction 309

are the most significant type of treatment and 
can reach into the upper reticular dermis. As 
with any wound, the closer one gets to the 
mid-reticular dermis, the greater the chance 
for scar or compromised wound healing.

Nonablative lasers generally bypass 
the epithelium and are absorbed by the 
deeper and pigmented elements of the skin. 
Examples include Nd:YAG lasers that target 
blood vessels or intense pulsed light that can 
target melanin.

INDICATIONS
Superficial ablative laser peels are indicated 
for patients who have very limited photo-
aging of the skin or for those patients who 
desire very minimal downtime. Patients can 
expect a mild improvement in their fine lines 
and minimal improvement in deeper rhytids. 
With repeated treatment, patients will note 
improvement in their skin pigmentation 
irregularities. Medium-depth and deep laser 
peels offer more significant ablation and 

therefore will have a more significant effect 
on fine lines and pigment variegation. At 
the deepest levels, the ablative laser peels 
can produce very significant skin results. 
A subcategory of ablative lasers is the frac-
tional devices. These devices treat skin with 
microcolumns of ablative lasers that will cre-
ate collagen and reduce wrinkles but trade 
a quicker recovery for a lesser overall result.

Conditions that are treated by nonabla-
tive lasers include photoaging of skin, solar 
lentigo, melasma, telangiectasias, and rosa-
cea. Nonablative lasers can also be used for 
hair removal and other treatments but that 
is beyond the scope of this chapter. Laser 
and light therapies that target hemoglobin 
are suited to reduce telangiectasia and capil-
laries associated with photoaging or rosacea. 
Melanin is also removed with targeted light 
treatment from IPL or broadband light (BBL). 
The main advantage of nonablative treatments 
is their ability to improve skin appearance with 
little or no downtime (Figure 22.5).

Figure 22.5 Patient after treatment with a Nd:YAG laser for reduction of capillaries.
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TECHNICAL DETAILS
Nonablative laser treatments are almost 
always performed in the clinic setting and 
can be done with or without topical anesthe-
sia. These can be performed by the physician 
or physician extender. Skin prep is performed 
with alcohol or acetone. Postprocedure care 
is centered on a gentle cleanser and moistur-
izer of choice. A limited skin peel may occur 
in 1–2 days followed by mild erythema. No 
viral prophylaxis is required.

Medium-depth and deep ablative treat-
ments should be performed by the physician 
provider or by a physician extender under 
direct supervision. These procedures are 
usually performed in the clinic setting but 
may be combined with operative procedures. 
Skin prep is performed with alcohol or ace-
tone. Postprocedure care is centered on an 
occlusive topical ointment such as Aquaphor 
or Vaseline. A full skin peel may occur in 
2–3 days followed by moderate to significant 

erythema. Antiviral prophylaxis is required. 
Treatment endpoint for the deep peel is the 
upper reticular dermis. A full skin peel will 
occur in 2–3  days followed by significant 
erythema. Antiviral prophylaxis is required.

COMPLICATIONS
Complications associated with nonablative 
treatments are rare. Complications from 
ablative lasers include prolonged erythema, 
hypopigmentation, postinflammatory hyper-
pigmentation, and scar. Risk associated with 
superficial lasers is quite low with pigmen-
tation changes and scarring at far less than 
1%. As one moves into deeper peels, there is 
an increasing risk of pigmentation changes, 
especially hypopigmentation. This can reach 
as high as 15% with CO2 lasers but is much 
lower with newer Er:YAG devices. For this 
reason, only experienced practitioners should 
perform deep laser resurfacing (Figure 22.6).

Figure 22.6 Patient before and after deep laser resurfacing. Photo is pre-procedure and 
6 months post. Notice improvement in dyschromia and rhytids.
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Advancement flaps

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Advancement flaps are local methods of 
tissue rearrangement that depend on the 
advancement of the surrounding tissue 
along a linear axis to close a defect. They 
may be unilateral, bilateral, or geometric in 
design to include V to Y or A to T closures 
(Figure 22.7). Classically, advancement flaps 
have a length-to-width ratio of 2:1 but can 
be designed at 3–4:1 within the head and 
neck secondary to its robust blood supply. 
With the increased length-to-width ratios, 
advancement flaps may create standing cuta-
neous deformities or “dog-ear” deformities. 
These deformities must also be addressed as 
part of the reconstructive plan.

UTILITY
Advancement flaps may be utilized fol-
lowing trauma or excision of benign and 
malignant lesions. Unilateral or bilateral 
advancement flaps are frequently used on 
the forehead or the upper lip where paral-
lel limbs can fall within anatomic subunit 

lines, relaxed skin tension lines (RSTLs), 
or rhytids or if the vector of advancement 
will provide a favorable horizontal sling for 
support such as in eyelid reconstruction 
(Figure 22.8).

A to T closures are ideal when the defect 
abuts an anatomic border, such as the hair-
line, that is to remain mostly unmodified. 
V to Y advancement flaps recruit adjacent 
tissue that is pushed into the defect by clos-
ing the apex of the “V” primarily. These are 
best designed parallel to RSTLs.

WORKUP
Consideration of other reconstructive 
options need to be given in patients with 
poor overall health to include poorly con-
trolled diabetes, smokers, or those with a 
history of bleeding disorders. Other deter-
rents to performing an advancement flap 
include those with concurrent local wound 
infection or those where tumor surveillance 
may be necessary or might be obscured by 
local flap creation.

EXECUTION
Advancement flaps are designed based on sur-
rounding anatomy and subunit architecture. 

Figure 22.7 Designed bilateral advancement flaps.
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The flaps themselves are elevated deep to 
the dermis to preserve the subdermal plexus. 
Deep sutures of 4-0 or 5-0 Monocryl or 
Vicryl can be used in the deeper tissues for 
tension support. The skin itself may then 
be closed with 5-0 or 6-0 nylon or Prolene. 
Sutures are removed within 5–7  days and 
may be supported by taping at that time. 
Burow’s triangles may be fashioned to 
improve the appearance of standing cutane-
ous or “dog-ear” deformities.

A to T f laps are designed to avoid dis-
tortion of a linear landmark such as the 
hairline or eyebrow. The defect is placed 
within the triangle of the “A” and the base 
of the triangle resting on the landmark to 
be preserved. Incisions are extended out 
from the base of the triangle and bilat-
eral f laps are elevated within the subcu-
taneous plane (Figure 22.9). The bilateral 
f laps are advanced toward one another 
to create a “T”-shaped incision and scar 
(Figure 22.10).

V to Y advancement f laps are created 
by making a V-shaped incision involv-
ing the defect margin and advancing 
the broad base of the V into the defect 

leaving f lap subcutaneously pedicled 
(Figures 22.11 through 22.13). The 
resulting defect is closed primarily 
resulting in a “Y” shape.

Figure 22.9 A to T flap designed superior to 
right brow with W-plasty superiorly to limit 
vertical extension of incisions.

Figure 22.8 Closure of bilateral advancement flaps.
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COMPLICATIONS
Wound complications following advance-
ment flaps include hematoma or infec-
tion. Poor scarring and wound dehiscence 
can be an issue when the closure is under 
tension. Ischemia and necrosis can occur 

Figure 22.12 Closure with V to Y flap with 
subcutaneous pedicle.

Figure 22.10 Closure of A to T flap.

Figure 22.11 Large left upper lip and medial 
cheek defect.

Figure 22.13 Four-month postoperative view.
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with technical errors that include poor flap 
design and injury to the blood supply dur-
ing dissection.

Transposition flaps

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Transposition flaps are local flaps harvested 
from an adjacent donor site and rotated 
over an incomplete bridge of skin to fill the 
proposed defect. Transposing tissue from 
a donor site leaves a secondary defect that 
must be closed primarily. Transposition 
flaps capitalize on adjacent skin laxity and 
redistribution of skin tension. The three 
classic transposition flap designs include 
the rhombic flap, bilobed flap, and Z-plasty. 
Resultant scars are geometric in shape and 
are ideally less conspicuous; however, the 
complex design of transposition flaps makes 
it difficult to create scars that will completely 
rest within RSTLs.

UTILITY
Transposition flaps may be utilized following 
trauma or excision of benign and malignant 
lesions as well as in scar revision. Rhomboid 
flaps have a wide range of utility to include 
reconstruction of the medial and lateral 
cheek, temple, chin, neck, lips, ears, and 
nose (Figure 22.14). Bilobed flaps are fre-
quently elected with defects of the nasal tip 
and dorsum, temple, and cheek. A Z-plasty 
can be used in both reconstruction or more 
commonly to refine a preexisting scar when 
unsightly tethering or traction is occurring. 
Z-plasty principles allow reorientation of the 
scar to fall within RSTLs; lengthen a scar 
that is distorting an anatomic margin such as 
the eyelid, lip, or ala; and function in irregu-
larization of a linear scar.

WORKUP
Consideration of other reconstructive 
options needs to be given in patients 
with poor overall health to include poorly 

controlled diabetes, smokers, or those with 
a history of bleeding disorders. Other deter-
rents to performing rotational flaps include 
those with concurrent local wound infection 
or those where tumor surveillance may be 
necessary or might be obscured by local flap 
creation. Patients on blood thinners or sup-
plements that may act as anticoagulants are 
instructed to stop prior to their procedure.

EXECUTION
As in all local flaps, consideration must be 
given to adjacent areas of skin laxity and 
RSTLs; neighboring distortable landmarks 
such as the lid margin, ala, or lip; and 

Figure 22.14 Left cheek defect, 3 cm × 3 cm, 
with a rhombus designed around the defect 
with angles of 60° and 120°. Two separate flaps 
can be extended from each 120° corner with 
the second limb drawn parallel to the adjacent 
side of the rhombus. The “D” flap was chosen 
as the optimal flap for reconstruction of this 
defect (see Figures 22.15 and 22.16).
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nearby aesthetic subunits. The standard 
Limberg rhombic flap involves creating an 
equilateral parallelogram around a defect 
(Figure 22.15). The rhombus can be closed 
with one of four distinct flaps pending eval-
uation of the aforementioned considerations 
(Figure 22.16). Dufourmentel and the 
Webster modifications of the rhombic flap 
were designed to decrease angels of rotation 
resulting in less redundancy and smaller-
standing cone deformities (Figure 22.17).

The bilobed flap is a double  transposition 
flap that raises a second flap to fill the  initial 
donor defect (Figure 22.18). The second 
donor site is then closed primarily. In the 
Esser modification, the total arc of rota-
tion is 90° that  creates less tension on the 
closure and less chance for a standing cone 
deformity. The first flap is designed to be 

the size of the actual defect with the second 
flap being half of the initial flap. The donor 
site of the second flap is then closed primar-
ily (Figure 22.19).

A Z-plasty is a double transposition flap 
used for scar revision. The central limb of 
the “Z” is based on the preexisting scar 
and the lateral limbs should be placed par-
allel to one another at equal angles from 
the central line. If the angles within the 
two transposition flaps are equal to 60°, a 
Z-plasty will lengthen a scar by 75%, while 
45° and 30° designs lengthen scars by 50% 
and 25%, respectively. Deep sutures of 4-0 
or 5-0 Monocryl or Vicryl can be used in 
the deeper tissues for tension support. The 
skin itself may then be closed with 5-0 or 
6-0 nylon or Prolene. Sutures are removed 
within 5–7 days and may be supported by 
taping at that time.

Figure 22.17 Left nasal alar and tip defect, 
1.1 cm × 0.8 cm.

Figure 22.16 One-year postoperative view. 
Patient declined dermabrasion.

Figure 22.15 Closure of defect with rhombic 
transposition flap.

Figure 22.18 Transposed bilobed flap.
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COMPLICATIONS
Wound complications following advance-
ment flaps include hematoma or infection. 
Poor scarring and wound dehiscence can be 
an issue when the closure is under tension. 
Ischemia and necrosis can occur with tech-
nical errors that include poor flap design and 
injury to the blood supply during dissection.

Rotation flaps

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Rotational flaps are named for the curved 
vector of motion around a fixed point or ful-
crum into a defect. The flap is rotated along 
an arc that is ideally less than 30° toward the 
defect. The radius of the arc is approximately 
2.5–3 times the diameter of the defect. The 
arc length is roughly four to five times the 

width of the defect. It is rare to have a purely 
rotational flap without some component of 
advancement, and thus, these flaps are more 
appropriately labeled rotation/advancement 
flaps. The axis of rotation can be modified 
to increase or decrease the advancement 
contribution.

UTILITY
Rotation flaps may be utilized following 
trauma or excision of benign or malignant 
lesions (Figure 22.20). They allow recon-
struction by mobilizing a large area of tissue 
with a wide vascularized base and rotat-
ing it  into a theoretical triangular-shaped 
defect. Rotational flaps are used often in 
reconstruction of both the medial and lat-
eral cheek. Double-rotation flaps, or the 
O to Z flap, may be used for scalp or facial 
reconstruction. For larger scalp defects, up 
to 50% triple rotation flaps can be used. 
Successful execution of rotational flaps bears 
the disadvantage of extensive undermining 
and dissection beyond the defect.

WORKUP
Consideration of other reconstructive 
options needs to be given in patients with 
poor overall health to include poorly con-
trolled diabetes, smokers, or those with 
a history of bleeding disorders. Other 
deterrents to performing rotational flaps 
include those with concurrent local 
wound infection or those where tumor 

Figure 22.19 Three-month postoperative 
view.

Figure 22.20 Right temple defect, 3.5 cm, 
post–melanoma excision.
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surveillance may be necessary or might be 
obscured by local flap creation.

EXECUTION
Rotational flaps are designed based on sur-
rounding laxity of tissue and may have 
a variable component of advancement 
(Figure 22.21). The defect is best visualized 
as lying within a triangle though creation 
of a triangular-sized defect is not necessary. 
The flap itself is elevated deep to the dermis 
to preserve the subdermal plexus. The length 
of the flap is typically four to five times the 
diameter of the defect though may be less if 
there is significant tissue laxity or may be lon-
ger if more recruitment is needed. A Burow’s 
triangle may be excised on the outer or lon-
ger limb of the arc to avoid bunching of the 
incision. Another standing cone deformity 
may occur in the region between the ful-
crum and actual defect. Deep sutures of 4-0 
or 5-0 Monocryl or Vicryl can be used in 
the deeper tissues for tension support. The 
skin itself may then be closed with 5-0 or 
6-0 nylon or Prolene. Sutures are removed 
within 5–7  days and may be supported by 
taping at that time (Figure 22.22).

COMPLICATIONS
Wound complications following advance-
ment flaps include hematoma or infection. 
Poor scarring and wound dehiscence can be 
an issue when the closure is under tension. 

Ischemia and necrosis can occur with tech-
nical errors that include poor flap design and 
injury to the blood supply during dissection.

Interpolated flaps

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
An interpolated flap is an example of a local 
flap that crosses over or under intervening 
tissue remaining attached to its blood sup-
ply by a pedicle. The blood supply is often a 
named artery and vein; however, the flap can 
be based off of a region of vessel confluence 
allowing the pedicle to have a robust blood 
supply for the distal flap. These so-called 
axial patterned flaps have a more generous 
blood supply and can therefore be designed 
longer than their random blood supply local 
flap counterparts. Pedicled flaps are typically 
two-stage flaps that require division and 

Figure 22.22 Ten-month postoperative result.

Figure 22.21 Proposed rotation advancement 
flap prior to reconstruction.
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inset at a later date once external blood sup-
ply has been established from surrounding 
tissue. In comparison to the transposition 
flap, whose base is adjacent to the defect to 
be repaired, an interpolated flap is harvested 
when surrounding tissue has poor mobil-
ity or is insufficient for reconstruction. The 
classic axial patterned facial interpolated flap 
is the paramedian forehead flap based off of 
the supratrochlear artery. An interpolated 
cheek flap (melolabial flap), loosely based off 
of branches of the facial artery, is an interpo-
lated flap that is not uniformly described as 
having axial blood supply. The pedicle may 
include epidermis or be based off of the sub-
cutaneous tissue.

UTILITY
Pedicle flaps may be utilized following 
trauma or excision of benign and malig-
nant lesions. The paramedian forehead flap 
is frequently used to repair extensive defects 
of the nasal dorsum, nasal tip, ala, or full-
thickness columella (Figure 22.23). The 
forehead flap may also be used as internal 
nasal lining either by reflecting the skin 
paddle internally or by creating a longer 

flap folded at the alar rim, as described by 
Menick, to recreate vestibular lining.

The interpolated melolabial flap is used 
commonly for alar reconstruction when the 
entire alar subunit is missing. It has been 
used successfully in columellar reconstruc-
tion and may be used to recreate nasal lining 
as well.

WORKUP
Consideration of other reconstructive 
options needs to be given in patients with 
poor overall health to include poorly con-
trolled diabetes, smokers, or those with 
a history of bleeding disorders. Patients 
that are smokers may have minimal initial 
flap manipulation and thinning and may 
undergo intermediate stages of refinement 
prior to pedicle division. Pedicle division 
may also be delayed in smokers or in patients 
that have been previously radiated.

Other deterrents to performing an inter-
polated flap include those with concurrent 
local wound infection or those where tumor 
surveillance may be necessary or might be 
obscured by local flap creation. Given the 
staged nature of an interpolated flap, expe-
dient division and inset need to be planned 
if postoperative radiation therapy is needed. 
Patients that are unable to perform wound 
care related to the pedicle or are deemed 
unreliable to have an open wound for a 
period of time should not have a pedicled 
reconstruction.

EXECUTION
Interpolated flaps are elected based on inad-
equate adjacent tissue or improved aesthetic 
outcomes related to the skin thickness and 
texture afforded by the pedicled tissue. In 
nasal defects greater than 1.5 cm, the para-
median forehead flap offers large quantities 
of tissue coverage that closely matches the 
thickness, texture, and sebaceous quality of 
the native nasal skin. The paramedian fore-
head flap is designed based off of the supra-
trochlear artery. The neurovascular bundle 
is located between 1.7 and 2.2 cm from the 

Figure 22.23 Preoperative right nasal ala and 
nasal sidewall defect.
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midline glabella at the medial edge of the 
eyebrow. The nasal defect is then measured 
and a template is created. If greater than 
50% of the nasal subunit is affected, the 
remaining portion of the subunit is often 
completely excised for improved aesthetic 
outcomes. The template is then reflected to 
the forehead and outlined superior to the 
neurovascular bundle. A 1.3–1.5  cm pedi-
cle is designed centered on the supratroch-
lear neurovascular bundle (Figure  22.24). 
Elevation of the flap is performed in the 
subgaleal plane for the distal portions of 
the flap. The subperiosteal layer may be 
entered approximately 2 cm superior to the 
neurovascular bundle to protect axial blood 
 supply. The distal flap may be thinned down 

to the subdermal plexus and reflected infe-
riorly to the nasal defect. Securing the flap 
to the surrounding defect skin can be per-
formed with 6-0 nylon or Prolene. If the 
flap is extending down to the vestibular lin-
ing, 5-0 chromic may be used.

The recommended period of 2–4 weeks 
should be allowed prior to division and inset 
(Figures 22.25 and 22.26). Patients that 
are smokers typically wait 4 weeks and may 
undergo an intermediate thinning stage 
prior to pedicle division.

The interpolated melolabial flap is 
designed based off of the alar facial crease 
in the region of the facial artery at the take-
off of the angular artery. It can be used for 
reconstruction of the alar subunit as well 
as the columella. The nasal defect is again 

Figure 22.24 Design of paramedian forehead 
flap with single dot overlying the vascular 
pedicle 1.8 cm away from midline and a 1.5 cm 
pedicle. The patient is a heavy smoker and has 
already undergone advancement of the right 
cheek with bony fixation to the maxilla. Two 
paramedian forehead flaps are planned for 
intranasal lining and external skin coverage.

Figure 22.26 Right-sided paramedian 
 forehead flap.

Figure 22.25 Right-sided paramedian 
 forehead flap with pedicle in place.
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measured and a template created. The tem-
plate should be placed with its medial edge 
at the nasolabial crease. The flap is designed 
with either a cutaneous or subcutaneous 
pedicle and sutured into the defect with 6-0 
nylon to the nasal skin and 5-0 chromic for 
the nasal lining. The time period between 
the division and inset is similar to that of the 
paramedian forehead flap.

COMPLICATIONS
Wound complications following interpolated 
flaps are less common than are seen in ran-
dom flaps as there is a more robust blood sup-
ply. Ischemia and necrosis can still occur with 
technical errors that include poor flap design 
and injury to the blood supply during dissec-
tion. Hematoma, infection, poor scarring, 
and wound dehiscence can occur as well.

Skin cancer and Mohs 
micrographic surgery

Celeste Gary and Laura T. Hetzler

DEFINITIONS AND 
CLINICAL FEATURES
Skin cancer is the most common cancer in 
humans. While cancer can arise from all 
cell types that compose the skin, the most 
common forms of cutaneous malignancies 
involve cancers of the epidermis:

 1. Basal cell carcinoma from epider-
mal precursor cells (Figure 22.27)

 2. Squamous cell carcinoma from 
differentiated epidermal cells 
(Figure 22.28)

 3. Melanoma from melanocytes 
(Figure 22.29)

Other skin malignancies include Merkel cell 
carcinoma from neuroendocrine cells, seba-
ceous carcinoma from sebaceous glands, 
eccrine carcinoma from eccrine glands, 
microcystic adnexal carcinoma from eccrine 
glands, extramammary Paget’s disease from 

apocrine glands, dermatofibrosarcoma pro-
tuberans from fibroblasts, atypical fibroxan-
thoma from fibroblasts, malignant fibrous 
histiocytoma from fibroblasts, angiosarcoma 
from endothelial cells, and leiomyosarcoma 
from smooth muscle.

Figure 22.27 Basal cell carcinoma.

Figure 22.28 Squamous cell carcinoma.
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DIFFERENTIAL DIAGNOSIS
There are a wide variety of benign skin lesions 
that can appear concerning for skin cancer. 
Special consideration should also be given to 
premalignant lesions including actinic kera-
toses, Bowen’s disease, and keratoacanthoma.

WORKUP
Individuals with fair skin and light eyes are 
more prone to skin cancers. The patient 
should be questioned about sun exposure 
history and history of prior skin cancers. 
Tanning bed usage has become a significant 
risk factor for melanoma in younger popula-
tions. A family history of melanoma should 
also be elucidated.

Principles of self-examination and public 
screening are often referred to as the A, B, 
C, D, and Es of melanoma: A = asymmetry, 
B = irregular borders, C = color variations, 
D = diameter > 6 mm, and E = evolving over 
time (Figure 22.29).

A thorough examination of the skin of 
the scalp, ears, face, and neck should be 
performed. Irregular areas that appear dis-
colored, painful, ulcerated, raised, or other-
wise abnormal should be biopsied.

Biopsy methods include

 1. Shave biopsy
 2. Punch biopsy
 3. Incisional biopsy
 4. Excisional biopsy

Diagnosis is determined by permanent 
pathology of the specimen.

Shave biopsy should be avoided in hyper-
pigmented lesions concerning for mela-
noma. If the lesion is small enough for 
excisional biopsy with primary closure, this 
may be performed with a 2  mm margin. 
In larger lesions that are not amenable to 
excision with simple closure, punch biopsy 
through the thickest portion of the hyper-
pigmented area is recommended.

TREATMENT
The mainstay of skin cancer treatment is 
wide local excision. The goal of surgery is 
complete removal of the skin cancer with 
clear margins.

This can be accomplished in two ways:

 1. Excision with measured marked 
margins:

 a. Goal margins for skin can-
cer by type (margins may be 
modified to accommodate 
individual anatomic or func-
tional considerations):

 i. Basal cell carcinoma < 
2 cm: 4 mm

 ii. Basal cell carcinoma > 
2 cm: >4 mm

 iii. Squamous cell carcinoma 
< 2 cm: 4–6 mm

 iv. Squamous cell carcinoma 
> 2 cm: 9 mm

 v. Melanoma in situ: 1.0 cm

Figure 22.29 Melanoma. (Photo courtesy of 
Chad Prather.)
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 vi. Melanoma ≤ 1.0 mm: 
1.0 cm

 vii. Melanoma 1.01–2.0 mm: 
1–2 cm

 viii. Melanoma > 2.01: 2.0 cm
 2. Mohs excision that provides com-

plete margin examination
 a. Advantages include a high 

rate of complete excision and 
skin cancer cure and narrower 
initial surgical margins that is 
advantageous for lesions next 
to complex structures of the 
head and neck, for example, 
the eye, lip, and nasal valve.

Techniques such as cryotherapy, CO2 laser 
ablation, and radiation therapy also have 
roles in the treatment of skin cancer.

Scar revision

Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Scar revision is performed to improve upon 
the appearance or position of a scar. It may 
also be necessary to resolve a scar’s distorting 
effects on nearby structures. Scar revision 
may include reorientation of the existing 
scar to fall within RSTLs or alter the scar 
to more closely approximate a nearby facial 
subunit border. Irregularization procedures 
such as running W-plasty or geometric 
broken line closure can be performed to 
camouflage a previously linear scar that is 
more easily recognized by the human eye. 
Distortion of free facial margins such as the 
lip, eyelid, or alar rim by suboptimal scars 
can be released by Z-plasty techniques that 
provide scar lengthening, reorientation, and 
irregularization (Figure 22.30).

DIFFERENTIAL DIAGNOSIS
Scar revision may be considered in any 
setting of suboptimal healing follow-
ing accidental trauma, surgery, or prior 
reconstruction. Scars may be considered 

unfavorable because of their relationship to 
facial anatomic units or RSTLs. Risk factors 
for poor scarring include unfavorable inci-
sion angle, depth, and mechanism of injury, 
wounds that are subject to persistent con-
tractile forces, or pathologic healing pro-
cess such as infection or poor wound care. 
Contributing factors include suboptimal 
repair technique such as inadequate closure, 
traumatic closure with poor tissue han-
dling, or excessive cautery. Consideration to 
underlying soft tissue contraction must be 
considered as well before a cutaneous refine-
ment is attempted.

WORKUP
Facial and skin analysis must be addressed 
prior to scar revision. Expectations must be 
managed preoperatively by explaining that 
any scar revision is simply replacing one scar 
with another that is anticipated to be more 
aesthetically acceptable.

The timing of scar revision does require 
some understanding of wound healing. Scars 
mature or remodel over 12–18 months with 
the strength attained being only 80% of the 
native tissue preinjury. A patient’s ability 
to heal must be assessed as well. Diabetics, 
smokers, or patients on prolonged systemic 
steroids or with poor nutritional status and 
impaired microvascular circulation need to 
be informed of the limitations in their apti-
tude to heal. Attention should be paid to 

Figure 22.30 Preoperative suboptimal scar 
following dog bite 14 months prior.
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patients with a history of poor scar forma-
tion such as those with a tendency to hyper-
trophic or keloid scarring.

TREATMENT
Goals of intervention: (1) reorientation of 
the scar in the direction of RSTLs or align-
ing it more optimally with an anatomic 
landmark or subunit, (2) interruption of the 
length of the scar making it less visible, (3) 
release of a contracted scar by lengthening, 
and (4) optimization of the relationship of 
the superficial scar to the deeper scar.

MEDICAL MANAGEMENT
Nonsurgical treatment includes cosmetics 
for camouflage. Further prevention of poor 
scar formation may be possible with applica-
tion of pressure dressings, silicone, or poly-
urethane sheeting.

Less invasive measures include derm-
abrasion, laser resurfacing, or steroid injec-
tions. Triamcinolone acetate 10 mg/mL 
can be used for intralesional injections 
at bimonthly intervals to prevent further 
thickening or promote softening of a form-
ing scar. Nonsurgical treatment of keloid 
scars may involve intralesional injection of 
triamcinolone acetate 40 mg/1 mL approx-
imately every 4 weeks. Recent support of 
injections of 5-FU for preexisting keloids 
has been described.

SURGICAL MANAGEMENT
Simple excision is an option for shorter 
depressed keloid or hypertrophic scars. 
Serial excision of widened thicker scars or 
keloid scars may be necessary. Postexcision 
injection with triamcinolone acetate with 
or without the addition of 5FU is fre-
quently recommended following keloid 
excision. Tension-free closure is paramount. 
Radiation therapy has been used in the past 
to avoid recurrence.

Irregularization is the act of turning a 
linear scar into an irregularly shaped scar 
in the hopes of being less perceptible. How 
this principle assists in scar camouflage 

requires an understanding of wound and 
scar dynamics as well as how linearity is per-
ceived by the human eye. Linear scars have 
a tendency to bowstring over surfaces. The 
original scar is excised within the new con-
struct and care is taken to reapproximate the 
skin edges. GBLC, running W-plasty, and 
Z-plasty are all options of irregularization 
(Figure 22.31).

Z-PLASTY
Z-plasty is an irregularization and length-
ening procedure. The classic Z-plasty has 
three limbs of equal length set at identical 
angles from one another. The amount of 
lengthening needed determines the angle 
used. For example, utilizing an angle of 60° 
will yield a 75% length increase; a 45° angle, 
a 50% length increase; and a 30° angle, a 
25% length increase. The final result places 
the central limb (previous scar) perpendic-
ular to its original orientation and length-
ens the linear dimension. The lateral limbs 
need to be designed as parallel as possible 

Figure 22.31 Intraoperative template for 
GBLC (Photo courtesy of Jonathan Sykes).
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to RSTLs. Z-plasty may also be performed 
in a serial fashion for longer contracture-
type scars for additive lengthening and 
irregularization.

W-PLASTY
W-plasty is an irregularization procedure 
that allows the surgeon to interrupt the 
linear perception of a scar. This procedure 
consists of creating consecutive small tri-
angular flaps on opposing sides of a scar 
to be excised. Typically, a triangle should 
not be taller than 6  mm with angles 90° 
or less. W-plasty is a great option for long 
curvilinear scars with larger triangular flaps 
designed on the outer curve of the wound. 
Precise angular excision must be performed 
with an 11 blade scalpel. Deep closure must 
be used to reduce epidermal tension.

GEOMETRIC BROKEN LINE CLOSURE
GBLC is an irregular irregularization proce-
dure based on the same illusory principles as 
the W-plasty. The goal is to create an irregu-
lar linear scar that is less visible than those 
produced from a regular patterned config-
uration such as in the W-plasty. Similar to 
the W-plasty, GBLC does not lengthen the 
original scar. The design of GBLC utilizes 
a pattern of irregular geometric shapes on 
opposing sides of the scar to be excised. Use 
of angles shapes (squares, triangles) rather 
than curvilinear shapes (half circles) allows 
for more precise healing and approximation 
(Figure 22.32).

CONTRAINDICATIONS
Scar revision is to be avoided in patients with 
limited chances for a favorable or improved 
outcome. Often, a period of reassurance is 
needed as the new revised scar will be more 
noticeable in the acute setting than the pre-
vious chronic scar.

Avoid intervention in patients that are not 
psychologically prepared or have unrealistic 
expectations. Relative contraindications exist 

for those with a history of hypertrophic or 
keloid scarring.
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CHAPTER 23

Medical and 
Surgical Hair 
Restoration
Lane D. Squires and Jonathan Sykes

Definitions and clinical features

A person’s physical appearance conveys 
immediate information to the beholder and 
can dramatically affect social and cultural 
perceptions. Western society places high 
regard on the appearance of youthfulness 
and abundant hair is integral in projecting 
a youthful image. Early or significant loss 
of hair, or alopecia, may lead to diminished 

perceptions of one’s attractiveness, assertive-
ness, or youthfulness.1 While this process is 
biologically benign, appearance alterations 
that result from alopecia can negatively 
impact the individual’s quality of life.2

There are multiple etiologies of alopecia, 
each with varied clinical and pathological 
findings. Two main categories exist: perma-
nent versus temporary alopecias. Permanent 
alopecias caused by inflammatory infiltrates 
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lead to scarring within the scalp, whereas 
the nonscarring permanent alopecias 
impair the hair follicle without signs of 
inflammation.3 Otolaryngologists largely 
diagnose and treat the latter type, with the 
most common form being androgenic alo-
pecia (AGA). AGA was formally known as 
male pattern baldness; however, since AGA 
can affect adult females in a similar pat-
tern, the term “male pattern baldness” is 
no longer used. Alopecia areata is another 
common form of nonscarring permanent 
alopecia seen by otolaryngologists. The 
patchy diffuse hair loss seen in alopecia 
areata is caused by an unknown autoim-
mune phenomenon.

Differential diagnosis

Alopecia may result from a vast number of 
endocrine disorders, including hypopitu-
itarism, hypothyroidism, hypoparathyroid-
ism, diabetes mellitus, hyperprolactinemia, 
polycystic ovary syndrome, and Cushing 
syndrome.4 Additional associations have 
been shown with dyslipidemia and cardio-
vascular disease.5 Other etiologies should 
be considered, such as fungal infections, 
medication-induced hair loss (chemothera-
peutics, oral contraceptives, anabolic ste-
roids), poor nutrition, or prior trauma. It 
is important that the clinician consider and 
diagnose any treatable medical conditions 
prior to initiating definitive treatment for 
hair loss.

Pertinent anatomy

Human hair follicles all share a com-
mon, basic structure and growth pattern 
(Figure  23.1) despite varying dramatically 
in their size and shape, based on their loca-
tion or exposure to androgen.6 The dermally 
based hair bulb is responsible for housing 
the rapidly proliferating matrix cells that 
manufacture the hair shaft. Hair pigment is 
produced by melanocytes within the matrix 

of the bulb. The dermal papilla is at the base 
of every hair bulb and helps regulate the 
timing of proliferation for each hair follicle. 
Each human is born with a limited number 
of follicles. Of the approximately 5 million 
total hair follicles, 150,000 are located in 
the scalp.6 Hair follicles are continuously 
regenerating in a cyclical process. The stages 
of a follicle’s morphogenesis are known as 
anagen (growth), catagen (involution), and 
telogen (quiescence). Though each hair fol-
licle is constantly recycling, no new follicles 
develop after birth.6

Despite its many limitations, the cur-
rent standard used by most clinicians 
for categorizing male pattern hair loss is 
the Norwood–Hamilton classification 
system.8,9 This system includes seven cat-
egories, accounting for the hair loss along 
the anterior hairline and the vertex of the 
scalp (Figure 23.2).10 Typically, bitemporal 
recession occurs first, followed by balding 
of the vertex, with subsequent unification of 
both hair loss areas across the entire fron-
toparietal region, sparing only the inferior 
occipital and temporal scalp. While females 
can also be categorized using this system, 
the Ludwig classification system may best 
reflect actual female pattern loss, especially 
loss seen with AGA (Figure 23.3).11

Clinical workup

A thorough history and physical examina-
tion should be performed on every patient 
focusing on the timing and pattern of hair 
loss, rapidity of progression, prior attempted 
therapies, and coexisting medical condi-
tions. A thorough review of the patient’s 
family history should be performed, focus-
ing on direct ancestors with early hair loss 
and the presence of metabolic or endocrine 
disorders.

Quantifying the degree of hair loss can be 
accomplished by several methods, depend-
ing on the level of invasiveness.12 Nonin-
vasive measures include clinical inspection, 
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Figure 23.1 Development and cycling of hair follicles: selected stages of the morphogenesis of 
hair follicles and the three stages of follicular cycling (anagen, catagen, and telogen) are shown. 
The roman numerals indicate morphologic substages of anagen and catagen. The pie chart shows 
the proportion of time the hair follicle spends in each stage. (From Paus, R and Cotsarelis, G, 
N. Engl. J. Med., 341, 491, 1999.)
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trichoscopy, self-assessment questionnaires, 
daily hair counts, standardized wash test-
ing, or global photographs. A trichogram, 
or direct sampling of 50–100 hairs via 
plucking from the frontal and occipital 
scalp, is a semi-invasive method to assess 
the degree of loss. However, use of the 
trichogram has fallen out of favor due to its 
increased invasiveness and resulting pain. 

Finally, a scalp biopsy can be considered to 
help determine the cause of alopecia; how-
ever, this too is often deferred for nonin-
vasive measures. Unfortunately, no single 
diagnostic method has been shown to be 
preferable over others. The clinician is 
thus left to determine their most preferred 
route to measure hair loss in their patient 
population.

I

II

IIa

IIIa

III

III Vertex

IV

IVa

V

Va

VI

VII

Figure 23.2 Norwood–Hamilton hair loss scale. (From Hong, H et al., J. Dermatol., 40, 102, 
2013.)
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Treatment: Medical therapy

Patients who seek medical or surgical thera-
pies for hair restoration will have likely expe-
rienced unwelcomed attention due to their 
alopecia. Practitioners should approach 
these patients with individualized treatment 
strategies, as each patient’s motivation for 
seeking medical assistance and anticipated 
outcomes of their therapy will vary dramati-
cally. Taking an individualized approach 
will increase the likelihood of establish-
ing realistic expectations and improve the 
chance of satisfying the patient.

Prior to seeking medical therapies, some 
patients will try the use of hair prosthetics 
(hair pieces, wigs, toupees) to temporarily 
ameliorate appearance changes associated 
with alopecia.13 Two main medical therapies 
exist for treatment of alopecia. Topical min-
oxidil is often the first-line medical therapy 
attempted. Minoxidil is a potent vasodilator 
that influences hair follicle growth via the 
increased blood flow to the remaining der-
mal papillae. Its use is encouraged once to 
twice daily and should be used indefinitely 
to ensure continued vascular nourishment 
to existing follicles. For patients with AGA, 
finasteride may be used as first-line therapy. 
Finasteride, or its counterpart, dutasteride, 
is an orally administered 5-alpha reductase 
inhibitor. Patients with AGA have been 
shown to have increased 5-alpha reductase 

activity, which increases the local produc-
tion of dihydrotestosterone. This hormonal 
change leads to the loss of hair follicles by 
an unknown mechanism. Blocking this hor-
monal effect can lead to cessation of hair 
follicle loss and improve hair strength for 
up to 86% of patients.14 Unfortunately, the 
effects of 5-alpha reductase inhibitors are 
maintained only as long as a patient uses the 
medication.

Treatment: Surgical therapy

Traditional hair transplantation techniques, 
such as plug grafts, scalp reductions, and 
rotational flaps, have been replaced with fol-
licular unit transplantation. Follicular units 
are naturally occurring groups of one to 
four terminal hairs. A midoccipital donor 
strip of scalp is excised (approximately 1 cm 
in width by 10–30 cm in length) at a level 
just below the hair follicles within the sub-
cutaneous fat layer.15 Using a magnification, 
hair technicians separate the donor scalp 
into vertical graft segments consisting of 
one to four hairs. Superficial stab incisions 
are made into the recipient hairline in a grid 
pattern and grafts are inserted with proper 
orientation, angulation, and great care so 
as not to crush the follicle itself. Generally, 
the appropriate thickness can be achieved 
when transplanting 20–40 follicular units 
per square centimeter; however, patients 

(a) (b) (c)

Figure 23.3 Ludwig’s classification of the types of female-type androgenetic alopecia. (a) 
Perceptible thinning of the hair on the crown. (b) Pronounced thinning of the hair on the crown. 
(c) Full baldness of the hair on the crown. (From Ludwig, E, Br. J. Dermatol., 97, 247, 1977.)
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should be counseled that two to four graft-
ing sessions may be required to recreate a 
substantial anterior hairline and an increase 
in overall hair density. Postoperatively, anti-
biotics, pain medication, and moistening 
sprays with saline are used until that patient 
is allowed to shower and shampoo gently 
after 72 hours.

Complications

While relatively uncommon, there are a few 
complications from follicular unit trans-
plantation that every clinician should review 
with their patients prior to the procedure. 
In general, scarring is insignificant; how-
ever, repeated donor harvests may lead to 
a more noticeable midoccipital scar over 
time. The transplantation itself may induce 
temporary hair loss (telogen effluvium) in 
both the donor and the recipient areas as 
a result of the surgical manipulation of the 
adjacent hairs. This hair loss may last up to 
3 months, but patients are to be reassured 
that hair regrowth will occur. Temporary 
decreased sensation along the scalp above 
the donor site may occur. Ingrown hairs or 
epidermal cysts may develop in a delayed 
fashion, weeks after the original procedure.
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CHAPTER 24

Trauma
Sean Weiss, Laura T. Hetzler, Christopher Tran, 
Celeste Gary, Neal M. Jackson, and Daniel W. Nuss 

Mandible fractures

Sean Weiss and Laura T. Hetzler

DEFINITION AND CLINICAL FEATURES
Mandible fractures are typically caused by 
blunt trauma and are most often associ-
ated with sports injury, vehicle accidents, 
assaults, and falls. The prominent nature of 
the adult human mandible makes it particu-
larly susceptible to injury, as it is frequently 
the initial point of contact for trauma.

The mandible has an interesting anat-
omy and relationship with its surrounding 

structures. The bone has an outer and inner 
cortex with a cancellous inner layer. The ana-
tomic components of the mandible include the 
condyle, the coronoid process, ramus, angle, 
body, parasymphysis, symphysis, and alveolus 
(Figure 24.1). The most common areas of 
fracture are the parasymphyseal region, the 
angle, and the subcondylar region.1

The mandible has 16 teeth associated 
with it, and their occlusal relationship with 
the teeth of the maxilla is important to con-
sider when addressing mandible fractures. 
Angle’s classification of dental occlusion 
uses the mesiobuccal cusp of the maxillary 
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first molar as a point of reference to classify 
various types of dental occlusion.

It is important also to have knowledge 
of the relationship of the mandible and the 
various muscles of mastication. These mus-
cles impose forces on the mandible that can 
either displace fractured segments of bone 
or hold fractured segments in a reduced 
position. When the segments are distracted 
from one another, it is considered to be an 
unfavorable fracture, and when the seg-
ments are pulled toward the reduced posi-
tion, it is considered to be favorable.

PHYSICAL EXAM
A detailed physical exam is usually suffi-
cient for diagnosing a mandibular fracture. 
Common findings include intraoral bleeding, 
pain, swelling, trismus, malocclusion, and 
deviation of the jaw upon opening. Other 
findings may include a palpable step-off at the 
fracture site, ecchymosis of the cheek, skin, 
or mucosa, and the ability to elicit pain with 
manipulation of the mandible or with biting. 
The fracture may also involve one or more 
teeth with bleeding, loose, or missing teeth.

IMAGING
Panoramic radiographs of the jaw or panorex 
provides the most information at the least 
expense (Figure 24.2). While the panorex 

will detect mandible fractures more accu-
rately, if the patient is not cooperative, a 
mandibular series is indicated.2 This would 
include lateral oblique views, posterior–
anterior view, and Towne’s view. Computed 
tomography (CT) scans can provide more 
detailed information of fractures; however, 
they are costly and typically not necessary 
(Figure 24.3). The panorex should be the 
imaging modality of choice.

Figure 24.1 Mandibular anatomy: A—
symphysis, B—parasymphysis (canine to 
canine), C—body, D—angle, E—ramus, 
F—coronoid process, G—condyle.

Figure 24.3 Comminuted symphyseal fracture.

Figure 24.2 Panorex showing right parasym-
physeal and left angle fractures postrepair with 
open reduction internal fixation methods and 
intermaxillary fixation with arch bars.
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TREATMENT
The basic principles of managing mandible 
fractures require establishment of preinjury 
dental occlusion, reduction of the fracture, 
and stabilization until the bone has healed. 
Stabilization can be achieved by either semi-
rigid or rigid fixation.

Semirigid fixation allows for some 
movement at the fracture line and is 
acceptable for minimally displaced, favor-
able fractures. Semirigid fixation can be 
accomplished through techniques such as 
placement of arch bars with interdental 
wiring, Ivy loops, external fixation devices, 
and four-screw intermaxillary fixation. The 
mandible is held in preinjury dental occlu-
sion by heavy elastic bands or wire. Fixation 
is maintained for 2–6 weeks. Traditionally, 
longer periods of fixation have been used; 
however, satisfactory healing occurs with 
fixation for only 2 weeks and allows for 
quicker recovery of maximal mouth open-
ing, better oral hygiene, and less weight 
loss in appropriately selected patients.3

Rigid fixation involves the use of plates 
and/or screws for fracture fixation and 
immobilization of the fracture segments. 
The most common material used is tita-
nium. After reduction has been accom-
plished, in most cases a plate is positioned 
over the fracture line and secured using 
screws placed into healthy bone on either 
side of the fracture. Care is taken when 
selecting the plate to ensure that it is 
strong enough to withstand the normal 
loads encountered with mastication and 
speech.

As described by Champy in the 1970s, 
under normal circumstances, bringing the 
teeth into occlusion results in tension on the 
alveolar surface of the mandible while com-
pression forces are encountered along the 
inferior border. These varying forces are due 
to the complex nature of the muscles exert-
ing force on different portions of the bone. 
When a fracture is present, these forces can 
displace the bone, and oftentimes a tension 
band is needed to support stabilization. 

The purpose of the tension band is to over-
come distracting forces at the alveolar por-
tion of the mandible. A tension band can 
be created using an arch bar or wires. In 
addition, miniplates across the fracture line 
secured with monocortical screws can pro-
vide stabilization while avoiding injury to 
the tooth roots.

Compression plates are form of fixa-
tion device used in mandible fractures 
with decreasing frequency. These plates 
are designed with two holes on either side 
of the fracture line, which have a beveled 
surface that allows a screw being threaded 
through the hole to slide toward the medial 
aspect of the plate. The screw, being driven 
into the bone, will move the bone medi-
ally toward the fracture line as well. When 
both screws have been placed on opposite 
sides of the fracture, the opposing surfaces 
are compressed against one another produc-
ing an axial preload force within the fracture 
line and increased friction, which facilitates 
stabilization.

Lag screws are another way of achieving 
compression. These screws are placed by 
drilling an oversized hole in the outer cortex 
of one segment and an appropriately sized 
tap, which matches the size of the screw on 
the other side of the fracture line. The screw 
is passed through the overdrilled hole and 
the threads are allowed to engage the bone 
of the opposite side of the fracture. When 
the screw is tightened, the two fragments 
are drawn toward each other and compres-
sion is achieved at the fracture line. Lag 
screws are most often for fractures at the 
symphysis; however, they can also be used 
for oblique fractures of the body, angle, and 
subcondylar region if there is adequate over-
lap of the fragments.

MANAGEMENT OF TEETH
Teeth that are fractured at the root or pulp 
chamber or those with carious decay or 
abscess should be removed prior to reduc-
tion and fixation. Teeth in the fracture line 
can result in higher rates of infection.4
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COMPLICATIONS
The complication rate has been reported 
to be 40% or greater in the literature, with 
infection, nonunion, malunion, tooth loss, 
anesthesia, facial nerve injury, trismus, and 
malocclusion being among some of those 
reported.5

Le Fort fractures

Christopher Tran and 
Laura T. Hetzler

DIFFERENTIAL DIAGNOSIS
A major contributor to differential diagno-
sis of facial fractures is determination of the 
mechanism of injury. The type of weapon 
and direction of force can implicate com-
mon fracture patterns or involvement of 
different bony structures. Facial fractures 
can seldom be classified purely as Le Fort 
I, II, or III (Figure 24.4). Nevertheless, 

understanding the Le Fort classification 
can aid in the description of facial fractures 
within the medical record and among care-
takers. Other common fracture patterns 
often seen in facial trauma can be closely 
associated with Le Fort–type fractures 
(Table 24.1).

Naso-orbital-ethmoidal fractures carry 
the potential for injuries to the ethmoidal 
roof, lacrimal system, medial canthal ten-
dons, cribriform plate, and nasal vascula-
ture. Potential signs and symptoms include 
cerebrospinal fluid (CSF) rhinorrhea, epi-
staxis, anosmia, epiphora, and telecanthus. 
Nasofrontal duct injury can lead to muco-
cele development.

Zygoma fractures can be implicated by 
a V-shaped depression of the cheek, the 
result of zygomatic arch fractures occur-
ring at the ends and center of the zygoma. 
The infamous zygomaticomaxillary “tripod 
fracture” usually involves articulation(s) of 
the zygoma, frontal bone, temporal bone, 
sphenoid bone, and maxilla. Extension to 
the orbital floor is often encountered, as this 
type of fracture can be associated with force 
directed at the cheek and/or eye.

In pediatric facial trauma, a special con-
sideration is due to the higher cartilaginous 
content of the nose. With increased flexibil-
ity of the nose, children are more likely to 
have more evenly distributed force across 
the midface, leading to more complex and 
less predictable fracture patterns and mas-
sive facial edema.

EXAM
Evaluation of the airway is of paramount 
importance in the workup of facial trauma. 
After the primary trauma survey is com-
plete, physical examination in the setting of 
facial trauma consists of evaluation of neu-
rologic function and structural integrity. 
Neurologic exam should include overall 
neurologic status (i.e., level of conscious-
ness, cognition) and cranial nerve function if 
possible. Paresthesia below the eye indicates 
infraorbital nerve involvement from orbital 

Figure 24.4 Facial distortion related to 
extensive facial trauma resulting in Le Fort III 
and naso-orbito-ethmoid fractures.



Trauma 337

Table 24.1 Le Fort fracture classification

 Le Fort I Le Fort II Le Fort III 

Fracture outline

I

I

II

II

III

III

Name “Horizontal maxillary” “Pyramidal maxillary” “Craniofacial dysjunction”

Classification key 
element

Maxilla fracture only Infraorbital rim involved Zygomatic arch involved

Structures involved Piriform aperture Nasal dorsum Nasal dorsum

Lateral maxillary or nasal 
wall

Medial orbital wall Ethmoid bone

Pterygoid plate Posterior to lacrimal  bone Medial orbital wall

Infraorbital rim Orbit

Below ZM buttressa Lateral orbital wall

Pterygoid plate ZF buttressa

Sphenoid skull base

Zygomatic arch

Pterygoid plate

Physical exam clues Misalignment of teeth Mobility of central face Massive facial edema/
elongation

Infraorbital paresthesia

Source: Richardson, ML, Department of Radiology, University of Washington, Seattle, WA, www.rad.washinton.edu/ 
mskbook/facialfx.html. With permission.

a ZM, zygomaticomaxillary; ZF, zygomaticofrontal.

http://www.rad.washinton.edu/mskbook/facialfx.html
http://www.rad.washinton.edu/mskbook/facialfx.html


338 SECTION 5 Facial Plastics

floor or inferior orbital rim fractures. Bony 
prominences should be palpated for bony 
step-offs or defects. Hematoma, bruising, or 
edema indicates underlying injury. Impaired 
ocular movements could indicate entrap-
ment of the orbital tissues within an orbital 
floor fracture.

Le Fort fractures classically demonstrate 
mobility of the maxilla on physical exam. 
This finding is elucidated by grasping the 
maxilla firmly between the thumb and 
forefinger and performing a gentle rocking 
motion to evaluate for stability. Oral exam 
includes removal of dentures, evaluation 
of teeth and alveolar mobility, occlusion, 
and presence of foreign bodies or lacera-
tions. Alveolar fractures are suspected with 
loose teeth and bruised or bleeding gingiva. 
Trismus can result with bony impingement 
from the zygomatic arch on the temporalis 
or masseter muscle or mandibular involve-
ment. Any active hemorrhage or clear rhi-
norrhea or otorrhea should be evaluated 
appropriately as this could indicate ethmoid 
fracture or posterior table of the frontal 
sinus (FS) fracture.

IMAGING
Le Fort fractures all characteristically 
involve fractures of the pterygoid plates 
(Figure 24.5). Radiographic evaluation of 
Le Fort fractures consists of the standard 
imaging protocols for any facial fracture. 
Namely, CT scans specialized for maxil-
lofacial or sinus protocols are useful for 
detailed delineation of fracture lines. A CT 
head scan without contrast may be indi-
cated to evaluate for cranial and skull base 
defects as well as intracerebral hemorrhage 
that may be associated with head trauma. 
Oftentimes, 3D reconstruction technology 
is helpful to visualize complex or commi-
nuted fracture(s) globally (Figure 24.6).

TREATMENT
Optimal timing for reduction and fixation 
of facial fractures depends upon several fac-
tors. Significant edema distorts anatomy; 

thus, definitive treatment of fractures is 
often delayed until swelling has improved. 
However, it is generally optimal to treat 
facial fractures within 1 week of onset 
to avoid healing in a nonreduced state. 

Figure 24.6 3D computed tomography 
reconstruction of true craniofacial dysjunction 
or Le Fort III.

Figure 24.5 Fracture of bilateral pterygoid 
plates.
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Observation may be indicated for nondis-
placed or minimally displaced fractures 
without malocclusion or if the patient has 
comorbidities that impart great surgical 
risk.

Fractures that may require more urgent 
surgical intervention are those that include 
the orbital apex or entrapment of extra-
ocular muscles, causing vision loss and/or 
diplopia.

Treatment to include open reduction 
with internal fixation of Le Fort I frac-
tures is often performed via a sublabial 
incision for plating of the lower maxilla. 
Maxillomandibular fixation is often per-
formed. If palatal instability is present, 
a splint may be fashioned and secured 
into place. Le Fort II fractures necessitat-
ing open reduction and internal fixation 
(ORIF) may require sublabial incisions as 
well as periocular incisions to address the 
orbital rim, orbital floor, or medial wall and 
occasionally a coronal approach for naso-
frontal fractures. Le Fort III fractures, or 
true craniofacial disjunction, may require all 
of the aforementioned approaches and is fre-
quently associated with severe cranial injury 
and other fracture patterns of the craniofa-
cial skeleton such as naso-orbito-ethmoid 
(NOE) fractures and zygoma or “tripod” 
fractures.

Orbital floor fractures

Celeste Gary and Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
Most fractures involving the bones of the 
orbit are a consequence of blunt trauma to 
the face. Isolated orbital floor fractures are 
often the result of low-velocity blunt injury 
to the midface with higher velocity inju-
ries often involving fractures of other facial 
bones. While some orbital fractures involve 
the orbital rim, true “blowout” fractures 
of the orbit involve fractures of the orbital 
floor, medial wall, or orbital roof without a 
rim fracture. Orbital floor fractures involve 

the inferior portion of the orbit (the roof of 
the maxillary sinus) without involvement of 
the rim.

DIFFERENTIAL DIAGNOSIS
Orbital floor fractures can often be associ-
ated with other facial fractures.

WORKUP
Since most orbital floor fractures are 
obtained during trauma, initial evaluation of 
the patient should be focused on the trauma 
algorithm including establishment of the 
airway, breathing, and circulation. Facial 
trauma should be investigated during the 
secondary survey of the patient. Assessment 
of all facial bones should be conducted.

When available, an examination of the 
globe and orbit by an ophthalmologist is 
ideal prior to surgical repair of an orbital 
trauma. Examination of all aspects of the 
orbit should be conducted including

 1. Pupil size, shape, reactivity
 2. Hyphema
 3. Conjunctival injection, hemor-

rhage, chemosis, laceration
 4. Periorbital edema, ecchymosis, 

laceration
 5. Proptosis or enophthalmos
 6. Visual acuity
 7. Presence or absence of diplopia on 

all gazes
 8. Extraocular movements
 9. Palpation of the bony rim of the 

orbit

The classic triad of orbital blowout frac-
tures includes enophthalmos, hypesthe-
sia of the cheek, and deficiency of upgaze 
(Figure 24.7).

Maxillofacial CT without contrast is used 
to evaluate the extent of facial fractures 
(Figure 24.8).

Determination of the need for repair is 
based on the size of the injury, injury to 
other adjacent structures, associated symp-
toms, and characteristics of the patient.
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TREATMENT
Orbital floor fractures with entrapment 
of extraocular muscles, most commonly 
the inferior rectus, require urgent repair, 
ideally within 24 hours, to prevent fibro-
sis of the involved muscle and permanent 
diplopia.

Presence of oculocardiac reflex occurs 
more often in the pediatric population and is 
considered an indication for imminent repair.

Enophthalmos and diplopia serve as 
clinical indicators for the need for repair. In 
general, fractures involving more than 50% 
of the orbital floor are likely to cause later 
enophthalmos. Fractures, which are 1  cm2 
in size, will produce approximately 1 mm of 
enophthalmos. Enophthalmos of the eye up 
to 2 mm is often unnoticeable aesthetically.

Repair of orbital floor fractures without 
entrapment that qualify for intervention can 
be delayed up to 7–10 days.

Surgical repair involves access to the floor 
using a preexisting laceration, a transcon-
junctival approach, a subciliary approach, 
a mideyelid or subtarsal approach, or a rim 
incision approach. The medial, lateral, and 
posterior extents of the fracture should 
be exposed. Once the orbital contents are 
retracted back into the orbit, an implant 
is used to recreate the orbital floor. Many 
options are available including pliable 
absorbable materials, pliable nonabsorbable 
materials, titanium plates, and coated plates. 
Fixation of these materials can be performed 
with small self-drilling titanium screws but 
is not mandated (Figure 24.9).

The postoperative goal is resolution of 
diplopia and prevention of enophthalmos.

Figure 24.8 Left orbital blowout fracture with 
entrapment of the inferior rectus.

Figure 24.7 Young patient postinjury with 
repaired laceration, relative enophthalmos, 
and ecchymosis.

Figure 24.9 Left orbital blowout fracture 
following repair.
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Zygomatic fractures

Sean Weiss and Laura T. Hetzler

DEFINITIONS AND CLINICAL FEATURES
The zygomatic bone is a major structural 
component for both anterior and lateral 
projection of the midface. It has direct asso-
ciations with the temporal bone, the frontal 
bone, the maxillary bone, and the sphenoid 
bone, forming distinct buttresses, which 
support the position of the malar eminence. 
The zygomatic bone has superficial rela-
tionships with the frontal, temporal, and 
maxillary bones, and it has deep projections 
associating it with the sphenoid bone, along 
the lateral orbital wall, and the maxilla, 
along the lateral aspect of the orbital floor.

Fractures of the zygomaticomaxillary 
complex (aka zygomaticomalar complex 
[ZMC]) involve injury to the zygomatic 
bone at all four buttresses and displacement 
of the malar eminence. There are variations 
on the severity and complexity of ZMC frac-
tures, which have been classified by several 
authors. The Zingg classification system of 
ZMC fractures organizes fractures accord-
ing to anatomic structures injured and the 
severity of the injury.6 Because the zygo-
matic bone contributes to both horizontal 
and vertical arcs of contour, repair of such 
fractures can involve unique complexities 
for repositioning of the anterior and lat-
eral projection of the cheek and the vertical 
height of the malar eminence.

DIFFERENTIAL DIAGNOSIS
Assessment of facial fractures must include 
evaluation of the airway, cervical spine, 
hemodynamic stability, and in severe 
trauma, assessment for intracranial pathol-
ogy. Once these have been addressed, focus 
can be turned to assessment of the facial 
skeletal exam and evaluation of the remain-
der of the head and neck. Oftentimes, ZMC 
fractures can be associated with other head 
and neck injuries and a thorough evaluation 
for these injuries is needed. Of particular 

importance is assessment of injuries to the 
eye and orbital adnexa. The potential for 
impairment of visual function mandates an 
ophthalmologic assessment in cases involv-
ing violation of the bony orbit prior to 
any surgical intervention. In these circum-
stances, additional consideration should be 
made for injury to the skull base and possible 
compression of the superior orbital fissure 
due to hematoma or bony malposition.

WORKUP
Assessment should include history of details 
surrounding the mechanism of injury and 
the setting in which the injury took place. 
Clues to the severity of the injury can be 
obtained with focused attention to the 
symptoms associated with the injury such 
as trismus, diplopia, facial numbness, and 
headache, for example.

The physical exam must be detailed and 
complete in order to guide decisions for 
further diagnostic and therapeutic inter-
ventions. This should include palpation of 
the facial skeleton to assess for any bony 
step-offs or point tenderness. A visual acu-
ity exam and extraocular muscle evaluation 
can help to identify possible entrapment or 
a more concerning ophthalmologic process. 
Attention to the oral cavity should include 
assessment for trismus, which may indi-
cate temporalis compression by a depressed 
zygomatic arch, and it should assess for 
proper dental occlusion. In addition, a 
complete cranial nerve exam should be per-
formed. It is particularly important to elicit 
any numbness over the cheek region, which 
may indicate compression of the infraorbital 
neurovascular bundle. More importantly, 
the cranial nerve exam can help detect signs 
of optic neuropathy, which could result 
from direct injury to the optic nerve or 
globe but is more commonly the result of an 
indirect injury such as edema or hematoma 
(Figure 24.10).7

In today’s modern age, a CT scan is 
preferred over plain films for evaluation of 
facial fractures (Figure 24.11). With plain 



342 SECTION 5 Facial Plastics

film radiographs for zygomaticomaxillary 
fractures, historically, Water’s view gave 
some indication that a fracture was present; 
however, plain films are not adequate for a 
complete evaluation.8,9

CT imaging is the imaging modality of 
choice for ZMC fractures and fractures that 
may involve the bony orbit. Axial images 
provide the best view of the zygomatic arch, 
vertical orbital walls, and maxillary sinus, and 
coronal cuts demonstrate the zygomaticofron-
tal suture line along with the lateral and infe-
rior orbital rim (Figure 24.12).

TREATMENT
Early management of facial fractures can 
avoid difficulty due to scar contracture and 
collapse of skeletal support. The goal should 
be to reestablish the horizontal and vertical 
buttresses through proper repositioning of 
the zygoma to restore the horizontal width 
of the midface and height of the malar 
eminence.

Figure 24.11 Coronal bone window computed 
tomography demonstrating fractures of the 
right zygomatic arch, lateral buttress and orbital 
rim (zygoma to maxilla), and zygomaticofrontal 
region.

Figure 24.12 Axial bone window computed 
tomography showing comminution of the 
zygomaticosphenoid region.

Figure 24.10 Preoperative image of patient 
with severely comminuted right zygomatico-
maxillary complex fracture. Note flattening of 
malar bridge and enophthalmos.
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In rare cases where there is minimal dis-
placement of the fractures and there is no 
comminution, closed techniques or simple 
observation may suffice. However, more 
complex fractures require an open procedure 
with reduction and fixation of the fracture 
sites for stabilization needed for healing in 
proper alignment. Multiple approaches may 
be needed to access all of the fractured com-
ponents depending on the severity of the 
injury. The zygomaticofrontal suture can be 
approached through an extended upper lid 
blepharoplasty incision or a lateral brow inci-
sion. The orbital rim can be accessed through 
a transconjunctival incision or through a 
subciliary incision. A gingivobuccal sulcus 
incision is used to access the anterior face of 
the maxilla and zygomaticomaxillary but-
tress. Extended dissection in this area can 
give access to the zygomatic arch. In addi-
tion, the arch can be approached by way of 
a coronal incision, and this approach should 
be used if there is questionable exposure or 
ability to reduce the fracture at the zygo-
matic arch or if there is severe comminution. 
The entire extent of all fracture lines should 
be exposed and evaluated to ensure proper 
alignment and reduction.

Internal fixation is accomplished well 
using craniofacial miniadaptation plates 
secured via transosseous screws. These 
plates maintain the reduction while bone 
healing takes place. A variety of plating sys-
tems exist, and there are plates designed for 
specific fracture patterns as well as plates 
that can be shaped to fit the surgeons’ need 
(Figure 24.13).

COMPLICATIONS
Complications associated with treatment 
of the ZMC fractures include injury to the 
eyelid resulting in lid malposition, implant 
visibility, and possible implant extrusion, 
malunion, ocular damage including vision 
loss and enophthalmos, and facial asymme-
try related to failure to reestablish the proper 
positioning of the malar eminence.

Nasal trauma

Neal M. Jackson and 
Laura T. Hetzler

BACKGROUND
The nasal bones are the most commonly 
fractured bones in the body and are involved 
in approximately 40% of all maxillofacial 
trauma.

The nasal bones are at higher risk of 
injury because of their prominence on the 
face and their relative thinness compared to 
other facial bones.

Because the nose is visibly prominent and 
acts to warm, humidify, and deliver inspired 
air to the lower airway, proper management 
of nasal trauma addresses both cosmetic and 
functional concerns.

The most commonly involved demo-
graphic is young males in the second and 

Figure 24.13 Computed tomography 3D 
reconstruction demonstrating mobility of 
zygoma-given fractures of the zygomatic arch, 
zygomaticofrontal region, zygomaticosphenoid 
region, and orbital rim and lateral buttress 
where the zygoma articulates with the maxilla.
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third decades of life. For this group, most 
injuries are caused by assaults, sports inju-
ries, falls, and motor vehicle collisions.

For geriatric and pediatric populations, 
falls and motor vehicle collisions are the 
main causes.

NASAL ANATOMY
The nose is a pyramid-shaped structure 
composed of bone, cartilage, and soft tis-
sue. Its superior portion is composed of the 
paired nasal bones that articulate with the 
maxillary and frontal bones. The lower por-
tion is composed of the paired upper lateral 
and lower lateral cartilages that contribute 
to nasal airway patency and nasal tip projec-
tion, respectively.

The nasal septum is a vertical segment 
separating the left and right nasal cavities 
that is composed of four parts: quadrangu-
lar cartilage anteriorly, perpendicular plate 
of the ethmoid bone posterosuperiorly, 
vomer posteroinferiorly, and the maxillary 
crest inferiorly.

Epistaxis, bleeding from inside the nasal 
cavity, is a common occurrence with nasal 
trauma due to the rich vascular supply of the 
nasal mucosa.

PRINCIPLES OF NASAL TRAUMA 
EVALUATION
Patients suffering from nasal trauma should 
be evaluated acutely.

In the acute setting, epistaxis control 
is important to enable adequate physical 
examination of the nasal cavity and to pre-
vent significant blood loss.

A mucosal laceration may indicate a frac-
ture of the underlying bones or cartilage.

The nasal septum should be examined to 
rule out a nasal septal hematoma.

DIAGNOSIS
History and complete head and neck physi-
cal exam alone are typically sufficient to 
diagnose a nasal fracture or soft tissue injury.

A history should include mechanism 
of injury, time since injury, any previous 
deforming trauma and/or surgery, and any 
previous sinonasal problems such as rhinitis, 
sinusitis, or polyps.

Physical exam should begin with a pre-
injury photograph of the patient’s face for 
comparison with the postinjury appearance.

The external nose may show a skin lac-
eration, obvious bony step-off, crepitus, or 
tenderness to palpation (Figure 24.14).

The internal nose should be suctioned 
clean of any blood and then can be exam-
ined before and after administration of 
topical decongestant. Findings may include 
nasal septal deviation, septal hematoma, or 
an obvious source of hemorrhage.

Any clear drainage should alert the physi-
cian to the possibility of a CSF leak from 
the skull base, possibly from fracture of the 
cribriform plate.

IMAGING
Plain x-rays may show a fracture or dislo-
cation of the bony nose but offer limited 
information about soft tissue defects. As 
a general consideration, any patient with 
known or suspected maxillofacial trauma 
should receive a CT scan of the maxillofacial 

Figure 24.14 Preoperative image demonstrating 
right facial laceration and fullness of left nasal 
sidewall consistent with outward displacement 
of the left nasal bone and inward collapse of the 
right nasal bone.
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region to investigate for midface, orbital, 
skull base, and frontocranial fractures 
(Figure 24.15).

MANAGEMENT PRINCIPLES
The primary goal is to restore premorbid 
function and cosmesis of the nose.

If a patient still complains of nasal airway 
obstruction and deformity after allowing 
3–5 days for posttraumatic swelling to sub-
side, surgical correction may be indicated.

The decision to surgically correct an 
acquired nasal deformity is based on both 
appropriate patient expectations and sur-
geon experience. Factors include premor-
bid deficits, remaining intact structures, 
presence of chronic sinonasal disease, and 
overall surgical candidacy. There are many 
successful techniques for a wide variety of 
acquired deformities.

Depending on the extent of functional 
and cosmetic deficits, the surgical spectrum 
includes observation, closed reduction, sep-
toplasty, rhinoplasty, and septorhinoplasty.

The timing of fracture treatment may 
vary depending on the degree of fracture 
and surgeon preference. Many surgeons 
often delay significant intervention, such 
as septoplasty or rhinoplasty until months 
have passed and healing and swelling are 
complete.

For an isolated closed nasal bone frac-
ture occurring within 24–48 hours, a 
closed reduction to reduce the fracture 
within 7–10 days of the injury under local 
or general anesthesia depending on patient 
and surgeon preference requires no exter-
nal incisions and simply reduces the nasal 
bones or nasal septum into a premorbid 
position.

Isolated closed nasal bone fractures 
occurring over 2 weeks ago may require 
osteotomies as bones may have healed 
together in poor alignment.

Isolated nasal mucosa lacerations can be 
reapproximated with 5-0 chromic.

Nasal septal hematomas need to be 
treated immediately with incision and 
drainage or 18-gauge needle aspiration. 
Nasal packs should be inserted to apply 
pressure against septum and prevent reaccu-
mulation. Prophylactic antibiotics should be 
prescribed while packs are in place. Failure 
to recognize nasal septal hematomas can 
lead to septal necrosis and subsequent nasal 
collapse.

COMPLICATIONS
Each method of surgical correction has its 
inherent risks.

Bruising and pain are common in the 
acute postoperative period.

Delayed complications such as chronic 
nasal airway obstruction or poor cosmetic 
outcome may present weeks to months 
later as the healing process occurs and the 
operative structures settle into permanent 
positions. Risks, benefits, and alternatives 
discussed should include the limitations 
of closed reduction. Closed nasal fracture 
reduction improves alignment of the nose in 
a frontal view. It cannot alter the likelihood 
of callus formation or bony hump. Closed 
reduction does not absolutely decrease the 
risk of nasal obstruction as related to sub-
luxation of upper lateral cartilages beneath 
the nasal bones and later collapse of the 
internal nasal valve.

Figure 24.15 Comminution of the left nasal 
bone and ascending maxilla.
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Frontal sinus trauma

Neal M. Jackson and Laura T. Hetzler

BACKGROUND
The FS is the air-filled, mucosa-lined 
paranasal sinus cavity located superior to 
the orbit and anterior to the frontal lobe 
of the brain.

The development and anatomy of the 
FS is quite varied. It is a paired sinus, 
with the left and right parts that are usu-
ally not symmetric and approximately 15% 
of patients have only one unilateral FS. It 
is the last sinus to develop, beginning in 
first 3 years of life as extension of air cells 
from the ethmoid sinuses. It reaches adult 
aeration and size by the end of the second 
decade of life. About 1 in 25 patients does 
not develop FSs at all.

The FS is described as having two bony 
walls or “tables” as well as a floor. The ante-
rior table is behind the skin and soft tissue of 
the forehead, and with a width of 2–12 mm, 
it can be one of the thickest bones in the 
body. The posterior table, which separates 
the sinus cavity from the dura of the frontal 
lobe, is relatively thin, measuring 0.1–5 mm 
(Figure 24.16). The floor overlies the orbits 
laterally and the ethmoid air cells medially.

The FS drains into the middle meatus of 
the nasal cavity through the frontal sinus 
outflow tract (FSOT), which is an hourglass-
shaped drainage avenue normally 2–10 mm 
in diameter (Figure 24.17). From superior 
to inferior, the FSOT includes the FS infun-
dibulum, the FS ostium, and then the fron-
tal recess. Partial or complete obstruction at 
any of these passageways can lead to chronic 
sinusitis, mucocele, and/or infection.

FRACTURES OF FRONTAL SINUS
Of the facial bones, the frontal bone has 
the highest tolerance of direct trauma. 
Between 800 and 2200 lb of pressure can 
be required to fracture the FS. The thick 
anterior table is more resistant to fracture 
than the thin posterior table. The degree of 
soft tissue injury does not accurately predict 
the extent of FS injury.

FS fractures account for 5%–12% of all 
facial fractures. FS trauma can range from 
isolated nondisplaced fracture of the ante-
rior table to concomitant anterior and 
posterior comminuted fractures with expo-
sure of intracranial contents. Because the 
force needed to fracture the FS is high, the 
presence of an FS fracture suggests other 

Figure 24.17 Normal patent frontal sinus 
outflow tract.

Figure 24.16 Normal septate frontal sinus.
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wounds exist such as lacerations and/or frac-
tures of the orbit, NOE complex, and max-
illa. Approximately two-thirds of FS fractures 
occur with other craniofacial fractures.

Injury to the brain in the form of cere-
bral contusion, epidural hematoma, subdu-
ral hematoma, subarachnoid hemorrhage, 
intracerebral hemorrhage, or CSF peak may 
occur in up to 18%–38% of FS fractures. 
Incidence of ophthalmic injuries such as rup-
tured globe, optic nerve injury, extraocular 
muscle injury, or lens subluxation may be up 
to 25%. Patients with severe, comminuted 
fractures often have associated intracranial 
or ophthalmic injuries. Combined anterior 
and posterior table fractures are most com-
monly caused by motor vehicle collisions.

EPIDEMIOLOGY
The most common causes of FS trauma are 
motor vehicle collisions (~50%), gunshot 
wounds and physical altercations (~25%), and 
falls and recreational injuries (10%–15%).

Males in the third decade of life are by far 
the most commonly affected demographic 
group.

The use of seat belts and airbags has been 
thought to explain the decrease in the over-
all incidence of FS trauma.

DIAGNOSIS
The history of FS trauma is often straightfor-
ward and typically includes an acutely trau-
matic event. Any patient with a suspected FS 
trauma should receive a full trauma assess-
ment. Physical exam findings suggest that FS 
trauma include forehead lacerations or abra-
sions, palpable step-offs, and hematoma.

The gold standard is a CT scan with 
thin 1.0–1.5  mm axial cuts with sagittal, 
coronal, and 3D reconstruction views. Axial 
views best show anterior and posterior table 
involvement (Figure 24.18); coronal images 
depict orbital roof/FS floor injury. Sagittal 
views are best for assessing frontal recess 
patency; 3D views help to view the external 
contour deformity. CT also allows study of 
soft tissue and intracranial injury.

If the patient reports watery drainage 
through the nose or salty tasting postnasal 
drip, the clinician should suspect a CSF leak. 
A bedside “halo test” can be done, though 
testing the fluid for beta-2 transferrin is the 
definitive test for CSF leak. Beware that this 
test can take 5–7 days for results to return, 
so diagnosis is often confirmed after treat-
ment has begun. CSF leaks may occur in up 
to one-third of patients with FS trauma.

CLASSIFICATION OF FRONTAL 
SINUS FRACTURES
Many classification systems have been devel-
oped to classify FS fractures. Newer schemes 
have focused on more pertinent characteris-
tics (isolated anterior vs. combined anterior 
and posterior wall fractures, dural tear with 
CSF leak, etc.).

Five general categories exist: isolated 
anterior table fracture, isolated posterior 
tablet fracture, combined anterior and pos-
terior table involvement, any fracture that 
impedes flow through FSOT, and any frac-
ture that leads to dural tear.

Injury to the frontonasal outflow tract is 
suspected if the fracture involves the supra-
orbital rim, nasoethmoid complex, or floor 
of FS.

Figure 24.18 Isolated anterior table fracture 
with posterior displacement of fractured 
segment.
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MANAGEMENT PRINCIPLES
Multiple management algorithms exist. 
Five main interests that guide management 
include anterior table displacement, poste-
rior table injury, FSOT impairment, CSF 
leak, and comminution of involved bone or 
extent of cosmetic defects.

While some clinicians believe that anti-
biotics may be used prophylactically to 
prevent sinusitis as well as intracranial 
contamination, they are not clearly indi-
cated. If antimicrobials are used, third 
generation cephalosporins with high CSF 
penetration and anaerobic coverage are 
recommended.

In general, all patients should receive 
extended follow-up as complications have 
been known to present years later.

CSF leaks can be managed conservatively 
with bed rest, elevation of head of bed, and 
possibly placement of a lumbar drain. Any 
CSF leak persisting for greater than 5 days 
may be surgically treated, usually with cra-
nialization of the FS and direct repair of the 
dural tear.

TREATMENT OPTIONS
The most conservative option is observation 
with close and long-term follow-up, as well 
as nasal decongestants and possibly anti-
microbials. This can be utilized in patients 
with isolated anterior table injuries with 
minimal displacement.

Endoscopic transnasal sinus surgery to 
correct isolated FSOT injury is typically 
performed months after injury when serial 
imaging demonstrates maintained secre-
tions or mucocele in the injured FS indicat-
ing inadequate drainage.

For visibly displaced anterior table frac-
tures, ORIF of fractured bone utilizes 
miniplates, mesh, or other biomaterials via 
a bicoronal, subbrow, supraorbital brow, or 
other approaches. Use of any existing soft 
tissue lacerations and the endoscope may 
reduce invasiveness.

For comminuted fractures, microplates 
can be placed to reform the bony fragments.

In fractures that compromise the FSOT, 
in the past sinus obliteration has been per-
formed. Obliteration is a procedure that 
removes all sinus mucosa and a thin layer of 
inner cortex of the sinus wall; this includes 
obliteration of the frontonasal outflow tract 
as well. The remaining cavity is then filled 
with a biomaterial, most often autogenous 
fat graft, temporalis fascia, pericranium, or 
cancellous bone from the pelvis. Alloplastic 
materials such as hydroxyapatite bone 
cement and calcium phosphate bone cement 
are alternatives. This has become less 
favored in recent years due to concerns over 
infected grafts and mucoceles as well as the 
ease at which endoscopic sinus procedures 
may be performed to reopen the obstructed 
outflow tract.

In fractures that result in defects of the 
posterior table and CSF leaks, FS cranializa-
tion involves removal of the posterior table 
and all FS mucosa, leaving the anterior sinus 
wall exposed to anterior cranial contents 
(dura and frontal lobe). The FS outflow tract 
must be obliterated to avoid intracranial 
contamination from the nasal cavity.

COMPLICATIONS
Complications may occur with any extent of 
FS trauma and can be categorized as sinus 
related, intracranial, or cosmetic.

The most common sinus problems 
include persistent headache, chronic sinus-
itis, and mucocele development, which are 
related to retained mucus due to outflow 
tract obstruction. Mucoceles are well known 
to present months to decades (average = 
7.5  years) after the injurious event, which 
makes long-term follow-up imperative.

Major intracranial complications are sub-
arachnoid hemorrhage, intracerebral hem-
orrhage, CSF leak, cerebral contusion, and 
infection in the form of brain abscess, epi-
dural abscess, or meningitis.

Common cosmetic concerns are scar or 
soft tissue changes, sensory deficits in the 
injured areas, and a palpable step-off or vis-
ible depression of the forehead.
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Facial reanimation

Laura T. Hetzler and Daniel W. Nuss

CLINICAL FEATURES AND DEFINITIONS
Facial paralysis can be devastating both 
emotionally and functionally. The direst 
functional loss related to impaired facial 
nerve function relates to ocular protec-
tion. Loss of orbicularis oculi function, and 
therefore inability to close the eye, results 
in a lack of tear film distribution and lubri-
cation that may result in desiccation and 
corneal ulceration. Loss of frontalis muscle 
function can lead to brow ptosis and vision 
impairment. Loss of buccal branch function 
can result in nasal obstruction as well as loss 
of upper lip and oral commissure excursion 
resulting in smile impairment. Impairment 
of buccinator function disturbs the forma-
tion of an adequate food bolus and allows 
food trapping within the cheek during mas-
tication. Paralysis of the lip depressors via 
the marginal mandibular nerve can result 
in asymmetry of the mouth when speak-
ing and opening of the oral aperture as well 
as oral incompetence. Loss of function to 
orbicularis oris can result in poor articula-
tion and contributes to oral incompetence 
(Figures 24.19 and 24.20).

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of facial paralysis 
is extensive and includes trauma, infection, 
congenital, metabolic, neoplastic, toxic, or 
iatrogenic etiologies.

Infectious etiologies such as Lyme dis-
ease, Guillain–Barre syndrome, herpes 
simplex, herpes zoster, middle ear infec-
tions, meningitis, temporal bone osteomy-
elitis, and many others must be considered. 
Inflammatory conditions including autoim-
mune and connective tissue disorders can 
affect facial nerve function.

Tumors anywhere along the length of the 
facial nerve can be responsible for paralysis. 
Intracranial lesions such as acoustic neuro-
mas, meningiomas, and others can affect 

the facial nerve as well as cranial nerves VIII 
and V. Intratemporal facial nerve tumors 
to include neuromas, hemangiomas, or pri-
mary tumors of the middle ear and skull 
base must be considered. Extratemporal 
tumors involving primary and metastatic 
malignancies of the parotid may also cause 
facial paralysis.

Penetrating and blunt trauma causing 
temporal bone fractures or direct injury to 
facial nerve anywhere along its length is 
possible. In this setting, facial nerve status 
needs to be assessed in the initial evaluation. 
Iatrogenic injuries to the facial nerve follow-
ing tumor ablation are unfortunately some-
times unavoidable in head and neck surgery.

WORKUP
A complete history and head and neck 
examination are critical. A diagnosis of 
Bell’s palsy should not be accepted unless 
other plausible diagnoses have been 

Figure 24.19 Facial paralysis patient in repose 
demonstrating brow ptosis, lower lid ectropion, 
and facial droop.
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thoroughly investigated. Prior incisions 
and integrity of other cranial nerves must be 
noted. Age, comorbidities, and life expec-
tancy may contribute to decision-making 
in facial reanimation. Interestingly, radia-
tion therapy, whether planned or past, has 
minimal influence in reconstructive plan-
ning. Imaging to evaluate the course of 
the facial nerve to include an MRI or CT 
may be helpful (Figures 24.21 and 24.22).

The availability of proximal and distal 
facial nerve must be assessed. The viability 
of facial musculature and motor end plates 
is key in reconstructive planning and is 
often the hindrance in longer-term facial 
paralysis patients. For patients in whom 
questionable continuity or viability is an 
issue, electrical testing may be in order. 
Electroneuronography is of value between 
3  days and 3 weeks of onset to evaluate 
facial nerve function. Greater than 90% 

degeneration as compared to the function-
ing facial nerve bears a poor prognosis of 
functional recovery. Electromyography is 
used starting 2–3 weeks after onset to pre-
dict recovery. Fibrillations indicate a poorer 
prognosis.

The mechanism of injury and time since 
injury are key when designing a reconstruc-
tive plan. Complete or partial facial motion 
impairment should be noted to include 
whether weakness or complete paralysis in 
some or all of the branches is present.

Figure 24.22 Facial neuroma in the internal 
auditory canal on T1 MRI with gadolinium.

Figure 24.21 Facial nerve enhancement on T1 
MRI with gadolinium supporting a diagnosis of 
Bell’s palsy.

Figure 24.20 Facial paralysis patient with 
attempted eye closure demonstrating 
lagophthalmos, lower lid ectropion, and Bell’s 
phenomenon.
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The House–Brackmann scale is the 
most commonly utilized facial nerve grad-
ing scale because of its reproducibility and 
ease of use, but is insufficient and was not 
intended for precise assessment of different 
branches or regions of the face, and there-
fore, explicit analysis and documentation is 
also needed.

Independent assessment of the upper, 
middle, and lower face is imperative. Facial 
tone must be noted. A complete nasal exam 
is necessary to describe alar and columel-
lar position, septal position, and valve col-
lapse related to poor nasal sidewall support. 
Ocular status of lagophthalmos, ectropion 
or laxity, conjunctival injection or irritation, 
lacrimal punctal position and epiphora, 
Bell’s phenomenon, and brow position must 
be noted. Corneal ulceration may expedite 
intervention. Oral examination to identify 
cheek biting, difficulty with mastication, 
lip position, and oral incompetence must be 
noted.

Finally, patient expectations must be 
managed to prepare for incomplete recovery 
even in the best of reconstructive efforts. In 
cases during which the loss of neural con-
tinuity is expected, recovery may at best 
provide complete eye closure with persistent 
asymmetries present during motion.

TREATMENT
Medical management
Preventing vision loss and injury to the 
ocular surface is the most important initial 
goal. Conservative measures include artifi-
cial tears and ointment, application of mois-
ture chambers, contact lenses, and taping. A 
simple eye patch is to be avoided.

Steroids with or without antivirals can 
be used as medical therapy in patients with 
Bell’s palsy or trauma. Observation and 
conservative treatment is appropriate when 
recovery is anticipated and the integrity of 
the nerve is felt to be preserved.

Adjunct procedures such as botuli-
num toxin can be used to improve facial 
symmetry.

Surgical management
Surgical interventions are categorized as 
static and dynamic procedures.

STATIC PROCEDURES: UPPER FACE
Brow ptosis can be repaired with a brow 
lift utilizing multiple techniques includ-
ing direct, midforehead, and endoscopic 
approaches.

Lagophthalmos is most often rehabili-
tated with upper lid loading with either a 
gold or platinum weight ranging from 0.6 
to 1.8 g. Upper lid springs are successfully 
used as well; however, they are more tech-
nically challenging than upper lid weight 
insertion. Lagophthalmos correction and 
improved eye closure promotes tear distri-
bution and corneal health.

Lower lid laxity is treated with both 
medial and lateral canthopexy techniques. 
Lateral canthal tightening can be performed 
with wedge excisions as well as lateral tarsal 
strip procedures (Figures 24.23 and 24.24). 
In the face of corneal ulceration a tarsor-
rhaphy, temporary or permanent, may be 
necessary to allow the corneal surface time 
to heal. Some patients with cranial nerve V 
deficits may require permanent tarsorrha-
phy given the lack of sensory input that is 
needed to protect the eye.

Periocular static reanimation may be 
performed even if recovery is anticipated. 
Aggressive ocular intervention is promoted 

Figure 24.23 Preoperative photo 
demonstrating ocular asymmetry related 
to facial paralysis.
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given the risk of permanent injury and vision 
loss in the unprotected eye.

STATIC PROCEDURES: MIDFACE
Static slings are employed in patients unfit 
for larger dynamic operations, patients who 
have a poor prognosis, or patients who do not 
desire extensive intervention for facial reani-
mation. Materials used for slings range from 
autologous fascia lata to allografts includ-
ing acellular human dermis (Alloderm) 
and polytetrafluoroethylene (Gore-Tex). 
Rhytidectomy or midface lifts are a useful 
adjunct in patients who have extensive hemi-
facial ptosis related to facial paralysis.

STATIC PROCEDURES: LOWER FACE
Paralysis of the marginal mandibular branch 
of the facial nerve results in loss of lower lip 

support and pull of the midline lower lip to 
the contralateral side. The lower lip and oral 
commissure can be supported with static 
slings. Lower lip wedge excision can be per-
formed to shorten the affected lip giving the 
appearance of improved muscular support as 
would be present with a functioning depres-
sor anguli oris (Figures 24.25 and 24.26). 
Cheiloplasty recreates the function of the 
depressor labii inferioris by causing an out-
ward roll of the affected lower lip. Platysma 
or digastric transpositions can be performed 
to rehabilitate marginal nerve weakness.

DYNAMIC PROCEDURES
Dynamic facial reanimation techniques 
follow an order of preference for optimal 
results. If the nerve has been transected and 
can be repaired without tension, primary 

Figure 24.24 Postoperative photo with 
correction of asymmetry and lagophthalmos 
with platinum weight insertion and lateral tarsal 
strip of the left eye.

Figure 24.25 Preoperative right-sided isolated 
marginal branch weakness demonstrating 
distortion of lower lip to contralateral side and 
asymmetry related to DAO and DLI paralysis.
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neurorrhaphy is ideal. If an intervening seg-
ment of nerve is lost and tension-free repair 
is not possible, interposition grafts between 
the two facial nerve ends are appropriate. If 
the facial nerve is not available or primary 
or cable grafting methods are not possible, 
nerve transposition, muscle transposition, 
and free tissue transfer may be warranted.

NERVE TRANSPOSITION
Nerve transposition is considered when 
there is a lack of proximal facial nerve seg-
ment with an intact distal segment and via-
ble facial musculature. Donor nerves used 
include the hypoglossal nerve, spinal acces-
sory nerve, nerve to the masseter (branch of 
V3), and the contralateral facial nerve.

The hypoglossal nerve is the most fre-
quently used of all nerve transpositions and 

commonly used in the setting of acoustic 
neuroma resections. Its use is promoted for 
the recovery of facial tone yet unreliable for 
movement (Figures 24.27 through 24.29). 
The facial nerve may be divided at its exit 
from the temporal bone, or if more length is 
needed, it can be exposed within the mastoid 
and divided proximally at the second genu and 
reflected inferiorly to reach the hypoglossal 
nerve. Distal dissection of the facial nerve into 
the parotid gland with removal of the gland 
inferiorly may allow for increased mobiliza-
tion and negate the need for an interposition 
graft. Upon isolation of the hypoglossal nerve 
distal to the ansa cervicalis, only 1/3 of the 
hypoglossal nerve is transected to minimize 
hemiglossal atrophy. The facial nerve is then 
approximated to the proximal neurotomy of 
the hypoglossal nerve (Figure 24.30). If the 
facial nerve is too short, an interposition graft 
may be used between the stump of the facial 

Figure 24.26 Three weeks postoperative 
photo following botox to contralateral lip 
depressors and ipsilateral lower lip wedge on 
right.

Figure 24.27 Preoperative left flaccid facial 
paralysis.
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nerve and the hypoglossal nerve. Recovery of 
function will continue to improve over the 
course of 2 years.

MUSCLE TRANSPOSITION
Muscle transposition techniques are used 
when there has been long-standing facial 
paralysis of greater than 2–3 years or when 
other cranial nerves have been sacrificed, 
and therefore, transposition techniques are 
not suitable. If the trigeminal nerve is intact, 
the masseter muscle and temporalis muscle 
are most frequently used for dynamic facial 
reanimation. These two muscles can be used 
simultaneously for upper and lower face 
reanimation.

The temporalis muscle can be used for 
both periocular and perioral reanimation. 
Anterior strips of the temporalis muscle have 
been used for improvement of palpebral posi-
tion and eye closure. The main body of the 

temporalis muscle may be reflected over the 
zygomatic arch or tunneled beneath it and 
has an ideal vector for oral commissure and 
midface reconstruction. Orthodromic tem-
poralis tendon transfer has been described 

Figure 24.30 Intraoperative photo demon-
strating the “split” facial nerve to hypoglossal 
nerve neurorrhaphy.

Figure 24.29 Six months post XII–VII 
neurorrhaphy with gentle smile demonstrating 
oral commissure excursion with smiling.

Figure 24.28 Six months post XII–VII neuror-
rhaphy in repose showing improved tone.
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as releasing the temporalis tendon from 
the coronoid process and securing it to the 
modiolus of the orbicularis.

The masseter muscle may be used for 
perioral dynamic reanimation. The vector of 
pull is more horizontal than the temporalis 
muscle and therefore less ideal.

FREE TISSUE TRANSFER
Free tissue transfer is the preferred method 
of facial reanimation in patients suffering 
from congenital facial paralysis. This tech-
nique is also applicable in patients who have 
undergone resections of the facial nerve 
and its distal branches or who have long-
standing facial paralysis. Muscle flaps that 
have been used include the gracilis, serratus 
anterior, latissimus dorsi, pectoralis minor, 
and extensor digitorum brevis.

Autologous free muscle transfer is often 
performed in two stages. The initial stage 
includes a nerve graft, commonly the sural 
nerve, attached to a distal branch of the 
facial nerve of the contralateral normal face 
and tunneled to the paralyzed side. A sec-
ond stage is performed 6–9  months later, 
with free muscle transfer and neurorrhaphy 
between the cross facial nerve graft and the 
nerve of the free tissue complex.

Single-stage procedures may be performed 
when utilizing free muscle transfer with a 
donor nerve long enough to reach the con-
tralateral facial nerve. Single-stage free tissue 
transfers have also been performed employ-
ing the ipsilateral proximal facial nerve 
remnant or the masseteric branch of the tri-
geminal nerve to power the free muscle.
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CHAPTER 25

Ear Disease
Oliver Adunka

External ear

PREAURICULAR PIT/CYST
Definition and clinical features
It is characterized as sinus tracts or cysts that 
are present under the skin near the ear carti-
lage and lined by squamous epithelium that 
can occasionally sequester to form cysts that 
can become infected. Caused by duplication 
of the external auditory canal (EAC), these 
are divided into two types:

 1. Type 1 pits/cysts are formed from 
duplication of the external auditory 
canal, run parallel to it, and are 
lined by skin. They are found in the 
preauricular or postauricular areas.

 2. Type 2 pits/cysts are true congenital 
duplications of the external auditory 
canal and are comprised of skin and 
cartilage. Both sinuses and cysts 
have an intimate association with 
the perichondrium of the ear. Many 
are asymptomatic but can become 
infected and present with cellulitis 
of the skin or purulent drainage 
(Figures 25.1 and 25.2).

Differential diagnosis
First branchial cleft cyst, cellulitis, and 
trauma.

Workup
Due to the association between preauricu-
lar pits/cysts and congenital syndromes, 
a formal audiogram must be performed. 
In addition, some children with multiple 
abnormalities may benefit from a renal 
ultrasound. Associations include branchioo-
torenal syndrome, Beckwith–Wiedemann 
syndrome, and mandibulofacial dysostosis.

Treatment
While most are asymptomatic through-
out life, it can present with fever, cellulitis 
around the ear, or purulent drainage or as 
an enlarging mass, which should be acutely 
managed with antibiotics and possible inci-
sion and drainage. Once acute episode has 
resolved, surgical removal of the pit/cyst 
should be considered. Surgery is typically 
limited to lesions that cause recurrent infec-
tions. Due to the intimate association with 
the perichondrium of the auricle, surgical 

•   External ear

•   Auricular malformations

•   Inner ear
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excision must typically include the peri-
chondrium at the base of the lesion to pre-
vent recurrence.

PREAURICULAR TAG/APPENDAGE
Definition and clinical features
Commonly found in asymptomatic infants, 
tags are characterized as one or multiple 
fleshy epithelial mounds found near the 
ear. Nontender and similar to the sur-
rounding skin, these lesions may be located 
behind the ear, on the lobule, in front of 
the auricle, or within the ear. They are 
most commonly found around the tragus 
in the preauricular region. They are caused 
by supernumerary hillocks that remain 
from embryonic development. In compari-
son to preauricular pits, these lesions have 
cartilaginous or bony components and are 
not associated with the ear canal or middle 
ear (Figure 25.3).

Workup
The lesions, especially those near the tragus, 
are sometimes associated with syndromes 
including Goldenhar syndrome, hemifacial 
microsomia, first and second branchial arch 
syndrome, and malformations in the facio-
auriculo-vertebral spectrum. Therefore, chil-
dren noted to have these lesions should have 

Figure 25.1 Type 1 preauricular pit.

Figure 25.2 Type 2 preauricular cyst that has 
become infected. Figure 25.3 Preauricular tag.
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a formal audiometric assessment to check for 
unilateral versus bilateral hearing loss.

Differential diagnosis
These lesions are usually fairly easy to recog-
nize, but other skin or cartilaginous lesions, 
such as epidermal inclusion cysts, dermoid 
cysts, or other growths, are possible.

Treatment
While these lesions are completely asymp-
tomatic, many infants will present for evalu-
ation for removal due to cosmetic concerns. 
When these lesions are noted to have a very 
narrow base, they may occasionally be tied at 
their base with suture in clinic. For large or 
broad-based lesions, complete excision with 
proper closure must take place in the oper-
ating room. This is typically deferred until 
anesthesia is considered safe for the child.

Auricular malformations

LOP EAR
Definition and clinical features
It is characterized as a normal-size auricle 
found in proper position with signifi-
cant protrusion from the side of the head. 
This is caused by incomplete formation of 
the antihelical fold. While cosmetic con-
cerns are common, this typically does not 
have any functional consequences. It may 
be associated with syndromes including 
Ehlers–Danlos syndrome and Towns–Brocks 
syn drome (Figure 25.4).

Workup
A complete otolaryngologic examination is 
advisable including audiometric testing.

Treatment
While no treatment is required due to 
lack of functional impairment, parents or 
patients themselves will seek correction due 
to cosmetic concerns. Otoplasty may be per-
formed when the child is 4–6 years old.

Various surgical techniques have been 
described. Most commonly, the procedure 

includes four steps: excision of the con-
chal cartilage, formation of an antihe-
lical fold, placement of a mastoid suture, 
and addressing the lobule of the auricle. 
Nonabsorbable sutures should be used to 
maintain a permanent result. The difficulty 
of the procedure is to shape the anterior 
side of the auricular cartilage framework 
from a posterior incision. The superior 
aspect of the auricle should not protrude 
for more than 2 cm. Care should be taken 
not to overcorrect the concha mastoid 
angle and hence to produce an unnatural 
cosmetic appearance.

MICROTIA
Definition and clinical features
These are abnormalities leading to small, 
deformed, or absent ears caused by vari-
able levels of incomplete development of the 
pinna. These abnormalities can be catego-
rized on a spectrum into three types based 
on the severity of the deformity:

• Grade 1 describes mild malforma-
tions. Specifically, grade 1 microtic 
auricles are generally well formed but 
are perceptibly smaller.

Figure 25.4 Lop ear.
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• Grade 2 characterizes more severe 
abnormalities associated with malfor-
mation of the auricle, which is at least 
50% smaller than the contralateral side.

• Grade 3 describes the most severe 
deformities as patients have no iden-
tifiable auricle but have only a peanut-
shaped collection of tissue (remnant 
of the hillocks of His) (Figure 25.5).

• Grade 4 is the complete absence of an 
auricle.

This group of abnormalities is typically 
seen more commonly in boys, children of 
diabetic mothers, increasing altitude, and 
increasing birth order. It is more com-
monly unilateral affecting the right more 
than the left. It can be associated with pre-
natal exposures to alcohol, isotretinoin, 
mycophenolate, and thalidomide. Patients 
may have microtia as an isolated defect or 

in association with other malformations. 
Two-thirds of these deformities are asso-
ciated with sporadic genetic abnormalities 
(Figure 25.6).

Differential diagnosis
Preauricular skin tags, familial ear shape. 
Syndromic associations include Crouzon 
disease, CHARGE association, Duane syn-
drome, Franceschetti syndrome, Goldenhar 
syndrome, hemifacial microsomia, oculo-
auriculo-vertebral dysplasia, Pierre Robin 
syndrome, retinoic acid embryopathy, 
rubella infection, Treacher Collins syn-
drome, trisomy 21, and VATER complex.

Workup
Each patient should receive a formal otolar-
yngologic examination. Other potentially 
associated anomalies should be identified 
and properly diagnosed. A visit with the 
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Ear Disease 363

craniofacial team should be planned espe-
cially with bilateral anomalies. Genetic test-
ing can be offered.

Many cases of microtia are associated 
with atresia of the external auditory canal. 
In these cases, especially with bilateral 
appearance, hearing concerns and subse-
quent speech and language development are 
probably more important than the cosmetic 
issues. In any case, a thorough audiomet-
ric examination should be carried out often 
including a bone conduction auditory brain-
stem response (ABR) assessment.

Treatment
Due to the association of microtia, either 
unilateral or bilateral, with a variety of syn-
dromes, complete evaluation precedes repair. 
Surgical repair is typically not considered until 
children reach the ages of 4–6. Therefore, 
children with significant hearing loss must 
have this addressed prior to reconstruction. 
Reconstruction is done primarily for cosmetic 
reasons. It requires several stages in which a 
cartilaginous framework is developed from 
the costal cartilage that is transferred to the 
mastoid area. Should this multistage recon-
struction be too risky for certain patients, a 
prosthetic auricle with osseointegrated pegs 
may also serve as an option.

MACROTIA
Definition and clinical features
It is characterized as ears that are well 
shaped but larger than normal based on 
their relationship to the rest of the face. 
This typically describes ears with a large 
auricle in which the exaggerated por-
tion is the scaphoid fossa. This is typically 
bilateral and symmetric and associated 
occasionally with autosomal dominant 
inheritance, therefore running in families 
(Figure 25.7).

Differential diagnosis
Lop ear, familial ear shape.

Workup
Audiogram and genetic testing; syndromic 
associations include Marfan syndrome, cere-
bro-oculo-facial skeletal syndrome, fragile X 
syndrome, and Cornelia de Lange type 2 
syndrome.

Treatment
No treatment required; however, cosmetic 
procedures may be performed to decrease 
size. In addition, management of hearing 
loss and syndromic malformations may be 
necessary.

Figure 25.6 Grades of microtia. Grade 1 on the left. Grade 2 in the middle. Grade 3 on the 
right.
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SYNOTIA
Definition and clinical features
It is characterized as ears that are close 
together in the midline due to abnormalities 
in embryonic development and is typically 
associated with other significant craniofacial 
abnormalities.

Workup
Audiogram and genetic testing.

Differential diagnosis
Syndromic associations include trisomy 
18, Noonan syndrome, and Pena Shokeir 
phenotype.

Treatment
Management of global craniofacial abnor- 
m alities.

ATRESIA
Definition and clinical features
Atresia is characterized as absent or stenotic 
external ear canal due to failure of complete 

invagination of external auditory canal dur-
ing embryonic development. This failure of 
recanalization leads to improper formation of 
the tympanic membrane as well. The ossicles 
are formed from the first and second bran-
chial clefts; therefore, atresia causes abnor-
malities of the ossicles as well, as they may 
be fused. While children may have significant 
abnormalities of the outer ear, the middle ear 
can be normal. Therefore, they can present 
with acute otitis media (AOM) like normal 
children. Children with bilateral atresia have 
an associated maximal conductive hearing 
loss (60 dB) and require early bone con-
duction hearing aids early in life in order to 
promote normal speech and language devel-
opment. Children are also at risk for choles-
teatoma; therefore, close monitoring should 
be performed (Figures 25.8 and 25.9).

Workup
Audiometric testing, high-resolution com-
puted tomography (HRCT) of the temporal 
bones, and possible MRI of the brain.

Clinical staging
Jahrsdoerfer devised a clinical staging sys-
tem mainly based on CT morphologic pres-
ence of certain structures. Based on this 
assessment, surgical candidacy for microtia 
repair can be further assessed (Tables 25.1 
and 25.2; Figure 25.10).

Treatment
Children who are born with unilateral 
atresia should undergo proper audiometric 
assessment to evaluate hearing in the con-
tralateral ear and to document sensorineu-
ral function on the affected side. Should 
the child have normal hearing in the con-
tralateral ear, surgical repair is typically not 
required. In addition, bone conduction 
hearing aids to the affected ear are not help-
ful in that they do not help with localization 
of sound. Should the contralateral ear have 
some degree of hearing loss, amplification is 
important to assist with proper speech and 
language development.

Figure 25.7 Macrotia with exaggerated 
scaphoid fossa.
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Children may also suffer from episodes 
of acute otitis media, presenting with fevers 
and ear pain. They should be treated with 
antibiotics in the same fashion as their 
counterparts.

The timing of imaging has been a con-
troversial topic. It is important, however, to 
keep in mind that children with aural atresia 
are at risk for cholesteatoma development. 
Thus, a CT scan within the first few years 
of life may be advisable. At the same time, 
surgical candidacy can be assessed via the 
Jahrsdoerfer grading scheme and parents 
can be counseled adequately (Figure 25.11).

The consultation should include a thor-
ough discussion of the surgical risks and 
the potential timeframe especially in cases 
of combined microtia and aural atresia. 
Specifically, the family’s goals for repair and 
hearing care should be carefully discussed 
until expectations are at a realistic level. 

Typically, microtia repair should precede 
surgery for aural atresia since scarring of the 
periauricular soft tissues from atresia repair 
will interfere with the cosmetic procedures 
from microtia surgery. In any case, a team 
approach is advisable where the otologist or 
pediatric otolaryngologist works in tandem 
with a facial plastic surgeon specializing on 
this kind of procedure (Figure 25.12).

Without any concerns from combined 
procedures, surgery to repair the atresia is 
typically performed at the end of the first 
decade of life. By this age, the mastoid has 
become more pneumatized, making the pro-
cedure easier. Surgery includes creation of a 
new ear canal with skin lining and creation 
of a new tympanic membrane. In addition, 
should ossicular abnormalities be present, 
mobilizing or repositioning of the ossicles 
must occur to allow for normal transmission 
of sound (Figure 25.13).

First branchial
groove ectoderm

External
meatus

Tubotympanic
recess

EAC

Tympanic
membrane

Eustachian
tube

Eustachian
tube

Meatal
plug

External
meatus

Middle ear
cleft

Middle ear cleft

Figure 25.8 Development of the external auditory canal.
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If atresia repair is not advisable, a bone-
anchored hearing appliance or similar bone 
conduction technologies have been recently 
utilized to provide hearing to patients with 
(bilateral) atresia, who have an unfavorable 

morphologic situation. Newer techniques 
include placement of active middle ear 
implants on the round or oval windows if 
these remain surgically accessible. These 
indications remain under clinical investiga-
tion and are not yet FDA approved.

CONGENITAL CHOLESTEATOMA
Definition and clinical features
A congenital cholesteatoma is similar to an 
acquired cholesteatoma in its composition of 
squamous epithelial lining and desquamated 
debris accumulating in the center of the 
expansile cyst. A congenital cholesteatoma 
arises in the middle ear space (or the more 
medial aspects of the temporal bone) from 
embryonic ectodermal remnants most com-
monly at the geniculate ganglion medial to 
the malleus. Typically, a congenital choles-
teatoma is identified in the anterior superior 
mesotympanum with an intact tympanic 
membrane and no history of otitis media or 
middle ear disease. On otoscopy, a congeni-
tal cholesteatoma is often evident as a well-
demarcated anterior mesotympanic mass with 
an intact tympanic membrane (Figure 25.14).

Differential diagnosis
Cholesteatoma, paraganglioma (glomus 
tympanicum, glomus jugulare), benign ade-
noma, sarcoma, endolymphatic sac tumor, 
and vascular (high-riding jugular bulb, 
persistent stapedial artery, aberrant internal 
carotid artery).

Table 25.1 Parameters assessed for the 
Jahrsdoerfer grading scheme

Parameter points Points

Stapes present 2

Oval window open 1

Middle ear space 1

Facial nerve 1

Malleus/incus complex 1

Mastoid pneumatized 1

Incus–stapes connection 1

Round window 1

Appearance external ear 1

Total available points 10

Table 25.2 Grades of external auditory canal 
stenosis or atresia

Rating Type of candidate

10 Excellent

9 Very good

8 Good

7 Fair

6 Marginal

5 or less Poor

Figure 25.9 Child with microtia/atresia.
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Workup
Although it is not necessarily recommended 
in the clinical evaluation of cholesteatoma 
in children, HRCT of the temporal bone 
can assist in determining both the site and 
the extent of a congenital cholesteatoma. In 
particular, this may allow the clinician to 

obtain a greater understanding of ossicular 
chain and otic capsule involvement.

Treatment
Surgical treatment is the definitive therapy for 
congenital cholesteatoma. Relative contrain-
dications for operative management would 

Type A Type B

Type C

Figure 25.10 Interpretation of the Jahrsdoerfer anatomic grading system to assess microtia 
repair candidacy.
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include poor surgical candidacy or disease 
within the only hearing ear. Patients should 
be counseled that multiple procedures may 
be necessary including ossicular chain recon-
struction and that depending on the location 
of the cholesteatoma, there is a risk that sur-
gical treatment could worsen hearing.

ACUTE AND CHRONIC 
OTITIS MEDIA (REQUIRING 
VENTILATORY TREATMENT)
Definition and clinical features
When a child suffers from recurrent acute 
otitis media, persistent effusion for greater 
than 3  months, or a 20 dB HL conduc-
tive hearing loss, the indicated treatment 
is myringotomy with tympanostomy tube 
placement. Tympanostomy tubes (or pres-
sure equalization [PE] tubes) allow for a 
consistent aeration of the middle ear space 
via the tympanic membrane opening. This, 
of course, provides an alternative route in 
the setting of the childhood Eustachian 
tube dysfunction. Specifically, the pediatric 
Eustachian tube assumes a more horizon-
tal alignment when compared to the adult 
configuration. Once midfacial development 
proceeds, the Eustachian tube assumes a 
more vertical trajectory since the level of the 
palate moves inferiorly relative to the posi-
tion of the middle ear. Also, hypertrophic 
adenoids have been postulated as being part 
of the pathogenesis via blocking the pharyn-
geal Eustachian tube ostium (Figures 25.15 
through 25.17).

Malleus–incus complex Cochlea

StapesAtretic external
auditory canal

Figure 25.11 CT morphologic example of a 
favorable case of aural atresia. Please note the 
good mastoid pneumatization as well as the 
present stapes.

Mastoid

Malleus

Zygomatic
root

Tympanic
ring

Early

Facial nerve
moves posterior
and inferior with

progressive mastoid
development

Late

Direction of
mastoid growth

Figure 25.12 Facial nerve anatomy in cases of aural atresia. The mastoid segment of the facial 
nerve is moved inferiorly during the process of mastoid development.
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Cribriform area and
site for �rst drilling

Zygomatic
arch

Mastoid

Styloid
process

Condyle of
mandible

Mandible

(a)

(b)

(c)

(d)

(e)

Skin graft sutured
onto meatoplasty

Skin graft
placed over
fascia graft

Glenoid fossa

Glenoid
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complex
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Figure 25.13 Surgical steps for aural atresia repair. (a) Cribriform are where ear canal drilling 
should be started. (b) Illustration of the atresia plate with the fused incus and malleus. Also, 
the bony attachment of the neck of the malleus with the atresia plate is a common finding. (c) 
Placement of the fascia graft after ear canal drilling has been completed. The mastoid air cell 
 system should remain unopened. (d) Preparation of the split-thickness skin graft to conform to 
the newly drilled external auditory canal. (e) Placement of the split-thickness skin graft over the 
fascia graft in the position of the tympanic membrane.
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It appears that Eustachian tube func-
tionality should assume an adult level at 
around age 7. At this point, the child’s ana-
tomic configuration has matured enough. 
Also, the immune system has developed 
and the adenoid cushion has retracted to 
provide ample ventilation of the tympa-
nomastoid compartment (Figures 25.18 
through 25.20).

Workup
Otoscopy, tympanometry, audiometric test-
ing, and good patient history are all that are 
typically necessary to determine the need 
for tympanostomy tubes. If chronic infec-
tion persists, oftentimes, a sample of the 
middle ear effusion can be obtained for cul-
ture and sensitivity in order to tailor antibi-
otic therapy.

Figure 25.14 Otoscopic image of a  congenital 
cholesteatoma presenting behind an intact 
eardrum in an ear with a white mass located in 
the anterior superior quadrant.

Infant

Adult

Figure 25.15 Adult and pediatric Eustachian tube configuration.
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Treatment
There are a variety of types of tympanos-
tomy tubes that can be placed based on 
disease process, patient age, and surgeon 
preference:

Popular types of tubes include

 1. Armstrong grommets
 2. T-tubes (flexible flange)
 3. Collar button tubes
 4. Titanium tube

The indication for tympanostomy tube 
placement is chronic otitis media with effu-
sion. As such, a child should have bilateral 
effusions for more than 3 months, which do 
not respond to antibiotic treatment. With 
unilateral effusions, a more conservative 
approach can be attempted. However, close 
clinical follow-up is mandatory (Figures 
25.21 and 25.22).

Also, tympanostomy tubes are indi-
cated with (imminent) complications from 

Others:
30% No growth:

35%

M. catar-
rhalis:

8%H. influenzae:
15%S. pneumoniae: 8%

S. aureus: 3%

Pseudo-
monas: 2%

Figure 25.16 Common pathogens in chronic otitis media with effusion.

Others:
23%

No growth:
13%

H. influenzae:
18%

M. catar-
rhalis:
11%

S. pyogenes: 5%

S. aureus: 1%

S. pneumoniae:
28%

Pseudo-
monas: 1%

Figure 25.17 Common pathogens in acute otitis media (AOM).
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4. Accumulation of middle ear
     e�usion

3. Mucociliary clearance problem
    and bacterial (or viral) colonization

2. Eustachian tube dysfunction

1. Infection and in�ammation
    of nasopharyngeal airway

Figure 25.20 Typical pathophysiological pathway in the development of otitis media.

Figure 25.19 Chronic otitis media with 
effusion. The tympanic membrane is radially 
injected.

Figure 25.18 Otoscopic image of a bulging 
tympanic membrane observed in the clinical 
setting of acute purulent otitis media.
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otitis media. Sometimes, emergent PE tube 
placement has to be contemplated espe-
cially with CNS complications. Due to the 
mostly symmetric functional impairment of 
the Eustachian tube, tympanostomy tubes 
should be placed in both ears even in the 
setting of a unilateral effusion. Exemptions 
to this rule exist, however. In older children 
with new-onset effusions, nasopharyngeal 
pathology must be excluded (Figure 25.23; 
Table 25.3).

COMPLICATIONS OF ACUTE 
OTITIS MEDIA/MASTOIDITIS
Definitions
Mastoiditis and the complications of acute 
and chronic otitis media have fortunately 
become rare events. Bacteria can enter 
the tympanomastoid compartment either 
via the middle ear in AOM or originating 
from the mastoid cavity in chronic otitis 
media (COM). The complications of otitis 
media are then divided between intra- and 

Armstrong
grommet

Sheehy collar
button tube

Titanium tube
Goode T-tube with �anges

Figure 25.21 Types of tympanostomy tubes.

Short process
of malleus

Circular incision

Radial incision

Light reflex

Figure 25.22 Placement of a myringotomy incision in the anterior inferior quadrant.
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extracranial categories. The most common 
complication of AOM is a postauricular, 
subperiosteal abscess. In the evaluation of 
potential mastoiditis or complications of 
otitis media, a detailed history with an exact 
timeline of events is critical. Specifically, 
complications are typically the result of an 
initially successful antibiotic treatment of 
otitis media with a recurrence about 10 days 
into the course. This is typically caused by 
bacterial strains not covered by the initial 
antibiotic treatment (Figure 25.24).

Differential diagnosis
Cranial/intratemporal complications
Mastoiditis (coalescent, chronic)

 1. Ossicular erosion (conductive 
hearing loss)

 2. Tympanic membrane perforation
 3. Cholesteatoma formation

Incus

Stapes

Head of
malleus

Tympanic
annulus

Tympanostomy
tube

Figure 25.23 Correct PE tube placement within the anterior inferior quadrant of the tympanic 
membrane.

Table 25.3 Complications of tympanostomy 
tubes

Tube otorrhea (∼25% of cases) result of water 
contamination, otitis media, hypersensitivity to tube 
material, biofilm formation on tube surface 
(removal typically required) less frequent after 
myringotomy only

Permanent perforation (∼5%–10%) depending on 
length of intubation, tube size, otorrhea

Premature tube extrusion in rare cases, monolayer vs. 
bilayer, tympanic membrane

Retention of tube rarely, a tube can migrate into 
the middle ear space and remain in the middle 
ear

Tube migration

Cholesteatoma formation rare, typically 
extending from tube site in anterior inferior 
quadrant
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 4. Labyrinthitis (serous, 
 suppurative)—progression of 
infection into labyrinth through 
round or oval window

 5. Bezold abscess—erosion of 
mastoid tip with infection of soft 
tissues of neck

 6. Soft tissue/subperiosteal abscess—
postauricular incision and drainage

 7. Petrous apicitis— inflammation 
of petrous apex (Gradenigo 
syndrome—petrous apicitis with 
trigeminal neuralgia, abducens 
palsy, otorrhea)

 8. Labyrinthine fistula
 9. Facial nerve complications
 10. Encephalocele and cerebrospinal 

fluid leakage

Intracranial/extratemporal complications

 1. Meningitis
 2. Intracranial abscess

 a. Epidural abscess
 b. Cerebellar abscess
 c. Temporal lobe abscess
 3. Sigmoid sinus thrombosis
 4. Lateral sinus thrombosis
 5. Subdural empyema
 6. Otitic hydrocephalus

Workup
A complete neurological examination, 
audiometric testing, as well as laboratory 
studies and imaging studies are critical. 
Specifically, a contrasted CT scan of the 
temporal bones should be completed. With 
suspected intracranial complications, an 
MRI should be ordered to delineate poten-
tial CNS involvement. Often, these stud-
ies have to be obtained in a timely fashion 
(Figure 25.25).

TREATMENT
All patients with these complications will 
typically benefit from at least tympanos-
tomy tube placement and culture-directed 
antibiotics with or without cortical mastoid-
ectomy. A Bezold or subperiosteal abscess 
will require incision and drainage. Petrous 
apicitis (Gradenigo syndrome) requires 
prolonged IV antibiotic therapy, mastoid 
decompression with a PE tube, and/or cor-
tical mastoidectomy and, in rare cases, sur-
gical decompression of the petrous apex. 
Intracranial abscess will require drainage 
in conjunction with neurosurgical services. 
Systemic steroids should be considered 
(Figures 25.26 through 25.28).

CONGENITAL CONDUCTIVE 
HEARING LOSS
Definition and clinical features
The most common form of congenital 
ossicular anomaly with stapes footplate 
fixation is seen without evidence of oto-
sclerotic bone changes. These patients 
present with conductive hearing loss that 
is nonprogressive, and there is no history 

Figure 25.24 Postauricular abscess  formation 
(subperiosteal abscess) typically seen in 
mastoiditis.
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of trauma or infection. Children will 
present with normal otoscopic examina-
tion, without changes to the eardrum. 
Abnormalities to the stapes footplate are 
typically isolated from other ossicular 

anomalies secondary to different embry-
ologic origin. It is caused by fixation 
between the peripheral lamina stapedialis 
and the annular ligament and is typically 
bilateral.

Enlarged bony aperture of ELS Mastoid effusion

Incomplete cochlear partitioning

Abscess formation within an ELS

Figure 25.25 Axial CT and MRI of an endolymphatic sac abscess within the left temporal bone. 
The patient had a previously undiagnosed Mondini malformation (enlarged vestibular aqueduct and 
incomplete cochlear partitioning). ELS, endolymphatic sac.

Abscess formation of the sigmoid sinus

Transverse sinus Mastoid effusion

Figure 25.26 Abscess formation of the left sigmoid sinus as a complication of otitis media.
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Differential diagnosis
Congenital malleus head fixation, other 
ossicular chain fixation, congenital choles-
teatoma, incompleted external aural atresia, 
posttraumatic ossicular chain fixation, and 
oval or round window atresia.

Workup
Audiogram and HRCT of the temporal 
bones. It is critical to obtain stapedius reflex 
testing since children with a third window 
pathology such as an enlarged vestibular 
aqueduct can present with (pseudo)conduc-
tive hearing loss. Surgical management of 

these cases will likely result in a profound 
sensorineural hearing loss on the affected 
ear. Thus, children presenting with a con-
ductive hearing loss with a present stapedius 
reflex should be further evaluated using a 
CT of the temporal bones.

Treatment
In general, children with congenital con-
ductive hearing loss can be managed 
both surgically and nonsurgically. The 
latter involves conventional amplifica-
tion via a hearing aid. Unilateral versus 
bilateral involvement as well as the child’s 

Posterior fossa arachnoid cyst

Figure 25.28 Postinfectious development of a posterior fossa (laterocerebellar) arachnoid cyst. 
The patient had a sigmoid sinus abscess.

Petrous apex inflammation

Figure 25.27 Gradenigo syndrome caused by right petrous apicitis. The patient complained of 
retroorbital pain, CN VI palsy, and otitis media.
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educational situation should be considered. 
Thus, a team approach working with audi-
ologists, speech and language pathologists, 
and educators seems critical in making the 
correct decision.

Surgical management typically involves 
a middle ear exploration with subsequent 
ossiculoplasty. In case of true stapes fixa-
tion, a stapedotomy/stapedectomy can be 
performed. Care must be taken intraopera-
tively to evaluate the ear in a comprehensive 
fashion. With present reflexes and a conduc-
tive hearing loss, imaging studies should 
be obtained to rule out a third window 
pathology and thus a pseudoconductive 
involvement.

Inner ear

PEDIATRIC SENSORINEURAL 
HEARING LOSS
Definition and clinical features
About 3–4 children in 1000 live births are 
born with a significant hearing impairment 
with 25% ultimately being diagnosed with 
severe-to-profound sensorineural hearing 
loss, thus being considered for cochlear 
implantation. Early intervention remains 
critical since central auditory developments 
depend on appropriate acoustic stimula-
tion. Hence, a hearing decision has to be 
made prior to the onset or speech and lan-
guage (or the lack thereof) (Figure 25.29; 
Table 25.4).

Differential diagnosis
There are nongenetic (25%), genetic (50%), 
and idiopathic (25%) causes. Genetic causes 
can be nonsyndromic (70%) or syndo-
mic (30%). Common autosomal dominant 
syndromic causes of hearing loss include 
Waardenburg, branchio-oto-renal, and 
Treacher Collins syndromes. Common 
autosomal recessive syndromic causes of 
hearing loss include Usher, Pendred, and 
Jervell and Lange-Nielson syndromes 
(Figure 25.30).

Workup
Most developed countries have hearing 
screening programs available. These are 
based either on automated ABR algorithms 
or on otoacoustic emissions (OAEs). The lat-
ter method only measures hair cell function 
and will thus not likely pick up hearing loss 
due to auditory neuropathy spectrum disor-
der (ANSD). The newborn screening rate in 
North Carolina, for example, is 99.7%. As 
with many screening tests, newborn infant 
hearing screening features a high sensitivity 
and low specificity (Figure 25.31).

IC

NDLL

SO
LL

VCN

DCN

Figure 25.29 Central auditory pathway to the 
inferior colliculus.
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Table 25.4 Common genetic causes of sensorineural hearing loss (DFN: gene loci for DeaFNess)

DFN Gene Onset Type and degree

DFNB1 GJB2 GJB6 Prelingual Usually unstable

DFNB2 MYO7A Prelingual, postlingual Unspecified

DFNB3 MYO15 Prelingual Stable

DFNB4 SLC26A4 Prelingual, postlingual Stable or progressive

DFNB6 TM1E Prelingual Stable

DFNB7/11 TMC1 Prelingual Stable

DFNB8/10 TMPRSS3 Postlingual/prelingual Progressive or stable

DFNB9 OTOF
DFNB12 CDH23
DFNB16 STRC
DFNB18 USH1C Stable

DFNB21 TECTA Stable

DFNB22 OTOA Prelingual

DFNB29 CLDN14
DFNB30 MYO3A
DFNB31 DFN31 —

DFNB36 ESPN —

DFNB37 MYO6
DFNA1 DIAPH1 Postlingual/first Low frequency progressive

DFNA2 GJB3 KCNQ4 Postlingual/second High frequency progressive

DFNA3 GJB2 GJB6 Prelingual

DFNA4 MYH14 Postlingual Flat/gently downsloping

DFNA5 DFNA5 Postlingual/first High frequency progressive

DFNA6/14/38 WFS1 Prelingual Low frequency progressive

DFNA8/12 TECTA Prelingual Midfrequency loss

DFNA9 COCA Postlingual/second High frequency progressive

DFNA10 EYA4 Postlingual/third, fourth Flat, gently downsloping

DFNA11 MYO7A Postlingual/first Flat, gently downsloping

DFNA13 COL11A2 Postlingual/second Midfrequency loss

DFNA15 POU4F3
DFNA17 MYH9 High frequency progressive

DFNA20/26 ACTG1 High frequency progressive

DFNA22 MYO6 Postlingual

DFNA28 TFCP2L3 Postlingual Flat, gently downsloping

DFNA36 TMC1 Flat, gently downsloping

DFNA39 DSPP High frequency progressive

DFNA48 MYO1A

DFN3 POU3F4 Variable, often progresses to profound
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With a failed screening test, children are 
typically referred to an otolaryngologist 
and a pediatric audiologist within the first 
few months. In fact, it is advisable to per-
form a diagnostic ABR before the child has 
reached 2 months of age since most of these 
tests can be done under natural sleep. With 
older children, however, a sedated ABR 
should be scheduled. The results of the ABR 
are typically utilized to estimate ear-specific 
pure-tone thresholds and fit hearing aids. A 
medical evaluation process can be initiated at 
this point. This typically consists of an imag-
ing study (we recommend an MRI) to assess 
both labyrinthine and central nervous system 
pathologies. An EKG should be obtained to 

rule out Jervell and Lange-Nielsen syndrome 
since the cardiac conduction deficit can typi-
cally be managed to avoid sudden death 
(Figures 25.32 and 25.33).

Also, genetic testing can be offered 
either via a direct blood draw or with blood 
obtained from a Guthrie card. Similarly, a 
Guthrie card can be used to test for perina-
tal CMV infection, a not uncommon cause 
for hearing loss.

With about 7–8  months of age, many 
children can be conditioned for visual 
response audiometry (VRA), a test used to 
confirm the thresholds previously obtained 
via the ABR. With lack of progress from 
conventional amplification, thresholds in 

Epicanthal folds

Flat nasal bridge

Small palpebral
fissures

Upturned nose

Smooth philtrum

Thin upper lip

Figure 25.30 Facial features typically observed in Waardenburg syndrome.
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the severe-to-profound range, and no obvi-
ous contraindications, a cochlear implant 
should be considered. Implantation should 
be performed around the first birthday 
to facilitate proper speech and language 
development.

Some children demonstrate a progres-
sive sensorineural hearing loss and should 
be followed closely. With proper speech and 
language development until a certain point, 
cochlear implantation remains a great tool 
for hearing rehabilitation. Late implantation 

Prelingual deaf children
1/1000

Idiopathic
25%

Nongenetic
25%

Nonsyndromic
70%

Autosomal dominant
15%–24%

X linked
1%–2%

Autosomal recessive
75%–85%

Other DFNB
50%

DFNB1
50%

Syndromic
30%

Genetic
50%

Figure 25.31 Common etiologies of congenital sensorineural hearing loss.

Vestibule Cochlea IAC

Cerebellopontine angle cisternCN VIII

Figure 25.32 Axial CISS-sequence MRI through the level of the internal auditory canal (IAC) 
demonstrating normal morphology.
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in profoundly hearing impaired children 
without proper speech and language devel-
opment has been shown to lead to vari-
able results and there appears to be a clear 
dependency of speech outcomes and age at 
implantation (Figure 25.34).

A team approach including multiple 
specialties appears to be critical when 
dealing with pediatric sensorineural hear-
ing loss. The otolaryngologist should 
work closely with pediatric audiologists, 
educators, speech and language patholo-
gists, and other specialties to improve 
outcomes and to provide adequate multi-
disciplinary care.

LABYRINTHINE MALFORMATIONS
Definitions
About 20% of pediatric sensorineural hear-
ing losses are due to dysplasia of the bony 
labyrinth. Normal inner ear development 
can be arrested at various stages. Thus, a 
spectrum of labyrinthine malformations 
has been described. Arrested development 
of the otic placode, for example, results 
in a Michel deformity with the complete 

absence of the vestibulocochlear struc-
tures. Arrest at later stages of development 
can lead to either a common cavity defor-
mity with rudimentary neuroepithelium or 
other cystic anomalies. After this stage, the 
cochlea or individual vestibular canals can 
be hypoplastic, a condition often encoun-
tered with syndromic involvement. The 
most common labyrinthine malformation 
is an enlargement of the vestibular aque-
duct. This describes an abnormally large 
connection between the utricle and the 
endolymphatic sac. The large sac can be 
observed on T2-weighted MRI, whereas 
the CT scan can show the enlarged bony 
aperture of the endolymphatic duct. This 
malformation is often accompanied by a 
large vestibule and an incompletely parti-
tioned cochlea. Children are sometimes 
born with residual hearing, but they typi-
cally also show a progressive loss of audi-
tory function (Figure 25.35).

Absence of semicircular canals has been 
associated with cochlear nerve deficiency 
and syndromic cases are mostly due to 
CHARGE association.

Facial nerve IAC Cerebellum

Vestibular nervesCochlear nerve

Figure 25.33 Normal contents of the internal auditory canal (IAC) as evidenced via this oblique 
parasagittal MRI (CISS sequence) to illustrate all four nerves within the lateral end (fundus) of 
the canal.
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Differential diagnosis
Michel deformity, common cavity defor-
mity, hypoplasia of the cochlear of vestibu-
lar canals, enlarged vestibular aqueduct, and 
cochlear nerve deficiency. The labyrinthine 

malformation may be the only problem or 
part of a syndrome.

WORKUP
MRI and/or CT.

Cylinder of
6 connexin

subunits

Cytosol

Cytosol

Cytosol

Intercellular
“gap”

Intercellular
“gap” of 2 nm

Tectorial
membrane

Scala tympani

Outer hair cells

Inner hair cell

1

2

3

4

COO–

Membrane

Transmembrane
α-helices

NH3
+

Figure 25.34 Intracochlear distribution of Connexin 26, a gap junction protein responsible for 
potassium recirculation in the stria vascularis. It is the most common cause for nonsyndromic, 
autosomal recessive sensorineural hearing loss (GJB2).
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TREATMENT
Cochlear implantation can be quite success-
ful, even in the setting of a malformed inner 
ear. In fact, children with malformations of 
the incomplete cochlear portioning spec-
trum typically are excellent cochlear implant 

candidates. Children with cystic malforma-
tions typically do not perform well with 
cochlear implants and Michel deformities 
are considered contraindications to implan-
tation (Figures 25.36 and 25.37).

Tensor tympani muscle Incompletely partitioned cochlea

Large vestibuleEnlarged vestibular aqueduct

Figure 25.37 Axial high-resolution computed tomography (HRCT) demonstrating a Mondini 
malformation (enlarged vestibular aqueduct, large vestibule, incomplete cochlear partitioning).

Posterior SCC Basal cochlear turn

Enlarged endolymphatic sac

Figure 25.36 Axial MRI (CISS sequence) demonstrating bilaterally enlarged vestibular aqueducts.
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AUDITORY NEUROPATHY 
SPECTRUM DISORDER
ANSDs have recently been recognized as a 
cause for sensorineural hearing loss. In fact, 
it is estimated that about 10%–15% of pedi-
atric sensorineural hearing loss are caused 
by ANSD. The electrophysiological pattern 
describes a working cochlea with a neuro-
pathic cochlear nerve. In some cases, the 
nerve can be anatomically absent or hypo-
plastic (termed cochlear nerve deficiency). 
In most cases, however, the nerve is physi-
cally present, but it is unable to conduct 
the electrical information to the cochlear 
nucleus (Table 25.5).

Various risk factors have been described. 
Prematurity, high bilirubin levels, and an 
extensive stay in the NICU have been dis-
cussed. The electrophysiological patterns 

observed are quite consistent, however. 
Specifically, affected children show a lack of 
central auditory activation (no ABR waves) 
with a present cochlear microphonic poten-
tial. This potential is a hair cell potential that 
follows the polarity of the stimulus. Thus, 
with sound stimuli alternating polarity dur-
ing the ABR, the cochlear microphonics of 
both phases will cancel each other and thus 
be not present. Thus, a single polarity ABR 
should be obtained to conclude the proper 
diagnosis (Figure 25.38).

Affected children have variable thresh-
olds and speech perception issues beyond 
what would be expected for the specific 
level of hearing impairment. Since ABRs 
typically do not demonstrate distal waves 
that could be utilized to estimate hearing 
levels, threshold estimation has to wait 
until children are able to be conditioned 
to VRA testing. This occurs around ages 
7–8  months. Thus, early intervention in 
terms of early amplification is delayed until 
these data are available (Figures  25.39 
and 25.40).

Cochlear implantation has been per-
formed with variable success in these chil-
dren. Also, a subset of children performs 
well with conventional amplification. With 
cochlear nerve deficiency, especially with 
bilateral involvement, auditory brainstem 
implantation might be a reasonable option 
in the future (Figures 25.41 and 25.42).

Table 25.5 Clinical characteristics of auditory 
neuropathy spectrum disorder (ANSD)

Pure-tone threshold: variable; can be normal

Speech recognition in quiet: variable, typically poor in 
noise

Otoacoustic emissions: normal or absent

Middle ear muscle reflexes: absent

Cochlear microphonic (CM): present (inverts with 
stimulus polarity reversal)

ABR: CM and absent distal waveform

+ Cochlear microphones

Lack of distal waves Rarefaction

Li 90 dB

Li 90 dB

Li 90 dB

Condensation

No sound

Latency 2.0 ms/div

No-sound run to
exclude artifacts

–

Figure 25.38 ABR in a child with auditory neuropathy spectrum disorder (ANSD).
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Latency in 4 ms/div
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15 dB nHL

20 dB nHL

25 dB nHL

35 dB nHL

55 dB nHL

75 dB nHL

V

V

V

V

V

I
III

Figure 25.40 ABR traces demonstrating wave V latency shift with reducing stimulus intensities.

Intracochlear part of electrode array Receiver/stimulator

Figure 25.39 Transorbital projection obtained intraoperatively demonstrating appropriate 
 positioning of a cochlear implant within the cochlea.
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Latency (ms)
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lts

Wave V absolute latency

IVIII
II

I–III IPL

I–V IPL

III–V IPL

I
Wave V

amplitude

V

Figure 25.41 Normal ABR waveform.

Figure 25.42 Visual reinforcement audiometry (VRA).
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CHAPTER 26

Sinonasal Disease
Austin S. Rose

Normal pediatric airway

Children can have many of the same causes 
of nasal pathology as an adult, including 
allergic rhinitis, nasal polyposis, chronic 
sinusitis, and benign or malignant tumors. 
However, this chapter focuses on patholo-
gies that are likely to present in childhood. 
Many congenital lesions appear early in 
childhood. The neonate is an obligate nasal 
breather. As such, congenital lesions of the 

nose may result in life-threatening airway 
obstruction and/or difficulty with feeding 
during this period. Additional symptoms 
include “cyclical cyanosis,” characterized 
by awake periods of agitation or crying dur-
ing which the neonate may mouth breath 
and appear stable but followed by periods 
of calm or sleep where nasal breathing is 
not possible and apnea and cyanosis occur. 
Congenital lesions with less severe obstruc-
tion can often present later in childhood.

•   Normal pediatric airway

•   Adenoid hypertrophy

•   Arhinia

•   Choanal atresia

•   Congenital nasolacrimal duct cyst

•   Cystic fibrosis

•   Nasal dermoid sinus cyst

•   Nasal glioma and encephalocele

•   Nasopharyngeal hairy polyp

•   References
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Adenoid hypertrophy

DEFINITION AND CLINICAL FEATURES
Adenoid hypertrophy is one of the most 
common causes of nasal obstruction in chil-
dren. Lymphoid hyperplasia occurs by the 
same pathophysiology as tonsil hypertrophy. 
Adenoid often regresses in late childhood; 
however, hypertrophy is common in young 
children and may cause nasal obstruction. 
Symptoms may include snoring, chronic 
mouth breathing, dental problems, and 
hyponasal speech.

DIFFERENTIAL DIAGNOSIS
Antrochoanal polyp, turbinate hypertrophy, 
choanal atresia, deviated septum, and for-
eign body.

WORKUP
There is a limited role for further workup of 
adenoid hypertrophy in children beyond the 
history and physical examination as radio-
graphs are unlikely to impact clinical deci-
sion making. However, if another etiology 
of nasal obstruction is suspected, the differ-
ential diagnosis may warrant imaging, flex-
ible nasopharyngoscopy, or both.

TREATMENT
Intranasal steroids are an option for treat-
ment in children with allergic rhinitis. 
Indications for adenoidectomy include ade-
noid hypertrophy resulting in nasal obstruc-
tion in addition to sinusitis, recurrent 
otitis media, and sleep-disordered breathing. 
Velopharyngeal insufficiency is a potential 
complication, occurring in about 1/1,500 
adenoidectomies (Figure 26.1).

Arhinia

DEFINITION AND CLINICAL FEATURES
Arhinia, or congenital absence of the nose 
and nasal airway, is an extremely rare anom-
aly with less than 20 reported cases in the 
literature. This condition includes absence 

of the external nose and nasal airways, 
hypoplasia of the maxilla, a small high-
arched palate, and hypertelorism. In most 
cases, there is a lack of the olfactory nerves 
and bulbs. In addition, there may be other 
associated anomalies including encepha-
locele, absence of paranasal sinuses, mid-
face anomalies including cleft palate, low 
set ears, and various eye anomalies. Any 
associated ocular abnormalities are usually 
minor as the eye begins to form at an ear-
lier stage of embryologic development. The 
occurrence of arhinia is thought to be spo-
radic and no specific maternal risk factors 
or associated chromosomal abnormalities 
have been identified. The immediate com-
plications are severe airway impairment, 
due to the dependence of neonates on their 
nasal airway, and difficulties in feeding 
(Figure 26.2).

DIFFERENTIAL DIAGNOSIS
Other congenital nasal anomalies and cho-
anal atresia.

WORKUP
Because infants are obligate nasal breath-
ers, failure to recognize the implications of 
total nasal obstruction can result in hypoxia 
and death immediately after birth. The first 
priority in newborn patients with arhinia, 

Figure 26.1 Adenoid tissue filling the nasal air-
way as seen on sinonasal endoscopy through the 
right side of the nose.
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therefore, is to establish a safe airway. An 
oral airway can be helpful initially and a 
McGovern nipple may be used for train-
ing an infant to breathe through the mouth 
and for feeding. Endotracheal intubation is 
necessary in some cases, and for those new-
borns unable to be extubated, tracheotomy 
is appropriate. Due to feeding difficulties, 
many infants with arhinia also require a 
gastric feeding tube for nutrition. Once 
the primary issues of airway and feeding 
have been addressed, the child with arhinia 
should be carefully evaluated for other con-
genital anomalies. A CT scan and MRI of 
the head and face should be obtained to rule 
out associated anomalies and to plan future 
efforts at reconstruction (Figure 26.3).

TREATMENT
The goals of surgical treatment in patients 
with arhinia are to establish a patent nasal 
airway and to correct the external cosmetic 
defect. The recommended timing of initial 
surgical intervention varies from 4 weeks1,2 
to preschool age when facial development 
is more complete.3 As a child with arhinia 
approaches school age, psychological issues 
relating to his or her cosmetic appearance 
become a more pressing issue. Currently, 
there is no consensus on surgical treatment 
or technique. While some authors have per-
formed simultaneous reconstruction of the 
internal and external nose, others describe 
the creation of internal nasal passages with 
delayed external reconstruction.2 In one 
report, an external nasal reconstruction was 
performed without the creation of internal 
nasal cavities.4 In some cases, children have 
been managed solely with a prosthetic exter-
nal nose.

Choanal atresia

DEFINITION AND CLINICAL FEATURES
Choanal atresia is the congenital absence of 
the normal pathway between the posterior 
nasal cavity and the remainder of the upper 
aerodigestive tract. Occurring approxi-
mately once in every 8000 births, it is seen 
twice as often in females as in males.5 The 
obstruction between the nasal cavity and 
nasopharynx is usually composed of bone, 
though in some cases may be described as 
primarily membranous or mixed in nature. 
Choanal atresia is most commonly unilat-
eral, though when it occurs bilaterally it 
is a neonatal emergency requiring imme-
diate protection of the airway due to the 
dependence of infants on nasal breathing 
(Figure  26.4). Unilateral disease may be 
detected in the neonatal period by failure to 
pass a flexible catheter into the nasopharynx 
on routine screening or later in life due to 
unilateral symptoms of nasal obstruction 
with thick mucous drainage (Figure 26.5).

Figure 26.2 Neonate with arhinia status post 
tracheostomy tube placement.

Figure 26.3 Coronal CT scan demonstrating 
the absence of nasal passages and cribriform 
plate.
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DIFFERENTIAL DIAGNOSIS
Bilateral choanal atresia: pyriform aperture 
stenosis, bilateral vocal cord paralysis, and 
other congenital upper airway obstructions.

Unilateral choanal atresia: nasal foreign 
body, antrochoanal polyp, adenoid hyper-
trophy, and chronic sinusitis (Figure 26.6).

WORKUP
Choanal atresia is often suspected in new-
borns after failure to pass a small flexible 
catheter through the nose into the orophar-
ynx. The airway in a neonate with bilateral 
choanal atresia may be secured using an 

oral airway taped in place or with endotra-
cheal intubation. Once stable, a CT scan 
with 1 mm cuts through the nose and naso-
pharynx should be obtained to evaluate the 
site and degree of obstruction. A genetics 
consult should also be considered to help 
evaluate for concomitant findings charac-
teristic of CHARGE syndrome including 
coloboma, heart defects, choanal atresia, 
retarded growth and development, geni-
tourinary anomalies and ear abnormalities 
including hearing loss (Figure 26.7).

TREATMENT
Bilateral choanal atresia is generally treated 
with surgery early in the postnatal period 
with the goal of establishing nasal patency. 
For unilateral atresia, surgery may be 
delayed until early childhood. Transnasal 
endoscopic approaches are used most fre-
quently and sometimes require drilling and 
removal of the posterior vomer depend-
ing on the amount of bony obstruction. 
Transpalatal approaches are also described, 
though used less frequently. Restenosis, 
usually over a period of 3–6  months, is 
common and may require additional sur-
gery or dilation. Stents are commonly 
used postoperatively, though some authors 
have reported success without them 
(Figure 26.8).6 The use of topical mitomy-
cin C, an inhibitor of epithelial cell migra-
tion, has also been described in reducing 
renarrowing and stenosis, though recent 
studies have failed to demonstrate signifi-
cant benefit.7 Growth of the child will also 
help ultimately in maintaining choanal 
patency.

Congenital nasolacrimal 
duct cyst

DEFINITION AND CLINICAL FEATURES
Congenital nasolacrimal duct cyst is a very 
rare condition resulting from obstructed 
nasolacrimal ducts in the inferior meatus of 
the nose leading to nasal airway obstruction. 

Figure 26.4 An axial CT scan at the level of 
the nasopharynx demonstrating left unilateral 
choanal atresia.

Figure 26.5 An endoscopic view of the left 
posterior nasal cavity shows the absence of 
the choanal opening into the nasopharynx.
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Airway and feeding difficulties vary in sever-
ity (Figure 26.9).

DIFFERENTIAL DIAGNOSIS
Choanal atresia, congenital nasolacrimal 
duct cyst(s), and congenital nasal mass (gli-
oma, meningocele, meningoencephalocele, 
vascular malformation).

Figure 26.6 Obstruction of the left choana due to a bony atretic plate seen endoscopically from 
the nasopharyngeal side.

Figure 26.7 An axial CT scan demonstrating 
membranous choanal atresia, bilaterally.

Figure 26.8 Stents created from endotracheal 
tubes secured with transseptal stitch.
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WORKUP
Diagnosis is suspected by physical examina-
tion. Anterior rhinoscopy may be normal in 
the neonate. The ability to pass catheters 
through the nose may be difficult but nasal 
endoscopy will reveal the problem. A com-
plete airway evaluation is recommended 
immediately followed by surgical treatment. 
Imaging confirms the diagnosis and rules 
out other congenital nasal masses, which 
require more complicated management.

TREATMENT
Treatment is marsupialization of the cysts. 
Symptom resolution should be clinically 
confirmed and surveillance for recurrence 
should be assessed by nasal endoscopy 
(Figure 26.10).

Cystic fibrosis

DEFINITION AND CLINICAL FEATURES
Cystic fibrosis (CF) is an autosomal recessive 
genetic disease associated with numerous 
mutations of the CF transmembrane con-
ductance regulator gene, which regulates 
the movement of sodium and chloride ions 
across epithelial membranes.8 The results 
are dehydration and thickening of secretions 
affecting the respiratory tract, pancreas, 
liver, and intestines. In the paranasal sinuses 
and lungs, reduced and thickened secretions 
impair the normal function of cilia in muco-
ciliary clearance, leading to recurrent cycles 
of infection and inflammation. Nasal polyps 
and chronic rhinosinusitis (CRS) are the 
hallmarks of ENT disease in children with 
CF. In addition to sinonasal symptoms, 
CRS may also contribute to pulmonary dis-
ease including recurrent bronchopneumo-
nia and bronchiectasis (Figure 26.11).

Figure 26.9 CT of congenital nasolacrimal 
duct cysts.

Figure 26.10 Nasal endoscopy of congenital nasolacrimal duct cysts.
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DIFFERENTIAL DIAGNOSIS
Primary ciliary dyskinesia, nasal polyposis, 
and chronic rhinosinusitis.

WORKUP
Children with nasal polyps or refractory 
CRS should be evaluated for CF with sweat 
chloride testing. Genetic testing for com-
mon genotypes is also available. A CT scan 
of the sinuses can be helpful for baseline 
evaluation as well as preoperative planning 
(Figure 26.12). Cultures obtained from 
the middle meatus or sinuses can be help-
ful in directing antibiotic therapy when 
needed.

TREATMENT
Sinonasal disease due to CF is treated with 
a medical regimen including nasal saline 
irrigations and topical nasal steroid spray. 
Surgery, such as adenoidectomy or func-
tional endoscopic sinus surgery (FESS), is 
considered for nasal obstruction due to pol-
yps, severe sinonasal symptoms, or the pos-
sible effects of sinus disease on the lungs, as 
might be demonstrated with decreased pul-
monary function testing. The need for revi-
sion FESS is common in many CF patients 
(Figure 26.13).

Nasal dermoid sinus cyst

DEFINITION AND CLINICAL FEATURES
Nasal dermoid sinus cysts (NDSCs) are 
congenital nasal masses resulting from 
the inclusion of epithelial cells along the 
lines of embryonic closure (Figure 26.14). 
Containing both ectodermal and meso-
dermal elements, these cysts generally 
present along the midline nasal dorsum 
and are classically associated with a single 

Figure 26.11 Endoscopic view of right nasal 
polyp at the middle meatus in a child with cystic 
fibrosis.

Figure 26.12 Intraoperative photograph of 
purulent fluid within the left maxillary sinus.

Figure 26.13 A coronal CT scan  demonstrating 
the recurrence of disease within the maxillary 
sinuses despite prior endoscopic sinus surgery 
with adequate maxillary antrostomies.
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nasal pit and hair follicle. NDSC is present 
at birth in 40% of cases, while the remain-
der generally become clinically apparent 
by age 6.

Dermoid cysts can occur in other areas, 
including the brow, forehead, chin, and 
occiput, and may erode the skull.

DIFFERENTIAL DIAGNOSIS
Congenital teratoma, hemangioma, or other 
vascular lesions.

WORKUP
Both CT and MRI are helpful in further 
evaluating NDSC prior to excision. About 
45% of cysts extend deep to the nasal 
bones, and up to 25% are associated with a 
tract connecting to the dura or more obvi-
ous intracranial extension (Figures 26.15 
and 26.16).

TREATMENT
Because of the potential for infection, 
these cysts should be surgically excised 
along with any associated tracts or intra-
cranial component. For cysts limited to 
the soft tissues of the nasal dorsum, local 
excision of the cyst and any associated pit 
or hair is generally sufficient. NDSC with 
deeper extension may require an external 
rhinoplasty incision or, rarely, a combined 

craniofacial approach. Recent reports have 
also described the use of endoscopic tech-
niques, either through the nose or via a 
small scalp incision, for the surgical treat-
ment of NDSC (Figure 26.17).9,10

Nasal glioma and 
encephalocele

DEFINITION AND CLINICAL FEATURES
Nasal gliomas, or nasal glial heterotopia, are 
congenital malformations of displaced nor-
mal glial tissue with no residual intracranial 

Figure 26.15 A coronal CT scan demonstrating 
a nasal dermoid sinus cyst (NDSC).

Figure 26.14 Infected nasal dermoid sinus 
cyst (NDSC) with skin breakdown and 
 characteristic midline nasal pit and hair.

Figure 26.16 A sagittal MRI shows the close 
association of a nasal dermoid sinus cyst 
(NDSC) with both the dura and skin of the 
nasal dorsum.
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connections (Figure 26.18). In contrast, 
nasal encephaloceles are characterized by 
the herniation of neural tissue or leptomen-
inges through a defect in the skull base with 
a persistent connection to the subarachnoid 

space and circulating cerebrospinal fluid 
(CSF). Encephaloceles may be present  at 
birth like congenital nasal gliomas or develop 
later in life through traumatic or iatrogenic 
skull base defects. Unlike with NDSC, glio-
mas will often present lateral to the midline 
and are seen more commonly in males by 
3 to 1. Thirty percent of gliomas are intra-
nasal, while 60% are primarily external to 
the nasal bones. Ten percent demonstrate 
both intranasal and extranasal components 
(Figure 26.19). External gliomas can pres-
ent anywhere along the glabella or length 
of the nose, while intranasal lesions typi-
cally present with unilateral nasal obstruc-
tion and can be seen on anterior rhinoscopy 
or with endoscopy. Enlargement with cry-
ing or straining, a positive Furstenberg sign, 
is characteristic of nasal encephaloceles and 
not seen with gliomas.

DIFFERENTIAL DIAGNOSIS
Nasal dermoid sinus cyst, teratoma, antro-
choanal polyp, and nasopharyngeal hairy 
polyp.

rlb

Figure 26.17 Erosion of the skull from a fore-
head dermoid seen intraoperatively over the 
right lateral brow (rlb).

Figure 26.18 Anterior nasal exam demon-
strating the intranasal component of a large 
congenital nasal glioma.

Figure 26.19 A coronal MRI reveals a nasal 
glioma with both intranasal and extranasal 
components, though no obvious intracranial 
connection.
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WORKUP
CT scan is used to help narrow the differen-
tial diagnosis prior to any biopsy or surgery 
and can also be used later in the operating 
room for CT-image guidance. MRI is use-
ful in demonstrating the extent of the lesion 
and can help to differentiate a nasal glioma 
from an encephalocele (Figure 26.20). Any 
associated clear rhinorrhea can be tested for 
beta-2 transferrin. This would confirm leak-
age of CSF, more commonly associated with 
an encephalocele.

TREATMENT
Both nasal gliomas and encephaloceles are 
treated with surgical excision. Endonasal 
endoscopic techniques are generally used, 
though external incisions may be necessary 
in some cases.11 Fifteen to twenty percent 
of nasal gliomas have an associated fibrous 
tract that should also be removed to reduce 
any chances of recurrence. Following the 
excision of an encephalocele, the underlying 
defect in the skull base and dura must also 
be repaired to prevent further herniation of 
brain tissue and CSF leak. Topical fluores-
cein may be applied intraoperatively to help 
demonstrate the presence and source of any 
CSF leakage (Figure 26.21).12

Nasopharyngeal hairy polyp

DEFINITION AND CLINICAL FEATURES
Nasopharyngeal hairy polyp is a rare con-
genital benign hamartoma generally com-
posed of skin and adnexal structures, 
though elements of the other germ cell lay-
ers may occasionally be found. This lesion is 
sometimes therefore described as teratoma-
tous. This benign mass presents at birth 
with symptoms of intermittent respiratory 
and feeding difficulties. A mass can some-
times be appreciated behind the uvula on 
oral exam, though endoscopy may also be 
necessary to demonstrate the lesion.

DIFFERENTIAL DIAGNOSIS
Teratoma, vascular anomalies, nasal glioma 
or encephalocele, and rhabdomyosarcoma.

WORKUP
Evaluation with either CT or MRI can be 
helpful in narrowing the differential diag-
nosis prior to surgery. A careful fiberoptic 
endoscopy, demonstrating the characteristic 
hairs on the surface of the lesion, will help 
to confirm the diagnosis.

TREATMENT
Nasopharyngeal hairy polyps are usually 
attached only by a small fibrous stalk to the 

Figure 26.20 Intraoperative view following 
endonasal endoscopic excision of a right-sided 
nasal glioma.

Figure 26.21 Endoscopic photo demonstrating 
an intranasal encephalocele and its  connection 
to the subarachnoid space superiorly.
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lateral nasopharynx, near the Eustachian 
tube orifice, or the posterior soft palate. 
Adequate exposure is achieved using a 
Dingman mouth retractor, along with red 
rubber catheters through the nose for eleva-
tion of the soft palate. Bipolar excision of the 
fibrous stalk close to its attachment with the 

nasopharynx will free the mass completely 
and is curative. The endonasal or transoral 
use of endoscopes may aid in visualization 
(Figures 26.22 and 26.23).13
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CHAPTER 27

Pediatric Airway 
Disease
Carlton Zdanski

Congenital supraglottic 
airway obstruction

Congenital supraglottic airway obstruction 
includes laryngomalacia, vallecular cysts, 
and saccular cysts. Symptoms include inspi-
ratory stridor, airway obstruction, and feed-
ing difficulties.

LARYNGOMALACIA
Definition and clinical features
Laryngomalacia is the most common cause 
of stridor in the newborn. It is characterized 
by a prolapse of the supraglottic structures 
(arytenoids, epiglottis) into the airway with 
inspiration. The exact cause in the neonate 
is not clearly defined at present and may be 
multifactorial. The airway obstruction is 
variable and may lead to significant feeding 

difficulties such as aspiration and failure to 
thrive. There may be an association with gas-
troesophageal reflux disease (GERD) as well.

Differential diagnosis
Pharyngomalacia, vallecular cyst, laryngo-
cele, and saccular cyst.

Workup
The diagnosis is clinical: inspiratory stridor 
in the neonate. It can be easily confirmed 
with flexible laryngoscopy in the clinic or at 
the bedside (Figure 27.1). A feeding evalua-
tion is recommended.

Treatment
Treatment is variable depending on the 
severity of the airway and feeding difficulties. 
Anti-GERD therapy should be considered. 

•   Congenital supraglottic airway obstruction

•   Congenital glottic airway obstruction

•   Acquired glottic airway obstruction

•   Subglottic airway obstruction

•   Tracheal obstruction
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(a) (b)

(c) (d)

(e) (f )

Figure 27.1 (a–f) Laryngomalacia. Flexible endoscopy of the larynx. (a) (showing the typical fea-
tures of  laryngomalacia with a curved or curvilinear-shaped epiglottis and shortened aryepiglottic 
folds) is at the  beginning of inspiration and the sequence. (a–f) shows the progressive prolapse of 
the supraglottic  structures into the airway with inspiration.
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Most commonly, symptoms resolve with 
growth. However, if symptoms worsen or 
do not resolve, a complete operative airway 
evaluation is recommended as there is a high 
incidence of secondary airway lesions. Failure 
to thrive may result from feeding difficulties 
and work of breathing. In this event, or in 
the setting of significant airway obstruction, 
consideration should be given to surgical 
intervention (i.e., supraglottoplasty). Rarely, 
growth or surgery fails to improve symp-
toms and the placement of a tracheostomy or 
gastrostomy must be considered.

VALLECULAR CYST
Definition and clinical features
A vallecular cyst is thought to arise from a 
blocked mucous gland in the vallecula. The 
cyst may become quite large, causing upper 
airway obstruction with inspiratory stridor 
and concomitant feeding difficulties.

Differential diagnosis
Pharyngomalacia, laryngomalacia, thyro-
glossal duct cyst, lingual thyroid, laryngo-
cele, and saccular cyst.

Workup
The diagnosis can be made with a lateral 
neck x-ray (Figure 27.2) or readily by flex-
ible nasopharyngoscopy in the clinic or at 
the bedside.

Treatment
Treatment is surgical marsupialization of 
the cyst (Figure 27.3). Cysts can recur and 
surveillance with endoscopy in the clinic or 
operative setting is recommended.

CONGENITAL SACCULAR CYST
Definition and clinical features
A saccular cyst is thought to arise from a 
blocked mucous gland in the laryngeal ven-
tricle. If a mass arising from the ventricle 
is air filled rather than mucous filled, then 
it is known as a laryngocele. These cysts 
may become quite large, causing airway 
obstruction with inspiratory stridor and 

concomitant feeding difficulties. In some 
cases, they may become infected causing ful-
minant life-threatening airway obstruction.

Differential diagnosis
Pharyngomalacia, laryngomalacia, and 
laryngocele.

Workup
The diagnosis can be made readily by flex-
ible nasopharyngoscopy in the clinic or at 
the bedside. The extent of the lesion can be 
confirmed by CT scan (Figure 27.4).

Treatment
The marsupialization of the cyst results in 
a high rate of recurrence and so complete 
extirpation is recommended (Figure 27.5). 
This can usually be accomplished endoscop-
ically. Cysts can recur and surveillance with 
endoscopy in the clinic or operative setting 
is recommended.

Figure 27.2 Lateral neck x-ray showing 
 vallecular cyst.
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Congenital glottic 
airway obstruction

Congenital glottic airway obstruction can 
arise from fixed lesions (webs) or impaired 
vocal fold mobility. Glottic airway obstruc-
tion typically results in biphasic stridor. Vocal 
fold immobility in particular may result in 
feeding difficulties, notably aspiration.

CONGENITAL GLOTTIC WEB
Definition and clinical features
A congenital glottic web is thought to occur 
from the incomplete canalization of the lar-
ynx during fetal development. If the glot-
tis fails to recanalize at all, the condition 
is known as laryngeal atresia. Symptoms 

(a) (b)

(c) (d)

Figure 27.3 (a) Vallecular cyst. (b) Opening the cyst with cup forceps. (c) Thick fluid suctioned 
from cyst. (d) Marsupialization of the cyst.

Figure 27.4 CT of saccular cyst.
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vary depending on the extent of the web 
from simple dysphonia to airway obstruc-
tion. Feeding difficulties may also be pres-
ent. Complete laryngeal atresia represents 
a life-threatening emergency and, if not 
diagnosed prenatally, has a high likelihood 
of neurologic injury and/or death. If diag-
nosed prenatally, then an EXIT (ex partum 
in utero) procedure can be performed to 
increase the likelihood of successfully secur-
ing an airway without injury or death.

Differential diagnosis
Subglottic stenosis and glottic neoplasm.

Workup
The diagnosis can frequently be made by 
flexible nasopharyngoscopy in the clinic or 
at the bedside, but smaller webs may easily 
be missed in this fashion. If symptoms are 
not explained by findings on flexible laryn-
goscopy, then operative direct laryngoscopy 
and bronchoscopy should be performed 
(Figure 27.6). If a web is found, then 
FISH assay for 22q11 deletion syndrome 
should be performed and genetics consult 
obtained. In the event of laryngeal atresia 
(Figure 27.7), a genetics consult is recom-
mended as additional concomitant problems 
may be present.

Treatment
Treatment is surgical lysis of the web. It is 
critical to be aware that a high percentage of 

congenital glottic webs involve the subglot-
tis, and therefore, simple endoscopic lysis 
of the “web” is not possible and will not 
result in airway or other symptom improve-
ments (Figure 27.8). Webs can recur and 

(a) (b)

Figure 27.5 (a) Saccular cyst. (b) Saccular cyst status post resection.

Figure 27.6 Laryngeal web. Intraoperative 
photo prior to lysis.

Figure 27.7 Laryngeal atresia, postmortem.
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surveillance with endoscopy in the clinic 
or operative setting is recommended. For 
laryngeal atresia, if the neonate survives, 
successful airway reconstruction may be 
attempted later in childhood.

VOCAL FOLD IMMOBILITY
Definition and clinical features
Vocal fold immobility can be unilateral or 
bilateral, partial or complete, and may result 
from neural problems or from physical 
impairment of mobility. Thus, immobility is 
the proper terminology until a diagnosis of 
the underlying cause is determined.

Differential diagnosis
Subglottic stenosis and glottic stenosis/web.

Workup
The diagnosis can be made with readily by 
flexible nasopharyngoscopy in the clinic 
or at the bedside (Figures 27.9 and 27.10). 
The larynx should be examined by opera-
tive direct laryngoscopy and bronchoscopy 
with palpation of the vocal folds to assess 
passive mobility and to rule out cricoary-
tenoid joint fixation and posterior glot-
tic scar bands resulting in immobility. In 
the case of postoperative immobility (e.g., 
post-PDA ligation or neck surgery), consid-
eration for diagnosis by flexible examina-
tion alone should be given. Anesthesia may 

impair vocal fold mobility and so care must 
be taken in making this diagnosis in the 
anesthetized child. Additional studies should 
include an MRI of the brain and brainstem 
to rule out Chiari malformation in neonates 
with bilateral immobility and in children 
with new-onset vocal fold immobility to rule 
out central nervous system lesions. A formal 
swallow evaluation is recommended to rule 
out and treat aspiration.

Treatment
Treatment is directed at symptoms. For life-
threatening airway obstruction, a tracheot-
omy may be necessary. Dietary modification 

Figure 27.8 Laryngeal web status post 
attempted intraoperative lysis demonstrating 
subglottic involvement, which is common.

Figure 27.9 Vocal fold paresis with vocal 
folds in midline position resulting in airway 
obstruction.

Figure 27.10 Vocal fold paresis with vocal 
folds in paramedian position resulting in 
 dysphonia and aspiration.
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or gastrostomy tube placement may be nec-
essary to treat aspiration. Destructive or 
augmentative procedures of the larynx may 
be undertaken if function does not return, 
but judgment regarding the timing and 
extent of such procedures in the developing 
larynx is required. The utility of laryngeal 
EMG for prognostication is unclear.

Acquired glottic 
airway obstruction

Acquired glottic airway obstruction in chil-
dren most commonly results from manipula-
tion of the airway (i.e., intubation, surgery) 
or from infectious causes (recurrent respi-
ratory papillomas [RRPs]). Symptoms are 
typical of glottic lesions: biphasic stridor, 
voice abnormalities, and possible aspiration.

ANTERIOR GLOTTIC WEB
Definition and clinical features
Acquired anterior glottic webs are most com-
monly the result of laryngeal surgery but may 
occur as a postintubation injury. Surgery that 
involves both sides of the glottis at the ante-
rior commissure of the larynx causes demu-
cosalized surfaces, which appose one another 
and have a propensity to scar together. It is 
characterized by symptoms as described ear-
lier, which can be variable depending on the 
extent of the web and other associated airway 
problems. Voice is typically more affected 
than airway due to the location in the ante-
rior or “ phonatory” glottis.

Differential diagnosis
Vocal fold paralysis, RRP, vocal fold nod-
ules, and vocal fold granuloma.

Workup
The diagnosis is suspected on clinical signs: 
voice abnormalities, stridor, and aspiration 
in a postoperative patient. It can sometimes 
be confirmed with flexible laryngoscopy 
in the clinic or at the bedside, but small 
webs can be easily missed. Operative direct 

laryngoscopy and bronchoscopy are rec-
ommended for patients with unexplained 
symptoms (Figure 27.11). A feeding evalua-
tion may be indicated in some patients.

Treatment
Treatment is surgical: operative lysis of the 
web. Microflap techniques may be employed 
to reduce the risk of recurrence. Topical 
application of mitomycin C to reduce the 
risk of recurrence may be considered as well. 
Perioperative anti-GERD therapy should be 
considered.

POSTERIOR GLOTTIC WEB
Definition and clinical features
Acquired posterior glottic webs are most 
commonly the result of laryngeal surgery 
or postintubation injury. It is characterized 
by symptoms as described earlier, which 
can be variable depending on the extent of 
the web and other associated airway prob-
lems. Airway is typically more affected than 
voice due to the location in the posterior 
or “respiratory” glottis. Subglottic involve-
ment may be present. Aspiration may also 
occur.

Differential diagnosis
Vocal fold paralysis, RRP, vocal fold granu-
loma, and subglottic stenosis.

Figure 27.11 Acquired anterior glottic web in 
child with RRP.
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Workup
The diagnosis is suspected on clinical signs: 
stridor, aspiration, and voice abnormalities in a 
postoperative or previously intubated patient. 
It can sometimes be confirmed with flexible 
laryngoscopy in the clinic or at the bedside, 
but small webs can be easily missed. Operative 
direct laryngoscopy and bronchoscopy are 
recommended for patients with unexplained 
symptoms (Figure 27.12). A feeding evalua-
tion may be indicated in some patients.

Treatment
Treatment is surgical: operative lysis of the 
web. Microflap techniques may be employed 
to reduce the risk of recurrence. Topical 
application of mitomycin C to reduce the 
risk of recurrence may be considered as well. 
A posterior cartilage graft (most typically 
costochondral) may be required particularly 
in the setting of failed endoscopic lysis of 
the web and can be placed endoscopically. 
A tracheotomy may be required intraopera-
tively or perioperatively. Perioperative anti-
GERD therapy should be considered.

RECURRENT RESPIRATORY 
PAPILLOMATOSIS
Definition and clinical features
RRPs are an infection caused by the human 
papillomavirus. In small children, it is 

thought to occur from maternal to fetal 
transmission of the virus. In older children 
and adults, it may be transmitted as a sexu-
ally transmitted disease. It is characterized 
by symptoms as described earlier, predomi-
nantly voice change and stridor, which can be 
variable depending on the extent of the dis-
ease and other associated airway problems. 
Distal spread may occur to the tracheobron-
chial tree and lungs and pulmonary involve-
ment is associated with a poor prognosis.

Differential diagnosis
Vocal fold paralysis, vocal fold nodules, vocal 
fold granuloma, and subglottic stenosis.

Workup
The diagnosis is suspected on clinical signs: 
progressive voice abnormalities and stridor. 
It can be confirmed with flexible laryngos-
copy in the clinic or at the bedside but in 
uncooperative patients or in those with sig-
nificant airway obstruction operative direct 
laryngoscopy and bronchoscopy may be 
necessary (Figure 27.13).

Treatment
Treatment is surgical but surgery is not 
curative. The goal of surgery is to main-
tain a patent airway until potential disease 
regression without causing iatrogenic airway 

Figure 27.12 Posterior glottic scar secondary 
to intubation injury.

Figure 27.13 Total airway obstruction 
 secondary to RRP.
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obstruction secondary to intervention as the 
natural course of disease in juvenile RRP is 
eventual regression of disease in most cases. 
Multiple anesthetic techniques are utilized 
(native airway, jet ventilation, intubation) 
as well as surgical techniques (cold steel, 
microdebrider, laser) with good results. The 
effectiveness and utility of various medical 
treatments (interferon, indole-3-carbinol, 
cidofovir, mumps vaccine) are not well 
established and somewhat controversial. 
Tracheotomy may sometimes be necessary, 
but some feel it should be avoided as it may 
cause spread of disease to the distal tracheo-
bronchial tree.

Subglottic airway obstruction

Subglottic airway obstruction may be 
either congenital or acquired. Clinical fea-
tures include biphasic stridor and airway 
obstruction of varying severity depend-
ing upon the extent of the disease. Voice 
and/or cry may be normal if the glottis is 
not involved. Aspiration may be present 
depending upon the extent of the lesion. 
Treatment varies depending upon the extent 
of the disease and patient factors that make 
medical and surgical decisions complex and 
individualized.

Congenital subglottic airway obstruction 
includes subglottic stenosis and subglottic 
hemangioma.

Acquired glottic airway obstruction in 
children most commonly results from manip-
ulation of the airway (i.e., intubation, surgery) 
or from infectious causes (RRPs). Symptoms 
are typical of glottic lesions: biphasic stridor, 
voice abnormalities, and possible aspiration.

CONGENITAL SUBGLOTTIC STENOSIS
Definition and clinical features
Congenital subglottic stenosis is caused by a 
congenitally malformed (elliptically shaped) 
cricoid cartilage. Symptoms, as described 
earlier, may be apparent shortly after birth 
or may not be present until later in infancy 
or childhood as recurrent croup. Not infre-
quently, the lesion will not be discovered 
until the child undergoes general anesthesia 
for an unrelated condition and there is dif-
ficulty with airway management. There is a 
definite association with trisomy 21.

Differential diagnosis
Vocal fold paralysis, subglottic heman-
gioma, croup, complete tracheal rings, and 
distal tracheal obstruction.

Workup
The diagnosis is suspected on clinical signs: 
biphasic stridor and recurrent croup. Flexible 
laryngoscopy in the clinic or at the bedside 
is an inadequate examination and operative 
direct laryngoscopy and bronchoscopy are 
necessary (Figure 27.14a and b). A chest or 

(a) (b)

Figure 27.14 (a and b) Congenital subglottic stenosis (“elliptical cricoid”).
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cervical airway x-ray may reveal the prob-
lem. It is imperative to be completely pre-
pared to manage fulminant life-threatening 
airway obstruction at the time of diagnostic 
airway evaluation.

Treatment
Treatment is individualized and can be 
heavily influenced by comorbid conditions. 
Simple observation with surveillance may 
be  adequate until normal growth corrects 
the condition. Medical management with 
anti-GERD medications should be con-
sidered as well as caregiver possession of 
steroids for administration during acute 
“croup” episodes. Surgery may be necessary 
and typically takes the form of expansion 
laryngoplasty (laryngotracheal reconstruc-
tion with cartilage graft). Endoscopic pro-
cedures to “dilate” an abnormal cricoid 
cartilage with a small airway caliber seem ill 
advised.

SUBGLOTTIC HEMANGIOMA
Definition and clinical features
Subglottic hemangioma is caused by a con-
genital, infantile hemangioma located in the 
subglottis. As is typical with the natural his-
tory of infantile hemangiomas, the neonate is 
initially asymptomatic until the proliferative 
phase of the hemangioma is entered. This 
typically occurs at around 6–8 weeks of life 
with symptoms such as stridor and croupy 
cough with progressive airway obstruction 
causing respiratory distress. As with other 
causes of insidious airway obstruction, the 
child may be surprisingly tolerant of sig-
nificant if not near total airway obstruction 
until presentation. The lesion may be asso-
ciated with cutaneous hemangiomas and 
reportedly has an association with “beard 
distribution” infantile hemangiomas.

Differential diagnosis
Vocal fold paralysis, subglottic stenosis, 
croup, complete tracheal rings, and distal 
tracheal obstruction.

Workup
The diagnosis is suspected on clinical signs: 
new-onset biphasic stridor and croupy 
cough in a neonate. Cutaneous hemangio-
mas may or may not be present. Flexible 
laryngoscopy in the clinic or at the bedside 
may reveal the subglottic hemangioma, but 
this is an inadequate examination and oper-
ative direct laryngoscopy and bronchoscopy 
are necessary for unexplained symptoms 
(Figure 27.15). A chest or cervical airway 
x-ray may reveal the problem. It is impera-
tive to be completely prepared to manage 
fulminant life-threatening airway obstruc-
tion at the time of diagnostic airway evalu-
ation. MRI may be helpful postdiagnosis to 
evaluate the extent of the disease. Referral 
to hematology/oncology may be useful for 
evaluation of disseminated disease and for 
assistance with medical treatment.

Treatment
Treatment initially involves securing a safe 
airway. For small hemangiomas, observa-
tion may suffice while treatment is imple-
mented. For larger hemangiomas, brief 
endotracheal intubation may be necessary 
until evaluation is complete and treatment is 
initiated. In the past, surgery with medical 
adjunct treatment was the primary modality 

Figure 27.15 Subglottic hemangioma.
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employed for treatment. Options included 
endoscopic laser or microdebrider resec-
tion of the mass, intralesional injection of 
steroids, open resection of the lesion with 
or without laryngotracheal reconstruction, 
and tracheotomy until eventual involution 
of the hemangioma. Endoscopic procedures 
in general needed to be repeated for control 
of symptoms. Medical adjuncts included the 
use of systemic steroids or chemotherapeutic 
agents such as vincristine. Recently, systemic 
use of propranolol has become the first-line 
option for the treatment of the disease with 
maintenance of therapy until the involution 
of the hemangioma. Medical management 
with anti-GERD medications should be 
considered as well as caregiver possession of 
steroids for administration during acute epi-
sodes of airway obstruction. Surgery may be 
necessary for lesions that do not respond to 
medical treatment.

ACQUIRED SUBGLOTTIC STENOSIS
Definition and clinical features
Acquired subglottic stenosis is caused by 
manipulation with subsequent scarring 
of the airway. The insult typically occurs 
during the course of normal and appropri-
ate intervention, primarily endotracheal 
intubation. It may occur with surprisingly 
short exposure times (i.e., minutes), but risk 
increases with increasing length of intuba-
tion period and with increasing numbers 
of intubations or airway manipulations. A 
congenitally malformed cricoid cartilage 
(congenital subglottic stenosis) may be an 
unsuspected underlying predisposing ele-
ment as inadvertent subglottic injury may 
occur when attempting to place an age- 
and size-appropriate endotracheal tube. 
Symptoms, as described earlier, may be 
apparent shortly after extubation or inter-
vention but may not be present until later in 
infancy or childhood as recurrent croup or 
progressive stridor and airway obstruction 
with respiratory distress. Not infrequently, 
the lesion may not be discovered until the 
child undergoes a general anesthetic for an 

unrelated condition and there is difficulty 
with airway management.

Differential diagnosis
Vocal fold paralysis, subglottic hemangi-
oma, subglottic cyst, croup, complete tra-
cheal rings, and distal tracheal obstruction.

Workup
The diagnosis is suspected on clinical signs: 
biphasic stridor and recurrent croup. Not 
infrequently, there is a history of asthma 
treated with bronchodilators without effect. 
Flexible laryngoscopy in the clinic or at the 
bedside is an inadequate examination and 
operative direct laryngoscopy and bron-
choscopy are necessary. A chest or cervical 
airway x-ray may reveal the problem. The 
most common grading system utilized to 
characterize the degree of subglottic ste-
nosis is the Cotton–Myer system: grade I 
is less than or equal to 50% airway luminal 
narrowing, grade II is between 51% and 
70% airway luminal narrowing, grade III is 
between 71% and 99% airway luminal nar-
rowing, and grade IV is complete subglot-
tic stenosis (Figure 27.16a through d). It 
is imperative to be completely prepared to 
manage fulminant life-threatening airway 
obstruction at the time of diagnostic airway 
evaluation.

Treatment
Treatment is complex, multifactorial, and 
individualized. Factors involved in thera-
peutic decision making include the extent 
of the lesion, its underlying characteristics, 
its state of progression, the preferences and 
skills of the treating physicians, the resources 
of the treating institution and health-care 
system, the child’s social situation, and the 
child’s comorbid conditions. Simple obser-
vation with surveillance may be adequate 
until normal growth corrects the condition 
for mild lesions. More extensive lesions may 
require temporary or permanent trache-
otomy. Endoscopic surgical options include 
laser or cold steel surgery and dilation with or 



412 SECTION 6 Pediatrics

without application of mitomycin C and/or 
injection of steroid. A posterior cricoid split 
with graft placement can also be performed 
endoscopically. Open surgical options 
include one- or two-stage laryngotracheal 
reconstruction with anterior, posterior, or 
anterior and posterior grafts as well as cri-
cotracheal resection. Cartilage grafts may be 
obtained from the auricle, septum, thyroid 
ala, and rib. Staged open procedures may be 
required for lesions with glottic involvement. 
Not infrequently, both endoscopic and open 
procedures are required for more extensive 
lesions. Medical management with anti-
GERD medications is imperative and should 

be considered as well as surgical treatment for 
medically uncontrolled GERD. Eosinophilic 
esophagitis should be ruled out or treated.

SUBGLOTTIC CYST
Definition and clinical features
A subglottic cyst is caused by a blocked 
mucous-producing gland located in the 
subglottic region. They are typically associ-
ated with previous airway manipulation and 
may be singular or multiple. Symptoms, as 
described earlier, may be apparent shortly 
after airway manipulation or may not be 
present until later in infancy or childhood 
as progressive stridor or recurrent croup. 

(a) (b)

(c) (d)

Figure 27.16 (a) Grade I subglottic stenosis. (b) Grade II subglottic stenosis. (c) Grade III subglot-
tic stenosis. (d) Grade IV subglottic stenosis.
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Subglottic stenosis may not infrequently be 
present as concurrent or perhaps contribut-
ing pathology.

Differential diagnosis
Vocal fold paralysis, subglottic hemangioma, 
subglottic stenosis, croup, complete tracheal 
rings, and distal tracheal obstruction.

Workup
The diagnosis is suspected on clinical 
signs: biphasic stridor and recurrent croup. 
Flexible laryngoscopy in the clinic or at the 
bedside may show the pathology, but this 
is an inadequate examination and opera-
tive direct laryngoscopy and bronchoscopy 
are necessary for unexplained symptoms 
(Figure  27.17). A chest or cervical airway 
x-ray may reveal the problem. It is imperative 
to be completely prepared to manage fulmi-
nant life-threatening airway obstruction at 
the time of diagnostic airway evaluation.

Treatment
Treatment is the marsupialization of the 
cyst. In small children, temporary intu-
bation may be necessary to control air-
way edema. Associated subglottic stenosis 
may be present and may require signifi-
cantly more complex airway management. 
Recurrence is common and operative sur-
veillance should be strongly considered. 

Medical management with anti-GERD 
medications should be considered.

Tracheal obstruction

Tracheal airway obstruction may be caused 
by intrinsic lesions or external compres-
sive lesions. Symptoms are traditionally 
described as expiratory stridor, although 
biphasic stridor or wheezing may be present 
depending upon the clinical scenario.

TRACHEAL STENOSIS
Definition and clinical features
Tracheal stenosis is usually caused by 
manipulation with subsequent scarring of 
the airway. The insult typically occurs dur-
ing the course of normal and appropriate 
intervention, primarily endotracheal intuba-
tion. Underlying tracheal pathology (such 
as tracheomalacia or external compression) 
may be associated or contribute to the 
development of the problem. Symptoms, as 
described earlier, may be apparent shortly 
after extubation or intervention but may not 
be present until later in infancy or childhood 
progressive stridor and airway obstruction 
with respiratory distress.

Differential diagnosis
Complete tracheal rings, tracheomalacia, 
tracheal tumor, and foreign body aspiration.

Workup
The diagnosis is suspected on clinical signs: 
expiratory or biphasic stridor. There may 
be a history of asthma treated with bron-
chodilators without effect. Flexible laryn-
goscopy in the clinic or at the bedside is 
an inadequate examination and operative 
direct laryngoscopy and bronchoscopy are 
necessary (Figure 27.18). A chest or cervi-
cal airway x-ray may reveal the problem. It 
is imperative to be completely prepared to 
manage fulminant life-threatening airway 
obstruction at the time of diagnostic airway 
evaluation.Figure 27.17 Subglottic cyst.
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Treatment
Simple observation with surveillance may be 
adequate until normal growth corrects the 
condition for mild lesions. More extensive 
lesions may require endoscopic or open sur-
gery. It is important to realize that oroendo-
tracheal intubation may not be possible nor 
placement of a tracheotomy to bypass the 
lesion. Endoscopic surgical options include 
laser or cold steel surgery and/or dilation 
with or without application of mitomycin C 
or injection of steroid. Open surgical options 
include tracheal resection or slide tracheo-
plasty. This might involve thoracotomy and 
possibly cardiopulmonary bypass. Medical 
management with anti-GERD medications 
is imperative and should be considered as 
well as surgical treatment for medically 
uncontrolled GERD.

TRACHEAL TUMOR
Definition and clinical features
Tracheal tumors may originate from the 
component structures of the trachea or 
invade from other mediastinal structures. 
Symptoms, as described earlier, may be pres-
ent, but the relative rarity of the problem 
may make obtaining the diagnosis difficult.

Differential diagnosis
Complete tracheal rings, tracheomala-
cia, tracheal stenosis, and foreign body 
aspiration.

Workup
The diagnosis is suspected on clinical signs: 
expiratory or biphasic stridor. Apparent 
life-threatening events may precipitate the 
diagnostic evaluation. There may be a his-
tory of asthma treated with bronchodilators 
without effect. Direct laryngoscopy and 
bronchoscopy are necessary (Figure 27.19). 
A chest or cervical airway x-ray may suggest 
the problem; additional chest imaging may 
further define or delineate the pathology. It 
is imperative to be completely prepared to 
manage fulminant life-threatening airway 
obstruction at the time of diagnostic airway 
evaluation.

Treatment
Treatment is varied depending on the diag-
nosis. Securing a safe airway and obtain-
ing tissue for diagnosis are the initial goals. 
Definitive management is pathology depen-
dent and may require surgery, medicine, 
and/or radiation. It is important to realize 
that oroendotracheal intubation may not 
be possible nor placement of a tracheotomy 
to bypass the lesion. The involvement of an 

Figure 27.18 Tracheal stenosis.

Figure 27.19 Tracheal tumor.
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experienced anesthesia team and cardio-
thoracic surgery is advised.

TRACHEOMALACIA
Definition and clinical features
Tracheomalacia is the result of a weak-
ened or “floppy” tracheal wall that causes 
collapse of the trachea with obstruction 
on expiration. It may be the result of or 
associated with tracheoesophageal fistula, 
esophageal atresia, or external compres-
sion from the aortoinnominate artery. 
Symptoms, as described earlier, are vari-
able in severity.

Differential diagnosis
Complete tracheal rings, tracheal tumor, 
and foreign body aspiration.

Workup
The diagnosis is suspected on clinical signs: 
expiratory stridor. Bronchodilators may 
exacerbate the condition by causing smooth 
muscle relaxation. Flexible laryngoscopy in 
the clinic or at the bedside is an inadequate 
examination and operative direct laryn-
goscopy and bronchoscopy are necessary 
(Figure 27.20).

Treatment
Simple observation with surveillance may 
be adequate until normal growth corrects 
the condition for mild lesions. More exten-
sive lesions may require a tracheotomy and 
positive pressure ventilation. Medical man-
agement with anti-GERD and pulmonary 
medications should be considered as well 
as surgical treatment for medically uncon-
trolled GERD.

COMPLETE TRACHEAL RINGS
Definition and clinical features
Normally, the tracheal rings form about 
3/5 to 4/5 of the tracheal circumference. 
Complete tracheal rings occur when these 
cartilaginous rings form the complete cir-
cumference of the trachea. A portion of or 
the entire trachea may be involved and the 
lesion may extend into the bronchial tree. 
In addition, the diameter of the trachea and 
subsequent growth of the trachea may vary 
as well. Concomitant cardiac lesions may 
exist as well as other congenital malforma-
tions. Symptoms, as described earlier, may 
be apparent shortly after birth or may not 
be present until later in infancy or child-
hood. Not infrequently, the lesion will not 
be discovered until the child undergoes 
general anesthesia for other conditions and 
there is significant difficulty with airway 
management.

Differential diagnosis
Vocal fold paralysis, subglottic stenosis, sub-
glottic hemangioma, croup, tracheomalacia, 
and tracheal tumor.

Workup
The diagnosis is suspected on clinical signs: 
expiratory or biphasic stridor, croupy cough, 
respiratory distress, and failure to thrive. 
Operative laryngoscopy and bronchoscopy 
are necessary to make the diagnosis and eval-
uate its severity and extent (Figure 27.21). Figure 27.20 Tracheomalacia.
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It  is imperative to be atraumatic in the 
evaluation and to be completely prepared to 
manage fulminant life- threatening airway 
obstruction at the time of diagnostic airway 
evaluation as endotracheal intubation and 
tracheotomy to bypass the obstruction may 
not be possible.

Treatment
Treatment is individualized and can be 
heavily influenced by comorbid conditions. 
Simple observation with surveillance may be 
adequate until normal growth corrects the 
condition. Medical management with anti-
GERD and pulmonary medications should 
be considered. Surgery may be necessary 
and typically takes the form of slide tracheo-
plasty. This may require cardiopulmonary 
bypass and any coexisting cardiac lesions 
requiring surgery should be addressed 
concomitantly. Endoscopic procedures to 
address postoperative obstruction may be 
required to maintain airway patency.

FOREIGN BODY ASPIRATION
Definition and clinical features
Foreign body aspiration can cause hypoxic 
neurologic injury and death. It occurs more 
frequently in infants and toddlers due to 
their inexperience, exploratory nature, and 
tendency to experience objects orally. A wit-
nessed aspiration event should lead to rela-
tively expeditious diagnosis and treatment. 

Subtle signs of an unwitnessed aspiration 
event may cause delays and difficulties 
in diagnosis that can lead to significant 
complications.

Differential diagnosis
Reactive airway disease and tracheal tumor.

Figure 27.21 Complete tracheal rings.

Figure 27.23 Peanut in mainstem bronchus.

Figure 27.22 Chest x-ray showing left lung 
atelectasis from foreign body obstruction.
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Workup
The diagnosis is suspected by history. 
Physical examination may reveal focal 
wheezing or decreased breath sounds. A 
chest x-ray may show the mass, atelectasis, 
or hyperinflation (Figure 27.22). Decubitus 
x-rays may demonstrate these findings more 
readily. A history of foreign body aspiration 
should lead to prompt endoscopic evaluation 

as physical findings and x-rays are often nor-
mal. Flexible bronchoscopy may lead to the 
diagnosis but rigid laryngoscopy and bron-
choscopy are recommended for removal of 
the foreign body (Figure 27.23).

Treatment
Direct laryngoscopy and bronchoscopy with 
foreign body removal.
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CHAPTER 28

Oral and 
Oropharyngeal 
Disease
Lorien M. Paulson

Ankyloglossia

DEFINITION AND CLINICAL FEATURES
Ankyloglossia, commonly referred to as 
“tongue tie,” represents a restriction of 
tongue motion due to a tight or thick 
lingual frenulum. Symptoms vary from 
asymptomatic to impaired latching dur-
ing breastfeeding and insufficient feed-
ing. Although controversial, some feel that 

ankyloglossia may also contribute to speech 
difficulties later in life particularly if the 
tongue is unable to touch the upper inci-
sors during articulation. There is also con-
cern for oral hygiene if there is difficulty 
sweeping the tongue over the teeth and 
gingivobuccal sulci. Ankyloglossia is most 
often diagnosed at birth either on physical 
exam or after difficulties with breastfeed-
ing. This may lead to prolonged, inefficient 

•   Ankyloglossia

•   Tonsillar hyperplasia

•   Acute suppurative pharyngitis/tonsillitis

•   Peritonsillar abscess

•   Retropharyngeal abscess

•   Base of tongue/vallecular cyst

•   Ranula

•   Suggested reading
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feeding sessions or painful chapped nipples. 
Affected infants will often have a tight 
frenulum and a “heart-shaped” tongue on 
attempted protrusion.

DIFFERENTIAL DIAGNOSIS
Anything causing restricted mobility of the 
tongue should be considered, including 
tongue weakness due to a variety of neu-
rological disorders, primary tumors of the 
tongue, and cystic lesions of the floor of the 
mouth.

WORKUP
In the neonatal period, bedside oral motor 
exam by an occupational, speech, or lacta-
tion specialist may be very useful to deter-
mine or confirm latching difficulties. In 
older children, speech pathology or dental 
evaluation can assist in documenting diffi-
culties in these arenas.

TREATMENT
Controversy exists over whether surgical 
intervention is necessary in many cases, 
although it is commonly performed due to 
the simplicity and low risk in the neonatal 
period. The procedure may be done at the 
bedside or in clinic with topical anesthesia 
alone. The baby may resume breastfeeding 
within minutes after this is complete and 
nipple pain is often immediately improved 
in appropriately chosen cases. Once the 
child becomes older than 5–6  months, 
clinic-based frenulotomy becomes more dif-
ficult due to both patient cooperation and 
growth/thickening of the frenulum. Simple 
excision with sutures or, in very thick or 
tight frenulums, a simple Z-plasty technique 
will provide appropriate release in selected 
patients (Figure 28.1).

Tonsillar hyperplasia

DEFINITION AND CLINICAL FEATURES
Hyperplasia refers to excessive growth of 
tonsillar tissue and in general is used in ref-
erence to the palatine tonsils. The palatine 

tonsils, in conjunction with the adenoids 
and the lingual tonsils, form Waldeyer’s 
ring, which is an organization of mucosa-
associated lymphoid tissue (MALT) within 
the pharynx. MALT is part of the adaptive 
immune system and can be found in sev-
eral areas of the body, including but not 
limited to the GI tract, the nasal cavity, the 
salivary glands, and the conjunctiva. The 
palatine tonsils typically grow throughout 
early childhood and decrease in size rela-
tive to overall craniofacial growth in late 
childhood.

Tonsillar hypertrophy in itself is not 
considered harmful. However, when ton-
sils become large enough, they may con-
tribute to pharyngeal obstruction and 
sleep-disordered breathing. Obstructive 
symptoms include loud snoring, pauses 
in breathing, frequent awakening, mouth 
breathing, and drooling. Occasionally, 
large tonsils may cause “obstructive dys-
phagia,” which may manifest as gagging or 
inability to swallow food, which is charac-
teristically worse with solids.

Unilateral tonsillar hypertrophy is most 
commonly related to pseudohypertrophy as 
a result of differing anatomic boundaries, 

Figure 28.1 Ankyloglossia due to tight lingual 
frenulum.
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namely, the tonsillar pillars and the relative 
depth of the tonsillar fossae. Rapid unilat-
eral growth of one tonsil over a course of 
weeks to months may be a warning sign for 
lymphoma, particularly if accompanied by 
ipsilateral lymphadenopathy.

DIFFERENTIAL DIAGNOSIS
Recurrent tonsillitis, sickle cell anemia–
related tonsillar hypertrophy, posttransplant 
lymphoproliferative disorder, lymphoma.

WORKUP
A polysomnogram (sleep study) may assist 
in the diagnosis of obstructive sleep apnea, 
and examination of prior throat cultures is 
useful. Modified barium swallow exam may 
be considered to evaluate for obstructive 
dysphagia, if suspected. Unilateral hypertro-
phy that is progressive may require imaging 
and/or biopsy, particularly if other symp-
toms of malignancy such as lymphoma are 
of concern.

TREATMENT
Surgical treatment is typically reserved for 
cases of obstructive sleep apnea and recur-
rent/chronic tonsillitis. Tonsillectomy has 
been also shown to be effective for obstruc-
tive dysphagia when modified barium swal-
low demonstrates the tonsils to be the 
primary source of obstruction. Treatment 
involves removal of the tonsils and/or ade-
noids under general anesthesia (Figure 28.2).

Acute suppurative 
pharyngitis/tonsillitis

DEFINITION AND CLINICAL FEATURES
Suppurative pharyngitis may be defined 
as pharyngitis with visible exudate and is 
typically associated with reactive tonsillar 
hypertrophy. The vast majority of pharyn-
gitis is caused by a host of viral entities, 
and although exudates can be present with 
viral infections, bacterial infections such 
as that seen with group A streptococcus 
tend to produce more exuberant exudates. 

Viral pharyngitis is more likely to present 
as multifocal or diffuse respiratory or sys-
temic symptoms, whereas bacterial infec-
tions alone tend to be localized. Fevers, 
malaise, odynophagia, and dehydration 
may be seen with either form of pharyngitis.

DIFFERENTIAL DIAGNOSIS
Viral pharyngitis, streptococcal pharyngi-
tis, mononucleosis, influenza, peritonsillar 
abscess, chronic tonsillitis.

WORKUP
Throat swab with culture and rapid strep 
analysis. For negative cultures but pro-
longed symptomatology, monospot/EBV 
studies may be performed.

TREATMENT
Supportive care is essential, to include 
adequate hydration and antipyretics. With 
progressive symptoms or positive throat 
culture, directed antimicrobial therapy is 
recommended. Group A streptococcal infec-
tions may be treated with oral penicillin V 

Figure 28.2 Marked tonsillar hypertrophy in 
a patient undergoing adenotonsillectomy for 
obstructive sleep apnea.
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or amoxicillin as first-line agents. Admission 
may be required if oral intake is insufficient, 
and intravenous fluids, intravenous antibi-
otics, and appropriate pain control should 
be delivered. For airway obstruction and/
or persistently severe cases, intravenous cor-
ticosteroids may be very useful to decrease 
acute pharyngeal edema and increase com-
fort. Tonsillectomy is rarely done emer-
gently and is typically reserved for recurrent 
or chronic cases of tonsillitis (Figure 28.3).

Peritonsillar abscess

DEFINITION AND CLINICAL FEATURES
A peritonsillar abscess is an abscess localized 
to the peritonsillar space. This is typically 
preceded by acute pharyngitis and presents 
with increasing pain, dysphagia, and pro-
gressive inability to take anything by mouth 
over course of several days time. Abscesses 
are unilateral in nature, with clinical exam 
revealing unilateral protrusion of the tonsil 

on the affected side, commonly in associa-
tion with ipsilateral soft palate bulging and 
uvular deviation. Progression to the para-
pharyngeal and/or retropharyngeal space is 
possible, which may be suspected if symp-
toms progress to include trismus.

DIFFERENTIAL DIAGNOSIS
Acute tonsillitis, asymmetric tonsils, mono-
nucleosis, parapharyngeal abscess, parapha-
ryngeal or tonsillar tumors.

WORKUP
Workup should include workup of sup-
purative pharyngitis as well as ENT con-
sultation. Imaging is not necessary in 
most classic cases of pediatric peritonsillar 
abscesses. Cases that may require imaging 
include suspected abscesses in adults or any-
one with an atypical history, time course, 
risk factors, or symptoms, which may sug-
gest tumors or spread outside the peritonsil-
lar space. Depending on the suspicions, CT 
scan with or without contrast or MRI may 
be most helpful. ENT consultation prior to 
imaging is recommended to determine opti-
mal imaging, if any.

TREATMENT
Incision and drainage under local or general 
anesthesia, depending on patient tolerance, 
is typically curative, and symptoms tend to 
resolve rapidly after drainage. Needle aspi-
ration has been performed successfully in 
many studies as an alternative to incision 
and drainage although no comparison stud-
ies have been performed. Repeat peritonsil-
lar abscesses may be managed with repeat 
incision and drainage with either concurrent 
or delayed tonsillectomy to prevent further 
occurrences (Figure 28.4).

Retropharyngeal abscess

DEFINITION AND CLINICAL FEATURES
Abscesses in the retropharyngeal space 
most commonly occur in toddlers and 

Figure 28.3 Acute suppurative tonsillitis.
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young children, as a result of suppura-
tion of a retropharyngeal lymph node. In 
older children and adults, retropharyn-
geal abscesses may be more likely to result 
from direct spread from parapharyngeal 
space infections. Presentation is typically 
characterized by progressive odynophagia, 
dysphagia, and/or food aversion, in con-
junction with fevers. Drooling, neck stiff-
ness, and airway obstructive symptoms may 
evolve as the problem progresses. Clinical 
exam reveals a patient who appears ill, 
irritable, and lethargic and may be drool-
ing. Trismus is often present if the infec-
tion involves the parapharyngeal space. 
Oropharyngeal exam may be difficult and 
may appear normal, although careful oro-
pharyngeal exam with headlight and a 
trained eye may reveal asymmetry of the 
posterior pharyngeal wall.

DIFFERENTIAL DIAGNOSIS
Acute tonsillitis, parapharyngeal abscess, 
masticator space abscess, mononucleosis, 

foreign body ingestion ± pharyngeal trauma, 
tumor of the retropharyngeal or parapha-
ryngeal space.

WORKUP
Lateral neck radiographs are quick and 
inexpensive and may reveal thickening of 
the retropharyngeal tissue. CT scan with 
contrast is useful if high level of suspicion. 
Throat and blood cultures may help direct 
antibiotic therapy.

TREATMENT
Small fluid collections may resolve on con-
servative therapy alone with aggressive IV 
hydration, antibiotics, and close monitor-
ing. Expedited incision and drainage should 
be pursued for larger fluid collections, 
impending airway obstruction, progressively 
worsening symptoms, or failure to improve 
on conservative therapy. Most retropharyn-
geal abscesses may be approached from a 
transoral approach, although extensive or 
refractory cases may require formal external 
transcervical drainage with temporary drain 
placement (Figures 28.5 and 28.6).

Figure 28.4 Right peritonsillar abscess: Note 
swelling and erythema of the ipsilateral soft pal-
ate; palpation reveals fluctuance in this region.

Figure 28.5 Sagittal CT scan  demonstrating 
rim-enhancing fluid collection in 
 retropharyngeal space.
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Base of tongue/vallecular cyst

DEFINITION AND CLINICAL FEATURES
A vallecular cyst is a cystic lesion arising 
from the base of the tongue or vallecula. The 
presentation varies from asymptomatic and 
noticed on imaging or direct laryngoscopy 
to stridor, respiratory distress, dysphagia, 

and failure to thrive. Cysts may be simple or 
complex and most commonly arise from a 
blocked salivary gland.

DIFFERENTIAL DIAGNOSIS
Thyroglossal duct cyst, lingual thyroid, vas-
cular or lymphatic malformation, teratoma, 
laryngocele, foregut duplication cyst.

WORKUP
Direct visualization in the operating room 
with or without biopsy is recommended. 
For midline cysts, an ultrasound of the 
thyroid is useful to ensure the presence of 
a normal thyroid gland and to evaluate the 
path of the thyroglossal duct. For unusual 
cases, CT or MRI may be chosen to evaluate 
involvement of surrounding structures or to 
rule out lymphatic malformation.

TREATMENT
Treatment is necessary only if symptomatic. 
Complete excision versus marsupialization 
via a transoral approach is typically suf-
ficient with sharp techniques or CO2 laser 
assistance. Due to location, endoscopic 
assistance with angled telescopes may be 
helpful for visualization (Figure 28.7).

Figure 28.6 Intraoperative photo of  posterior 
pharynx with left-sided  retropharyngeal 
abscess. Dotted line = midline. RPA, 
 retropharyngeal abscess; U, uvula.

Figure 28.7 Vallecular cyst as seen on direct laryngoscopy. The endotracheal tube is visualized 
passing posterior to the epiglottis. VC, cyst; E, epiglottis; T, tonsil.
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Ranula

DEFINITION AND CLINICAL FEATURES
A ranula is a term to describe a mucous 
retention cyst in the floor of the mouth. 
Typically, these are thought to occur 
from minor trauma to a duct associated 
with sublingual glands or, less commonly, 
minor salivary glands or the submandib-
ular gland. Trapped mucoid secretions 
accumulate and form a cystic mass that 
can cause displacement of the floor of the 
mouth structures and tongue. Ranulas 
typically present as an asymptomatic floor 
of mouth swelling, which is lateral to 
midline and fluctuant and may take on a 
translucent or “blue” hue. Deeper ranulas 
may expand inferiorly around the myelo-
hyoid muscle into the neck and present as 
a neck mass. These are often referred to as 
“plunging ranulas.” Ranulas may become 
secondarily infected or burst and lead to 
recurrent swelling.

DIFFERENTIAL DIAGNOSIS
Vascular or lymphatic malformation, epider-
mal inclusion cyst, dermoid cyst.

WORKUP
Although physical exam may be sufficient 
for small or superficial ranulas, MRI is 
useful in defining soft tissue involvement 
in larger or complex ranulas. If the ranula 
appears to be associated with a concurrent 
mass, biopsy may be indicated. Fine needle 
aspiration of the fluid with analysis may aid 
in differentiation between ranula and lym-
phatic malformation.

TREATMENT
Surgical treatment of ranulas is indicated if 
symptomatic and typically involves removal 
of the sublingual gland on the affected side. 
In certain cases, marsupialization of the cyst 
may be sufficient although complete exci-
sion of the gland is the preferred method 
(Figure 28.8).
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Neck Disease
Lorien M. Paulson

Branchial cleft cyst

DEFINITION AND CLINICAL FEATURES
Branchial cleft cysts (BCCs) or sinuses rep-
resent remnants of ectodermal clefts, which 
serve to separate the pharyngeal arches 
during embryogenesis. When they fail to 
completely obliterate, a cyst or tract with 
epithelial lining may form at any point along 
the tract. When this is continuous with the 
skin, this is often visualized externally as 
a pit and is termed a sinus or, if continu-
ous with the pharynx, is termed a fistula. If 
no external tract is identified, the cyst may 
present simply as a neck mass. Presentation 
varies and may present as asymptomatic 
pits, recurrent drainage, recurrent swelling, 
or progressive swelling. They may become 
infected and the patients often present with 
recurrent infections, which may have been 

initially treated with incision and drainage. 
BCCs typically present at any point through-
out childhood but occasionally cysts do not 
become evident until adulthood.

Most branchial cleft anomalies arise 
from the second branchial cleft (90%–95%), 
which typically present as a submandibular 
mass, with external openings or pits, which 
may occur anywhere along the anterior 
border of the sternocleidomastoid muscle. 
Internally, the tract may open into the ton-
sillar fossa. First BCCs (5%–8%) may present 
either as postauricular swelling or abscess 
due to a duplication of the external auditory 
canal (type I) or as a preauricular, parotid, 
or submandibular mass (type II) with a tract 
passing through the parotid gland. Third 
and fourth BCCs are rare, predominantly 
left sided, and present most commonly as 
posterior triangle masses. Their courses lie 

•   Branchial cleft cyst

•   Lymphangioma

•   Thyroglossal duct cyst

•   Neck abscess/suppurative lymphadenitis
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posterior to the common carotid artery and 
enter the pharynx at the level of the pyri-
form sinus.

DIFFERENTIAL DIAGNOSIS
Suppurative lymphadenitis, thymic cyst, 
thyroglossal duct cyst (TDC), dermoid cyst, 
vascular malformation, laryngocele, sialo-
cele, sialadenitis, cystic metastasis.

WORKUP
A CT scan is often useful in delineating 
the extent of the tract. Bilateral BCCs or 
sinuses may be associated with branchio-
oto-renal syndrome, and therefore, oto-
logic evaluation including an audiogram 
and renal evaluation including renal ultra-
sound, urinalysis, and serum electrolytes are 
recommended.

TREATMENT
Complete surgical excision of the tract with 
ligation at the level of the pharynx is curative, 
and the procedure varies based on location 
and extent of the tract. Direct laryngoscopy 
should be performed before or at the time 
of excision to confirm or deny an open tract 
into the pharynx. Cannulation with lacrimal 
probes or infiltration with methylene blue 
may help in aiding the identification of the 
tract intraoperatively. Occasionally, com-
plete excision may be difficult due to loca-
tion, scarring, inflammation, or persistent 
pharyngeal communication. Pharyngeal 
tracts seen on direct laryngoscopy may be 
cauterized circumferentially to induce scar-
ring and prevent flow of saliva into the tract. 
In the case of second BCCs, a tonsillectomy 
may be required to access the pharyngeal 
opening (Figures 29.1 and 29.2).

Lymphangioma

DEFINITION AND CLINICAL FEATURES
Lymphangioma, otherwise referred to as 
lymphatic malformation or cystic hygroma, 
is a type of vascular malformation, which is 
formed from ectopic lymphatic channels that 

become sequestered during lymphatic devel-
opment in the embryo. Disordered growth 
leads to multiloculated cyst formation, 
which may be characterized as microcystic 
or macrocystic, or a combination of both. 
They present as a soft, nontender, irregular, 
fluctuant mass and most commonly occur in 
the soft tissues of the neck, throat, or lower 
face (75%–80%). They are typically diag-
nosed before the age of 2 and are the most 
common congenital lesion of the posterior 
cervical triangle. Lymphangiomas generally 
grow slowly with time but may fluctuate or 
swell rapidly in settings of increased lymph 
production such as during viral illnesses or 
with spontaneous or traumatic intralesional 
hemorrhage.

DIFFERENTIAL DIAGNOSIS
Venous malformation, hemangioma, arterio-
venous malformation, BCC, TDC,  thymic 
cyst, ranula

WORKUP
MRI with and without contrast will in most 
cases confirm the diagnosis and delineate 
the extent of involvement. Direct or indirect 
laryngoscopy may be useful to determine 
parapharyngeal involvement.

Figure 29.1 Second branchial cleft cyst.
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TREATMENT
Treatment depends on symptoms and loca-
tion. Patients with large lymphangiomas 
of the neck or pharynx, particularly in 
the suprahyoid region, have the potential 
to present with a difficult airway and may 
require tracheostomy for airway protection. 
Complete excision can be curative, although 
it is often extremely very difficult due to the 
infiltrative nature, irregular borders, and 
irreverence for soft tissue planes, making 
only partial excision possible in many cases. 
Sclerotherapy under ultrasound or x-ray 
guidance is useful for macrocystic lesions 
or macrocystic portions of the tumor but is 
generally unsuitable for microcystic tumors. 

Patients who undergo sclerotherapy typi-
cally require multiple treatments over time, 
and although sclerotherapy may decrease 
the size of the tumor, it is not curative 
(Figures 29.3 and 29.4).

Thyroglossal duct cyst

DEFINITION AND CLINICAL FEATURES
TDCs occur when a portion of the primi-
tive thyroglossal duct fails to involute 
completely. Although commonly located 
in the midline just anterior or inferior to 
the hyoid bone, cysts may be found any-
where along the embryologic descent of 

Figure 29.2 CT scan with contrast demonstrating fluid-filled cyst in the expected location of a 
third branchial cleft cyst. Axial CT scan with contrast demonstrating two sections of a fluid-filled 
cyst with a portion deep to the SCM and immediately adjacent to the airway, consistent with a 
third branchial cleft cyst.
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the thyroid, from the foramen cecum at 
the base of the tongue to its distal posi-
tion at the pyramidal lobe of the thyroid 
gland. TDCs commonly present as pain-
less midline enlarging masses, although 
they are reported as paramedian in 
approximately 25% of cases. They typi-
cally elevate with tongue protrusion. They 
may become infected and swell acutely or 
rupture. Rarely, TDCs are associated with 
malignancy, typically papillary thyroid car-
cinoma, which is found within an approxi-
mately 1% of excised specimens.

DIFFERENTIAL DIAGNOSIS
Dermoid cyst, teratoma, suppurative lymph-
adenitis, BCC, thymic cyst, vallecular cyst.

WORKUP
Serum TSH levels, as well as a thyroid and 
neck ultrasound, should be performed to 
evaluate the presence of a functionally and 
anatomically normal thyroid gland and to 
confirm the cyst anatomy. Occasionally, 
ectopic thyroid tissue may be present within 
the cyst, at the base of the tongue, or along 
the course of the duct, and occasionally, this 
tissue may represent the patient’s only func-
tional thyroid. If the ultrasound suggests 
abnormal thyroid anatomy, thyroid scintig-
raphy may be performed.

TREATMENT
Excision of the cyst alone has been found to 
lead to unacceptably high rates of recurrence, 
ranging from 38% to 70%. Surgical exci-
sion via a Sistrunk procedure is the recom-
mended procedure, to minimize the chance 
of recurrence. In this procedure, the cyst is 
removed along with the central portion of 
the hyoid bone and the entire thyroglossal 
duct, which tracks from the pyramidal lobe 
of the thyroid gland to the foramen cecum 
at the base of the tongue. Recurrence using 
this technique in the literature ranges from 

Figure 29.3 Lymphangioma of the left 
 posterior triangle.

Figure 29.4 MRI scan T1-weighted image 
demonstrating multiloculated cyst in the left 
posterior triangle.

Figure 29.5 Thyroglossal duct cyst.
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2.6% to 5%. Aside from recurrence, risks 
include infection, pharyngocutaneous fis-
tula, and injury to the hypoglossal nerve 
(Figures 29.5 and 29.6).

Neck abscess/suppurative 
lymphadenitis

DEFINITION AND CLINICAL FEATURES
Suppurative lymphadenitis is the most 
common cause of neck abscesses in chil-
dren. This occurs from bacterial superin-
fection of a cervical lymph node, typically 
days to weeks after viral or bacterial URI, 
which subsequently results in central 
necrosis and pus accumulation within the 
node. Presentation typically involves pro-
gressive lateral neck swelling, with varying 
degrees of erythema. Fluctuance may be 
appreciated in superficial or large abscesses.

DIFFERENTIAL DIAGNOSIS
Lymphadenopathy with or without phleg-
mon, infected BCC, TDC, cat-scratch dis-
ease, scrofula (tuberculous lymphadenitis), 
lymphoma.

WORKUP
Simple suppurative lymphadenitis can be 
diagnosed by exam, CBC with differential, 

and neck ultrasound. More complex or 
deeper abscesses may require CT scan with 
and without contrast, which reveals a rim-
enhancing fluid collection and surrounding 
lymphadenopathy. If purulence is obtained, 
culture and sensitivities should be ordered.

TREATMENT
Admission to the hospital and intrave-
nous antibiotics are necessary. Because the 
implicated pathogen in most acute cases is 
Staphylococcus aureus or Streptococcus pyo-
genes and the increasing incidence of meth-
icillin-resistant and clindamycin-resistant S. 
aureus has been reported in this disorder, 
antibiotic coverage should be specifically 
tailored to culture results when possible. 
When culture results are not available, local 
antibiograms may be useful in determin-
ing antibiotic susceptibility. Small abscesses 
less than approximately 2.0–2.5  cm may 
improve with IV antibiotics alone, and 
many advocate an initial trail of medi-
cal management for these lesions. Larger 
abscesses or those that do not respond to 
conservative treatment should be managed 
with incision and drainage with temporary 
drain placement (Figures 29.7 and 29.8).

Figure 29.6 Thyroglossal duct cyst during 
excision.

Figure 29.7 Suppurative lymph node in the 
anterior triangle.
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Acute bacterial 
sialadenitis/parotitis

DEFINITION AND CLINICAL FEATURES
Bacterial sialadenitis is an infection of the 
salivary glands, most commonly seen in the 
submandibular and parotid glands. Patients 
typically report several days of progressive uni-
lateral pain and swelling of the affected gland, 
which worsens with eating and chewing. Fever 
and lymphadenopathy on the affected side 
are common. There may be a prior history of 
intermittent swelling of the gland, which raises 
suspicion for salivary duct stones or strictures.

DIFFERENTIAL DIAGNOSIS
Sialolithiasis, mucous retention cyst, 
mumps, HIV parotitis, Sjögren’s syndrome, 
salivary tumor, suppurative lymphadenitis, 
first or second BCC.

WORKUP
A thorough exam should include examina-
tion of salivary flow through Wharton’s and 

Stenson’s ducts and palpation of the course of 
the duct to evaluate for masses or stones. Plain 
films may demonstrate radiopaque stones, 
although this cannot be ruled out with a neg-
ative study. CT or MRI should be reserved 
for complicated patients or where abscess or 
tumor is suspected. Sialography is a simple 
technique and may be considered to evaluate 
the ductal system in recurrent cases, although 
this may be poorly tolerated in young children.

TREATMENT
First-line treatment for simple sialadenitis is 
oral antibiotics, warm compresses, regular 
massage of the gland, and sialogogues (such 
as sugar-free lemon drops) to stimulate sali-
vary production. Antibiotic choice should 
include coverage for S. aureus and oral flora, 
including anaerobes. Recurrent sialadenitis 
may indicate obstruction of the salivary duct 
by stones, strictures, or scar tissue. Small 
stones near the duct orifice may be removed 
in the office in compliant patients via incision 
of the duct to the location of the stone. In 
proximal obstruction, ductal dilation with or 
without sialoendoscopy may be performed. 
Stones and mucous plugs may be removed 

Figure 29.8 CT scan with contrast 
 demonstrating rim-enhancing fluid collection 
and lymphadenopathy.

Figure 29.9 Asymmetric right parotid gland 
with diffuse post contrast enhancement on MRI 
consistent with  acute sialoadenitis.
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with irrigation and endoscopic baskets or for-
ceps via the sialoendoscope. Finally, complete 
excision of the affected gland is curative in 
refractory cases (Figures 29.9 and 29.10).
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CHAPTER 30

Craniofacial 
Disorders
Amelia F. Drake and Brent Golden

Down syndrome

DEFINITIONS AND CLINICAL FEATURES
Down syndrome is the condition of dupli-
cation of the 21st chromosome or a trans-
location at this site and is also referred to 
as trisomy 21. The incidence of this condi-
tion is 1/700 live births making it the most 

common birth condition in the United 
States. In fact, some studies show that an 
increasing prevalence may be occurring in 
this country, especially in women over the 
age of 35.

Shott and others have delineated the com-
mon otolaryngologic findings in patients 
with Down syndrome, and these include 

•   Down syndrome

•   Pierre Robin sequence

•   Cleft lip

•   Cleft palate

•   Craniofacial synostosis

•   Mandibulofacial dysostosis

•   CHARGE association

•   Chromosome 22q deletion syndrome

•   Congenital nasal pyriform aperture stenosis

•    Oculo-auriculo-vertebral spectrum 
(craniofacial microsomia)

•   Suggested reading
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small ear canals, small nasal passages and 
oropharynx, and relatively large-appearing 
tongue. The tongue is not as large as it 
appears but is located in the small orophar-
ynx and oral cavity, giving the appearance of 
macroglossia.

DIFFERENTIAL DIAGNOSIS
The definitive diagnosis of Down syndrome 
is by karyotype of the chromosomes, indi-
cating duplication of a part or all of chromo-
some 21 or translocation at this area. Several 
features, including the presence of epican-
thal folds, a relatively large tongue, and 
single palmar creases, suggest the diagnosis.

WORKUP
Once a child is diagnosed with Down syn-
drome, certain concerns arise, including the 
high incidence of congenital heart disease, 
which can be evaluated with an echocardio-
gram and exam. Conductive hearing loss 
can also be an issue relating to Eustachian 
tube dysfunction or to ossicular abnormali-
ties. Hearing assessment is important over 
time. Monitoring of growth and develop-
ment should be done on separate growth 
charts existing for children with trisomy 21, 
as height and weight expectations are dif-
ferent. Next, polysomnogram can indicate if 
sleep disturbances exist.

TREATMENT
Treatment of the patient with Down syn-
drome should be directed at the clinical pre-
sentation, whether cardiac, respiratory, or 
developmental in nature. Otolaryngologic 
care includes determination of hearing and 
addressing breathing issues. Otologic care 
includes optimization of hearing, as conduc-
tive hearing loss can be corrected with tubes, 
when appropriate, hearing amplification, or 
surgery. The relative macroglossia and small 
oropharynx predispose to a higher incidence 
of obstructive sleep apnea. Weight issues, 
when present, can certainly exacerbate this.

Last, educational progress is an area 
where Down syndrome children may benefit 

from an “individualized educational plan” 
to address areas of concern (Figure 30.1).

Pierre Robin sequence

DEFINITIONS AND CLINICAL FEATURES
Robin sequence (RS) is a phenotype com-
prised of the triad of micrognathia, glossop-
tosis, and airway obstruction (Figure 30.2). 
Highly associated with the condition is also 
a cleft of the palate that is characteristically 
U-shaped, although this is not universally 
viewed as a defining feature (Figures 30.3 
and 30.4). Pierre Robin, a French stomatol-
ogist, was not the first to describe this asso-
ciation, since St. Hilaire reported a case over 
100 years prior, but he is credited for bring-
ing the condition to prominence and dem-
onstrating the significant negative impact of 
its features.

The sequence is felt to originate with 
mandibular hypoplasia, which then leads 
to glossoptosis causing airway obstruction 
and cleft palate. Mandibular hypoplasia may 
result from external deformational causes 
or intrinsic malformation. Unfortunately, 
there is no set definition for what consti-
tutes pathologic mandibular hypoplasia in 
the infant, and some degree of relative man-
dibular hypoplasia is considered normal. 
Taken together with the variability in fea-
tures used to define RS, it is not surprising 
that the condition is subsequently hetero-
geneous with many different associations. 
Despite this, it is generally felt to be one of 
the more common birth anomalies occur-
ring between 1/3,000 and 1/14,000.

DIFFERENTIAL DIAGNOSIS
RS is highly associated with syndromic diag-
noses or features, and these cases account for 
about 50% of the total. The most frequently 
identified syndromes are the collagenopa-
thies, of which Stickler syndrome is the 
most common occurring in 14% of infants 
with RS. Less commonly, the 22q11.2 dele-
tion syndrome is concurrent. The remain-
der represents isolated RS with no known 



Craniofacial Disorders 437

associated anomalies. The condition must 
be differentiated from other craniofacial 
syndromes with known micrognathia.

WORKUP
The workup for RS requires a multidisci-
plinary approach involving the neonatologist, 
geneticist, pediatric otolaryngologist, pedi-
atric pulmonologist, pediatric craniofacial 

surgeon, and speech therapist or occupa-
tional therapist specialized in infant feeding.

The initial concern in evaluating a child 
with RS is airway assessment and stabiliza-
tion. Pulse oximetry, CO2 monitoring, and 
inpatient monitoring are useful adjuncts 
in the newborn. Infants that appear  to 
have a stable airway in the first days of  life 
may exhibit a decline in status over the 

(a)

(b)

Figure 30.1 (a) Facial features of a girl with Down syndrome. (b) Facial features of a boy with 
Down syndrome.
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early  weeks. Bedside clinical airway evalu-
ation with or without laryngoscopy by the 
neonatologist and pediatric otolaryngolo-
gist may be sufficient for the mild to mod-
erately affected cases early on. More severely 
affected cases or those with complicated 
courses may require intubation accompa-
nied by direct laryngoscopy and bronchos-
copy to direct therapy.

One-third to half of children with RS 
will exhibit problems with feeding signifi-
cant enough to require gastric tube feeding. 
Assessment and cooperation with a speech 
therapist specializing in infant feeding are 
beneficial. Exacerbating feeding problems 
may be aspiration or reflux. Airway stabili-
zation interventions are not primarily aimed 
at improving feeding, and some successfully 
treated for airway compromise will still need 
gavage support. Fortunately, the need for 
gastric tube nutrition rarely continues after 
the first year of life.

TREATMENT
Nonsurgical airway management is suc-
cessful in the great majority of cases, 
perhaps as many as 70%. Prone or lateral 
positioning with airway monitoring may 
be sufficient without additional mea-
sures in half of affected children. In those 
who fail positioning with predominantly 
tongue base obstruction, a modified naso-
pharyngeal airway (NPA) can provide 

Figure 30.4 U-shaped cleft palate in Robin.

Figure 30.3 Less affected mandible in Robin.

Figure 30.2 Small mandible with airway 
compromise in a patient with other craniofacial 
malformations.
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adequate airway patency. With adequate 
education, parents can provide the care 
necessary to maintain a NPA at home for 
improved quality of life. Discontinuation 
of therapy is considered once the pediatric 
otolaryngologist determines the airway is 
sufficiently improved.

For infants with RS in whom neither 
positioning nor NPA therapy is sufficient, 
or in those who require intubation early 
on, surgical therapies may be the most pre-
dictable option. Prior to surgical therapy, 
direct laryngoscopy and bronchoscopy are 
required to evaluate for degrees of tongue 
base obstruction, laryngomalacia, tracheo-
malacia, or bronchial stenosis. The types 

of surgeries that have been utilized include 
tongue–lip adhesion, infant mandibular 
distraction osteogenesis, and tracheostomy 
(Figure 30.5).

Tongue–lip adhesion is meant to prevent 
the retrodisplacement of the tongue base 
by anchoring the anterior ventral tongue 
to the lower lip. Its effectiveness is debated 
and wound breakdown can be troublesome. 
Mandibular distraction osteogenesis is a sur-
gical means of increasing posterior airway 
space by elongating the mandible and thereby 
advancing the tongue. Over the course of 
one to three weeks, the mandible can be 
incrementally elongated with internal or 
external devices. After a consolidation phase, 

(a) (b)

(c)

Figure 30.5 (a) Grade I laryngoscopy. (b) Grade IV laryngoscopy in neonate with PRS. (c) Flexible 
endoscopy in neonate with PRS and tongue-based airway.
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the distractors are removed. Depending on 
the technique, distraction procedures may 
place at risk developing tooth buds, the tri-
geminal nerve sensory innervation of the 
lower lip and chin, and the marginal man-
dibular motor innervation to the lower lip. 
Tracheostomy remains the gold standard for 
complete relief of airway obstruction, but 
morbidity and mortality remain real con-
cerns. Palate repair typically is performed 
at the same time as isolated cleft palate, 
between 9 and 18 months based on speech 
development (Figure 30.6).

Cleft lip

DEFINITIONS AND CLINICAL FEATURES
An orofacial cleft represents the most com-
mon congenital craniofacial abnormality 
occurring approximately in 1 in every 550 
live births. The incidence of a cleft of the 
lip with or without palate varies consider-
ably based on geography and racial variabil-
ity. The defect occurs as a result of a failure 
of the median nasal process to fuse with 
the maxillary process during the sixth week 
of development. The subsequent structural 
abnormalities have implications for both 
form and function that may negatively 

affect deglutition, respiration, speech, 
hearing, occlusion, facial appearance, and 
psychosocial development. To optimally 
address the complexity of effects, a multi-
disciplinary approach blending therapy and 
surgery is required. Since surgical interven-
tions may have negative effects on growth, 
a staged surgical approach throughout 
childhood is required triggered by specific 
developmental goals.

The affected facial structures in the 
nasolabial cleft are displaced and variably 
hypoplastic, but largely present. Disruption 
of the nasolabial musculature is marked by 
abnormal orientation and insertion of the 
cleft side transverse muscles of the nose, 
levator muscles of the upper lip, and orbicu-
laris oris muscle complex. In the unilateral 
cleft, the non–cleft side muscles have grossly 
normal insertions, but the resulting imbal-
ance manifests in distortion of maxillary and 
nasal form bilaterally. Splaying of the alar 
base, inferior displacement of the alar rim, 
deviation of the nasal tip, and irregularity 
of the caudal nasal septum characterize the 
typical resulting nasal deformity. Abnormal 
fibrous insertions exist between the lateral 
crus of the lower lateral cartilage and the 
lateral piriform rim on the cleft side. In the 

Figure 30.6 CT demonstrating micrognathia and tongue-based airway obstruction; 
a  tracheostomy has been placed to secure the airway.
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bilateral cleft lip, the nasal tip is depressed, 
and the premaxillary segment can be vari-
ably displaced.

The upper jaw is deformed by the osseous 
discontinuity at the nasal base and dental 
alveolus, and dental anomalies are common. 
A missing lateral incisor is the most common 
finding occurring about 50% of the time, 
and missing second premolar teeth on the 
side of the cleft are increased in incidence 
as well. In a large minority of cases, super-
numerary teeth complicate dental eruption.

DIFFERENTIAL DIAGNOSIS
In greater than 70% of cases, cleft lip with 
or without palate is an isolated birth defect 
that is not associated with any specific 
genetic diagnosis. The etiology of most 
isolated clefts of the lip is thought to be 
heterogeneous and multifactorial includ-
ing genetic factors and environmental. The 
remainder may be related to one of more 
than 300 syndromic associations. Such 
syndromes that are most likely to be seen 
include trisomy chromosomal aberrations, 
the autosomal dominant Van der Woude 
with lip pit associations, and ectodermal 
dysplasia–clefting.

WORKUP
Initial evaluation for the child born with a 
cleft of the lip with or without palate should 
include a thorough family history and clini-
cal exam. Any associated anomalies or posi-
tive history should trigger the involvement 
of a pediatric geneticist for more compre-
hensive assessment.

The full weight of evaluating the cleft 
patient is distributed throughout childhood 
and into adolescence with interdisciplin-
ary contributions that are simultaneously 
applied, but variably emphasized. Early in 
childhood, hearing, speech development, 
and dental health assessments predominate. 
Middle childhood often represents a transi-
tion to maxillofacial and orthodontic man-
agement. Psychosocial and developmental 
assessments should be ongoing.

TREATMENT
The child with a cleft of the lip will require 
surgery to reorient and reconstruct the 
cutaneous structures of the upper lip and 
oral mucosa, the musculature of the oral 
sphincter and nasal base, and the nasal carti-
laginous framework. The rotation advance-
ment technique popularized by Millard 
remains the most common approach to 
primary surgical intervention for the uni-
lateral cleft. In this approach, the medial 
cleft margin is rotated down and the repair 
incision inferiorly matched to the expected 
position of the philtral column. The lateral 
cleft lip is advanced to meet the medial lip 
and to fill any deficiency of tissue high in the 
philtrum below the columella. A preserved 
C-flap can be used to minimize the need 
for this advancement below the columella or 
to augment the nasal floor reconstruction. 
Bilateral cleft lip repair requires preservation 
of appropriate prolabial skin and mucosa, 
advancement of the lateral lip elements to fill 
the cleft defects, and recreation of a Cupid’s 
bow by recruiting vermillion and white roll 
from the lateral lips. Aggressive nasal recon-
struction in the infant is to be approached 
with caution. Closed treatment with release 
of the lower lateral cartilages from abnor-
mal insertions from inside the lip incisions 
followed by resuspension using pexy sutures 
or bolsters is perhaps the most predictable 
approach, understanding that open tech-
nique secondary rhinoplastic intervention 
later in life is likely (Figure 30.7).

Figure 30.7 Infant with unrepaired bilateral 
cleft lip.
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When a palatal cleft is present, treatment 
proceeds as noted in the “Cleft Palate” section.

Since the development of the upper jaw 
is embryologically related to the upper lip, 
it is expected that bone graft construction 
of the cleft maxilla and palate will be ben-
eficial in almost all patients with a cleft lip. 
In any case where there is insufficient bone 
to support erupting teeth, bone grafting is 
required. The primary objectives of bone 
grafting are to unify the maxilla, close any 
oronasal fistula, provide adequate bone to 
support eruption and orthodontic treat-
ment of adult teeth, and provide appropriate 
nasal base support and symmetry. The ideal 
time for treatment is when the developing 
adult tooth adjacent to the cleft has a root 
that is half to two-thirds formed.

In addition to these primary reconstruc-
tions, some children will benefit from sec-
ondary interventions. Normalization of lip 
and nasal form may require a soft tissue 
revision of lip scars and proportions later 
in childhood. Secondary rhinoplasty in 
young adulthood is relatively common and 
is to be expected for bilateral cleft deformity 
(Figure 30.8).

Cleft palate

DEFINITIONS AND CLINICAL FEATURES
An orofacial cleft represents the most com-
mon congenital craniofacial abnormality 
occurring approximately in 1 in every 550 

live births. The incidence of a cleft palate 
alone is closer to 1 in 2000, and interestingly, 
the occurrence is homogenous across racial 
populations. The defect occurs as a result 
of a failure of the palatal shelves to fuse or 
maintain fusion in the midline of the max-
illa. The subsequent structural abnormalities 
have implications that may negatively affect 
deglutition, respiration, speech, hearing, 
occlusion, facial appearance, and psychoso-
cial development. To optimally address the 
complexity of effects, a multidisciplinary 
approach blending therapy and surgery is 
required. Since surgical interventions may 
have negative effects on growth, the surgi-
cal approach is organized around specific 
developmental goals, specifically speech and 
language acquisition (Figure 30.9).

The affected oral structures in the palatal 
cleft are displaced and variably hypoplastic, 
but largely present. Disruption of the pala-
tal musculature is dominated by abnormal 
orientation and insertion of the levator veli 
palatini, tensor veli palatini, and palatopha-
ryngeus and palatoglossus muscles. Veau 
first recognized this in his cadaver stud-
ies where he described the “cleft muscle” 
and the understanding greatly enhanced 
in clinical practice by Kriens description of 
intravelar veloplasty.

The palate has been classified into two 
parts based on embryologic developmental 

Figure 30.8 Cleft nose deformity.

Figure 30.9 Unrepaired cleft palate.
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patterns. The primary palate constitutes the 
maxilla and dental structures anterior to the 
incisive foramen and is formed by the same 
facial processes that form the lip and nose. 
The secondary palate includes the hard and 
soft palate tissues posterior to the incisive 
foramen and is distinct from the primary 
palate. An isolated cleft palate is complete 
if it extends into the hard palate approxi-
mating the incisive foramen; otherwise, it is 
considered incomplete. Vomerine fusion to 
the palatal shelves may be absent completely, 
present on one side only or present on both 
sides, depending on the degree of involve-
ment (Figure 30.10).

A submucous cleft palate exists when the 
triad of bifid uvula, hard palate notching, and 
midline zona pellucida is present without 
an overt palatal cleft. The muscular disori-
entation continues to define the functional 
problems that may result, primarily velopha-
ryngeal incompetency and Eustachian tube 
dysfunction (Figure 30.11).

DIFFERENTIAL DIAGNOSIS
It is important to remember the distinc-
tion between cleft lip and palate versus cleft 
palate alone. Cleft palate alone is notable 
for having a much greater association with 
syndromes, sequences, or additional mal-
formations, occurring in approximately 

50% of cases. The most notable because of 
frequency are Stickler syndrome, 22q11.2 
deletion syndrome, and Van der Woude 
syndrome. Stickler syndrome is notable for 
ocular findings, hearing loss, midface defi-
ciency, and arthritis. Because of this, early 
ophthalmologic exam in children with RS 
and cleft palate is advisable. The 22q11.2 
deletion syndrome may also commonly be 
associated with cardiac anomalies, charac-
teristic facies, developmental delays, and 
immune deficiencies.

WORKUP
Initial evaluation for the child born with a 
cleft of the palate should include a thorough 
family history and clinical exam. Any asso-
ciated anomalies or positive history should 
trigger the involvement of a pediatric genet-
icist for more comprehensive assessment and 
possible genetic testing.

Figure 30.11 High-arched palate (at times 
mistaken for cleft palate).

Figure 30.10 Lip pits associated with cleft 
palate.
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The full weight of evaluating the cleft 
patient is distributed throughout child-
hood and into adolescence with interdisci-
plinary contributions. Early in childhood, 
hearing, speech development, and dental 
health assessments are most critical. Middle 
childhood often represents a transition to 
maxillofacial and orthodontic management. 
Psychosocial and developmental assessments 
are perpetual.

TREATMENT
The child with an overt cleft of the palate 
will require surgery to reorient and recon-
struct the musculature of the velopharyn-
geal mechanism, to resurface the cleft with 
healthy mucosa, and to eliminate middle ear 
drainage problems. The two most common 
techniques for closure of the palate with 
muscular reconstruction are the straight-
line closure with intravelar veloplasty and 
the double-opposing Z-plasty technique 
of Furlow. In the straight-line closure, the 
hard palate may be closed with an early 
vomerine flap as advocated by Sommerlad, 
by lateral releasing incision in the style of 
von Langenbeck, or by two complete flaps 
pedicled off the descending palatine vessels 
as described by Bardach. The soft palate is 
closed in three layers with oral and nasal 
mucosa lining, a retrodisplaced levator veli 
palatini, and palatopharyngeus muscle sling. 
It is critical to separate this muscle unit 
from the posterior hard palate, from soft tis-
sue attachment to the tensor aponeurosis, 
and from abnormal mucosal attachment to 
allow adequate reconstruction of the velo-
pharyngeal muscle sling. Another means of 
accomplishing the same end is with double-
opposing Z-plasty flaps. Furlow’s descrip-
tion specifically managed the muscles by 
leaving maintaining their relationship to 
the mucosal flaps that are pedicled poste-
riorly allowing for retrodisplacement, clo-
sure under functional tension, and some 
added benefit of palatal lengthening, mild 

sphincteroplasty, and disruption of any 
straight line scarring (Figure 30.12).

Myringotomy with placement of tubes is 
effective for treating Eustachian tube dys-
function, when present, and regular hearing 
checks, otoscopic exam, and tympanograms 
are necessary for longitudinal monitoring.

In addition to the primary reconstruc-
tion, all children benefit from regular devel-
opmental assessment by speech and language 
pathologists. Many will require speech 
therapy to maximize speech outcomes. 
A minority will have persistent velopharyn-
geal dysfunction that leads to secondary 
palatal surgery to lengthen the palate by 
secondary Z-plasty or to recruit extra tissue 
to the area via a pharyngeal flap, sphincter 
pharyngoplasty, or posterior pharyngeal wall 
augmentation.

Surgical repair of the submucous cleft pal-
ate should be pursued only when indicated 
for dysfunctional speech (Figure 30.13).

Figure 30.12 Submucous cleft palate.
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Craniofacial synostosis

DEFINITION AND CLINICAL FEATURES
Apert’s, Crouzon’s, and, less frequently, 
Pfeiffer’s syndrome are some of the syn-
dromes associated with craniofacial synos-
tosis, or premature fusing of the sutures of 
the skull. Apert’s syndrome was described 
in 1906, and Crouzon’s syndrome was ini-
tially described in 1912 in a mother and son 
with exophthalmos, calvarial deformities, 
and facial anomalies. Not only do infants 
with these conditions have early closure of 
their sutures in their craniums, most often 
the coronal suture, but they also have fusion 
of sutures of the cranial base and midface, 
leaving them with shallow orbits and mid-
facial hypoplasia and the characteristic 
exophthalmos, which is a hallmark of these 
conditions.

DIFFERENTIAL DIAGNOSIS
The syndromic craniosynostosis have been 
found to be genetic in cause, with FGFR2 or 
FGFR3 mutations seen in most Crouzon’s 
and Apert’s patients. They are usually 
inherited in an autosomal dominant pat-
tern with variable penetrance or represent a 
new occurrence. Involvement of the hands 
and feet, with severe symmetric syndactyly, 
occurs in Apert’s syndrome. Patients with 
Crouzon can have a milder expression of 
their craniofacial condition and the facial 
features can be subtler.

WORKUP
Imaging, including CT scanning, is gener-
ally performed early to assess the degree of 
synostosis and the timing of intervention. 
Neurodevelopmental assessment is impor-
tant to follow cognition. Routine ophthal-
mologic monitoring can evaluate vision as 
well as evidence of increased intracranial 
pressure over time. Hearing and speech 
evaluations help determine gains in those 
arenas.

TREATMENT
As any baby with potential nasal obstruction, 
an infant with midfacial hypoplasia should 
be monitored closely in the first few weeks of 
life for potential airway concerns and, with 
these, feeding challenges. Supportive care 
may be required early on in life.

Treatment of craniosynostosis is surgical, 
including neurosurgical, to prevent compli-
cations that can occur due to pressure on 
the brain by the limitation of growth of the 
cranium. Ideally, patients with a craniofacial 
condition would be followed by a craniofa-
cial team and have the input of the surgeon, 
the psychologist, the speech pathologist, as 
well as the otolaryngologist. If a cleft pal-
ate presents, it would also be addressed. 
Recently, parameters of care have been out-
lined for craniofacial conditions with cra-
niosynostosis (Figure 30.14).

Figure 30.13 Bifid uvula associated with 
SMCP.
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Mandibulofacial dysostosis

DEFINITIONS AND CLINICAL FEATURES
A patient with mandibulofacial dysostosis 
was first described in 1889 by Berry, an oph-
thalmic surgeon focusing on colobomata of 
the lower eyelid. Treacher Collins, another 
ophthalmologist, presented two cases in 
1900 with similar findings. The term man-
dibulofacial dysostosis appeared in the 1949 
when Franceschetti and Klein began to 
more fully describe the condition and its 
facial characteristics.

Few have understood or characterized 
the deformity more fully than Tessier. In 
his review of over 60 cases, he describes 
the complete form to have typical features 
including the following: slant of the palpe-
bral fissures, coloboma of the lower lateral 
eyelids, absence of the eyelashes medial to 
the coloboma, lateral canthal dystopia with 
shortening of the palpebral fissure, hypo-
plasia or absence of the malar bone, absence 
of the zygomatic arch, and numerous ear 
deformities. Extreme antegonial notching 
of the mandibular body is also characteris-
tic. The incomplete form of the condition 
with expression of lower eyelid notching or 

coloboma combined with malar hypoplasia 
is still considered representative for diag-
nosis. The Nager form of mandibulofacial 
dysostosis (preaxial acrofacial dysostosis) is 
characterized by severe palatal hypoplasia 
and radial limb abnormalities in addition to 
the aforementioned.

The Treacher Collins type of mandibu-
lofacial dysostosis has been characterized as 
most commonly arising from a mutation to 
the TCOF1 gene mapped to chromosome 5. 
The occurrence is felt to be between 1 in 
25,000 and 1 in 50,000 live births. The con-
dition is transmitted in an autosomal domi-
nant fashion. Over half the cases are the 
results of a de novo mutation. Intelligence is 
often average or above average.

DIFFERENTIAL DIAGNOSIS
Mandibulofacial dysostosis must be differ-
entiated from other conditions with lower 
facial hypoplasia such as RS and oculo-
auriculovertebral spectrum disorders. Of 
particular difficulty can be differentiating 
the bilateral form of oculoauriculovertebral 
spectrum disorders that may share in com-
mon mandibular hypoplasia, ear malforma-
tions, and macrostomia.

WORKUP
The workup for mandibulofacial dysosto-
sis requires a multidisciplinary approach 
involving the neonatologist, geneticist, 
pediatric otolaryngologist, pediatric neuro- 
ophthalmologist, pediatric craniofacial sur-
geon, and speech therapist or occupational 
therapist specialized in infant feeding.

The initial concern in evaluating a child 
with mandibulofacial dysostosis is airway 
assessment and stabilization. Airway com-
promise may arise at multiple levels including 
tongue base obstruction from mandibular 
deficiency and increased nasal resistance from 
choanal atresia. Pulse oximetry and inpa-
tient monitoring are useful adjuncts in the 
newborn. Bedside clinical airway evaluation 
with or without laryngoscopy by the neona-
tologist and pediatric otolaryngologist may 

Figure 30.14 Craniofacial synostosis—3D 
reconstruction of CT scan.
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be sufficient. More severely affected cases or 
those with complicated courses may require 
intubation accompanied by direct laryngos-
copy and bronchoscopy to direct therapy. 
Mandibular distraction osteogenesis is used 
in selected cases to prevent tracheostomy or 
accelerate decannulation. Tracheostomy sur-
gery remains the definitive means of airway 
protection.

Formal audiological testing should take 
place in the first days of life. Hearing aids 
should be fitted early on in the child’s life. 
CT scanning to formally characterize the 
craniofacial skeleton and specifically the 
middle and inner ear anatomy should be 
obtained prior to attempts at surgically 
addressing the conductive loss.

Evaluation by a pediatric neuro-ophthal-
mologist is beneficial for comprehensive 
ocular evaluation and to protect the vision 
from unrecognized corneal exposure.

A formal evaluation by a pediatric geneti-
cist is requisite given the heritable nature of 
the condition.

TREATMENT
Craniofacial reconstruction typically requires 
a staged approach based on the develop-
mental progress of the facial skeleton. When 
necessary, cleft palate repair is performed 
around a year of life based on speech devel-
opment. Specific to mandibulofacial dys-
ostosis syndrome, Posnick’s description of 
iterative surgery is most comprehensive. 
Orbitomalar reconstruction is optimally 
performed at or after ages 5–7 coincident 
with maturation of the orbits to near adult 
size. This is typically performed using 
fresh, autogenous nonvascularized grafts to 
reconstruct the lateral orbit and floor, while 
onlay bone grafts of the maxilla and malar 
region augment undercontoured areas. The 
maxillomandibular relationship is most 
predictably addressed through orthogna-
thic surgery with coincident orthodon-
tics during the adolescent years after the 
jaws have largely completed their growth 
potential. Rhinoplastic surgery, soft tissue 

reconstruction of the eyelids, and otoplasty 
are reconstructive options. Treatment of 
conductive hearing loss, when present, 
should occur early by means of either ampli-
fication or surgery (Figure 30.15).

CHARGE association

DEFINITIONS AND CLINICAL FEATURES
CHARGE is an acronym whose letters 
stand  for the constellation of features 
including coloboma, heart defect, atresia of 
the choanae (also known as choanal atresia), 
retarded growth and development, geni-
tal abnormality, and ear abnormality. The 
degree and involvement of malformations 
can vary among people with the disorder. 
The diagnosis of CHARGE syndrome is 
based on a combination of major and minor 
characteristics. The minor characteristics 
include heart defects, slow growth, develop-
mental delay, and cleft lip with or without 
cleft palate. The condition is known as an 
“association” of clinical features, and hence, 
it can be variable in its presentation.

DIFFERENTIAL DIAGNOSIS
As an association of clinical characteristics, 
CHARGE presents in various degrees of 

Figure 30.15 Mandibulofacial dysostosis—3D 
reconstruction of CT scan.
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severity. Infants may present emergently if 
bilateral choanal atresia is present, as they 
are obligate nose breathers.

WORKUP
Most patients have a deletion or mutation 
at the CHD4 gene, though other genetic 
abnormalities can occur. If CHARGE is 
suspected, then attention to the heart, hear-
ing, and renal and overall development is 
important.

TREATMENT
The first procedure necessary for patients 
may be the surgical repair of the choanal 
atresia, when this presents early on. As 
with any condition, the overall health of 
the infant should be assessed, with atten-
tion to feeding and growth. Hearing needs 
can be addressed with tubes or with ampli-
fication, when appropriate. More definitive 

treatments can address the specific abnor-
malities that present (Figure 30.16).

Chromosome 22q 
deletion syndrome

DEFINITIONS AND CLINICAL FEATURES
Chromosome 22q deletion syndrome, also 
known as DiGeorge syndrome, velocardio-
facial syndrome, or Shprintzen syndrome, 
is recognized as a spectrum condition with 
early names used for the various clinical pre-
sentations that may present. Today, support 
groups call for a better understanding of the 
spectrum in order to coordinate research 
and funding. For this microdeletion, the 
potential findings are diverse; these findings 
include psychological; immunologic, espe-
cially T-cell suppression; cardiac; and speech 
abnormalities specifically hypernasality and 
laryngeal webs (Figure 30.17).

1 2 3 4 5

12

181716151413

19 20 21 22 x Y

11109876

Figure 30.16 Karyotype from a patient with DiGeorge syndrome.
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DIFFERENTIAL DIAGNOSIS
The condition is to be considered when 
velopharyngeal insufficiency occurs without 
having a cleft of the palate necessarily appre-
ciated. The abnormal function of the palate 
can more readily be seen on nasendoscopy; 
however, many patients present after exten-
sive speech therapy or adenoidectomy.

WORKUP
The genetic finding of a deletion in the por-
tion of the 22q chromosome can be found 
with fluorescence in situ hybridization, per-
formed with karyotype. Rarely, duplication 
can occur.

As the deletion occurs in the region of 
the chromosome associated with thymic 
dysfunction, an affected patient can have 
abnormal immune function. The “facial” 
aspects of the velocardiofacial syndrome are 
variously described and include a broad nose 
and close-set eyes.

TREATMENT
Treatment of patients with 22q deletion syn-
drome is directed at the area of expression of 
the condition. If cardiac disease is present, 

this is usually diagnosed and addressed in 
early childhood. Velopharyngeal dysfunc-
tion becomes evident as the child learns to 
talk and can be associated with a cleft palate, 
a submucous cleft palate, or a dysfunction of 
the velopharyngeal mechanism without vis-
ible clefting.

Congenital nasal pyriform 
aperture stenosis

DEFINITIONS AND CLINICAL FEATURES
First described by its current name in 1989, 
the condition of congenital nasal pyriform 
aperture stenosis represents the anterior 
nasal narrowing relating to its dental mani-
festation, the single central maxillary inci-
sor (Figure 30.18). Usually the infant with 
bilateral nasal obstruction presents early and 
dramatically, with difficulty breathing when 
the mouth is closed. As the condition has 
become better understood, authors have 
suggested a more involved developmen-
tal midline defect in addition to the nasal 
obstruction, with other possibly affected 
organs including the pituitary.

DiGeorge syndrome probe
Control probe22 del(22)

Figure 30.17 Chromosome 22 and fluorescence in situ hybridization demonstrating DiGeorge 
syndrome deletion del(22)(q11.21q11.21).
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DIFFERENTIAL DIAGNOSIS
Other congenital causes of nasal obstruction 
to be considered include choanal atresia, con-
genital nasolacrimal duct cysts, and congenital 
nasal masses (glioma, menin gocele, meningo-
encephalocele, vascular malformations).

WORKUP
The diagnosis can be made clinically, as it 
is difficult to visualize into the nose or to 
place an endotracheal tube or nasal trum-
pet through the slit-like nasal openings. 
The diagnosis is also apparent in imaging 
studies obtained early on, as the associ-
ated single maxillary tooth is visualized 
even when unerupted, and its importance 
to this condition is understood. The nasal 
pyriform apertures are medially located and 
narrow, causing the nasal obstruction that 
is evident clinically (Figure 30.19). Authors 
have determined accurate nasal dimensions 
of young infants to help in the diagnosis of 
this condition. Generally, computed tomog-
raphy will reveal a narrow pyriform aper-
ture and measurement of less than 3  mm 
per pyriform aperture or less than 8 mm in 
aggregate confirms the diagnosis. As nasal 
pyriform aperture stenosis can be accompa-
nied by pituitary dysfunction, it is impor-
tant to be sure that the patient does not have 
disturbances of adrenal gland, growth hor-
mone, or thyroid suppression. Monitoring 
growth and development is important in 

this condition, as is treating any areas of 
deficiency. Genetics consult, endocrine eval-
uations, and MRI of the brain are recom-
mended (Figure 30.20).

TREATMENT
Treatment to open the nose can include 
nasal decongestants, attempts at dilation, 
or tracheostomy tube placement to bypass 

Figure 30.20 CT of a pyriform aperture 
stenosis.

Figure 30.19 CT of a normal pyriform 
aperture.

Figure 30.18 Single maxillary incisor.
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the problem. Early efforts to surgically open 
the nasal airways were reported in the plas-
tic surgery literature. More recently, subla-
bial repair of the nasal aperture stenosis is 
considered the standard approach to symp-
tomatic nasal obstruction. Indeed, newer 
treatment options use advances that have 
been made in drill techniques and enhanced 
visualization that is present with endoscopic 
optics and light sources.

Oculo-auriculo-vertebral 
spectrum (craniofacial 
microsomia)

DEFINITIONS AND CLINICAL FEATURES
In 1963, Gorlin referred to oculo- auriculo-
vertebral (OAV) dysplasia as a term to 
characterize patients with macrostomia, 
microtia, and hypoplasia of the mandibular 
ramus. Since then, other terms have been 
used to portray individuals with similar phe-
notypes, and the clinical spectrum has been 
expanded to include epibulbar dermoids 
and facial nerve palsies among others. Other 
terms used for this condition include hemi-
facial or craniofacial microsomia (CFM), 
Goldenhar syndrome, first and second bran-
chial arch syndrome, and unilateral mandib-
ulofacial dysplasia among others.

CFM is phenotypical condition with a 
wide spectrum of soft and hard tissue hypo-
plasia affecting both hard and soft tissue 
components of the first and second bran-
chial arch derivatives. More than half of 
affected persons have associated findings 
found outside the craniofacial region, most 
often cardiac, vertebral, or limb findings. 
Although universally accepted minimum 
diagnostic criteria do not exist, the condi-
tion is felt to be one of the more common 
craniofacial congenital anomalies, occurring 
in between 1:3000 and 1:5000 live births 
(Figure 30.21).

Characteristic craniofacial findings are 
ear anomalies (including microtia, preauric-
ular or facial tags, aural atresia, and hearing 
loss), mandibular hypoplasia causing facial 

asymmetry and malocclusion, zygomatic 
and malar hypoplasia, eye and orbit anom-
alies, facial nerve weakness, asymmetric 
palatal function, and macrostomia/lateral 
facial clefts. Other craniofacial malforma-
tions including cleft lip and/or palate can be 
seen. Facial involvement is most often uni-
lateral, but bilateral involvement is not rare. 
Even when bilateral, asymmetry is common 
(Figure 30.22).

DIFFERENTIAL DIAGNOSIS
Conditions that may commonly mimic CFM 
include the mandibulofacial dysostosis syn-
dromes (Treacher Collins  syndrome/Nager 
syndrome), Townes–Brocks syndrome, 
CHARGE syndrome, and  branchio-oto-renal 
syndrome. Given the degree of overlap, a 

Figure 30.21 Microtia with ear canal atresia.

Figure 30.22 Microtia with preauricular tag.
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number of these may represent a spectrum 
of developmental disturbance. Postnatal 
traumatic condylar injury may mimic the 
lower facial skeletal forms of more mildly 
expressed CFM.

WORKUP
The primary concern in the neonate with 
features of CFM is airway stability. For 
children with any signs of airway obstruc-
tion, a highly monitored environment such 
as a neonatal intensive care unit and early 
involvement of pediatric otolaryngologists 
is recommended. Formal evaluation of the 
airway, as well as noninvasive sleep studies, 
can be useful. Involvement of a pediatric 
geneticist is recommended. A renal ultra-
sound should be routinely obtained if CFM 
is suspected, and a low threshold should 
exist to obtain an echocardiogram with any 
concerning clinical findings.

Newborn hearing screening is ideally per-
formed, and hearing will need to be closely 
monitored. For children with significant 
hearing loss or aural atresia, amplification 
can be pursued. In time, fine-cut CT evalua-
tion of the temporal bone anatomy is useful 
to consider surgical planning. Also, baseline 
evaluation by a pediatric ophthalmologist is 
prudent given the high association of associ-
ated eye findings in the condition.

Feeding and nutrition may be signifi-
cantly affected by a compromised airway, 
facial clefts, or jaw hypoplasia. Weight gain 
must be followed closely. Given the known 
association with cervical spine abnormali-
ties, cervical spine imaging between ages 2 
and 3 years should be completed.

Characterization of temporozygomatic 
and mandibular deformity can be screened 
with plain films (i.e., panoramic radiographs) 
and fully elucidated with CT imaging. 
Detailed analysis is undertaken based on the 
indication for treatment, not by a standard 
age. If surgery is indicated for ramus con-
struction, then earlier assessment is needed 
than if the child has a functional condyle 
unit and needs only corrective jaw surgery.

TREATMENT
Children with OAV spectrum benefit from 
longitudinal interdisciplinary team care to 
address the hearing, communication, and 
potential developmental hurdles that they 
can have. There are numerous options for 
treatment. Craniofacial reconstruction typi-
cally requires a staged approach based on 
developmental progress of the facial skel-
eton and cognitive function. The earliest 
intervention that may be necessary is airway 
protection, and tracheostomy is sometimes 
required. Mandibular surgery in the infant 
using distraction osteogenesis has shown 
limited long-term value in the CFM patient. 
When necessary, surgical removal of facial 
tags and repair of any lateral facial clefting 
can be completed within the first 18 months 
of life. Surgery for palatal clefts typically 
occurs within the first year although this 
may be deferred for children with respira-
tory compromise (Figure 30.23).

Interventions to assess, protect, and max-
imize hearing are of critical importance in 

Figure 30.23 OAV patient with airway 
compromise.
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the CFM child. With unilateral involvement, 
the uninvolved ear is critical for hearing and 
speech development. If one ear has normal 
function, amplification of the involved ear 
is not usually necessary. When conductive 
hearing loss is present bilaterally, bone-
conduction amplification is initiated early. 
Throughout childhood and adolescence, 
developmental specialists should closely 
monitor children with CFM with a particu-
lar focus on speech and language develop-
ment and any specialized needs related to 
hearing impairment. An oculoplastic sur-
geon may be needed to excise large epib-
ulbar dermoids or those that interfere with 
vision (Figure 30.24).

The mandibular deformity exists on a 
spectrum from mild hypoplasia to com-
plete atresia of the temporomandibular 
articulation and ascending ramus. Of par-
ticular importance is the function of the 
affected temporomandibular joint and air-
way patency relative to tongue base support. 
The spectrum of involvement of the lower 
jaw has been characterized by Pruzansky 
and modified by Kaban. For children who 
have a functioning articulation of the man-
dible to the cranial base, even if hypoplastic, 
reconstruction may proceed with conven-
tional osteotomies or distraction osteogen-
esis to better position the tooth-bearing 

segment and improve asymmetry and pro-
jection. This is most predictably done near 
the completion of growth during adoles-
cence. If airway concerns are significant, 
earlier intervention can be undertaken with 
the understanding that revision is likely to 
be necessary by the mid to late teen years. 
For children without a functioning articula-
tion, construction of a condyle/ramus and 
cranial base platform is needed. This is most 
predictable with costochondral autogenous 
grafting in conjunction with prolonged 
orthodontic splint-guided therapy. Rib 
grafts produce many challenges including 
resorption, infection, over or undergrowth, 
or ankylosis. Allowing for eruption of the 
adult first molars and incisor teeth provides 
significant utility for orthodontic assistance 
in protecting the graft. Surgery earlier than 
6 or 7 years old remains quite unpredictable.

Otoplasty and ear reconstruction have 
become a relatively common component 
of treatment in the CFM patient. Even so, 
options exist ranging from no treatment 
to complex staged surgical reconstruction 
using autogenous costochondral cartilage. 
Camouflaging the area with hair is ade-
quate for a number of patients. Implant-
supported prosthetics are available. Surgical 
reconstruction provides a serviceable ear in 
many cases and can be considered as early 
as 6  years, when ear development nears 
adult size and position. Even so, it must 
be remembered that the burden of care 
with ear reconstruction is high for children 
who already must undergo many types of 
intervention.

Corrective jaw surgery in the mid to late 
teen years is beneficial in the majority of 
patients. Maxillary surgery is usually by con-
ventional Lefort I osteotomy, and mandibu-
lar treatment is patient-specific but can often 
be accomplished with conventional ramus 
osteotomies. Soft tissue hypoplasia can be 
camouflaged with autogenous fat grafting 
by injection as described by Coleman, and 
this is most predictable when done follow-
ing skeletal correction.

Figure 30.24 OVA spectrum—3D recon-
struction of frontal CT scan.
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A

Abductor spasmodic 
dysphonia, 190

Ablative lasers, 308–310
ABR, see Auditory brainstem 

response
AC, see Adenocarcinoma
ACC, see Adenoid cystic 

carcinoma
ACP, see Antrochoanal polyp
Acquired angioedema, 3
Acquired subglottic stenosis

clinical features, 411
definition, 411
differential diagnosis, 411
treatment, 411–412
workup, 411–412

Acute bacterial sialadenitis/
parotitis
clinical features, 432
definition, 432
differential diagnosis, 432
treatment, 432–433
workup, 432

Acute laryngitis, 165–166
Acute otitis media (AOM)

adult and pediatric 
Eustachian tube, 368, 370

bulging tympanic 
membrane, 370, 372

complications
categories, 373–374
cranial/intratemporal 

complications, 
374–375

intracranial/
extratemporal 
complications, 374

postauricular 
(subperiosteal) 
abscess, 374–375

treatment, 375–377
workup, 375–376

definition, 368

pathogens, 368, 371
pathophysiological 

pathway, 368, 371
synotia, 364
treatment, tympanostomy 

tubes, 371, 373
workup, 370

Acute rhinosinusitis (ARS)
clinical features, 61–62
definition, 61
differential diagnosis, 62
treatment, 62–63
workup, 62

Acute suppurative 
pharyngitis/tonsillitis
clinical features, 421
definition, 421
differential diagnosis, 421
treatment, 421–422
workup, 421

Adenocarcinoma (AC)
clinical features, 100–101
definitions, 100
differential diagnosis, 101
treatment, 101–102
workup, 101

Adenoid cystic carcinoma 
(ACC)
clinical features, 97–99
definitions, 97
differential diagnosis, 98
treatment, 99–100
workup, 99

Adenoid hypertrophy, 390
Adrenocorticotropin (ACTH)-

secreting tumors, 87, 89
Advancement flaps

clinical features, 311
complications, 313–314
definitions, 311
execution, 311–313
utility, 311–312
workup, 311

AFRS, see Allergic fungal 
rhinosinusitis

Aging face
blepharoplasty, 294–297
brow ptosis and browlift, 

298–300
facial rejuvenation and 

rhytidectomy, 288–294
fillers, 284–288
neuromodulators 

(botulinum toxin), 
281–284

Allergen-specific 
immunotherapy, 53

Allergic fungal rhinosinusitis 
(AFRS)
clinical features, 65–66
definition, 65
differential diagnosis, 66
treatment, 66–67
workup, 66

Allergic rhinitis
clinical features, 51–52
definitions, 51
differential diagnosis, 52
treatment, 52–53
workup, 52

Alopecia
clinical workup, 328, 330
complications, 332
definitions and clinical 

features
AGA, 328
alopecia areata, 328
clinical and pathological 

findings, 327
permanent vs. 

temporary alopecias, 
327–328

differential diagnosis, 328
pertinent anatomy, 328–331
treatment

medical therapy, 331
surgical therapy, 

331–332
Alopecia areata, 328
Alveolar fractures, 338
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Ameloblastoma
clinical features, 4–5
definitions, 4
differential diagnosis, 4
treatment, 5
workup, 5

Androgenic alopecia 
(AGA), 328

Angioedema
clinical features, 3–4
definitions, 3
differential diagnosis, 4
treatment, 4
workup, 4

Angiotensin-converting 
enzyme (ACE), 76

Ankyloglossia
clinical features, 419–420
definition, 419
differential diagnosis, 420
treatment, 420
workup, 420

ANSDs, see Auditory 
neuropathy spectrum 
disorder

Anterior glottic web, 407
Anterolateral thigh 

(ALT) flap, 
41–43

Antileukotrienes, 64
Antrochoanal polyp (ACP)

clinical features, 71
definitions, 71
differential diagnosis, 71
treatment, 72
workup, 71–72

AOM, see Acute otitis media
Arhinia

clinical features, 390–391
definition, 390
differential diagnosis, 390
treatment, 391
workup, 390–391

ARS, see Acute rhinosinusitis
Atresia

clinical features, 364–366
definition, 364
EAC grades, 364, 366
Jahrsdoerfer grading 

scheme, 364, 366–367
treatment, 364, 368–369
workup, 364

Auditory brainstem reflex 
(ABR) testing, 227

Auditory brainstem response 
(ABR)
ANSD, 386–388
microtia, 363
pediatric sensorineural 

hearing loss, 378, 380
Auditory neuropathy 

spectrum disorder 
(ANSDs)
ABR, 386–388
clinical characteristics, 386
cochlear implantation, 

386–388
electrophysiological 

patterns, 386
VRA testing, 386, 388

Auricle, 204
Auricular hematoma

clinical features, 206, 208
complications, 278
definition, 206
differential diagnosis, 208
management, 276
treatment, 208
workup, 208

Autogenous cartilage 
grafting, 272

Autologous fat, 284

B

Bacterial ARS, 61–63
Bacterial sialadenitis, 

see Acute bacterial 
sialadenitis/parotitis

Bamboo shoot nodules, 
125, 127

Basal cell carcinoma, 269, 
320

BCCs, see Branchial cleft cysts
Bell’s palsy

clinical features, 235
definition, 235
differential diagnosis, 235
treatment, 236–237
workup, 235–236

Benign fibro-osseous lesions
definition and clinical 

features
fibrous dysplasia, 91–92

ossifying fibroma, 92
osteomas, 92–93

differential diagnosis, 93
treatment, 94
workup

fibrous dysplasia, 93
ossifying fibroma, 93
osteoma findings, 93–94

Benign parotid masses
clinical features, 15
definition, 14–15
differential diagnosis, 15
treatment, 16
workup, 15

Benign paroxysmal positional 
vertigo (BPPV)
clinical features, 231
definition, 231
differential diagnosis, 232
treatment, 232, 234
workup, 232

Benign sinonasal masses
antrochoanal polyp, 71–72
hemangioma, 81
inverted papilloma, 79–81
juvenile nasal 

angiofibroma, 72–75
meningocele and 

meningoencephalocele, 
81–82

mucocele, 69–71
sarcoidosis, 75–76
Wegener’s granulomatosis, 

76–79
Benign skull base tumors

benign fibro-osseous 
lesions, 91–94

pituitary adenomas, 87–91
Bent–Kuhn criteria, 65
Bezold/subperiosteal 

abscess, 375
Bilateral choanal atresia, 392
Bilateral intubation 

granulomas, 134, 139
Bilateral polyps, 133–134
Bilobed flaps, 261, 314–315
Blepharochalasis, 295
Blepharoplasty

aging process, 294
complications, 297
definitions and clinical 

features, 294
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indications, 295
lower lid, 297
pertinent anatomy, 294–295
preoperative evaluation, 

295–296
subciliary approach, 297
terminology, 295
transconjunctival 

approach, 297
upper lid, 296–297

Bone-anchored hearing aid 
(BAHA), 206

Bony hypertrophy, 53–54
Bordetella pertussis, 165
Bossae, 253
Botulinum toxin

Clostridium 
botulinum, 281

contraindications, 282
formulations and efficacy, 

281–282
mechanism, 281
mouth frown, 283–284
preparation, 282
rhytids and techniques, 

283–284
side effects, 282–283
treatment tips, 282

Bovine collagen, 284
BPPV, see Benign paroxysmal 

positional vertigo
Branchial cleft cysts (BCCs)

clinical features, 427–428
definition, 427
differential diagnosis, 428
treatment, 428–429
workup, 428

Brow ptosis and browlift
clinical features, 298
complications, 300
definitions, 298
differential diagnosis, 298
preoperative 

considerations, 298–299
treatment, 300

Burned-out cysts, 127

C

Calcium hydroxyapatite 
(CaHA), 286

Caldwell–Luc procedure, 72

Candida laryngitis, 165–166
Carotid body tumor

clinical features, 21
definition, 21
differential diagnosis, 21
treatment, 22–23
workup, 21–22

Cerebrospinal fluid (CSF) 
leak, 336, 347–348

CF, see Cystic fibrosis
CFM, see Craniofacial 

microsomia
Chandler class III, 67
CHARGE association

definitions and clinical 
features, 447

differential diagnosis, 
447–448

treatment, 448
workup, 448

Cheiloplasty, 352
Chemexfoliation, see 

Chemical peels, skin 
resurfacing

Chemical peels, skin 
resurfacing
advantages, 304
classic Baker–Gordon 

phenol-based chemical 
peel, 304

complications, 307–308
postoperative care, 

306–307
preoperative routine, 

305–306
treatment, 306
workup, 304–305

Cherubism, 92
Choanal atresia

clinical features, 391–392
definition, 391
differential diagnosis, 

392–393
treatment, 392–393
workup, 392–393

Cholesteatoma
clinical features, 220
definition, 219–220
differential diagnosis, 220
treatment, 220–221
workup, 220

Cholesterol granuloma

clinical features, 223
definition, 223
differential diagnosis, 223
treatment, 223–225
workup, 223–224

Chondroid chordomas, 111
Chondrosarcomas

clinical features, 108
definitions, 108
differential diagnosis, 108
treatment, 108–109
workup, 108–109

Chordomas
clinical features, 111–113
definitions, 111
differential diagnosis, 113
treatment, 113
workup, 113

Chromosome 22q deletion 
syndrome
clinical features, 

448–449
definitions, 448
differential diagnosis, 449
treatment, 449
workup, 449

Chronic nodularis 
helicis, 209

Chronic otitis media (COM)
definition, 368
pathogens, 368, 371
pathophysiological 

pathway, 370, 372
treatment, 

tympanostomy 
tubes, 371, 373

tympanic membrane, 
370, 372

workup, 370
Chronic rhinosinusitis 

(CRS), 394–395
clinical features, 63
definition, 63
differential diagnosis, 63
treatment, 63–64
workup, 63–64

Chronic rhinosinusitis 
with nasal polyposis 
(CRSwNP), 63

Chronic rhinosinusitis 
without nasal polyposis 
(CRSsNP), 63
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Cicatricial pemphigoid
clinical features, 187–188
definition, 187
differential diagnosis, 187
treatment, 187–188
workup, 187

Cleft lip
clinical features, 440–441
definitions, 440
differential diagnosis, 441
treatment, 441–442
workup, 441

Cleft palate
definitions and 

clinical features, 
442–443

differential diagnosis, 443
treatment, 444–445
workup, 443–444

COM, see Chronic otitis 
media

Complete tracheal rings
clinical features, 415
definition, 415
differential diagnosis, 415
treatment, 416
workup, 415–416

Congenital cholesteatoma
clinical features, 366, 370
definition, 366
differential diagnosis, 366
treatment, 367–368
workup, 367

Congenital conductive 
hearing loss
clinical features, 375–376
definition, 375
differential diagnosis, 377
treatment, 377–378
workup, 377

Congenital glottic web
clinical features, 404–405
definition, 404
differential diagnosis, 405
treatment, 405–406
workup, 405

Congenital nasal 
pyriform aperture 
stenosis
clinical features, 449–450
definitions, 449
differential diagnosis, 450

treatment, 450–451
workup, 450

Congenital nasolacrimal duct 
cyst
clinical features, 393–394
definition, 392
differential diagnosis, 393
treatment, 394
workup, 394

Congenital saccular cyst
clinical features, 403
differential diagnosis, 403
treatment, 403, 405
workup, 403–404

Congenital subglottic 
stenosis
definition, 409
differential diagnosis, 409
treatment, 410
workup, 409–410

Contact ulcer, see Granuloma
Corticosteroids, 64
Corynebacterium diphtheriae, 

165
Cotton–Myer system, 411
Craniofacial disorders

CHARGE 
association, 
447–448

chromosome 22q deletion 
syndrome, 448–449

cleft lip, 440–442
cleft palate, 442–445
congenital nasal pyriform 

aperture stenosis, 
449–451

craniofacial synostosis, 
445–446

down syndrome, 435–437
mandibulofacial dysostosis, 

446–447
oculo-auriculo-vertebral 

spectrum (craniofacial 
microsomia), 451–453

Pierre Robin sequence, 
436–440

Craniofacial 
microsomia 
(CFM), 
451–453

Craniofacial 
osteosarcomas, 114

Craniofacial synostosis
clinical features, 445
definition, 445
differential diagnosis, 445
treatment, 445–446
workup, 445

Cribriform ACC, 97
Crooked nose, see Nasal bone 

deformity
CRS, see Chronic 

rhinosinusitis
Cutaneous 

hemangiomas, 410
Cyclical cyanosis, 389
Cystic fibrosis (CF)

clinical features, 
394–395

definition, 394
differential diagnosis, 395
treatment, 395
workup, 395

Cystic hygroma, see 
Lymphangioma

Cyst, vocal folds
clinical features, 127–130
definition, 127
differential diagnosis, 129
treatment, 129–133

D

Deep neck space abscesses
clinical features, 22
definition, 22
differential diagnosis, 23
treatment, 23
workup, 23

Dermabrasion, 304, 315
Dermatochalasis, 295, 298
DiGeorge syndrome, see 

Chromosome 22q deletion 
syndrome

Diplopia, 340
Dix–Hallpike maneuver, 232
Down syndrome

clinical features, 435–436
definitions, 435
differential diagnosis, 436
treatment, 436–437
workup, 436

Dysphonia plica 
ventricularis, 191
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E

EAC, see External auditory 
canal

Ear
auricular malformations

acute and chronic otitis 
media, 368, 370–374

atresia, 364–369
congenital 

cholesteatoma, 
366–368, 370

congenital conductive 
hearing loss, 375–378

lop ear, 361
macrotia, 363–364
mastoiditis, 373–377
microtia, 361–363
synotia, 364

external ear
preauricular pit/cyst, 

359–360
preauricular tag/

appendage, 360–361
inner ear

ANSDs, 386–388
labyrinthine 

malformations, 
382–385

pediatric sensorineural 
hearing loss, 378–383

Mohs defects and auricle 
reconstruction, 269–275

otoplasty, 265–269
trauma and repair

auricular hematoma 
management, 276

clinical features, 276
definitions, 275–276
differential 

diagnosis, 276
laceration repair, 

276, 278
treatment, 276–277
workup, 276

Ehlers–Danlos syndrome, 
261

ENB, see 
Esthesioneuroblastoma

Endolymphatic hydrops, see 
Meniere’s disease

Enophthalmos, 340

Epistaxis, 344
clinical features, 58
definitions, 58
differential diagnosis, 58
treatment, 58–59
workup, 58

Esthesioneuroblastoma 
(ENB)
clinical features, 104
definitions, 104
differential diagnosis, 104
treatment, 105–106
workup, 104–105

Exostosis
clinical features, 211
definition, 211
differential diagnosis, 211
workup, 211–212

External auditory canal 
(EAC), 204
exostosis, 211
necrotizing otitis externa, 

212–213
osteoma, 210–211
otitis externa, 209–210
preauricular pit/cyst, 359

External ear, 204
preauricular pit/cyst, 

359–360
preauricular tag/

appendage, 360–361
External nasal skin 

reconstruction
grafting, 260–261
local flaps, 261
pedicle flaps, 261
primary closure, 260

F

Facial aesthetic units, 
246–247

Facial analysis
facial aesthetic units, 

246–247
forehead and brow

female, 247
male, 247

perioral region and chin
ears, 250
lips, 249
neck, 249

perioral rhytids, 249
subnasal and nasolabial 

folds, 249
periorbital region

cheek, 247–248
crow’s feet, 247
globe, 247
medial and lateral 

canthal regions, 247
nose, 248–249
upper and lower 

eyelids, 247
photographs

facial anatomic 
landmarks, 245–246

hair, 246
skin, 246
views, 245

Facial reanimation
clinical features, 349–350
definitions, 349
differential diagnosis, 349
dynamic surgical 

procedures
free tissue transfer, 355
muscle transposition, 

354–355
nerve transposition, 

353–354
primary neurorrhaphy, 

352–353
medical management, 351
static surgical procedures

lower face, 352–353
midface, 352
upper face, 351–352

workup, 349–351
Facial rejuvenation and 

rhytidectomy
complications, 293–294
definitions and clinical 

features, 288
medical treatment

chemical peels, 291
laser ablative 

therapy, 290
radiofrequency 

technology, 291
pertinent anatomy, 

288–290
surgical treatment, 291–293
workup, 288–290
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FFF, see Fibular free flap
Fibrous dysplasia

definition and clinical 
features, 91–92

treatment, 94
workup, 93

Fibular free flap (FFF), 42–44
Fillers

application sites, 286–287
autologous fat, 284
CaHA, 286
collagen, 284
PLLA, 286
semipermanent fillers, 

284–285
treatment

depth of injection, 287
injection techniques, 

287–288
preparation, 287

types, 284
Fine needle aspiration (FNA)

benign parotid masses, 15
parotid malignancy, 17

Fitzpatrick skin types, 305
Fluconazole, 165–166, 168, 

171–172
FNA, see Fine needle 

aspiration
Foreign body aspiration

clinical features, 416
definition, 416
differential diagnosis, 416
treatment, 417
workup, 416–417

Frontal sinus outflow tract 
(FSOT), 346–348

Frontal sinus (FS) trauma
background, 346
brain injury, 347
complications, 348
craniofacial fractures, 347
diagnosis, 347
epidemiology, 347
fracture classification, 

346–347
isolated nondisplaced 

fracture, 346
management 

principles, 348
ophthalmic injuries, 347
treatment options, 348

G

Geometric broken line 
closure (GBLC), 324

Glabellar flaps, 261
Glabellar rhytids, 283
Glomus tympanicum 

tumors, 218
Glomus vagale

clinical features, 24
definition, 23
differential diagnosis, 24
treatment, 24
workup, 24

Gorlin syndrome, 6
Gradenigo syndrome, see 

Petrous apicitis
Granular cell tumor, 135, 

139–140
Granulation tissue

clinical features, 141–143
definition, 141
differential diagnosis, 

142–143
treatment, 143

Granuloma, vocal folds
clinical features, 134–135, 

138–139
definition, 134
differential diagnosis, 135, 

138–140
treatment, 138, 140–141
workup, 138

Growth hormone (GH)-
secreting tumors, 87

H

Haemophilus influenzae type 
B, 165

Hair loss, see Alopecia
Head and neck

anterolateral thigh flap, 
41–43

carotid body tumor, 21–23
deep neck space abscesses, 

22–23
fibular free flap, 42–44
glomus vagale, 23–24
latissimus dorsi flap, 43–45
lymphangioma, 24–25
necrotizing fasciitis, 25–26

radial forearm free flap, 
45–46

schwannoma, 26–27
Hearing aid options, 

206–207
Hearing loss, 206
Hemangioma, 15, 81
Hemangiopericytoma, 

113–114
Hemorrhage, vocal folds

clinical features, 167, 
173–175

definition, 167
differential diagnosis, 167
treatment, 171, 173–176
workup, 167–168

Hennebert’s sign, 238
Hereditary angioedema, 3–4
Herpes simplex virus, 165
Herpes zoster oticus, see 

Ramsay Hunt syndrome
House–Brackmann 

scale, 351
Human collagen, 284
Human papilloma virus 

(HPV) infection, 10
Hyaluronic acid (HA), 284
Hydroquinone, 305–306
Hypercalcemia, 76
Hypercalciuria, 76
Hyperparathyroidism, 38
Hypertrophy, 53–54
Hypopharyngeal cancer

clinical features, 29
definition, 29
differential diagnosis, 30
treatment, 30
workup, 30

I

Iatrogenic internal 
trauma, 197

Infectious laryngitis
clinical features, 165, 

170–172
definition, 165
differential diagnosis, 

165, 172
treatment, 166, 172
workup, 166

Inferior turbinate flaps, 262
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Inner ear
ANSDs, 386–388
cochlea, 204–205
disorders

Bell’s palsy, 235–237
benign paroxysmal 

positional vertigo, 
231–232, 234

Meniere’s disease, 
234–236

meningioma, 228, 
230–233

Ramsay Hunt syndrome, 
236–238

schwannoma, 227–231
superior semicircular 

canal dehiscence, 238, 
240–241

temporal bone fractures, 
237–240

dizziness, 205
facial nerve, 205
labyrinth, 204
labyrinthine 

malformations, 
382–385

otolaryngologist 
evaluation, 206

pediatric sensorineural 
hearing loss, 378–383

superior and inferior 
vestibular nerves, 205

vertigo, 205
Intensity-modulated 

radiotherapy (IMRT) 
techniques, 110–111

Interpolated flaps
complications, 320
definitions and clinical 

features, 317–318
execution, 318–320
utility, 318
workup, 318

Intestinal type 
adenocarcinoma (ITAC), 
100–101

Inverted papilloma (IP)
clinical features, 79
definitions, 79
differential diagnosis, 79
treatment, 80–81
workup, 79–80

Inverted-V deformity
clinical features, 254–255
definition, 254
differential diagnosis, 254
treatment, 255
workup, 254–255

IP, see Inverted papilloma

J

Juvenile nasal angiofibroma 
(JNA)
clinical features, 72–73
definitions, 72
differential diagnosis, 73
treatment, 73–75
workup, 73–74

K

Kadish staging, 104
Keratocystic odontogenic 

tumor (KCOT)
clinical features, 6
definitions, 5
differential diagnosis, 6
treatment, 6
workup, 6

L

Labyrinthine malformations
definitions, 382, 384
differential diagnosis, 383
treatment, 385
workup, 383

Laceration repair, 276, 278
Lagophthalmos, 351
Laryngeal atresia, 404–405
Laryngeal cancer

clinical features, 30–31
definition, 30
differential diagnosis, 31
treatment, 31–32
workup, 31

Laryngeal electromyography 
(LEMG), 157

Laryngeal stenosis
clinical features

anterior glottic stenosis, 
177

posterior glottic 
stenosis, 177–178

subglottic stenosis, 
178–179

supraglottic stenosis, 178
definition

anterior glottic stenosis, 
177–180

posterior glottic 
stenosis, 177, 180–181

subglottic stenosis, 177, 
181–183

supraglottic stenosis, 
177, 181

differential diagnosis
anterior glottic 

stenosis, 180
posterior glottic 

stenosis, 180
subglottic stenosis, 180
supraglottic 

stenosis, 180
treatment

anterior glottic stenosis, 
178–179, 183

posterior glottic 
stenosis, 180, 183

subglottic stenosis, 
182–184

supraglottic 
stenosis, 184

workup, 181, 183–185
Laryngeal trauma

clinical features, 197–198
definition, 197
differential diagnosis, 198
treatment, 199–200
workup, 198–200

Laryngocele
clinical features, 153–156
definition, 153
differential diagnosis, 154
treatment, 154, 156
workup, 154–155

Laryngomalacia
clinical features, 401
definition, 401
differential diagnosis, 401
treatment, 401, 403
workup, 401–402

Laryngopharyngeal reflux 
(LPR) disease
clinical features, 150–153
definition, 149
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differential diagnosis and 
workup, 151–152

treatment, 152–153
Larynx examination

anatomy, 122–123
aryepiglottic fold, 122
epiglottis, 122
flexible endoscopy, 124
flexible fiber-optic 

laryngoscopes, 122
indirect laryngoscopy, 122
mucosal wave, 123
musculomembranous 

portion, 122
normal vocal folds, 122–123
paralyzed vocal fold, 124
posterior commissure, 123
posterior larynx, 123
submucosal 

hemorrhage, 124
videostroboscopy 

and high-speed 
videography, 123

Laser resurfacing, skin
ablative and nonablative 

lasers, 308–309
chromophore, 308
complications, 310
indications, 309
technical details, 310

Lateral canthal rhytids, 283
Latissimus dorsi flap (LDF), 

43–45
Le Fort fractures

differential diagnosis, 
336–337

imaging, 338
physical examination, 

336, 338
treatment, 338–339

Leukoplakia
clinical features, 161–162, 

166–169
definition, 161
differential diagnosis, 162
treatment, 162, 165–167, 

169–170
workup, 162

Leukotriene modifiers, 53
Lip cancer

clinical features, 6–7
definitions, 6

differential diagnosis, 7
treatment, 7–8
workup, 7

Lipstick lines, see Perioral lip 
rhytids

Little’s/Kesselbach’s area, 58
Lop ear, 361
LPR disease, see 

Laryngopharyngeal reflux 
disease

Lupoid/rheumatic 
nodules, 125

Lymphangioma
clinical features, 25, 428
definition, 24–25, 428
differential diagnosis, 

25, 428
treatment, 25, 429–430
workup, 25, 428

Lymphatic malformation, see 
Lymphangioma

Lymphoid hyperplasia, 390

M

Macrotia
clinical features, 

363–364
definition, 363
differential diagnosis, 363
treatment, 363
workup, 363

Male pattern baldness, see 
Androgenic alopecia

Malignant melanoma, 269
Malignant neoplasms, 96
Malignant otitis externa, see 

Necrotizing otitis externa
Malignant skull base tumors, 

see Sinonasal malignancies
Mandible fractures

clinical features, 
333–334

complications, 336
definition, 333
imaging, 334
physical exam, 334
teeth management, 335
treatment, 335

Mandibular distraction 
osteogenesis, 439

Mandibular hypoplasia, 436

Mandibulofacial dysostosis
definitions and clinical 

features, 446
differential diagnosis, 446
treatment, 447
workup, 446–447

Masseter muscle, 355
Mastoiditis

categories, 373–374
clinical features, 217
cranial/intratemporal 

complications, 374–375
definition, 217, 373
differential diagnosis, 217
intracranial/extratemporal 

complications, 374
postauricular 

(subperiosteal) abscess, 
374–375

treatment, 218, 375–377
workup, 217–218, 

375–376
Mature fibrotic nodules, 

125–126
Maxillary sinus 

mucoceles, 70
Mazabraud syndrome, 92
McCune–Albright 

syndrome, 92
Mechanical exfoliation, see 

Dermabrasion
Meilolabial flaps, 261–262
Melanoma, 320–321
Meniere’s disease

clinical features, 234
definition, 234
differential diagnosis, 234
treatment, 234–236
workup, 234–235

Meningioma
clinical features, 228
definition, 228
differential diagnosis, 230
treatment, 230–231, 233
workup, 230, 232

Meningocele and 
meningoencephalocele
clinical features, 81
definitions, 81
differential diagnosis, 82
treatment, 82
workup, 82
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Microtia
definition and clinical 

features, 361–363
differential diagnosis, 362
treatment, 363
workup, 362–363

Middle cranial fossa 
approach, 228, 231

Middle ear
anatomy, 204
disorders

cholesteatoma, 219–221
cholesterol granuloma, 

223–225
mastoiditis, 217–218
otitis media, 216–217
otosclerosis, 221–223
paraganglioma, 218–219
tympanic membrane 

perforation, 215–216
Minor salivary gland 

malignancy
clinical features, 18–19
definition, 18
differential diagnosis, 19
treatment, 19–20
workup, 19

MM, see Mucosal melanoma
Mohs defects and auricle 

reconstruction
basal cell carcinoma, 269
helix and helical rim, 

271–274
helix, antihelix, and 

posterior surfaces, 269
lateral surface, 270–271
lobule, 273
malignant melanoma, 269
nonmelanoma skin 

cancer, 269
postauricular area, 275
preauricular sulcus, 275
reconstructive 

options, 270
squamous cell 

carcinoma, 269
tissue-sparing nature, 269

Mohs defects and nasal 
reconstruction
clinical features, 259
definitions, 259
differential diagnosis, 259

pertinent anatomy, 260
treatment

external nasal skin 
reconstruction, 
260–262

nasal lining 
reconstruction, 
262–263

nonsurgical therapy, 260
structural nasal 

reconstruction, 262
workup, 259–260

MTD, see Muscle tension 
dysphonia

Mucocele
clinical features, 69–70
definitions, 69
differential diagnosis, 70
treatment, 70–71
workup, 70

Mucoepidermoid 
carcinoma, 16

Mucosaassociated lymphoid 
tissue (MALT), 420

Mucosal hypertrophy, 53–54
Mucosal laceration, 344–345
Mucosal melanoma (MM)

oral cavity
definitions and clinical 

features, 8
differential diagnosis, 8
treatment, 9
workup, 8–9

sinonasal region
clinical features, 102
definitions, 102
differential 

diagnosis, 102
treatment, 103–104
workup, 102–103

Mucus-filled cyst, 127
Multilobed polyp, 133, 136
Multinodular goiter

clinical features, 35
definition, 35
differential diagnosis, 35
treatment, 36
workup, 35–36

Multiple endocrine neoplasia 
(MEN) types 1 and 2a, 38

Munchhausen’s 
syndrome, 197

Muscle tension dysphonia 
(MTD)
clinical features, 189–193
definition, 189
differential diagnosis, 190
treatment, 192
workup, 190–193

N

Nasal anatomy
ethmoid sinuses, 50
frontal sinuses, 50
maxillary sinuses, 50
nasal cavity, 49
paranasal sinuses, 49–50
septum, 49–51
sphenoid sinus, 50
turbinates, 49–51

Nasal bone deformity
clinical features, 251–252
definitions, 251
differential diagnosis, 

251–252
treatment, 252–253
workup, 252

Nasal bunny lines, 283
Nasal dermoid sinus cysts 

(NDSCs)
clinical features, 395–396
definition, 395
differential diagnosis, 396
treatment, 396–397
workup, 396

Nasal glioma and 
encephalocele
clinical features, 397
definition, 396–397
differential diagnosis, 397
treatment, 398
workup, 398

Nasal polyposis
clinical features, 64–65
definition, 64
differential diagnosis, 64
treatment, 65
workup, 64–65

Nasal polyps, 394–395
Nasal septum, 344
Nasal tip deformity

clinical features, 253
definitions, 253
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differential diagnosis, 253
treatment, 253–254
workup, 253

Nasal trauma
background, 343–344
complications, 345
diagnose, 344
evaluation principles, 344
imaging, 344–345
management 

principles, 345
nasal anatomy, 344

Nasal valve collapse
clinical features, 256
definitions, 255–256
differential 

diagnosis, 256
treatment, 257
workup, 256–257

Nasofacial flaps, 261
Naso-orbital-ethmoidal 

fractures, 336
Nasopharyngeal cancers 

(NPCs)
clinical features, 32–33
definition, 32
differential diagnosis, 33
treatment, 33
workup, 33

Nasopharyngeal carcinoma 
(NPC)
clinical features, 

109–110
definitions, 108–109
differential diagnosis, 110
treatment, 110–111
workup, 110–111

Nasopharyngeal hairy polyp
clinical features, 398
definition, 398
differential diagnosis, 398
treatment, 398–399
workup, 398

NDSCs, see Nasal dermoid 
sinus cysts

Neck abscess/suppurative 
lymphadenitis
clinical features, 431
definition, 431
differential diagnosis, 431
treatment, 431–432
workup, 431

Neck disease
acute bacterial sialadenitis/

parotitis, 432–433
branchial cleft cysts, 

427–429
lymphangioma, 428–430
neck abscess/suppurative 

lymphadenitis, 
431–432

thyroglossal duct cyst, 
429–431

Necrotizing fasciitis
clinical features, 25
definition, 25
differential diagnosis, 25
treatment, 26
workup, 26

Necrotizing otitis externa
clinical features, 212
definition, 212
differential diagnosis, 212
treatment, 213
workup, 212–213

Neurinoma, 26–27
Neuroendocrine tumor, 21
Neuromodulators, see 

Botulinum toxin
Nodules, vocal folds

clinical features, 124–125
definition, 124
differential diagnosis, 

125–127
treatment, 126–128

Nonablative lasers, 308–310
Nonfunctioning tumors, 87
Non-intestinal type 

adenocarcinoma (non-
ITAC), 100–101

Nonmelanoma skin 
cancer, 269

Non-PRL-secreting 
functioning tumors, 89

Normal ear 
examination, 204

Nose, 248–249
Mohs defects and nasal 

reconstruction, 
259–263

nasal valve collapse, 
255–257

rhinophyma, 258–259
rhinoplasty

inverted-V and pollybeak 
deformity, 253–256

nasal bone deformity, 
251–253

nasal tip deformity, 
253–254

NPC, see Nasopharyngeal 
cancers; Nasopharyngeal 
carcinoma

O

Oculo-auriculo-
vertebral (OAV) 
spectrum
definitions and clinical 

features, 451
differential diagnosis, 

451–452
treatment, 452–453
workup, 452

Oculocardiac reflex, 340
Odontogenic keratocyst, 6
Olfactory neuroblastoma, see 

Esthesioneuroblastoma
OnabotulinumtoxinA, 282
Oral and oropharyngeal 

disease
acute suppurative 

pharyngitis/tonsillitis, 
421–422

ankyloglossia, 419–420
base of tongue/vallecular 

cyst, 424
peritonsillar abscess, 

422–423
ranula, 425
retropharyngeal abscess, 

422–424
tonsillar hyperplasia, 

420–421
Oral cancer

clinical features, 9–10
definitions, 9
differential diagnosis, 10
treatment, 10–11
workup, 10–11

Oral cavity diseases
ameloblastoma, 4–5
angioedema, 3–4
keratocystic odontogenic 

tumor, 5–6
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lip cancer, 6–8
mucosal melanoma, 8–9
oral cancer, 9–11
ranula, 11–12

Orbital floor fractures
clinical features, 339
definitions, 339
differential diagnosis, 339
treatment, 340
workup, 339–340

Orbital subperiosteal abscess, 
67–68

Oropharyngeal cancer, 10
clinical features, 33–34
definition, 33
differential diagnosis, 34
treatment, 34
workup, 34

Oropharynx (OP), 33–34
Orthodromic temporalis 

tendon transfer, 354
Ossifying fibroma

definition and clinical 
features, 92

treatment, 94
workup, 93

Osteogenic 
osteomalacia, 114

Osteomas
clinical features, 92–93, 

210–211
definition, 92, 210
differential diagnosis, 211
treatment, 94, 211
workup, 93–94, 211

Osteosarcoma, 114
Otalgia, 29
Otitis externa

clinical features, 
209–210

definition, 209
differential diagnosis, 210
treatment, 210
workup, 210

Otitis media
clinical features, 216–217
definition, 216
differential diagnosis, 217
treatment, 217
workup, 217

Otoacoustic emissions 
(OAEs), 378

Otoplasty
antihelix correction, 

268–269
cartilage-sparing 

technique, 266–267
cartilage-splitting 

technique, 266
complications, 269
conchal protuberance 

correction, 267–268
contraindications, 269
definition, 265
external ear anatomy, 

265–266
lobule irregularities, 268
nonsurgical 

management, 266
preoperative evaluation, 

265–268
Otosclerosis

clinical features, 221
definition, 221
differential diagnosis, 221
treatment, 221
workup, 221–223

P

Papillary thyroid carcinoma 
(PTC)
clinical features, 37
definition, 37
differential diagnosis, 37
treatment, 37–38
workup, 37

Papillomata, 143; see also 
Recurrent respiratory 
papillomatosis

Paradoxical vocal fold motion 
(PVFM)
clinical features, 

194–195
definition, 194–196
differential diagnosis, 195
treatment, 197
workup, 195–197

Paraganglioma
clinical features, 218–219
definition, 218
differential diagnosis, 219
treatment, 219
workup, 219

Parathyroid adenoma
clinical features, 38
definition, 37–38
differential diagnosis, 38
treatment, 39
workup, 38–39

Parathyroid hormone (PTH), 
37–39

Parathyroid hyperplasia, 38
Parotidectomy

parotid malignancy, 17
sialolithiasis/

sialoadenitis, 14
Parotid malignancy

clinical features, 16
definition, 16
differential diagnosis, 16
treatment, 17
workup, 16–17

Parotid sialolithiasis, 14
Pediatric airway disease

acquired glottic airway 
obstruction
anterior glottic web, 407
posterior glottic web, 

407–408
recurrent respiratory 

papillomatosis, 
408–409

congenital glottic airway 
obstruction
congenital glottic web, 

404–406
vocal fold immobility, 

406–407
congenital supraglottic 

airway obstruction
congenital saccular cyst, 

403–405
laryngomalacia, 

401–403
vallecular cyst, 

403–404
subglottic airway 

obstruction
acquired subglottic 

stenosis, 411–412
congenital subglottic 

stenosis, 409–410
subglottic cyst, 412–413
subglottic hemangioma, 

410–411
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tracheal airway obstruction
complete tracheal rings, 

415–416
foreign body aspiration, 

416–417
tracheal stenosis, 

413–414
tracheal tumor, 414–415
tracheomalacia, 415

Pediatric sensorineural 
hearing loss
clinical features, 378
definition, 378
differential diagnosis, 

378, 380
genetic causes, 378–379
workup

automated ABR 
algorithms, 378, 380

CISS-sequence MRI, 
380–382

cochlear 
implantation, 381

etiologies, 378, 381
genetic testing, 380
hearing screening 

programs, 378, 380
intracochlear 

distribution, Connexin 
26, 382–383

otoacoustic 
emissions, 378

visual response 
audiometry, 380

Pedicle flaps, 261–262
Perioral lip rhytids, 283–284
Perioral region and chin

ears, 250
lips, 249
neck, 249
perioral rhytids, 249
subnasal and nasolabial 

folds, 249
Periorbital region

cheek, 247–248
crow’s feet, 247
globe, 247
medial and lateral canthal 

regions, 247
nose, 248–249
upper and lower 

eyelids, 247

Peritonsillar abscess
clinical features, 422
definition, 422
differential diagnosis, 422
treatment, 422–423
workup, 422

Petrous apicitis, 375
Pharynx and larynx 

malignancy
hypopharyngeal cancer, 

29–30
laryngeal cancer, 30–32
nasopharyngeal cancer, 

32–33
oropharyngeal cancer, 

33–34
Pierre Robin sequence

clinical features, 436, 438
definitions, 436, 438
differential diagnosis, 

436–437
treatment, 438–440
workup, 437–438

Pituitary adenomas
clinical features, 87–88
definition, 87
differential diagnosis, 88
treatment, 89–91
workup, 88–89

Pituitary apoplexy, 87
Plummer–Vinson 

syndrome, 29
Plunging ranulas, 

11–12, 425
Pollybeak deformity

clinical features, 
254, 256

definition, 254
differential diagnosis, 254
treatment, 255
workup, 254–255

Poly-l-lactic acid 
(PLLA), 286

Polypoid corditis
clinical features, 146
definition, 145–147
differential diagnosis, 146
treatment, 146–149
workup, 146

Polypoid 
degeneration, see 
Polypoid corditis

Polyps, vocal folds
clinical features, 132–136
definition, 132
differential diagnosis, 

133, 137
treatment, 133–134, 138

Porcine collagen, 284
Posterior ethmoid 

mucoceles, 70
Posterior glottic web

clinical features, 407
definition, 407
differential diagnosis, 407
treatment, 408
workup, 408

Preauricular pit/cyst
clinical features, 359–360
definition, 359
differential diagnosis, 359
treatment, 359–360
workup, 359

Preauricular tag/appendage
clinical features, 360
definition, 360
differential diagnosis, 361
treatment, 361
workup, 360–361

Precancerous lesions, 160
Prenodules, 125–126
Prolactin (PRL)-secreting 

tumors, 87, 89
Pseudocysts, 11, 124–125, 

128, 209
Pseudostratified columnar 

epithelial cells, 70
Pseudosulcus, 148, 

150–151
PTC, see Papillary thyroid 

carcinoma
PTH, see Parathyroid 

hormone
PVFM, see Paradoxical vocal 

fold motion

R

Radial forearm free flap 
(RFFF), 45–46

Ramsay Hunt syndrome
clinical features, 236
definition, 236
differential diagnosis, 237
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treatment, 237–238
workup, 237

Ranula
clinical features, 11, 425
definitions, 11, 425
differential diagnosis, 

11, 425
treatment, 12, 425
workup, 12, 425

Reactive nodule, 125, 
129, 131

Recurrent respiratory 
papillomatosis (RRPs)
clinical features, 

143–145, 408
definition, 143, 408
differential diagnosis, 

144, 408
treatment, 145, 408–409
workup, 145, 408

Reinke’s edema, see Polypoid 
corditis

Retrolabyrinthine/
suboccipital approach, 228

Retropharyngeal abscess
clinical features, 423
definition, 422–423
differential diagnosis, 423
treatment, 423–424
workup, 423

Rhinology
allergic rhinitis, 51–53
epistaxis, 58–59
normal nasal anatomy

ethmoid sinuses, 50
frontal sinuses, 50
maxillary sinuses, 50
nasal cavity, 49
paranasal sinuses, 49–50
septum, 49–51
sphenoid sinus, 50
turbinates, 49–51

septal deviation, 54–56
septal perforation, 55–58
turbinate hypertrophy, 

53–54
Rhinophyma

clinical features, 258–259
definitions, 258
differential diagnosis, 259
treatment, 259
workup, 259

Rhinoplasty
inverted-V and pollybeak 

deformity, 253–256
nasal bone deformity, 

251–253
nasal tip deformity, 

253–254
Rhomboid flaps, 314
Robin sequence (RS), see 

Pierre Robin sequence
Rotation flaps

clinical features, 316
complications, 317
definitions, 316
execution, 317
utility, 316
workup, 316–317

RRPs, see Recurrent 
respiratory papillomatosis

S

Saccular cyst, see 
Laryngocele

Salivary glands
benign parotid masses, 

14–16
minor salivary 

gland 
malignancy, 
18–20

parotid malignancy, 16–17
sialolithiasis and 

sialoadenitis, 13–14
submandibular 

malignancy, 17–18
Sarcoidosis

clinical features, 75, 
185–187

definition, 185
definitions, 75
differential diagnosis, 

75, 185
treatment, 76, 186–187
workup, 75–76, 186

Scar revision
clinical features, 322
contraindications, 324
definitions, 322
differential diagnosis, 322
GBLC, 324
medical management, 323

surgical management, 323
treatment, 323
workup, 322–323
W-plasty, 324
Z-plasty, 323–324

SCC, see Squamous cell 
carcinoma

Schneiderian papilloma, see 
Inverted papilloma

Schwann cell tumor, 26–27
Schwannoma

clinical features, 26, 227
definition, 26, 227
differential diagnosis, 

27, 227
treatment, 27, 228, 

230–231
workup, 27, 227–229

Second-generation 
antihistamines, 53

Septal deviation
clinical features, 54–55
definitions, 54
differential diagnosis, 55
treatment, 55–56
workup, 55

Septal mucoperichondrial 
flaps, 262

Septal perforation
clinical features, 55–57
definitions, 55
differential diagnosis, 57
treatment, 57–58
workup, 57

Sialolithiasis and sialoadenitis
clinical features, 13–14
definition, 13
differential diagnosis, 13
treatment, 14
workup, 13–14

Simple ranula, 11–12
Sinonasal disease

adenoid hypertrophy, 390
arhinia, 390–391
choanal atresia, 391–393
congenital nasolacrimal 

duct cyst, 392–394
cystic fibrosis, 394–395
nasal dermoid sinus cysts, 

395–397
nasal glioma and 

encephalocele, 396–398
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nasopharyngeal hairy 
polyp, 398–399

normal pediatric 
airway, 389

Sinonasal malignancies
adenocarcinoma, 100–102
adenoid cystic carcinoma, 

97–100
chondrosarcomas, 

108–109
chordomas, 111–113
esthesioneuroblastoma, 

104–106
hemangiopericytoma, 

113–114
mucosal melanoma, 

102–104
nasopharyngeal carcinoma, 

108–111
osteosarcoma, 114
sinonasal undifferentiated 

carcinoma, 106–108
squamous cell carcinoma, 

96–99
Sinonasal osteomas, 93
Sinonasal tumors, 18–19
Sinonasal undifferentiated 

carcinoma
clinical features, 106
definitions, 106
differential diagnosis, 106
treatment, 107–108
workup, 106–107

Sinusitis
acute rhinosinusitis, 61–63
allergic fungal 

rhinosinusitis, 65–67
chronic rhinosinusitis, 

63–64
nasal polyposis, 64–65
subperiosteal abscess, 

67–68
Skin

advancement flaps, 
311–314

interpolated flaps, 317–320
resurfacing with chemical 

peels, 304–308
resurfacing with lasers, 

308–310
rotation flaps, 316–317
scar revision, 322–324

skin cancer and Mohs 
micrographic surgery, 
320–322

transposition flaps, 
314–316

Skin cancer and Mohs 
micrographic surgery
clinical features, 320–321
definitions, 320
differential diagnosis, 321
treatment, 321–322
workup, 321

Smoker’s lines, see Perioral lip 
rhytids

Solid ACC, 97
Sophono hearing aids, 206
SoundBite hearing aid, 206
Squamous cell carcinoma 

(SCC), 320
hypopharyngeal cancer, 29
laryngeal cancer, 30
Mohs defects and auricle 

reconstruction, 269
NPC, 32
oropharynx, 33–34
sinonasal malignancies

clinical features, 96–97
definitions, 96
differential diagnosis, 97
treatment, 97–99
workup, 97–98

squamous papilloma, 24
true vocal folds

clinical features, 160–165
definition, 160
differential 

diagnosis, 161
treatment, 161–165
workup, 161, 164

Staphylococcus aureus, 165
Subglottic cyst

clinical features, 412–413
definition, 412
differential diagnosis, 413
treatment, 413
workup, 413

Subglottic hemangioma
clinical features, 410
definition, 410
differential diagnosis, 410
treatment, 410–411
workup, 410

Submandibular malignancy
clinical features, 17
definition, 17
differential diagnosis, 17
treatment, 18
workup, 18

Subperiosteal abscess
clinical features, 67
definition, 67
differential diagnosis, 67
treatment, 68
workup, 67–68

Sulcus vocalis
clinical features, 148, 

150–151
definition, 147–150
differential diagnosis, 148
treatment, 148

Superficial 
musculoaponeurotic 
system (SMAS), 288–289

Superior semicircular canal 
dehiscence
clinical features, 238
definition, 238
differential diagnosis, 238
treatment, 238
workup, 238, 240–241

Surfer’s ear, 211
Synotia, 364

T

TDCs, see Thyroglossal duct 
cyst

Teflon granuloma, 135, 140
Temporal bone fractures, 

inner ear
clinical features, 237
definition, 237
differential diagnosis, 238
treatment, 238–240
workup, 238

Temporalis muscle, 354
Temporoparietal fascia flap 

(TPFF), 273
Thyroglossal duct cyst (TDCs)

clinical features, 429–430
definition, 429
differential diagnosis, 430
treatment, 430–431
workup, 430
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Thyroid and parathyroid 
disease
multinodular goiter, 

35–36
papillary thyroid 

carcinoma, 37–38
parathyroid adenoma, 

37–39
Thyroid-stimulating 

hormone (TSH)-secreting 
tumors, 87

Tongue–lip adhesion, 439
Tongue tie, see Ankyloglossia
Tonsillar hyperplasia

clinical features, 420–421
definition, 420
differential diagnosis, 421
treatment, 421
workup, 421

Topical steroids, 305–306
Towns–Brocks 

syndrome, 261
Tracheal stenosis

clinical features, 179, 413
definition, 177, 183, 413
differential diagnosis, 

180, 413
treatment, 183–185, 414
workup, 413–414

Tracheal tumor
clinical features, 414
definition, 414
differential diagnosis, 414
treatment, 414–415
workup, 414

Tracheomalacia, 415
Transblepharoplasty, 300
Translabyrinthine 

approach, 228
Transposition flaps

clinical features, 314
complications, 316
definitions, 314
execution, 314–316
utility, 314
workup, 314

Transverse forehead 
rhytids, 283

Tretinoin (Retin-A), 305
True vocal folds

aryepiglottic fold, 122
cyst, 127–133

glottis, 123
granulation tissue, 

141–143
granuloma, 134–135, 

138–141
hemorrhage, 167, 171, 

173–176
infectious laryngitis, 

165–166, 170–172
laryngocele, 153–156
laryngopharyngeal reflux 

disease, 149–153
leukoplakia, 161–162, 

165–170
mucosal wave, 123
nodules, 124–128
paralyses, 156–160
polypoid corditis, 

145–149
polyps, 132–138
recurrent respiratory 

papilloma, 143–145
squamous cell carcinoma, 

160–165
subglottis, 123
sulcus vocalis, 147–151
vascular ectasias, 167, 169, 

173–176
Tubular ACC, 97
Tullio’s phenomenon, 238
Turbinate hypertrophy

clinical features, 53
definitions, 53
differential diagnosis, 53
treatment, 54
workup, 54

Tympanic membrane
atresia, 364
fibrous layer, 204
lateral squamous cell 

epithelial layer, 204
medial mucosal layer, 204
perforation

clinical features, 
215–216

definition, 215
differential 

diagnosis, 215
treatment, 216
workup, 215

Tympanostomy tubes, 
371, 373

U

Unilateral choanal 
atresia, 392

V

Vallecular cyst, 424
clinical features, 403
definition, 403
differential diagnosis, 403
treatment, 403–404
workup, 403

Varix, 167–169, 173–176
Vascular ectasias

clinical features, 
167, 174

definition, 167
treatment, 169, 173–176
workup, 168, 174

Vascular polyp, 133, 135
Velocardiofacial 

syndrome, 449
Verrucous carcinoma, 

160, 165
Viral ARS, 61–62
Viral pharyngitis, 421
Visual reinforcement 

audiometry (VRA), 386, 
388

Vocal cord dysfunction, 197
Vocal fold bowing

clinical features, 
192–194

definition, 192
treatment, 193–195
workup, 193

Vocal fold immobility
clinical features, 406
definition, 406
differential diagnosis, 406
treatment, 406–407
workup, 406

Vocal fold paralyses
clinical features, 156–158
definition, 156
differential diagnosis, 157
treatment, 157–160
workup, 157, 159

Vocal fold rhabdomyoma, 
133, 137

Vocal fold ulcer, 134, 139
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W

Waldeyer’s ring, 420
Warthin’s tumors, 15
Wegener’s granulomatosis 

(WG)
clinical features, 76–79
definitions, 76
differential diagnosis, 78
treatment, 78
workup, 78

Z

Zingg classification system, 
341

ZMC fractures, see 
Zygomaticomalar complex 
fractures

Zygomatic fractures, 336
clinical features, 341
complications, 343
definitions, 341

differential diagnosis, 341
treatment, 342–343
workup, 341–342

Zygomaticomalar complex 
(ZMC) fractures, 
341–343

Zygomaticomaxillary tripod 
fracture, 336
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