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Foreword

It is with great enthusiasm that I am writing this foreword. The 
authors have cleverly “isolated and yet combined” the signs 
and symptoms of this conglomeration of diseases. Well done! 
In this environment of ever escalating cost of health care, it is 
timely that we also teach the cost effectiveness of health care. 

We currently spend $3 trillion in health care. It is predicted that 
if left unchecked, the United States will be spending $6 trillion 
in 2028.

The editors and authors are to be complimented for putting 
together this valuable book.

K. J. Lee, MD
Emeritus Chief of Otolaryngology–Head and Neck Surgery
Hospital of St. Raphael Campus, Yale New Haven Hospital

New Haven, Connecticut;
Associate Clinical Professor

Yale University School of Medicine
New Haven, Connecticut;

Associate Clinical Professor 
Zucker School of Medicine 

Hofstra/Northwell Hempstead, New York;
Director, Business Service Line Development 

Northwell Health 
System Manhattan, New York;

Past President
American Academy of Otolaryngology–Head  

and Neck Surgery/Foundation
Alexandria, Virginia
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Preface

This textbook is the result of many conversations around the 
country in clinics, on hospital rounds, and at professional con-
ferences. Patients with cranial neuropathy can be clinically chal-
lenging. Sometimes a missed diagnosis can be life threatening. 
Nowadays more and more  payers, such as governments and 
insurance companies, are concerned with cost effectiveness of 
diagnostic and treatment steps. Therefore, physicians are often 
put in a challenging position between being good stewards of 
financial resources and being good providers of quality medi-
cal care. As the reader will observe in the subsequent chapters, 
cranial nerve issues are inherently complex and require expert 
clinical and radiographic evaluation. The primary aim of this 
textbook is to guide clinicians during these difficult situations.

We are indebted to the authors who contributed to the chap-
ters. The diverse expertise of authors include neurosurgeons, 
ophthalmologists, speech language pathologists, radiologists, 
and otolaryngologists of various subspecialty fields including 
neurotology, laryngology, rhinology, and head and neck cancer.

It must be acknowledged that the recommendations in this 
book may require modification as new technologies and evi-
dence are made available. The astute physician is encouraged 
to remain informed.

Seilesh C. Babu, MD
Neal M. Jackson, MD

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



xvi

Contributors

Lacey Adkins, MD
Assistant Professor
Department of Otolaryngology–Head and Neck Surgery
Louisiana State University Health Science Center-New Orleans
Baton Rouge, Louisiana 

Eric N. Appelbaum, MD
Otology, Neurotology, and Skull Base Fellow
Bobby R. Alford Department of Otolaryngology–Head  
  and Neck Surgery
Baylor College of Medicine
Houston, Texas

Rizwan Aslam, DO, MScEd, MBA, FACS
Associate Professor 
Department of Otolaryngology and Neurosurgery 
Tulane University School of Medicine
New Orleans, Louisiana 

Seilesh C. Babu, MD
Neurotologist and Skull Base Surgeon
Department of Otology, Neurotology and Skull Base Surgery
Michigan Ear Institute
Farmington Hills, Michigan;
Program Director
Ascension Macomb Otolaryngology Residency
Macomb, Michigan;
Assistant Professor
Department of Otolaryngology and Neurosurgery
Wayne State University
Detroit, Michigan

Marc L. Bennett, MD, FACS
Associate Professor 
Department of Otology and Neuro-otology;
Quality Officer QSRP
Department of Otolaryngology–Head and Neck Surgery
Vanderbilt University Medical Center
Nashville, Tennessee

Daniel H. Coelho, MD, FACS
G. Douglas Hayden Professor
Department of Otolaryngology–Head & Neck Surgery
Virginia Commonwealth University School of Medicine
Richmond, Virginia

Matthew M. Dedmon, MD, PhD
Assistant Professor
Department of Otolaryngology–Head and Neck Surgery
University of North Carolina School of Medicine
Chapel Hill, North Carolina 

Michael Duan, BA
Medical Student
Baylor College of Medicine
Houston, Texas

Wissam Elfallal, DO
Neurosurgery Resident
Department of Neurosurgery
William Beaumont Royal Oak
Oakland university 
Royal Oak, Michigan

Adam Folbe, MD 
Vice Chair, Academic Affairs
Department of Otolaryngology
William Beaumont Hospital
Royal Oak, Michigan

Richard K. Gurgel, MD
Associate Professor
Department of Otolaryngology–Head and Neck Surgery
University of Utah School of Medicine
Salt Lake City, Utah

Erica E. Jackson, MD
Fellow
Department of Otolaryngology
Louisiana State University School of Medicine
New Orleans, Louisiana

Neal M. Jackson, MD
Chief of Neurotology
Department of Otolaryngology and Neurosurgery
Tulane University School of Medicine
New Orleans, Louisiana

Jeff Jacob, MD
Neurosurgery/Skull Base Surgeon
Department of Neurosurgery
William Beaumont Royal Oak, MHSI, and  Mayo Clinic 
Royal Oak, Michigan

Nicolas-George Katsantonis, MD 
Otolaryngologist Head and Neck Surgeon
Raleigh Capitol Ear nose and Throat
UNC Rex Hospital
Raleigh, North Carolina

Matthew Kircher, MD
Associate Professor
Department of Otolaryngology–Head and Neck Surgery
Loyola University Medical Center
Maywood, Illinois

Gavriel D. Kohlberg, MD
Assistant Professor
Department of Otolaryngology–Head and Neck Surgery
University of Washington School of Medicine
Seattle, Washington

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Contributors

xvii

Melda Kunduk, PhD, CCC-SLP
Professor
Department of Communication Sciences and Disorders
Louisiana State University Health Science Center-New Orleans
Baton Rouge, Louisiana

Andrew G. Lee, MD
Chair, Blanton Eye Institute
Houston Methodist Hospital
Houston, Texas;
Professor of Ophthalmology, Neurology, and Neurosurgery
Weill Cornell Medicine
New York, New York;
Professor of Ophthalmology
UTMB and UT MD Anderson Cancer Center and Texas A and M 
  College of Medicine (Adjunct)
College Station, Texas;
Adjunct Professor
Baylor College of Medicine and the Center for Space Medicine
The University of Iowa Hospitals and Clinics, and the University 
  of Buffalo
Iowa City, Iowa

John Leonetti, MD
Professor and Vice Chair
Department of Otolaryngology–Head and Neck Surgery
Loyola University Medical Center
Maywood, Illinois

Andrew J. McWhorter, MD
Professor
Department of Otolaryngology–Head and Neck Surgery
Louisiana State University Health Science Center-New Orleans
Baton Rouge, Louisiana

Anna M. Pou, MD
Senior Surgeon
Department of Otolaryngology–Head and Neck Surgery
Ochsner Health System;
Interim Medical Director
St. Tammany Cancer Center
Covington, Louisiana

Claudia M. Prospero Ponce, MD
Fellow
Department of Ophthalmology
Blanton Eye Institute
Houston Methodist Hospital
Houston, Texas

Ravi N. Samy, MD, FACS 
Chief, Division of Otology and Neurotology
Program Director, Neurotology Fellowship
University of Cincinnati and Cincinnati Children’s Hospital
Cincinnati, Ohio

Brendan Smith, MS
Medical Student
Department of Otolaryngology–Head and Neck Surgery
Rutgers New Jersey Medical School 
Newark, New Jersey

Peter Svider, MD
Rhinology Fellow
Department of Otolaryngology–Head and Neck Surgery
Rutgers New Jersey Medical School
Newark, New Jersey

Abigail Thomas, MD 
Residency Physician
Department of Otolaryngology–Head and Neck Surgery 
Medical College of Wisconsin
Milwaukee, Wisconsin 

Vanessa Torrecillas, MD
Resident Physician 
Department of Otolaryngology–Head and Neck Surgery 
The University of Utah School of Medicine
Salt Lake City, Utah

Aroucha Vickers, DO
Fellow
Department of Ophthalmology
Blanton Eye Institute
Houston Methodist Hospital
Houston, Texas

Robert Wayne Jr., MBS
Medical Student
Department of Otolaryngology–Head and Neck Surgery
Rutgers New Jersey Medical School
Newark, New Jersey

Richard H. Wiggins, III, MD, CIIP, FSIIM
Professor
Department of Radiology and Imaging Sciences, Otolaryngology, 
  Head and Neck Surgery
University of Utah Health Sciences Center
Salt Lake City, Utah

Junru Yan, BA 
Medical Student
Baylor College of Medicine
Houston, Texas

David Young, MD
Clinical Instructor
Department of Otolaryngology
Vanderbilt University Medical Center
Nashville, Tennessee 

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



1

1  Introduction to Cost-Effective Evaluation of Cranial 
Neuropathy
Seilesh C. Babu and Neal M. Jackson

1.1  Introduction
Cranial neuropathy may be an indication of a devastating, 
life-threatening condition or it may be a simple benign disease 
for which spontaneous, complete recovery is expected. In the 
evaluation of cranial neuropathy, the clinician must make deci-
sions in order to determine the significance and permanency 
of the diagnosis. While there are numerous testing options 
available, cost containment and necessity of these tests need to 
be taken into account. Because of this, the authors of this book 
recruited a team of experts from various disciplines to provide 
their expert interpretations of available literature combined 
with their informed opinions to discuss a cost-effective evalua-
tion and management of cranial neuropathy.

1.2  Cranial Nerves
A cranial nerve is defined as a nerve that leaves the brain and 
innervates an organ, muscle, gland, or sensory receptor. There 
are 12 paired cranial nerves which are presented in ▶Table 1.1.

Cranial nerve functions are vital to human existence, from 
airway protection to communication and sensing the envi-
ronment. All of our life functions occur via the cranial nerves. 
Actions such as tasting, smelling, swallowing, speaking, visualiz-
ing, and hearing are critical to our survival as well as enjoyment.

Although the 12 pairs of cranial nerves are grouped as such, 
they are heterogenous in their nerve fiber types. Some cranial 
nerves are purely motor  (e.g., CN IV, CN VI, and CN XII) and 
some are purely sensory (e.g., CN II, and CN VIII). Many nerves 
perform mixed functions  (e.g., CN III carries motor efferents 
and parasympathetics, while CN V has sensory and motor 
branches).

1.3  Neuropathy
Neuropathy can be defined in many ways. Clinically, a neu-
ropathy is when there is dysfunction of the cranial nerve (e.g., 
facial droop with facial nerve weakness, facial numbness with 
trigeminal nerve weakness). This could be due to a problem 
with the nerve itself or an issue with the nucleus or ganglion 
more centrally located. Histologically, peripheral neuropa-
thy can be categorized based on degree of nerve injury to the 
axons and connective tissues. The most popular classification 
is Sunderland’s five classes: ranging from simple compression 
neuropraxia to complete transection of all axons and connec-
tive tissue. The causes of nerve injury can include iatrogenic 
transection, mass compression, viral swelling, infection, tumor 
invasion, and many others.

Table 1.1  Names and functions of cranial nerves

Nerve number Name Fiber types Function

I Olfactory Purely sensory Transmits smell sense from the nasal cavity

II Optic Sensory Transmits vision information from the retina to the brain

III Oculomotor Mainly motor Innervates most eye muscles (levator palpebrae superioris, superior rectus,  
medial rectus, inferior rectus, and inferior oblique) and muscles of the ciliary 
body and sphincter pupillae

IV Trochlear Motor Innervates the superior oblique muscle, which depresses, rotates laterally, and 
intorts the eyeball

V Trigeminal Both sensory and motor Receives sensation from the face and innervates the muscles of mastication

VI Abducens Mainly motor Innervates the lateral rectus muscle, which abducts the eye

VII Facial Both sensory and motor Provides motor innervation to the muscles of facial expression, posterior belly 
of the digastric muscle, stylohyoid muscle, and stapedius muscle. Also receives 
the special sense of taste from the anterior two-thirds of the tongue and carries 
secretomotor fibers to most salivary glands (not the parotid) and the lacrimal 
gland

VIII Vestibulocochlear Mostly sensory Transmits sensation of sound and head movement

IX Glossopharyngeal Both sensory and motor Carries taste sensation from the posterior one-third of the tongue, provides 
secretomotor innervation to the parotid gland, provides motor innervation to 
the stylopharyngeus, and contributes to pharyngeal plexus

X Vagus Both sensory and motor Supplies sensory and motor innervation to most laryngeal and pharyngeal  
muscles and provides parasympathetic fibers to nearly all thoracic and  
abdominal viscera down to the splenic flexure

XI Accessory Mainly motor Innervates the sternocleidomastoid and trapezius muscles

XII Hypoglossal Mainly motor Provides motor innervation to most of the muscles of the tongue
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1.4  The Clinical Challenge of 
Cranial Neuropathy
Because cranial nerves enable so many of our daily functions, 
patients are often aware of even the slightest changes. Some cra-
nial neuropathies are obvious after sudden events like trauma, 
stroke, or severe infection. Others present insidiously as subtle 
changes over a protracted time course, and the patient may not 
notice this gradual change. Sometimes patients are aware of the 
change (e.g., hearing loss), but assume it is “normal.” Therefore, 
a team of clinicians in various specialties may be called upon for 
diagnosis and management.

Patients with cranial neuropathy can present at any clinical 
setting: emergency room, primary care physician, otolaryngol-
ogy, or neurology office. The evaluation and workup can range 
from obtaining a clinical history and physical examination  
(e.g., Bell’s palsy) to extensive functional testing and multiple 
imaging modalities (audiovestibular disorders).

Part of the challenge with cranial neuropathy is the complex 
anatomy involved. Evaluating the pathway from the central 
brain nucleus to the end organ innervated by the nerve may 
be complex in certain situations. While some nerves are short  
(e.g., cochlear nerve), others are lengthy (e.g., spinal accessory 
nerve) with tortuous pathways. Each chapter includes a discus-
sion of the anatomy. Additionally, there is a chapter dedicated 
to radiology of cranial neuropathy.

For each given sense, there are multiple nerves working in 
conjunction to provide a coherent sense. When one of the two 
paired nerves is diseased, there is a discordant combination of 
signals to the brain and the neuropathy is thus symptomatic. 
Examples include diplopia from oculomotor nerve dysfunction 
or vertigo from vestibular nerve dysfunction. There is also a 
bilaterality to cranial nerves that can make diagnosis difficult. 
Taste or smell disturbance is nearly impossible for the patient to 
indicate laterality. The same is true with dysphonia or dyspha-
gia due to unilateral vocal cord dysfunction.

There is a spectrum of complexity dysfunction of cranial  
nerves. For example, a clinically observed dysfunction could 
be central (brain) or peripheral (the nerve itself). For exam-
ple, a patient’s face can be weak due to stroke or due to  
Bell’s palsy.

1.5  An Increased Interest in  
Cost-Effectiveness
Medical care has become costly. With third-party payers  
(government, insurance companies) playing a larger role in reim-
bursement of certain tests and procedures, there has been more 
emphasis on cost-effective evaluation and management of disease 
processes. Cost-effectiveness can be defined in multiple ways. In 
general, the value of the care provided is compared to the costs 
of that care. While this ratio may at first appear simple, it can be 
quite complex to accurately define value and cost to an individual 
or at a larger scale. Oftentimes, the calculation of value of medical 
care includes multiple intangibles for which there are no metrics.

Many of these assigned values are based on what society 
deems acceptable and may differ from culture to culture and 
depending on the attitudes of time era. With respect to cranial 
neuropathy, there are definitely relative values of disease mor-
bidity (e.g., blindness is generally considered worse than anos-
mia). Sometimes a cranial nerve weakness may be the sign of a 
much larger problem (e.g., brain tumor or demyelinating dis-
ease) and therefore warrants prompt and thorough evaluation.

True costs of medical care are often difficult to predict and 
tabulate. The costs can vary from patient to patient based on 
insurance provider, clinician fees, facility fees, and negotiated 
rates. There are also frequent new diagnostic and therapeutic 
options that can obfuscate financial considerations.

1.6  Cost-Effectiveness in Cranial 
Neuropathy
Cost-effectiveness in cranial neuropathy can be complex. While 
some disorders are straightforward and benign, others may be 
complex and involve any number of specialists such as otolar-
yngologists, neurotologists, neurologists, ophthalmologists, 
neurosurgeons, neuroradiologists, radiation oncologists, phys-
ical therapists, laryngologists, speech-language pathologists, 
audiologists, and others. The authors assembled for this text-
book reflect a broad spectrum of clinical roles in the hope of 
demonstrating a clinical pathway to assist in the evaluation and 
management of cranial neuropathy.
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2  Cranial Nerve I: Olfactory Nerve Disorders
Brendan Smith, Peter Svider, Robert Wayne Jr., and  Adam Folbe

Abstract
Smell loss is a common presenting symptom seen in clinics. 
There are a number of potential etiologies for olfactory dysfunc-
tion, but upper respiratory tract infections, sinonasal disease, 
and head trauma cause the majority of cases. A careful history 
and physical examination including nasal endoscopy are able 
to differentiate between the most common causes of olfactory 
dysfunction, thereby minimizing the need for costly and poten-
tially unhelpful diagnostic tools such as imaging. Inexpensive 
smell tests can help confirm the diagnosis of olfactory dysfunc-
tion and allow monitoring of response to treatment. There is 
limited data on treatment options for olfactory dysfunction, 
and the treatment tends to depend on the etiology. Smell train-
ing has also showed promise for treating olfactory dysfunction 
due to multiple etiologies and may be the most effective treat-
ment for patients who have anosmia and hyposmia that do not 
respond to initial treatments. This chapter will cover the epide-
miology, anatomy, diagnosis, and management of anosmia and 
hyposmia, with a focus on delivering cost-effective health care.

Keywords: anosmia, olfactory dysfunction, nasal polyps, skull 
base tumors, smell and taste disorders

2.1  Introduction
A properly functioning sense of smell is an important part of 
the human experience. Smell plays a role in the enjoyment of 
food, perception of memories, and avoidance of potential dan-
gers (e.g., smoke from fire, spoiled food that should not be eaten, 
etc.). Therefore, disorders of olfaction (anosmia and hyposmia) 
impact patients in multiple areas of life. Anosmia is defined as a 
total loss of smell, while hyposmia is defined as a reduced ability 
to detect smells and odors. The relationship between anosmia 
and decreased quality of life has been illustrated throughout 
the literature, as a loss of smell and the consequent inability to 
taste can have significant impact on one’s well-being, including 
an association with mental illness and depression.1,​2

2.2  Epidemiology
The prevalence of smell disturbances in the overall U.S. popu-
lation has not been well studied. In recent years, the National 
Health and Nutrition Examination Survey  (NHANES) added 
questions encompassing chemosensory disturbances  (includ-
ing anosmia/hyposmia).3 Subsequent cross-sectional studies 
on results of this analysis provide some of the best available 
data on the prevalence of anosmia/hyposmia in the adult U.S. 
population; importantly, 23.3% of adults older than 40 years 
self-reported a history of smell disturbance at any point in their 
life.4 The severity of dysfunction has also been studied, and 
between 12.4 and 13.5% have olfactory disturbance, defined as 
correctly identifying less than six of eight NHANES pocket smell 
test items, while 3.2% had anosmia/severe hyposmia (less than 
three odors correctly identified).3,​5

While the causes of anosmia/hyposmia are diverse, cer-
tain risk factors such as older age and male sex may predis-
pose to development. For example, the incidence of olfactory 
dysfunction increases with age, and has a prevalence of 4.2% 
in people aged 40 to 49 years, 12.7% in people aged 50 to  
59 years, and 39.4% in those aged 80 years and older.3 
Additionally, males appear to be at increased risk as compared 
to females. Of the 3.2% of people who had anosmia/severe 
hyposmia in the NHANES database, 74% were males.3 Further 
complicating this task is the fact that the length and severity of 
olfactory dysfunction varies by etiology.

The most common causes of olfactory dysfunction are 
post upper respiratory tract infection (URI), sinonasal disease 
including chronic rhinosinusitis  (CRS) or obstructing lesions, 
and a history of head trauma.2,​6 Collectively, these three enti-
ties account for approximately 75% of cases of olfactory dys-
function.2,​6 Less common causes include sinonasal surgery, 
congenital anosmia, xerostomia, toxin exposure (e.g., smoking), 
certain medications (e.g., angiotensin-converting enzyme [ACE] 
inhibitors, calcium channel blockers, etc.), intracranial tumors, 
chronic diseases including hepatic or renal failure, endocrine 
disorders, autoimmune disorders, nutritional deficiencies, and 
neurologic dysfunction such as stroke or Parkinson’s disease.2,​6,​7,​8  
Around 18% of cases have no immediately identifiable cause.2,​6 
A differential diagnosis is detailed in ▶Table 2.1.

The primary impact of olfactory dysfunction on patients 
is a decrease in quality of life. Of patients experiencing taste 
or smell disturbance within the prior year, 5.8% felt it affected 
their quality of life.9 In a separate study, patients with olfactory 

 Table 2.1  Etiologies of olfactory dysfunction 

Sinonasal disease Chronic rhinosinusitis, allergic rhinitis,  
nasoseptal deviation, nasal polyposis

Postviral Upper respiratory tract infections

Head trauma

Neurodegenerative 
diseases

Parkinson’s disease, Alzheimer’s disease, 
multiple sclerosis

Toxins Cigarette smoke, volatile chemicals,  
radiation/chemotherapy

Medications Many including ACE inhibitors, calcium  
channel blockers, and diuretics

Cerebrovascular 
disease

Ischemic stroke, subarachnoid hemorrhage, 
intracerebral hemorrhage

Tumors Sinonasal tumors, olfactory meningiomas

Congenital syndromes Kallmann’s syndrome

Malnutrition Vitamin B12 and B6, zinc

Chronic medical 
conditions

Renal disease, hepatic disease, endocrinop-
athies (hypothyroidism, diabetes, Addison’s 
disease, Cushing’s syndrome), autoimmune 
disorders

Abbreviation: ACE, angiotensin-converting enzyme.
Source: Malaty and Malaty 2013.7
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dysfunction reported a 20% decrease in quality of life on a sur-
vey measuring effects on daily functioning and dissatisfaction.2 
Overall, the high prevalence of olfactory disorders as well as the 
psychosocial impact these have makes this an important condi-
tion for clinicians to understand and manage.

2.3  Anatomy and Physiology of 
Olfaction
Signaling for the olfactory system begins with the nasal 
mucosa, and the nasal passages represent the first compo-
nent. One function of the nasal passages is to transport air to 
the cribriform plate, superior septum, and superior and middle 
turbinates, where odor molecules dissolve in mucus. Once sol-
ubilized, odorants can then be sampled by chemoreceptors bur-
ied within the mucosa at these sites. Olfactory neurons express 
1 of up to 350 different individual chemoreceptor proteins 
expressed by humans.10 When chemoreceptors on an olfactory 
neuron bind its specific substrate, the neurons are depolarized, 
and signals travel up the branches of the olfactory nerve in the 
mucosal epithelium through perforations in the cribriform 
plate to reach the olfactory nerve (cranial nerve I). The olfactory 
nerve then projects to the olfactory cortex, which has multiple 
functional areas (▶Fig. 2.1). These include the piriform cortex, 
amygdala, and entorhinal cortex, which function in concert to 
provide odor discrimination.

In addition to smell discrimination, the olfactory system 
is critical for the function of taste experience as well. During 
chewing of food, retrograde air movement from the pharynx 
to the olfactory epithelium in the superior nasal cavity allows 
food odors to be appreciated, which allows for a depth of taste 
not possible from taste buds alone. While humans are able to 
taste five broad categories (sweet, salty, bitter, sour, or savory), 
the ability to identify up to 350 separate odors helps explain the 
variety of taste experiences possible.10

Odor discrimination is essential to overall olfactory function. 
Because air movement is required to bring odorant molecules 
in proximity with chemoreceptors in the superior nasal cavity, 
any airflow obstruction (e.g., sinonasal masses or nasal conges-
tion) can cause olfactory dysfunction. Trauma, mass effect, or 
demyelinating disorders that affect the olfactory nerve can also 
result in olfactory dysfunction. Due to their location in the nasal 

mucosa, olfactory nerve endings are readily exposed to toxic 
inhalants (e.g., tobacco smoke), which can affect odor discrimi-
nation. Finally, because an intact sense of smell is important to 
food taste, patients may initially report loss of taste (ageusia/
hypogeusia) even though the primary issue is olfactory dys-
function.7 Since each of these etiologies present similarly, a 
thorough history and physical examination is critical to identi-
fying the causative pathology.

2.4  Diagnostic Evaluation
2.4.1  History of Present Illness
A thorough patient history is low cost and essential for an 
accurate diagnosis for patients with olfactory dysfunction. The 
severity, duration, and abruptness of symptom onset should be 
ascertained.7,​8,​11,​12 A diagnostic algorithm based on history is 
shown in ▶Fig. 2.2. Abrupt onset of anosmia/hyposmia without 
prior history is most commonly due to post-URI, open or closed 
head trauma, or iatrogenic causes  (e.g., sinonasal surgery). 
Follow-up questions for patients with abrupt onset should 
therefore include history of head trauma, recent surgical pro-
cedures, and review of systems for URI symptoms such as fever, 
nasal congestion, rhinitis, sore throat, or cough.7,​8,​11,​12

Progressive or intermittent olfactory dysfunction is most 
likely due to chronic sinonasal disease (CRS, nasal septal devi-
ation, allergic rhinitis, vasomotor rhinitis), toxin exposure  
(e.g., heavy metals, acids), advanced age, neurodegenerative dis-
eases, medications, or tumors.7,​8,​11,​12 CRS with or without nasal 
polyposis is a common cause of progressive olfactory loss.13  
If the patient also has mucopurulent nasal drainage, facial 
pressure, or nasal obstruction for at least 12 weeks, the diagno-
sis of CRS is strongly considered.

c

a

b

Fig. 2.1  Endoscopic exam of left nasal cavity. (a) Nasal polyp.  
(b) Inferior turbinate. (c) Nasal septum.

Fig. 2.2  CT scan, coronal view with bone window showing sinus 
disease involving the ethmoid and maxillary sinuses.
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Patients with congenital causes of olfactory dysfunction 
will not report a change in smell, and therefore may instead 
have deficiencies in sense of smell pointed out by others. 
The most common example of this includes Kallmann’s syn-
drome, which results from the lack of gonadotropin-releasing  
hormone (GnRH) leading to infertility and absent smell.

Additional reports of nasal obstruction, sinusitis, rhinitis, 
problems with memory, and neurologic deficits will help eluci-
date the most probable etiology. Family history of atopy or neu-
rodegenerative disorders may also be revealing. Social history 
of cigarette smoking, illicit drug use, or environmental toxin 
exposure and a review of medications will help rule in or rule 
out most remaining potential causes.7,​8,​11,​12

2.4.2  Physical Examination Findings
The physical examination of patients with suspected hyposmia/
anosmia should begin with a full head and neck examina-
tion with particular attention to the head, nasal cavity, and 
nasopharynx.7,​8,​11,​12 Among the acute causes of olfactory dys-
function, supporting evidence of URI (rhinitis, nasopharyngeal 
erythema) or trauma (lacerations, ecchymosis) may be found in 
this portion of the examination.

Patients with progressive olfactory dysfunction should be 
closely evaluated for evidence of CRS, sinonasal disease, or 
allergic/nonallergic rhinitis. When inspecting the external nose, 
signs of the allergic salute  (a transverse nasal crease result-
ing from excessive scratching of the external nose) and aller-
gic shiners  (defined as discoloration below the eyes resulting 
from venous congestion and stasis associated with histamine 
release and vasodilation) suggest allergic rhinitis. Rhinoscopy 
with nasal speculum focuses on visualization of the vestibule, 
anterior septum, and inferior turbinates for nasal cavity lesions. 
Nasal endoscopy allows visualization of the posterior nasal sep-
tum, turbinates, middle meatus, as well as sinus ostia. Patients 
with allergic/vasomotor rhinitis may present with rhinitis and 
cobblestoning of the nasopharynx. Visible causes of olfactory 
dysfunction include nasal cavity lesions, inferior turbinate 
hypertrophy, and nasal polyps.

After inspection of the nasal cavity and nasopharynx is com-
pleted, cranial nerve testing should be performed. Attention 
should be paid to cranial nerves V, VII, IX, and X, as these cra-
nial nerves are all involved in gustatory sensation and deficits 
may indicate a primary neurologic disorder or taste dysfunc-
tion, rather than smell dysfunction.7,​8,​11,​12 The remainder of the 
neurologic examination should be completed to assess for focal 
neurologic deficits or tremor, which could indicate intracranial 
pathology or other neurodegenerative diseases that can cause 
anosmia such as multiple sclerosis and Parkinson’s disease.7,​8,​11,​12  
Cognitive testing can be undertaken at this time to diagnose 
mild cognitive impairment and dementia, which may be  
caused by neurodegenerative disease that also causes olfactory 
dysfunction.7,​12

2.4.3  Olfactory Testing
Olfactory testing serves to confirm the diagnosis of hyposmia/
anosmia and should be undertaken after completion of the 
history and physical examination. Olfactory domains tested 
include identification, threshold, intensity, and discrimination. 

Confirming that hyposmia or anosmia is the cause of the patient’s 
symptoms is important to differentiate it from primary taste dis-
orders and dysosmia (diminished smell) or phantosmia (smelling  
phantom odors). Examples of commonly used olfactory tests 
include the University of Pennsylvania Smell Identification 
Test  (UPSIT), San Diego Odor Identification Test  (SDOIT), 
Sniffin’ Sticks, Connecticut Chemosensory Clinical Research 
Center (CCCRC) Test, and Briner and Simmen Diskette.8,​11

The UPSIT is a 40-odor scratch and sniff test that can be 
administered in approximately 15 minutes. It is the most com-
monly used test for olfactory dysfunction in the clinic due to 
its ease of administration (can be self-administered) and test–
retest reliability in detecting anosmia and hyposmia.14 Patients 
are asked to identify each of the odors; the number of correctly 
identified odors are then scored and compared to a database 
of controls. Using normative data allows clinicians to account 
for normal variations in smell discrimination based on age 
and gender.8,​11 An abbreviated version of this test called the 
Cross-Cultural Smell Identification Test (CC-SIT; also known as 
the Brief Smell Identification Test [B-SIT]) uses 12 scratch and 
sniff items and is also a subjective forced answer test.14 While 
this abbreviated test format is quicker to administer, the test–
retest reliability is lower than the full-length UPSIT test.14 UPSIT  
testing is usually covered by insurance, and the test packet  
costs $26.95.15

The SDOIT test uses eight odors in opaque jars along with 
illustrations of scent items from which patients must choose 
the correct odor. In adults between the ages of 50 and 70 years, 
this test has a reliability of 0.85 and test–retest reliability of 
96%.16 Generally, a new scent is administered every 45 seconds 
to reduce the risk of adaptation.16 Therefore, the SDOIT can be 
administered in a similar amount of time as the B-SIT. This test 
kit is not currently available commercially.

In the olfactory evaluation with Sniffin’ Sticks, felt-tip pens 
loaded with solutions containing different scents are held 
approximately 2 cm from the patient’s nose.17 Unlike some 
of the other olfactory tests that are limited to identification 
alone (e.g., UPSIT), Sniffin’ Sticks can be used to test threshold, 
identification of odors from a forced choice four-item list, and 
discrimination.17 Normosmia is defined as answering at least 
75% of the total forced choice answers correctly.8,​17 Threshold is 
tested using n-butorphanol at different concentrations and ask-
ing patients to identify the pen with n-butorphanol from two 
other pens with solvent alone.17 To test discrimination, patients 
are asked to identify which of three Sniffin’ Sticks is different 
from the other two.17 This test takes approximately 25 minutes 
to complete, and has good test–retest reliability  (r = 0.730).8 
The initial cost for Sniffin’ Sticks is much higher than for single 
UPSIT kits, with most retailers charging a few 100 dollars for the  
16 odor identification set. However, these are stable for a long 
time and can be used on multiple patients, and therefore may 
be a better choice than UPSIT for physicians who frequently 
perform olfactory dysfunction testing.

The CCCRC developed an olfactory test for threshold and 
odor identification in 1988.18 Threshold testing is similar to 
Sniffin’ Sticks, and aqueous solutions of n-butorphanol at 
varying concentrations in squeeze bottles are tested in each 
nostril until the patient can correctly detect four n-butorphanol- 
containing solutions from two blank solutions.18 Odor identifi-
cation testing features a panel of 10 odorant solutions in opaque 
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jars and patients must then choose correctly from a panel of 20 
answer choices.18 Scoring is a composite of performance scores 
on both subtests, and a composite score over 6 is considered 
normosmia. The test–retest reliability is not well studied for 
CCCRC testing. One of the disadvantages is the lack of commer-
cial availability.17

Smell Diskettes Test was developed by Briner and Simmen, 
and uses eight odorant-impregnated diskettes to test scent dis-
crimination via a forced-choice question format.19 For this test, 
normosmia is defined as greater than six correct identifica-
tions.19 Anything less than three correct answers is considered 
anosmia, and this result can then be confirmed using olfactom-
etry, an instrument used to evaluate concentration of odors, to 
determine threshold.19 The test takes approximately 5 minutes 
to complete and has high test–retest reliability (r = 0.999).8 The 
sensitivity and specificity of this test is not well studied. It is 
commercially available, though pricing information is unclear.

Although this section covers some of the most commonly 
used olfactory tests, it is certainly not exhaustive. There are 
other olfactory tests that have however they are not as well 
studied as the ones presented here.

2.4.4  Diagnostic Imaging
After confirming the diagnosis of olfactory dysfunction, imag-
ing studies can be considered based upon history and physical 
examination findings and targeted at the most likely etiologies. 
Since the lifetime prevalence of olfactory dysfunction in the 
general population is high, a cost-effective approach should 
consider potential etiologies before ordering imaging studies.

Most patients presenting with olfactory dysfunction as their 
primary complaint do not require imaging studies. In a recent 
study of 100 patients with anosmia or hyposmia, MRI yielded an 
important finding in 7%; however, these findings only affected 
management in 1% of cases.20 This study excluded patients with 
CRS and nasal polyposis, which are obstructive lesions more 
typically diagnosed by history and physical examination.20

In the cases where obstructive lesions have been confirmed 
by nasal endoscopy, imaging may be warranted as surgery may 
be needed to address these. When structural lesions are seen 
on endoscopy, the first imaging test should be noncontrast thin-
slice computed tomography (CT) scan to detail bony anatomy 
and facilitate surgical planning. MRI should be utilized primar-
ily in patients with nasal lesions found on endoscopy that are 
suspicious for cancer,21 as it can help delineate whether the 
nasal lesion has any intracranial extension or is entirely extrac-
ranial. MRI is also typically done in patients with head trauma, 
and may show changes to the olfactory bulb; however, this does 
not affect management. Imaging should also be considered for 
patients who present with other neurologic deficits or seizures 
suggestive of intracranial pathology.

2.5  Cost-Effective Evaluation of 
Olfactory Dysfunction
2.5.1  Olfactory Testing
The most commonly used olfactory testing kit is the UPSIT test. 
The testing kit costs $26.95 and takes approximately 15 min-
utes to perform. For these reasons, it is a good screening test in 
patients with suspected olfactory dysfunction.

2.5.2  Diagnostic Imaging  
Cost-Effectiveness
Diagnostic imaging, such as CT and MRI, is controversial as 
cost-effective methods of evaluation. As stated previously, most 
patients with olfactory dysfunction can be diagnosed with his-
tory, physical examination, and confirmatory smell testing.

Patients with acute onset of olfactory dysfunction and 
sinonasal or obstructive disease can have nasal endoscopy 
performed to diagnose most causes such as nasal polyposis 
or deviated nasal septum. CT imaging of the head and sinuses 
is another option for detailing the anatomy in these patients, 
especially when surgery is being considered. In patients with 
head trauma, MRI may typically show changes to the olfactory 
bulb, and management is unchanged based on these findings. 
Patients with progressive olfactory dysfunction with unre-
markable nasal endoscopy may undergo MRI.22 Imaging studies 
are not required when post-URI is the suspected etiology.

According to the 2018 Center for Medicare and Medicaid 
Services (CMS) reimbursement database, the cost of a CT of the 
head with and without contrast is $195.12, the cost of MRI of 
the head with and without contrast is $385.56, and the cost of 
nasal endoscopy is $214.56.

For patients with confirmed olfactory dysfunction but no 
obvious cause by history and physical examination, the litera-
ture regarding cost-effectiveness of imaging is mixed.

In a recent study on 122 patients with olfactory loss, MRI 
revealed pathology related to olfactory dysfunction in 25.4% 
of patients.23 Of the MRI series that revealed pathology related 
to olfactory dysfunction, about three-quarters revealed occult 
frontoethmoidal sinusitis.23 The remainder of patients with 
findings related to olfactory dysfunction were due to cen-
tral causes such as olfactory meningioma, olfactory atrophy, 
olfactory trauma, or infarcts within the olfactory system.23 Of 
the entire series of 122 patients, 6 patients (4.9%) had benign 
tumors on MRI. Only 2 had olfactory meningiomas related to 
olfactory dysfunction, and the remaining lesions were deemed 
to be unrelated to dysosmia.23 The authors of this study argue 
that the cost of MRI is appropriate when weighed against the 
average malpractice payout for a missed intracranial tumor.23 
Finding a single intracranial tumor that was related to olfactory 
dysfunction required 61 MRI to be performed, at an estimated 
cost of $146,400.23 This is compared to the average medical mal-
practice costs of around $600,000 per misdiagnosis or delayed 
time to treatment suit.23

However, a recent economic analysis using the probability of 
finding an intracranial neoplasm from this study found that the 
incremental cost-effectiveness ratio of using MRI in patients 
with idiopathic olfactory dysfunction was $115,669.50.22 This 
is much higher than the most commonly used willingness to 
pay threshold of $50,000. A subsequent sensitivity analysis 
was performed that showed the “no-MRI” method was cost- 
effective at a willingness to pay threshold of $50,000 with a  
certainty of 81%.22

Another recent study on 100 patients suggests routine MRI 
in patients with olfactory dysfunction has a low clinical yield.20 
In this study, seven patients  (7%) had evidence of pathology 
related to olfactory dysfunction on MRI.20 However, six of 
the seven patients had poorly developed or absent olfactory 
organs for which there is no treatment.20 Only one patient had 
an intracranial tumor  (neuroblastoma) that caused olfactory 
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dysfunction, meaning that only 1% of the total study group had 
their management plan changed based upon MRI findings.20 
Importantly, all of the studies excluded patients with more 
apparent causes of olfactory dysfunction such as CRS.

Ultimately, these findings suggest that the routing use of 
imaging in olfactory dysfunction is not cost-effective in patients 
with idiopathic olfactory dysfunction. Therefore, the history 
and physical examination are of paramount importance for 
patients with a chief complaint of loss of smell. Most patients 
can be diagnosed and managed without imaging, and imaging 
infrequently affects management even when intracranial find-
ings are present.20,​22,​23

2.6  Management
2.6.1  Post-Viral Olfactory Dysfunction
One of the most commonly cited treatments for post-viral 
olfactory dysfunction is intranasal or oral glucocorticoids.24 In 
contemporary practice, both oral steroids and many commonly 
used intranasal steroids harbor modest costs and are generally 
covered by insurance providers. There are a number of stud-
ies that compare different formulations of steroids in treating 
post-viral olfactory dysfunction. One study found significantly 
higher CC-SIT smell test scores after 4 weeks of treatment  
(p < 0.001) with oral prednisolone for 2 weeks  (30 mg daily 
for 3 days, 20 mg daily for 4 days, 10 mg daily for 7 days) plus 
mometasone twice daily for 1 month.25 However, this study 
looked at the effect of Ginkgo biloba on improvement of olfac-
tory dysfunction, and therefore did not have a true negative 
control group.25

A double-blind placebo-controlled study showed that 
patients with various causes of anosmia/hyposmia all showed 
significantly higher CCCRC threshold test scores following 
a 10-day course of oral steroids combined with intranasal 
steroids.26 There was no significant difference of CCCRC scores 
between treatment, placebo, and control groups at any point 
during the remainder of the study period.26

Finally, Schriever et al found that 26.6% of patients with 
olfactory dysfunction who were treated with a 14-day course of 
systemic steroids improved their Sniffin’ Sticks composite score 
by more than 6 points.27 However, although this study included 
patients with post-viral olfactory dysfunction, it does not con-
tain a performance analysis for this subgroup, making it diffi-
cult to draw conclusions.

Other treatments including vitamin A, minocycline, carover-
ine, and alpha lipoic acid have been studied; however, there is 
insufficient evidence for their efficacy at this time.24

In summary, there is low-level evidence that supports the 
use of steroids in patients with post-viral olfactory dysfunc-
tion. In the senior author’s practice, a 2-week steroid taper 
is generally prescribed for these patients; however, there is 
clearly not an evidence-based consensus in our field. However, 
more studies are required both to test the use of steroids ver-
sus observation and to better delineate the natural course of  
the disease.

2.6.2  Sinonasal Disease
Like post-viral olfactory dysfunction, steroids are commonly 
used in the treatment of sinonasal etiologies of smell loss.  

In particular, allergic rhinitis, chronic rhinitis, and nasal  
polyposis have all been shown to respond to systemic 
glucocorticoids.27

In one study treating patients with various etiologies of 
olfactory dysfunction, there was improved performance in 
Sniffin’ Sticks scores after treatment.27 Interestingly, subgroup 
analysis revealed that patients with sinonasal disease had 
significantly higher Sniffin’ Sticks scores than any other sub-
group.27 A total of 36.7% of patients with sinonasal disease 
showed an increase in the Odor Threshold, Discrimination, 
and Identification (TDI) score of greater than 6 points over the 
14-day treatment.27 Allergic rhinitis is another sinonasal cause 
of olfactory dysfunction, which responds well to intranasal 
steroids, showing significantly higher Sniffin’ Sticks scores after 
1 month of treatment.28 In addition to intranasal steroid man-
agement, patients with nasal polyposis or CRS and olfactory 
dysfunction respond well to appropriate surgical management, 
with significantly higher B-SIT scores postoperatively compared  
to baseline.29

2.6.3  Trauma
Treatment options for posttraumatic olfactory dysfunction are 
limited. Most patients can be observed for spontaneous recov-
ery. Unless damage or scarring of the olfactory tract is severe, 
olfactory neuron regeneration should provide some restoration 
of olfaction. In a small, retrospective study on 14 patients,  
4 patients showed improvement in olfactory function testing 
by olfactometry.30 More studies are required before steroids can 
be recommended for management of posttraumatic olfactory 
dysfunction.

2.6.4  Neurodegenerative Conditions
Since neurodegenerative conditions such as Parkinson’s dis-
ease, Alzheimer’s dementia, and multiple sclerosis are progres-
sive and irreversible, there are no reliable treatment options for 
olfactory dysfunction in these patients. Treating the underlying 
disease process may be the best option for prolonging olfactory 
function in these patients, although further study is needed to 
better characterize the evidence for this.

2.6.5  Smell Training
Smell training in patients with olfactory dysfunction is a  
treatment choice for multiple causes of smell loss.31 Smell 
training includes repeated daily exposures to different odor-
ants during a treatment course of a few weeks.31 It has been 
shown to improve the TDI performance by multiple studies.31  
In a recent meta-analysis, smell training showed a mean 
increase in TDI score of 3.77  (95% confidence interval [CI]: 
2.28–5.26).31

2.7  Conclusion
Olfactory dysfunction is common and the most frequent causes 
are post-viral olfactory dysfunction, head trauma, and sinonasal 
disease. A thorough history and physical examination includ-
ing nasal endoscopy by an otolaryngologist is essential. The 
diagnosis of anosmia or hyposmia can be confirmed with well- 
validated and inexpensive tests such as the UPSIT or Sniffin’ 
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Sticks. For patients with confirmed smell loss but otherwise 
negative examination findings, costly tests such as CT and MRI 
are controversial as the vast majority of results are negative, 
and the positive findings are frequently not amenable to clin-
ical intervention. Treatment options are based on the under-
lying pathology, and usually include topical intranasal and/
or systemic steroid therapy. Smell training has been shown 
to improve TDI scores in patients with olfactory dysfunction. 
Well-designed randomized controlled clinical trials are needed 
to determine the most effective treatment of post-viral and 
neurodegenerative olfactory dysfunction.
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3  Cranial Nerve II: Visual Disorders
Junru Yan, Michael Duan, Aroucha Vickers, Claudia M. Prospero Ponce, and Andrew G. Lee

Abstract
This chapter focuses on the different types of optic nerve (cra-
nial nerve II) disorders; how optic neuropathies may present to 
the general physician; and recommendations regarding diagno-
sis, referrals, and some cost considerations. It may be import-
ant to take into consideration the limitations on care imposed 
by the presence of insurance coverage, the type of insurance, 
the types of procedures covered under various insurance plans, 
and a general sense of the average cost of various procedures. 
For the purposes of this chapter, average estimated costs will 
be used, but geographic and other variations may occur locally, 
and prices may vary significantly based on local, regional, and 
state market differences. Ophthalmology consultation is rec-
ommended for each of the visual disorders discussed. Some 
procedures that are performed frequently for patients with  
CN II disorders include magnetic resonance imaging, computed 
tomography scans, orbital ultrasound, fluorescein angiography, 
Humphrey visual field and other automated perimetry, optical 
coherence tomography, electroretinography, and visual evoked 
response. Some sample, estimated costs for these procedures 
are listed in the text.

Keywords: optic nerve, optic neuropathy, optic neuritis, 
papilledema, optic disc

3.1  Initial Evaluation and General 
Considerations
3.1.1  History
The clinical history and physical examination are import-
ant aspects of the clinical workup that provide useful insight 
for reaching an accurate diagnosis. Clinicians should note the 
following when eliciting the history: presence of existing eye 
defects including but not limited to glaucoma or cataracts; 
age of the patient; medical history with special attention to 
diabetes, hypertension, or visual changes; use of corrective 
eyewear and if this is up to date; notable changes pertaining 
to the eye including but not limited to pain, redness, tearing; 
diplopia, specifying monocular versus binocular diplopia; and 
other changes in vision including hyperopia, myopia, scotomas, 
or flashes/specks/spots in the visual field. If blurry vision is the 
main complaint, careful attention should be placed for onset, 
duration, triggers, time of day, bilaterality, and whether central 
or peripheral vision is affected. Additionally, it is important to 
note whether the blurry vision is more pronounced at a given 
distance (far vs. near).

3.1.2  Physical Examination
Comfort and familiarity with techniques for physical exam-
ination of the visual and oculomotor systems are essential. An 

example script for how a basic ocular examination may be per-
formed by the front-line provider is as follows:

1.	 Assess visual acuity: ask the patient to read the lowest 
line they are able to read from any vision testing chart 
(from the appropriate distance) with one eye and then 
the other and with and without corrective prescrip-
tion. Near cards should be held at approximately 14 
inches from the patient or at a normal reading distance. 
Patients may have blurry vision secondary to ocular 
dryness, which may be improved simply by adminis-
tering an artificial tear solution. If a pinhole mask is 
available and utilized, the blurry vision from a refrac-
tive error is expected to improve. If not available, an 
easy way to test for refractive error is by making a hole 
with a pencil tip on a card and asking the patient to 
read through it.

2.	 Assess visual fields: facing the patient at an arm’s length, 
ask the patient to cover one eye and look toward the 
physician’s nose without moving. Cover your contralateral 
eye (the one in front of the patient’s covered eye) and 
move your free hand to all corners of visual quadrants and 
extend any number of fingers, asking the patient to state 
the number of fingers shown. Repeat in all four quadrants 
and in both eyes.

3.	 Assess extraocular movements: facing the patient, ask 
the patient to look directly at the physician and hold their 
head steady. Have the patient follow your extended finger 
(about 1 ft away) with only the eyes as you slowly move in 
an “H” pattern. Conclude by bringing your finger toward 
the patient’s nasal bridge to test convergence. Evaluate for 
smooth pursuit, nystagmus, and difficulty in completing 
movements.

4.	 Examine eyes: look at the color and fullness of the 
eyelids and the periorbital skin. Observe any asymmetry 
of the eyelids and their distance from the center of the 
pupil. Examine the light reflex position for alignment. 
Spread the eyelids to examine the eye surface for dis-
charge or hemorrhage, and assess the corneal surface for 
abrasion.

5.	 Test orbicularis oculi: ask the patient to close their eyes 
tightly. Have them resist as you attempt to open the  
eyelids with your fingers.

6.	 Test intraocular pressure (rough approximation): ask the 
patient to close their eyes and gently press over the eye-
lids toward the center of the eyeball. Compare this to the 
tip of your nose—the eyeball should be softer or equally 
soft to the tip of your nose.

7.	 Examine pupils: note the size of the pupils and presence of 
red reflex. Test pupillary responses (both direct and indi-
rect) by first decreasing the room light and then asking the 
patient to look into the distance as you shine light into the 
pupils, waiting a few seconds between eyes. Also note for 
the presence of a relative afferent pupillary defect.
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8.	 Fundoscopic examination: decrease the room light and 
ask the patient to look into the distance. Hold oph-
thalmoscope in the right hand for examination of the 
right eye and vice versa. Check for red reflex from 12 to 
18 inches away and approach to within 2 to 3 inches. 
Evaluate any opacity of the cornea or vitreous. Examine 
the retina and retinal vasculature. Examine the optic 
disc for color, contour, edema, and cupping.

3.1.3  Indications for Urgent Referral 
and Diagnostic Testing
Patients presenting with the following symptoms should be 
referred immediately to an ophthalmologist:

1.	 Physical wound of the eye including a scratch, cut, 
puncture, or concern that something is stuck in the eye.

2.	 If the patient uses contacts and reports they may be 
“stuck” underneath their lids.

3.	 Sudden acute loss of vision with or without pain.
4.	 Painful binocular diplopia.
5.	 Presence of flashing light or floaters even if only part of 

the visual field is affected.
6.	 Acute and unexplained pain or redness of the eye. Chronic 

symptoms may be referred as a routine visit to the 
ophthalmologist.

7.	 Eye pain that is concurrent with nausea, headache, or 
vomiting.

8.	 Exposure of chemicals to the eye.
9.	 Infectious conditions, such as herpes simplex or zoster or 

acute dacryocystitis.

Other changes in vision may not be emergent but may still war-
rant referral to an ophthalmologist for observation. When refer-
ring or ordering diagnostic testing, physicians should consider 
the cost of common procedures and imaging as summarized 
in ▶Table 3.1. These estimated prices are for reference only, as 
actual prices may vary significantly based on insurance cover-
age and market differences.

3.2  Vascular
3.2.1  Anterior Ischemic Optic 
Neuropathy
Nonarteritic
Etiology and Pathophysiology
Nonarteritic anterior ischemic optic neuropathy (NAION) is 
the most common acute, unilateral optic neuropathy in adults. 
Proposed risk factors include hypertension, diabetes, athero-
sclerosis, past surgeries with major blood loss, prothrombotic 
conditions, obstructive sleep apnea, nocturnal hypotension, use 
of amiodarone derivatives, and erectile dysfunction drugs.1,​2

Presenting Symptoms and Signs
The presentation is usually an acute, unilateral, painless vision 
loss. Patients with NAION usually have a small cup-to-disc (C:D) 
ratio, which is a proposed predisposing structural risk factor. 
The visual acuity loss is variable. Ophthalmoscopy reveals optic 
disc edema in the acute phase.3 Optic atrophy (sector or diffuse) 
may develop over time (▶Fig. 3.1).

Clinical Considerations
Diagnosis

The diagnosis of NAION is primarily clinical because there is no 
diagnostic laboratory or imaging finding for NAION. The diag-
nosis is made based on older age, the presence of vasculopathic 
risk factors, visual loss patterns, optic disc edema, and a small 
C:D ratio. Patients with NAION typically do not require neuro-
imaging. In older patients (e.g., older than 50 y), giant cell arte-
ritis (GCA) may need to be ruled out with clinical examination 
and laboratory testing (see below).

Current Treatment
Eliminating or adjusting the risk factors listed earlier may be 
beneficial. There is currently no evidence-based treatment for 
NAION. Optic nerve decompression and aspirin have not been 
shown to improve vision and the use of corticosteroids remains 
controversial (http://quarkpharma.com/?p=12476).4,​5 Clinical 
trials are currently underway for NAION (http://quarkpharma.
com/?p=12476).

Cost considerationsa

Not recommended MRI, lumbar puncture not indicated for typical 
NAION

Recommended ESR/C-reactive protein (CRP) if GCA is suspected

Practice option Complete blood count (CBC) and platelet count
a Authors’ opinions, not consensus statement.

Giant Cell Arteritis/Arteritic
Etiology and Pathophysiology
Arteritic anterior ischemic optic neuropathy (AAION), or GCA, 
is a systemic granulomatous vasculitis, affecting medium to 
large-sized arteries. GCA is considered an ophthalmic emer-
gency due to its aggressive course.4

Table 3.1  Medicare allowables of some common procedures in 
testing for an optic neuropathy 

Test (CPT code) Cost: Medicare allowables ($)

Brain MRI (70553) 400

Head MR angiography with and 
without dye (70546)

510

Head CT with and without  
contrast (70470)

201

Orbital ultrasound (76510) 150 per eye

MRI orbit with and without  
contrast (70543)

460

Fluorescein angiography (92242) 241

Electroretinography (92275) 160

Visual evoked response (95930) 74

Optical coherence tomography 
(92134)

44

Humphrey visual field (92083) 68

Note: Genetic testing may be indicated for some patients with CN II 
disorders. The price for these tests may vary, but it is important to 
note that such testing is often not covered by insurance.
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Presenting Symptoms and Signs
The most common ocular manifestation of GCA is acute unilat-
eral painful vision loss that can initially present with episodes 
of transient vision loss.5 In addition, patients with GCA may 
complain of jaw claudication, scalp tenderness, headache, hip 
and shoulder arthralgia, malaise, and fevers (see ▶Fig. 3.2).6

Clinical Considerations
Diagnosis

The gold standard for diagnosis is a temporal artery biopsy (TAB), 
but note that TAB sensitivity ranges from 70 to 90%.7 Studies also 
suggest the use of temporal artery ultrasound for diagnosis of 

GCA, which may present with a positive “halo sign” (inflamma-
tion around the artery). Some studies have shown high specific-
ity and moderate sensitivity, but ultrasound has not yet reached 
the level of replacing the TAB for the diagnosis of GCA.89

Current Treatment
The current treatment of GCA remains high-dose corticoste-
roids.10 Treatment courses vary but may be as long as 1 to 2 
years of chronic steroids and given the need to taper steroids 
slowly to prevent a GCA relapse.6 In addition, recent studies 
have shown the potential for tocilizumab to be therapeu-
tic for GCA.11 The cost of tocilizumab is $355 for a prefilled 
syringe of 162 mg of drugs.12 Consultation with rheumatology 

Fig. 3.1  Optic nerve head (ONH) appearance in nonarteritic anterior ischemic optic neuropathy (NAION) and arteritic anterior ischemic optic 
neuropathy (AAION). (a) The healthy eye demonstrates a characteristic crowded appearance, which has been called “disc at risk.” (b) ONH 
appearance in NAION. Edema is segmental, with mild superimposed pallor and flame hemorrhages. (c) The healthy eye demonstrates a normal 
cup-to-disc ratio. Lack of a disc at risk should suggests an AAION. (d) ONH appearance in AAION. Pallor is more pronounced.  (Reproduced with 
permission from American Academy of Ophthalmology.)
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is recommended for most cases of GCA but especially for those 
cases requiring consideration for steroid-sparing regimens 
including tocilizumab.

Cost considerations

Not recommended Lumbar puncture

Recommended ESP/CRP, TAB, steroids

Practice option CBC and platelet count, ultrasound, MRI, 
fractional anisotropy (FA)

3.2.2  Posterior Ischemic Optic 
Neuropathy
Etiology and Pathophysiology
Posterior ischemic optic neuropathy (PION) is an optic nerve 
disorder resulting from an infarction of the retrobulbar por-
tion of the optic nerve. This form of neuropathy is less com-
mon than anterior ischemic optic neuropathy (AION) and can 
be distinguished from AION by the normal-appearing optic 
nerve head.8 Etiology of PION is typically divided into three 
groups: perioperative (surgical), arteritic (GCA), and nonarte-
ritic (idiopathic).9

Presenting Symptoms and Signs
Patients with PION typically present with acute central or 
peripheral vision loss.8 Other symptoms are based on the type 
of PION.

Clinical Considerations
Diagnosis
PION is a diagnosis of exclusion. It is recommended to rule out 
GCA, perform a thorough ophthalmologic examination, and 
consider a brain MRI to rule out other causes of retrobulbar 
optic neuropathy.9

Current Treatment
Treatment depends on the mechanism of PION. There is cur-
rently no treatment for perioperative PION and nonarteritic 

PION that can significantly improve vision loss. Patients with 
arteritic PION may be treated with corticosteroids if GCA is 
suspected.13

Cost considerations

Not recommended –

Recommended ESP, CRP, CT, and/or MRI of the brain and orbit 
with and without contrast for retrobulbar optic 
neuropathy

Practice option TAB if suspecting GCA

3.2.3  Hypertensive Retinopathy
Etiology and Pathophysiology
Hypertensive retinopathy (HR) is a condition found in  
hypertensive patients characterized by retinal vascular signs.14

Presenting Symptoms and Signs
The traditional classification system of HR is known as the 
Keith–Wagener–Barker (KWB) scale and classifies HR as mild, 
moderate, or malignant depending on the extent of the dis-
ease. Malignant cases involve severe grade 4 retinopathy and 
papilledema.15 Patients with hypertension may also experience 
NAION.

Clinical Considerations
Diagnosis
Early detection of HR is beneficial because some studies have 
suggested an association between retinopathy and long-term 
stroke risk. Fundoscopic examination and retinal photography 
have been recommended to determine the presence and sever-
ity of retinopathy in hypertensive patients.16

Current Treatment
HR treatment is focused around the goal of reducing systemic 
blood pressure.17 Consultation with a retinal specialist may also 
be sought for further treatment.

Fig. 3.2  (a, b) The left optic disc is pallid and swollen from giant cell arteritis. Fundoscopy shows a normal right optic disc with a cup-to-disc 
ratio of about 0.3 and massive infarction (with a pallid white or “chalky” white appearance) of the left optic eye, with extension into the  
surrounding retina.  (Reproduced with permission from American Academy of Ophthalmology.)
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3.2.4  Diabetic Papillitis
Etiology and Pathophysiology
Diabetic papillitis (DP) is a rare finding in patients with type 1 or 
type 2 diabetes presenting with optic disc edema.18 The patho-
physiology of the disease is undetermined, but evidence does 
suggest that duration of diabetes is not a risk factor for DP.19

Presenting Symptoms and Signs
In patients with DP, the optic nerve function is typically intact 
and either unilateral or bilateral hyperemic disc swelling may 
be present. Patients may occasionally present with decreased 
visual acuity but for the most part are asymptomatic.18 In  
70 to 100% of patients with DP, macular edema may be a comor-
bid finding. Other signs of diabetic retinopathy may be found in  
35 to 90% of patients.19

Clinical Considerations
Diagnosis
DP is a diagnosis of exclusion. The current criteria listed for 
DP diagnosis are as follows: (1) patient must have confirmed 
diagnosis of either type 1 or type 2 diabetes; (2) present with 
optic disc edema; (3) have largely intact optic nerve function;  
(4) have normal intracranial pressure; and (5) be clear of inflam-
mation, infection, and/or infiltration of the optic nerve. MRI of 
the brain and orbits and lumbar puncture may be performed in 
order to rule out other conditions.18

Current Treatment
No treatment is recommended for most patients with DP since 
the disease usually self-resolved. Use of corticosteroids is cur-
rently debated as to whether it is effective in curbing progres-
sion of the diseases. Other treatment options such as vascular 
endothelial growth factor (VEGF) inhibitors to resolve swelling 
and improve visual acuity have been reported but require fur-
ther testing to confirm their efficacy.19

3.3  Infectious
3.3.1  Infectious Neuroretinitis
Etiology and Pathophysiology
Neuroretinitis may be involved in the presentation of infec-
tions. Common etiologic agents may include Bartonella, syph-
ilis, and Lyme disease.

Bartonella neuroretinitis, also known as cat scratch disease 
(CSD), is the ocular manifestation of infection by Bartonella 
henselae, which is the most common infectious cause of neu-
roretinitis, contributing to up to 64% of all cases.20

Syphilis is a chronic, sexually transmitted infection of the 
spirochete Treponema pallidum that may affect any part of 
the body, including the eyes. Syphilitic infection of the eye is 
uncommon but can occur in later stages of the disease.21,22

Lyme disease is an Ixodes tick–transmitted infection 
caused by the spirochete Borrelia burgdorferi. The localized 
infection begins with erythema migrans “bull’s eye” rash. 

After the infection becomes disseminated and in the absence 
of treatment, up to 15% of patients may develop neurological 
complications.23

Presenting Symptoms and Signs
Patients may present with decreased visual acuity. Optic disc 
edema with a macular star figure may be noted.20,​24 Panuveitis 
is the most common ophthalmic finding in ocular syphilis (see 
▶Fig. 3.3).25

Clinical Considerations
Diagnosis
Diagnosis is based on history, and physical and serologic testing.

Current Treatment
Consultation with an infectious disease specialist may be con-
sidered to assist with medical management. For bartonella 
neuroretinitis, data suggest use of doxycycline with rifampin 
for adults for 4 to 6 weeks under observation by an ophthal-
mologist. For children younger than 8 years, a 4- to 6-week 
course of rifampin and either azithromycin or trimethoprim/
sulfamethoxazole can be considered.26

For ocular syphilis, parenteral penicillin is currently the drug 
of choice for treatment, typically resulting in visual improve-
ment and management of inflammation within 1 month. 
Corticosteroids are typically not used, but may be considered 
if additional inflammatory complications, such as macular 
edema, arise.25

For treatment of early Lyme disease, oral doxycycline, amox-
icillin, and cefuroxime have all demonstrated equal effective-
ness. Of these antimicrobial choices, doxycycline was noted to 
have superior central nervous system (CNS) penetration.27

Fig. 3.3  Disc edema and macular star in a patient with neuroreti-
nitis due to cat-scratch disease. (Reproduced with permission from 
American Academy of Ophthalmology.)
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Cost considerations

Not recommended –

Recommended Serologic testing

Practice option Lumbar puncture, MRI, infectious 
disease referral

3.4  Compressive/Neoplastic
3.4.1  Compressive Optic Neuropathy
Optic Nerve Glioma
Etiology and Pathophysiology
Optic nerve glioma is the most common tumor of the optic 
nerve.28 Benign optic nerve gliomas may present at any age, 
but most become symptomatic within the first two decades of 
life.24 Malignant optic nerve glioma is less common, occurring 
predominantly in males older than 20 years.28 Patients may also 
have evidence of neurofibromatosis type I (NF1).29

Presenting Symptoms and Signs
Patients with optic nerve gliomas may present with progressive 
decreased visual function, proptosis, optic disc swelling, and/or 
strabismus. Typically, ocular and orbital pains are both absent.28

Clinical Considerations
Diagnosis

MRI is the gold standard for imaging, but CT may be considered 
to visualize intratumoral calcifications (▶Fig. 3.4).29

Current Treatment
Treatment and management of optic nerve glioma is patient 
dependent. It may be recommended that a multidisciplinary 
approach be undertaken, consulting an ophthalmologist, radi-
ation oncologist, pediatric oncologist, neuroradiologist, and a 
neurosurgeon.29

Cost considerations

Not recommended Lumbar puncture

Recommended MRI

Practice option Consultation with neurosurgery 
and/or radiation oncology

Optic Nerve Sheath Meningiomas
Etiology and Pathophysiology
Optic nerve sheath meningiomas (ONSMs) are rare benign 
tumors that arise from meninges surrounding the optic nerve.30 
They are the second most common optic nerve tumor after optic 
nerve gliomas and account for a third of primary optic nerve 
tumors.31 These tumors tend to be well defined and progress 
slowly, but they may still compress the anterior visual pathway 
leading to vision loss. Ninety-five percent of all cases are uni-
lateral. Bilateral cases are uncommon and tend to be associated 
with patients with neurofibromatosis type 2.32

Presenting Symptoms and Signs
Patients may present with progressive painless visual loss 
over 1 to 5 years.31 Examination via fundoscopy may reveal 
presence of optic disc swelling (early stage) and pallor or  
optociliary shunt vessels (late stage), which are retinochoroidal 

Fig. 3.4  Bilateral optic nerve gliomas in a patient with a neurofibromatosis type 1. (a) Both optic nerves are expanded and hyperintense in the 
T2-weighted image. (b) They do not enhance in the postcontrast T1-weighted image. (Adapted from Forsting M, Jansen O, ed. MR Neuro
imaging: Brain, Spine, Peripheral Nerves. 1st edition. New York, NY: Thieme; 2016.)
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collaterals.31,​33 Patients may also have proptosis and extra-
ocular motility defects depending on size of location of the  
tumor.

Clinical Considerations
Diagnosis

MRI of the brain and orbit with and without gadolinium is con-
sidered the gold standard for diagnosis of ONSM (▶Fig. 3.5).31 
CT of the head without contrast can also be useful for patients 
demonstrating optic canal enlargement and nerve sheath calci-
fication, sometimes present in ONSM cases.30

Current Treatment
Observation may be recommended depending on the degree 
of vision loss. In moderate to severe vision loss, stereotactic 
fractionated radiotherapy is a potential solution.34 Surgical 
resection is not typically indicated for treatment of ONSM due 
to the position of these tumors, often resulting in permanent 
vision loss postoperatively.35 A multidisciplinary approach with 
ophthalmology, neurosurgery, and radiation oncology may be 
beneficial.

Cost considerations

Not recommended Lumbar puncture

Recommended MRI of brain and orbit

Practice option Head CT, consultation with neurosurgery and/
or radiation oncology

Foster Kennedy Syndrome
Etiology and Pathophysiology
Foster Kennedy syndrome is a rare syndrome traditionally 
characterized by an intracranial mass (typically a meningi-
oma) causing ipsilateral optic nerve atrophy and anosmia 
with contralateral papilledema due to increased intracranial 
pressure.33,​36

Presenting Symptoms and Signs
Findings for this syndrome include progressive loss of vision in 
one eye due to nerve compression and concurrent papilledema 
in the opposite eye (possibly presenting as an enlarged blind 
spot).37 Furthermore, personality changes may be noted if the 
frontal lobe is involved.38

Clinical Considerations
Diagnosis

The above presentation may warrant neuroimaging with MRI to 
confirm the diagnosis.33

Current Treatment
The primary treatment involves surgical resection of the tumor. 
Radiation may also be considered. In some instances, however, 
postsurgical damage to the optic nerve may or may not be 
reversible.39

Fig. 3.5  Optic nerve sheath meningioma. Large optic nerve sheath meningioma in a patient with a 6-year history of right-sided blindness, 
formerly attributed to optic neuritis. (a) T1-weighted (T1w) image shows a large, expansile, uniformly enhancing mass with smooth margins 
in the right orbital cone. The encased optic nerve is barely perceptible at the center of the mass. (b) Fat-saturated coronal T1w image after 
contrast administration more clearly demonstrates the encased optic nerve in the inferolateral quadrant of the meningioma. (Adapted from 
Forsting M, Jansen O, ed. MR Neuroimaging: Brain, Spine, Peripheral Nerves. 1st edition. New York, NY: Thieme; 2016.)
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Cost considerations

Not recommended Lumbar puncture

Recommended MRI and consultation with neurosurgery and 
radiation oncology

Practice option –

Thyroid Eye Disease
Etiology and Pathophysiology
Thyroid eye disease (TED) is an autoimmune, inflammatory, 
noninfectious orbitopathy associated with Grave’s hyperthy-
roidism or Hashimoto’s thyroiditis.40,​41 The etiology and patho-
physiology of TED are discussed in greater detail in Chapter 4 
(Cranial Nerves III, IV, VI: Ocular Motor Cranial Nerve Disorders).

Presenting Symptoms and Signs
In some cases of TED, extraocular muscle enlargement and 
orbital inflammation may result in compressive optic neurop-
athy; optic nerve involvement has been demonstrated in 6% of 
TED patients.40 Loss of color vision and peripheral vision may 
also be noted.40 Other aspects of the symptoms and signs of 
TED, including the more common findings of eyelid retraction 
and exophthalmos, are discussed in greater detail in Chapter 4 
(Cranial Nerves III, IV, VI: Ocular Motor Cranial Nerve Disorders).

Clinical Considerations
Diagnosis

Diagnosis of TED requires thyroid hormone studies in addi-
tion to an investigation into potential thyroid autoantibodies. 
CT without contrast is preferred for initial imaging. For more 
details refer to Chapter 4 (Cranial Nerves III, IV, VI:  Ocular 
Motor Cranial Nerve Disorders) and ▶Fig. 3.6.

Current Treatment
In cases of compressive optic neuropathy, intervention may 
be urgent. Radiation and corticosteroids may be employed 
to reduce inflammation of the orbit. Furthermore, orbital 

decompression surgery may be necessary in some cases.40 Refer 
to Chapter 4, section 4.5.1 for a more detailed discussion of TED 
management.

Cost considerations

Not recommended –

Recommended Thyroid antibodies

Practice option Orbital ultrasound, MRI, CT, ster-
oids, radiation, decompression

3.4.2  Infiltrative Optic Neuropathy
Infiltrative optic neuropathies may occur secondary to neo-
plasms or a variety of infectious and inflammatory etiologies. 
The optic nerve is most commonly infiltrated by either pri-
mary or secondary tumors. Primary tumors are significantly 
more prevalent. Examples of primary tumors include optic 
glioma (the most common), ganglioglioma, capillary heman-
gioma, cavernous hemangioblastoma, and melanocytomas.36,​

42 Examples of secondary tumors that may infiltrate the optic 
nerve include metastatic carcinoma and lymphomas, leuke-
mia, and myeloma.36 Sarcoidosis represents the most common 
inflammatory and opportunistic fungi, such as Cryptococcus, 
the most common infectious etiologies.36 Loss of visual acuity 
or color vision, visual scotomas, and optic disc swelling may 
be seen. Many cases of optic nerve infiltration, however, do 
not feature any signs of optic neuropathy.36 Consider consult-
ing with ophthalmology, oncology, or infectious disease in the 
treatment of these cases, depending on the underlying etiology.

3.5  Degenerative
3.5.1  Glaucoma
Etiology and Pathophysiology
Glaucoma is the second leading cause of blindness in the world 
after cataracts, defined by elevated intraocular pressure (IOP) 
leading to optic neuropathy. It can be divided into open-angle 
and closed-angle glaucoma.43

Fig. 3.6  A 53-year-old woman with thyroid orbitopathy and bilateral proptosis. (a) Axial and (b) coronal fat-suppressed T1-weighted images 
show increased gadolinium contrast enhancement of asymmetrically enlarged extraocular muscles without involvement of the corresponding 
tendons in both orbits. (c) The involved muscles have fusiform shapes and have slightly high signal on coronal short tau inversion recovery 
(STIR).  (Adapted from Meyers S, ed. Differential Diagnosis in Neuroimaging: Head and Neck. 1st ed. New York, NY: Thieme; 2016.)
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Presenting Symptoms and Signs
Open-angle glaucoma is characterized by progressive periph-
eral vision loss prior to central visual deficits. Cupping may be 
a common ophthalmoscope examination finding. Patients with 
acute-angle closure glaucoma may present with sudden-onset, 
painful red eye. This represents an ophthalmologic emergency, 
and treatment within 24 hours to prevent irreversible blindness 
is recommended.44

Clinical Considerations
Diagnosis
Suspicion for glaucoma can arise if optic cup diameter is greater 
than 50% of the disc diameter. An IOP of greater than 20-mm 
H2O may warrant referral to ophthalmology.44

Current Treatment
The goal of therapy is primarily to lower the IOP. The first line 
of therapy typically includes topical prostaglandins; multi-
drug therapy may be used in severe cases. The cost of generic 
antiglaucomatous agents is typically less than $20 per bot-
tle. Laser therapy can also be considered before surgical  
intervention may be required. It may be important to con-
sider that the use of steroids may potentially worsen  
glaucoma.45

Cost considerations

Not recommended –

Recommended IOP screening, antiglaucomatous agents

Practice option Ophthalmology or glaucoma specialist

3.6  Inflammatory/Autoimmune
3.6.1  Optic Neuritis
Optic Neuritis Related to Multiple Sclerosis
Etiology and Pathophysiology
Optic neuritis, as related to multiple sclerosis (MS), is caused by 
demyelination of the optic nerve due to inflammation resulting 
in acute, monocular vision loss.46 The condition typically devel-
ops in patients between the ages of 20 and 40 years and prefer-
entially affects Caucasian women.47

Presenting Symptoms and Signs
Optic neuritis related to MS usually presents as monocular loss 
of vision.47 Pain with eye movement and red color desaturation 
are also commonly seen.47

Clinical Considerations
Diagnosis

Diagnosis of optic neuritis related to MS is based on the newly 
updated 2017 McDonald criteria for MS diagnosis.48 Patients 

suspected of having optic neuritis may undergo MRI for the 
brain and spinal cord with and without gadolinium.46 If symp-
toms are presented in a young child (<15 y), optic neuropathy 
due to infection or postinfection may be considered.49

In cases where patients are older than 50 years, ischemic 
optic neuropathy such as GCA or ischemic optic neuropathy 
may be considered (▶Fig. 3.7).46

Current Treatment
Treatment with intravenous methylprednisolone (IVMP) is 
recommended for optic neuritis.50 More recent studies have 
indicated that high-dose oral corticosteroids and high-dose IV 
corticosteroids are bioequivalent for treatment of acute optic 
neuritis and may be more cost-effective and convenient for 
patients.51

Cost considerations

Not recommended –

Recommended MRI brain, orbit ± spine, neurology, steroids

Practice option Lumbar puncture, neuromyelitis optica (NMO), 
myelin oligodendrocyte glycoprotein (MOG), 
IVMP or bioequivalent oral steroids

Optic Neuritis Related to Neuromyelitis 
Optica
Etiology and Pathophysiology
Optic neuritis related to NMO, also known as Devic’s disease, is 
a demyelinating autoimmune disease of the CNS that selectively 

Fig. 3.7  Acute optic neuritis. Fat-suppressed, contrast-enhanced 
T1-weighted TSE image angled parallel to the optic nerves demon-
strates an elongated hyperintense area in the right optic nerve.  
(Adapted from Forsting M, Jansen O, ed. MR Neuroimaging: Brain, 
Spine, Peripheral Nerves. 1st ed. New York, NY: Thieme; 2016.)
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targets the optic nerves and the spinal cord. It is now commonly 
accepted that NMO is distinct from MS. The discovery of specific 
autoantibodies against aquaporin-4 (anti-AQP4, also known as 
NMO-IgG), unique to NMO and the major immunologic charac-
teristic of the disease, has reinforced this distinction.52

NMO appears to be more prevalent among non-Caucasian 
and female populations.

Presenting Symptoms and Signs
Patients may experience acute vision loss, either unilateral or 
bilateral, and may develop issues with sphincter control, pares-
thesias, and tetraparesis/paraparesis from transverse myelitis. A 
commonly affected cerebral region includes the area postrema, 
which may result in intractable nausea, vomiting, and hiccups.52

Clinical Considerations
Diagnosis

The most recent diagnostic criterion requires the presence of 
optic neuritis and acute myelitis, and the nonrequired sup-
portive criteria include contiguous spinal cord lesion on MRI, 
brain MRI not meeting diagnostic criteria for MS, and anti-AQP4  
seropositivity (▶Fig. 3.8).53

Current Treatment
Treatment of acute attacks may include IV corticosteroids fol-
lowed by plasma exchange of IVIG. Long-term immunosuppres-
sive agents such as azathioprine, mycophenolate, and rituximab 
may be prescribed after the first attack. These therapies can 
be used alone or in tandem with oral corticosteroids for NMO 
maintenance treatment.52 NMO demonstrates varying degrees of 
recovery within months of attack, with many patients suffering 
from residual disability and recurring attacks. In general, NMO 
has poorer prognosis and response to therapy compared to MS.54

Cost considerations

Not recommended –

Recommended MRI brain, orbit ± spine, NMO testing, neurolo-
gy referral, steroids, immunosuppression

Practice option Lumbar puncture, MOG

Optic Neuritis Related to NMO Spectrum 
Disorders
A subgroup of patients with optic neuritis have been iden-
tified as those who do not have MS and lack autoantibodies 
against AQP4 (present in NMO patients). These patients instead 
may be positive for antimyelin oligodendrocyte glycoprotein 
(anti-MOG) antibodies. This form of optic neuritis tends to be  
recurrent and is highly responsive to steroid treatment.55 
Testing for MOG antibody is currently available through the 
Mayo clinic.56

3.6.2  Sarcoidosis
Etiology and Pathophysiology
Sarcoidosis is an autoimmune disorder of unknown etiol-
ogy that causes an inappropriate immune system activation  
resulting in systemic inflammatory infiltration of tissues, 
granuloma formation, and fibrosis. The disorder has a higher 
prevalence in African Americans.57 Among patients with neu-
rosarcoidosis, up to one-third may have neuro-ophthalmologic 
manifestations.58

Presenting Symptoms and Signs
Patients may present with optic neuritis, uveitis, lid inflamma-
tion, dry eyes, or other orbital diseases.59,​60

Fig. 3.8  Neuromyelitis optica (NMO) lesions and the aquaporin-4 (AQP-4) channel distribution in the central nervous system. (a) Overlaid to 
a sagittal T1-weighted image there is a schematic view of the main distribution of AQP-4 channel protein sites in the central nervous system. 
There is a high concentration of AQP-4 channel protein in the central spinal cord, hypothalamus, subependymal white matter, supraoptic nu-
clei, optic nerve/chiasm, cerebellar cortex (yellow spots), ependymal cells (blue spots), and in the subcortical white matter (orange spots).  
(b) Acute NMO lesions commonly present as longitudinally extensive or transverse myelitis on sagittal T2-weighted image, commonly affecting 
the medulla and spinal cord junction. (c) Acute lesions may show restricted diffusion, with hyperintensity on diffusion-weighted imaging (axial 
views at the levels of medulla and pons).  (Adapted from Leite C, Castillo M, ed. Diffusion Weighted and Diffusion Tensor Imaging. A Clinical 
Guide. 1st ed. Stuttgart: Thieme; 2015.)
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Clinical Considerations
Diagnosis
Definitive diagnosis of sarcoidosis may require a tissue biopsy. 
Patients may also present with elevated serum angiotensin 
converting enzyme (ACE), a test that is 73% sensitive and 83% 
specific. Specificity of ACE testing may be increased in combi-
nation with whole-body gallium scanning.61 ACE levels are also 
known to increase in the cerebrospinal fluid (CSF) but has poor 
sensitivity.62

Current Treatment
Treatment for sarcoidosis-related optic neuropathy typically 
involves use of high-dose corticosteroids, either oral or IV. In 
the case of repeated relapses, an additional immunosuppres-
sive agent may be added.57 Referral to ophthalmology and rheu-
matology could be considered for management.

3.6.3  Other
Additional inflammatory diseases may have potential for 
involvement of the optic nerve, particularly autoimmune vas-
culitis. These vasculitides include but are not limited to gran-
ulomatosis with polyangiitis (GPA), eosinophilic GPA (EGPA), 
polyarteritis nodosa (PAN), and Behcet’s disease. Serological 
testing may be useful for the diagnosis of vasculitis. For these 
conditions, consider a multidisciplinary approach with rheu-
matology in addition to ophthalmology.

3.7  Hereditary Optic Neuropathy
3.7.1  Dominant (Kjer) Optic Atrophy
Etiology and Pathophysiology
Dominant optic atrophy (DOA) is the most common hereditary 
optic atrophy, most often caused by a mutation in the OPA1 
gene on chromosome 3.63 The disease exhibits autosomal dom-
inant transmission with near total penetrance and highly vari-
able expressivity.64

Presenting Symptoms and Signs
DOA is characterized by insidious onset of central vision loss 
and optic atrophy often occurring in early childhood.63

Clinical Considerations
Diagnosis
Diagnosis of DOA is based on clinical findings such as age and 
mode of onset, visual acuity changes, disc pallor, and autosomal 
dominant pattern of inheritance, among others.63

Genetic analysis of the OPA1 gene can serve as a definitive 
diagnosis for DOA. If no significant mutation or deletion is 
found, testing for the full-length mitochondrial genome may 
be considered. Identification of mutation is recommended for 
genetic counseling.65

Current Treatment
No specific treatment currently exists, but low-vision aids may 
be helpful in cases of severe visual acuity loss. Avoidance of 
tobacco, alcohol, and other drugs and medications that can inter-
fere with mitochondrial metabolism can also be considered.65

Cost considerations

Not recommended –

Recommended Family history

Practice option Genetic testing

3.7.2  Leber Hereditary Optic 
Neuropathy
Etiology and Pathophysiology
Leber hereditary optic neuropathy (LHON) is the most common 
mitochondrial disorder causing optic neuropathy. It is trans-
mitted via maternal inheritance with incomplete penetrance. 
Environmental factors, namely, those that cause an increase in 
reactive oxygen species, could potentially contribute to disease 
development.60

Presenting Symptoms and Signs
LHON typically presents in young adult males with bilateral, 
painless, sequential subacute vision loss.66

Clinical Considerations
Diagnosis
Diagnosis of LHON can be established together with genetic test-
ing yielding identification of one of the three common mtDNA 
(mitochondrial DNA) pathogenic variants. The most common 
point mutation in LHON is at G11778A, followed by mutations at 
T14484C and G3460A, accounting for 95% of all cases.60

Current Treatment
Idebenone has been shown to be beneficial in preventing fur-
ther visual impairment and promotes visual recovery in some 
cases; however, effectiveness is potentially dose dependent.67,​68 
However, this drug is currently only approved for use in Europe 
and not within the United States or Canada for treatment of 
LHON (Canadian Institutes of Health Research, https://www.
drugbank.ca/drugs/DB09081). Consider cautioning patients to 
avoid drugs and medications that may have mitochondrial tox-
icity, including alcohol, tobacco, and some medications. Some 
suggested general mitochondrial therapies; however, there is 
minimal evidence that these therapies are effective in manage-
ment of the disease.69

Cost considerations

Not recommended –

Recommended Avoidance of mitochondrial 
irritants

Practice option Genetic testing, mitochondrial 
cocktail
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3.8  Congenital Optic Disc 
Abnormalities
Congenital optic disc anomalies are defined as abnormalities 
in the anatomy or appearance of the optic disc and retina. The 
optic disc is typically round and pink in color, approximately 
1.5 mm in diameter with a central depression (the cup).70 Optic 
disc drusen, optic disc hypoplasia, megalopapilla, tilted disc 
syndrome, and morning glory syndrome are among some of the 
congenital optic disc anomalies encountered. Ophthalmology 
referral and routine follow-up are often recommended 
(▶Fig. 3.9 and ▶Fig. 3.10).

3.9  Traumatic
3.9.1  Traumatic Optic Neuropathy
Etiology and Pathophysiology
Traumatic optic neuropathy (TrON) is an uncommon cause of 
vision loss after blunt or penetrating injury. Direct TrON refers 
to a direct penetrating injury to the optic nerve. This is less 
common than indirect TrON, referring to injury to the optic 
nerve as a result of concussive force to the head causing contu-
sion of the nerve in the optic canal.71 The most common injury 
mechanisms include motor vehicle accident, assault, bike acci-
dent, and falling.72

Presenting Symptoms and Signs
Patients suffering from TrON may present with an array of oph-
thalmologic findings as well as neuro-ophthalmologic signs 
including decreased vision, decreased color vision, visual field 
defects, and an afferent pupillary defect.71

Clinical Considerations
Diagnosis
CT through the orbit and optic canal may be considered.71

Current Treatment
For direct TrON, prognosis is poor and severe visual loss is 
probable. For indirect TrON, there is a 40 to 60% visual recovery 
rate, with baseline visual acuity being an important prognos-
tic marker.42 While the use of “mega” dose corticosteroids was 

Fig. 3.10  Optic nerve hypoplasia. (a) Coronal image made with fast imaging employing steady-state acquisition (FIESTA) of the head of a 
1-year-old boy shows an asymmetrically decreased volume of the orbital segment of the left optic nerve (red arrowhead), representing optic 
nerve hypoplasia. (b) Axial oblique FIESTA image of the optic chiasm confirms a diminutive caliber of the left optic nerve (red arrowhead) and a 
normal caliber of the right optic nerve (red arrow). Posterior to the chiasm (green arrow), there is a symmetrically smaller-than-expected volume 
of the optic tracts (green arrowheads). No etiology was identified for the hypoplasia in this patient.  (Adapted from Choudhri A, ed. Pediatric 
Neuroradiology. Clinical Practice Essentials. 1st edition. Stuttgart: Thieme; 2016.)

Fig. 3.9  Axial CT shows small, focal, rounded, calcified zones 
at both optic disc heads representing bilateral optic nerve head 
drusens.  (Adapted from Meyers S, ed. Differential Diagnosis in Neu-
roimaging: Head and Neck. 1st ed. New York, NY: Thieme; 2016.)
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supported in the past for treatment of TrON, this was later dis-
proven.72 The 2004 CRASH trial depicted an increased mortality 
in patients with a Glasgow Coma Score (GCS) less than 14 who 
received high-dose corticosteroids.73

Surgical intervention in direct TrON may be beneficial for 
removal of the insult, but has not been shown to be beneficial 
for indirect TrON.72

Cost considerations

Not recommended Steroids if GCS ≤ 14

Recommended CT of orbit and optic canal

Practice option –

3.10  Metabolic
3.10.1  Toxic Optic Neuropathy and 
Nutritional Optic Neuropathy
Etiology and Pathophysiology
Toxic optic neuropathy (TxON) is a collection of disorders 
caused by damage to the optic nerve from toxins, including 
medications, heavy metals, organic solvents (e.g., benzene and 
toluene), methanol, carbon dioxide, and tobacco.74

The optic nerve is susceptible to damage from a variety of 
drugs, including amiodarone, PDE5 inhibitors, antituberculosis 
drugs (ethambutol and isoniazid), some antimicrobial agents 
(linezolid, ciprofloxacin, cimetidine, and chloramphenicol), 
antiepileptic drugs (vigabatrin), disulfiram, halogenated hydro-
quinolines (amebicidal medications), antimetabolites (e.g., 
methotrexate, cisplatin, carboplatin, vincristine, and cyclo-
sporin), tamoxifen, and sildenafil.74

Heavy metal toxicity may also contribute to TxON.75 Vitamin 
B and folate deficiencies can result in the pathogenesis of optic 
neuropathy, especially in the presence of toxic exposure.74

Presenting Symptoms and Signs
Patients with TxON typically present with bilateral, painless, 
progressive decline of visual acuity. The optic nerve may be 
normal, swollen, or hyperemic in early stages, and optic atro-
phy may develop as the disease progresses.75

Clinical Considerations
Diagnosis
Inquiring about diet, drug/toxin exposure, substance use, and 
occupation may be beneficial.75 Neuroimaging is recommended 
to rule out alternative causes of pathology.

Current Treatment
In most cases of nutritional optic neuropathy, vision can be par-
tially or fully restored with vitamin B supplements.74 Treatment 
for TxON resulting from drug or chemical toxicity depends on 
the insulting agent in question.

Cost considerations

Not recommended –

Recommended –

Practice option MRI, toxin and vitamin level testing, removal 
toxic agent, replacement of deficiency

3.11  Idiopathic
3.11.1  Idiopathic Intracranial 
Hypertension (Pseudotumor Cerebri)
Etiology and Pathophysiology
Idiopathic intracranial hypertension (IIH), previously known 
as pseudotumor cerebri (PTC), is a syndrome featuring raised 
intracranial pressure without intracranial ventriculomegaly, 
tumor, or mass.76 CSF contents should be normal with the 
exception of an elevated opening pressure. IIH primarily affects 
obese women of childbearing age.77

Presenting Symptoms and Signs
Headache is the most common presenting symptom of IIH 
in adults. Other common symptoms include transient visual 
obscurations, pulsatile tinnitus, and horizontal diplopia.78 The 
most notable sign in IIH patients is bilateral papilledema, which 
may be present in the majority of cases.77

Clinical Considerations
Diagnosis
MRI, MR venography (MRV), and lumbar puncture could be 
considered to fulfill the modified Dandy criteria (▶Fig. 3.11).

Fig. 3.11  Papilledema. Axial T2 weighted image of the anterior 
head of a 16-year-old girl with severe headaches and pseudotu-
mor cerebri shows elevation of the optic nerve head (blue arrow), 
representing the correlate on magnetic resonance imaging of 
elevation/papilledema of the head of the optic nerve. There is also 
prominence of cerebrospinal fluid within the optic nerve sheaths 
(blue arrowhead), which with papilledema is suggestive of elevated 
intracranial pressure.  (Adapted from Choudhri A, ed. Pediatric 
Neuroradiology. Clinical Practice Essentials. 1st edition. Stuttgart: 
Thieme; 2016.)
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Current Treatment
Dietary modifications and weight loss are the first-line treat-
ment.77 Diuretics, particularly carbonic anhydrase inhibitors 
such as acetazolamide (studied in a clinical trial) or less com-
monly methazolamide, have been used. Topiramate possesses 
carbonic anhydrase-inhibiting properties and may be consid-
ered if acetazolamide fails. Furosemide is another diuretic occa-
sionally used as a second-line treatment.78

Surgical intervention may be indicated for visual loss that is 
attributed to papilledema and occurs after failure of maximal 
medical therapy. Acute, fulminant IIH with visual loss may need 
emergent surgical intervention (e.g., optic nerve sheath fenes-
tration [ONSF] and/or ventriculoperitoneal [VP] or lumboperi-
toneal [LP] shunt) Referral to neurosurgery may be suggested 
for a VP or LP shunt. For ONSF, referral to an oculoplastic sur-
geon may be considered.78

Cost considerations

Not recommended –

Recommended MRI of brain and orbit, MRV of 
cerebral sinus, lumbar puncture

Practice option Ultrasound, ONSF, VP/LP shunt

3.12  Conclusion
In general, the diagnosis of optic neuropathy requires evalua-
tion with an ophthalmic specialist. Clinicians should be aware 
of the common causes of optic neuropathy, however, including 
ischemic, demyelinating, inflammatory, traumatic, hereditary, 
and infectious etiologies.
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4  Cranial Nerves III, IV, VI: Ocular Motor Cranial Nerve 
Disorders
Michael Duan, Junru Yan, Aroucha Vickers, Claudia M. Prospero Ponce, and Andrew G. Lee

Abstract
This chapter discusses ocular motor cranial nerve disorders (i.e., 
cranial nerves [CN] III, IV, and VI). Special attention will be given to 
pertinent patient presentations, suggestions regarding diagnosis 
and referral, and details regarding overall cost considerations. The 
evaluation of diplopia in general, however, is beyond the scope of 
this chapter. The initial evaluation for an ocular motor cranial neu-
ropathy begins with a complete history and physical examination. 
Patients with a neurologically nonisolated ocular motor cranial 
neuropathy (e.g., systemic or constitutional symptoms or signs or 
localizing neurologic signs) should undergo directed laboratory 
and imaging evaluations. Patients with neurologically isolated 
ocular motor cranial neuropathy may require directed neuroim-
aging  (e.g., preferably magnetic resonance imaging [MRI] of the 
brain and orbit with and without gadolinium), but other imaging 
modalities may be necessary  (e.g., computed tomography [CT] 
scans or orbital ultrasound) for patients who cannot undergo MRI 
or for whom specific indications exist for alternative imaging (e.g., 
thyroid eye disease, sinus disease). Other screening laboratory 
studies or additional diagnostic modalities  (e.g., positron emis-
sion tomography [PET] scan or CT of other areas of the body, e.g., 
chest, abdomen, and pelvis) may be necessary to look for alter-
native diagnoses (e.g., sarcoid, lymphoma) or sources for potential 
diagnostic biopsy. The estimated costs for some of these diagnostic 
tests and procedures are described in the text.

Keywords: diplopia, strabismus, phoria, oscillopsia, ophthal-
moplegia, cranial neuropathy, oculomotor nerve, trochlear 
nerve, abducens nerve

4.1  General Considerations
4.1.1  Diplopia
Diplopia, defined as double vision or the simultaneous per-
ception of two relatively displaced images, is one of the most 
common symptoms for which patients may seek ophthalmic 
care. Diplopia can be monocular or binocular: binocular diplo-
pia disappears with the occlusion of one eye, while monocular 
diplopia persists. Monocular diplopia typically stems from opti-
cal and ocular causes such as glasses, contact lenses, cataracts, 
and corneal disease, while binocular diplopia is more often 
associated with brain, nerve, or muscle pathologies.1 In general, 
the evaluation of monocular diplopia is limited to optical cor-
rections and does not require additional laboratory testing or 
neuroimaging.

It is important to distinguish paretic etiologies of diplopia, 
which can be neurogenic in nature, from restrictive etiologies of 
diplopia involving some mechanical obstruction of the extraoc-
ular muscles (EOMs). This chapter is primarily concerned with 
ocular motor dysfunction resulting from neurogenic (i.e., ocular 
motor cranial neuropathy) paresis, although some important 
restrictive etiologies are also discussed.

Oculomotor disorders may be broadly categorized as con-
ditions of the supranuclear, nuclear, or infranuclear regions. 

Supranuclear disorders involve any structure upstream of the 
cranial nerve nucleus (CNN), including the cerebral cortex and 
subcortex. Nuclear disorders are the result of lesions to the 
CNN in the brainstem. Infranuclear disorders include diseases 
of the peripheral cranial nerves (CNs) themselves, in addition to 
disease affecting the neuromuscular junction or muscles. This 
chapter is primarily concerned with nuclear and infranuclear 
disorders.

4.1.2  Cranial Nerve III, IV, and VI Palsy
The classical presentation of each CN palsy in isolation will be 
reviewed. In a CN III (oculomotor nerve) palsy, the affected eye 
can be deviated downward (hypotropia) and outward (exotro-
pia); this can be accompanied by partial or complete ptosis and 
possibly pupillary dilation  (anisocoria). In a CN IV  (trochlear 
nerve) palsy, the affected eye may be extorted with a small-an-
gle ipsilateral hypertropia (HT). Patients with CN IV palsy will 
classically develop a worsening HT in contralateral gaze and 
ipsilateral head tilt. The patient may tilt their head away from 
the affected side so as to correct this misalignment. In a CN 
VI  (abducens nerve) palsy, the affected eye may be deviated 
inward  (esotropia) and can demonstrate a partial or complete 
abduction deficit (▶Fig. 4.1, ▶Fig. 4.2 and ▶Fig. 4.3).1 The most 
common etiologies of these neurologically isolated ocular 
motor cranial neuropathies are ischemic small vessel infarcts. 
Compressive lesions including intracranial aneurysm (predom-
inantly posterior communicating artery aneurysm producing a 
pupil-involved CN III palsy), trauma (predominantly CN IV but 
also CN VI), and neoplasm (one or more CNs may be involved) 
can produce ocular motor CN-related diplopia. Even in the post-
neuroimaging era, over a quarter of isolated ocular motor cranial 
neuropathies remain “idiopathic” in origin.1 The most common 
etiologies for ocular motor cranial neuropathy will be discussed 
in more detail later. Also, please refer to section 3.1, Initial 
Evaluation and General Considerations. ▶Table 4.1. summarizes 
estimated costs for some diagnostic tests and procedures that 
may be indicated in the workup of ocular motor cranial palsy.

Table 4.1  Medicare allowables (2018) of some common and 
possible procedures in testing for ocular motor disorders 

Test (CPT code) Cost: Medicare allowables ($)

Brain MRI (70553) 400

Head MRA with and without 
dye (70546)

510

Head CT with and without 
contrast (70470)

201

CT cerebral angiography (73706) 375

MRI orbit with and without con-
trast (70543)

460

Orbital ultrasound (76510) 150 per eye

Lumbar puncture (62270) 180

Cerebral angiography (36224) 2,200
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Fig. 4.1  Complete third nerve palsy. This 62-year-old woman reported experiencing “the worst headache of my life.” (a) Examination revealed 
complete ptosis on the right; a nonreactive, dilated pupil; and severely limited extraocular movement except for abduction. (b) Lateral view of a 
cerebral angiogram demonstrated a posterior communicating artery aneurysm (arrow).  (Reproduced with permission from American Academy 
of Ophthalmology.)
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4.2  Vascular
4.2.1  Stroke
Etiology and Pathophysiology
Stroke is an acute injury to the brain caused by either isch-
emia or hemorrhage. Ischemic strokes can be further divided 
by etiology into thrombosis, embolism, thromboembolism, 
and systemic hypoperfusion.2 Depending on the location of the 
stroke, patients may present with very specific CN findings as 
described below.1

Presenting Symptoms and Signs
The presenting symptoms and signs of a stroke largely depend 
on the location of the pathology, which may include the cortex, 
the brainstem, or the peripheral nerve:
•	Cortical stroke affecting the frontal eye field regions may 

result in gaze palsies causing the eye to deviate toward the 
source of the lesion.3

•	Brainstem lesions affecting the midbrain may lead CN III or 
CN IV nuclear or fascicular palsy, while pontine lesions may 
present with CN VI palsy. Concurrent neurological deficits 
based on the location of the lesions may occur.

•	Peripheral ocular motor cranial mononeuropathies are 
commonly accepted to be caused by microvascular isch-
emia. Specific clinical symptoms depend on the nerve 
affected. Some of the common etiologies, such as diabetic 
neuropathy, are discussed in greater detail in the following 
sections.4

Clinical Decisions
Diagnosis
Diagnosis of an acute cortical or brainstem stroke includes sta-
bilization of vital signs, especially blood pressure, breathing, 
and body temperature. A noncontrast CT is typically ordered, 
which is highly sensitive for hemorrhage detection. If a sub-
arachnoid hemorrhage  (SAH) is suspected but not present on 

Fig. 4.2  CN IV palsy. (a) Traumatic left 
fourth nerve palsy showing left hypertropia 
in primary gaze. (b) Patient with left fourth 
nerve palsy. Note the left eye hypertropia and 
the limitation of the left eye to look down 
compared with the right eye.  (Adapted from 
Sekhar L, Fessler R, ed. Atlas of Neurosurgical 
Techniques: Brain. Vol. 2. 2nd ed. New York, 
NY: Thieme; 2015.)
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CT, a lumbar puncture (LP) may be ordered. MRI with and with-
out contrast can also be considered. Consultation with neurol-
ogy is often requested to assist with the diagnosis.5

Current Treatment
Although an eyepatch may be worn for symptomatic relief of 
diplopia, the main concern is differentiating small vessel isch-
emic, neurologically isolated CN palsy from brainstem infarct. 
The brainstem stroke is typically defined by other neurologic 
symptoms and signs that localize to the brainstem  (i.e., “the 
company it keeps”). Typically, diplopia caused by small vessel 
ischemic strokes is expected to improve over time. Brainstem 
infarction, however, has a variable prognosis depending on 
severity and etiology (e.g., hemorrhage). Treatment for the dif-
ferent types of stroke depends on the etiology of the stroke. 
In general, admission to the hospital and emergent consulta-
tion with neurologists, neurosurgeons, interventionalists, and 
intensivists are often considered based on time of symptoms 
onset of a brainstem infarct.

Cost considerations for evaluation of non-isolated or non- 
vasculopathic isolated ocular motor cranial neuropathy

Recommended Initial head CT followed by MRI with and without 
contrast and CTA/ MR angiography (MRA), and 
hospital admission and stroke consultation in acute 
brainstem strokes

Practice option Conventional catheter angiography may be 
necessary in some cases (especially pupil involved 
third nerve palsy)

4.2.2  Aneurysm
Etiology and Pathophysiology
One of the most common causes of an acute, neurologically iso-
lated CN III palsy is due to compression by an expanding aneu-
rysm, typically of the posterior communicating artery.6 These 
aneurysms are at risk of rupturing, resulting in SAH within 
hours or days of initial onset of symptoms.7

Presenting Symptoms and Signs
Patients with SAH may present with the worst headache of 
their life, ptosis, and ophthalmoplegia. The pupil of the affected 
eye may be dilated.6

Clinical Decisions
Diagnosis
In general, patients with an acute, painful, CN III palsy with or 
without pupil involvement should undergo a CT head with-
out contrast emergently. A contrast CTA should be performed 
in the acute setting in cases where aneurysm is suspected. 
In patients with an unexplained nonaneurysmal CN III palsy, 
cranial MRI and MRA may still be necessary despite nega-
tive CT/CTA to exclude nonaneurysmal causes of CN III palsy. 
Patients with a high suspicion for aneurysm, despite a nega-
tive CT/CTA and MRI/MRA, may still require standard catheter 
angiography.6

Fig. 4.3  (a–c) Example of sixth nerve examination. Note the palsy of the right abducens nerve. (d) Magnetic resonance imaging demonstrates 
tumor involving the right cavernous sinus.  (Adapted from Stamm A, ed. Transnasal Endoscopic Skull Base and Brain Surgery: Tips and Pearls. 
1st ed. New York, NY: Thieme; 2011.)
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Current Treatment
Patients with acute symptomatic aneurysms causing a CN III 
palsy should be admitted to the hospital. Surgical clipping and 
endovascular coiling are commonly used techniques for treat-
ment of aneurysms.8 Diplopia and ptosis may variably recover 
over time after treatment. If diplopia or ptosis are persistent, 
prisms or strabismus surgery and/or ptosis repair may be 
employed.7

Cost considerations

Not recom-
mended

Pupil-involved, painful CN III palsy do not require 
evaluation for myasthenia gravis

Recommended CT head without contrast initially followed by con-
trast CTA in the acute setting. MRI and MRA with and 
without contrast should be considered for nonan-
eurysmal causes of CN III palsy. Standard catheter 
angiogram may still be required if the clinical sus-
picion for aneurysm remains high despite negative 
non-catheter-based neuroimaging (e.g., CT/MRI).
Evaluation for myasthenia gravis and other etiologies 
for CN III palsy presentation should be performed espe-
cially in isolated, pupil-spared, and painless CN III palsy

Practice option LP may be necessary if neuroimaging is negative.
Neurology, interventionalist, or neurosurgery consul-
tations may be required depending on findings

4.2.3  Cavernous Sinus Fistula
Etiology and Pathophysiology
Carotid-cavernous fistula (CCF) occurs when an abnormal con-
nection is formed between the arteries (e.g., internal or exter-
nal carotid artery) and the cavernous sinus (refer to ▶Fig. 4.4  
for anatomy of the cavernous sinus). These connections can 
appear spontaneously  (typically low-flow dural CCF) or may 
result from head trauma (typically high-flow direct CCF).9

Presenting Symptoms and Signs
CCF may present with a multitude of symptoms such as vision 
loss (optic neuropathy, retinal vein occlusion, ocular ischemic syn-
drome, or glaucoma), exophthalmos, conjunctival congestion and 
chemosis, and ophthalmoplegia  (from CN or EOM dysfunction). 
CCF can also produce intracranial bleeding.9 Other findings may 
include subjective bruit, diplopia, tearing, red eye, ptosis, sensation 
of ocular foreign body, blurred vision, and headache (▶Fig. 4.5).10

Clinical Decisions
Diagnosis
Both CT/CTA and MR/MRA have modest sensitivities and spec-
ificities for CCF.10 Imaging of the orbit may show an enlarged 

Fig. 4.4  Cavernous sinus. (a) Artist’s rendering of the cavernous sinus, with (b) a companion coronal fast imaging employing steady-state acquisi-
tion after contrast administration image showing the cavernous sinus lateral to the pituitary gland (white arrow). Within the cavernous sinus is the 
internal carotid artery (blue arrowhead) and the abducens nerve (CN VI). Along the lateral margin are CN III (green arrow), CN IV (green arrowhead), 
CN V1 (red arrowhead), and CN V2 (red arrow). For reference, the optic chiasm is marked (white arrowhead); however, the optic nerve does not 
course within the cavernous sinus. (a: Adapted from Gilroy et al., Atlas of Anatomy. 3rd ed. 2017. Based on: Schuenke M, Schulte E, Schumacher U. 
THIEME Atlas of Anatomy. Head and Neuroanatomy. Illustrations by Voll M and Wesker K. 2nd ed. New York: Thieme Medical Publishers; 2016.)
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superior ophthalmic vein. However, standard catheter angio-
gram is typically required both for diagnosis and for treat-
ment (endovascular) of CCF.

Current Treatment
Options for dural CCF treatment include observation for sponta-
neous improvement (in low-flow CCF) and symptomatic treat-
ment with intraocular pressure-lowering agents and 
endovascular intervention with closure of the CCF.10 Observation 
may be the preferred approach to treatment of low-risk, low-
flow CCF cases, as up to 70% of dural CCFs will spontaneously 
close.10 Endovascular interventional techniques have replaced 
open surgical procedures as the preferred treatment for direct 
CCFs, offering a 90 to 100% cure rate with some rare 
complications.

4.3  Infectious
4.3.1  Herpes Zoster, Syphilis, Lyme 
Disease, and HIV
Etiology and Pathophysiology
Although relatively uncommon, infectious etiologic agents can 
cause diplopia from ocular motor cranial neuropathy. These 
include herpes zoster ophthalmicus (HZO), Lyme disease, neu-
rosyphilis, and human immunodeficiency virus (HIV)/acquired 
immunodeficiency syndrome (AIDS).

Herpes zoster is caused by the reactivation of varicella zoster 
infection from childhood. In 20% of cases, the disease manifests 

in CN V along the ophthalmic division and is called HZO.11 The 
nerve most commonly affected is CN III, followed by CN VI and 
then CN IV. Typically the elderly tend to be more affected and 
the disease is typically self-limiting when immunocompetent.12 
The etiology is usually obvious because of the presence of the 
cutaneous V1 distribution vesicular rash, but some cases have 
no rash  (herpes zoster sine herpete) or may have vesicles in 
the distribution of CN VII in the posterior auricular area or pal-
ate (Ramsay–Hunt syndrome).

Lyme disease is an infectious disease caused by the spiro-
chete Borrelia burgdorferi resulting in systemic inflammation. 
Neuropathy of the CNs may be present in the second stage of 
the disease most commonly affecting CN V but also affecting 
CN III to CN VI, CN VII, and CN VIII.13 The diagnosis is usually 
suggested by seasonal exposure or travel to an endemic area for 
Lyme disease and a tick bite, the presence of a rash (e.g., target 
lesion of erythema chronicum migrans), and other symptoms 
or signs of Lyme disease.

Neurosyphilis is caused by infection by the spirochete 
Treponema pallidum and can present with central nervous 
system  (CNS) involvement with CN involvement and ocular 
findings.14 CN II, CN VI, CN VII, and CN VIII can be commonly 
affected.15

HIV/AIDS is caused by the HIV ribonucleic acid (RNA) ret-
rovirus and may result in neuro-ophthalmic side effects either 
by direct effect of the virus or by indirect effects of oppor-
tunistic infections and malignancies as the immune state of 
the patient declines. Between 50 and 75% of patients with 
HIV will present with ocular findings. The abducens nerve 
is most frequently affected, but CN III and CN IV can also be 
affected. Infections and malignancies most likely to result in 
neuro-ophthalmic pathologies include syphilis, cryptococco-
sis, and lymphoma.16

Presenting Symptoms and Signs
Vertical, horizontal, or oblique diplopia may occur depending 
on the affected nerve(s) as well as headaches and meningismus 
among other symptoms.15,​17 Patients with HZO may present 
with Hutchinson’s sign (involvement of the tip of the nose from 

Cost considerations

Not recommended Laboratory testing and LP are not 
typically necessary in the evalua-
tion of CCF

Recommended CT/MRI and CTA/MRA; most 
cases require standard catheter 
angiogram for diagnosis

Practice option Consultation with endovascular 
interventionalist

Fig. 4.5  Orbital appearance. (a) Two weeks 
before and (b) 3 months after transvenous coil 
embolization of a carotid-cavernous fistula. 
Note the chemosis and mild ptosis of the 
left eye before intervention.  (Adapted from 
Sekhar L, Fessler R, ed. Atlas of Neurosurgical 
Techniques: Brain. Vol. 1. 2nd ed. New York, 
NY: Thieme; 2015.)
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nasociliary nerve) and unilateral vesicular dermatitis in the 
ophthalmic division of the trigeminal nerve prior to the devel-
opment of ophthalmoplegia (▶Fig. 4.6).11

Clinical Decisions
Diagnosis
Serologic testing for the above culprits may be considered. MRI 
of the brain with and without contrast may help rule out other 
causes of CN palsies.11,​17,​18 LP may be considered to test for both 
opening pressure etiologic agents.17

Current Treatment
Any patient who is immunocompromised or pregnant with a 
single or multiple cranial neuropathies due to infection should 
be considered for admission to the hospital.

Treatment for typical HZO usually consists of oral acyclovir 
with or without corticosteroids; however, when HZO involves 
any CNs, intravenous  (IV) acyclovir and IV corticosteroids are 
often recommended.11,​19 Treatment for Lyme disease with neu-
rological involvement typically includes IV antibiotics such as 
ceftriaxone.17 Treatment for neurosyphilis is IV penicillin G.18 
Treatment for HIV-induced ophthalmoplegia is highly variable 
depending on the cause. Aside from antiviral therapy given for 
HIV, it may be beneficial to consult infectious disease, neurol-
ogy, in addition to ophthalmology to optimize management.16

4.4  Neoplastic
4.4.1  Leptomeningeal Carcinomatous
Etiology and Pathophysiology
Leptomeningeal carcinomatosis is an uncommon complication 
of cancer that occurs when the disease metastasizes to the lep-
tomeninges. The terminal condition typically has poor progno-
sis, with overall survival of approximately 6 to 8 weeks without 
treatment.20 It may be present in 5 to 15% of patients with 
lymphomas or leukemia and in 1 to 5% of solid tumor patients, 
where most cases are associated with adenocarcinoma. Breast 
cancer represents the most common primary tumor source of 
leptomeningeal carcinomatosis, followed by lung carcinoma 
and melanoma.21

Presenting Symptoms and Signs
Because leptomeningeal carcinomatosis may involve any level 
of the CNS, it can exhibit a wide range of presenting symptoms 
including multiple unilateral or bilateral CN palsies.22,​23

Clinical Decisions
Diagnosis
MRI of brain with contrast is typically indicated and may show 
meningeal enhancement in 75 to 90% of patients with positive 
CSF findings (▶Fig. 4.7).23 CSF cytology may be positive in about 
70 to 90% of cases.21 Nonspecific CSF markers may include ele-
vated opening pressure, lymphocytic pleocytosis, and elevated 
CSF protein.

Current Treatment
Therapy for leptomeningeal carcinomatosis is generally pallia-
tive in nature. Three modalities that have been explored include 
radiation therapy, systemic therapy, and intrathecal therapy, 
each possessing significant drawback.23 Recent studies have 
demonstrated promise for the combination of small molecu-
lar weight target inhibitors and intrathecal chemotherapeutic 
agents in prolonging survival.20

Cost considerations

Not recommended –

Recommended MRI head and spine with and 
without contrast

Practice option LP and oncology

4.4.2  Other Tumors
Etiology and Pathophysiology
Neoplastic processes in the orbit, superior orbital fissure, 
orbital apex, and cavernous sinus may result in ophthalmo-
plegia.24 Lesions producing an ipsilateral optic neuropathy in 
addition to ocular motor cranial neuropathy are often due to 
an underlying orbital apex syndrome (OAS).25 Primary parasel-
lar tumors that may invade the orbital apex or cavernous sinus 
include pituitary adenoma, meningioma, craniopharyngioma, 
and chordoma. Metastatic malignancies from nasopharyngeal 

Cost considerations

Not recommended –

Recommended Infectious disease serology and polymerase chain 
reaction (PCR) in the cerebrospinal fluid (CSF)

Practice option MRI, LP, and infectious disease consultation

Fig. 4.6  Reactivation of the herpes zoster virus, or shingles, in 
the fifth cranial nerve can lead to herpes zoster ophthalmicus. In 
this condition, dendrite keratopathy along with uveitis can lead to 
marked pain and visual loss. Involvement of the skin at the tip of 
the nose, supplied by the nasociliary nerve, is often associated with 
ocular involvement. Treatment with oral acyclovir or its derivatives 
often can reduce symptoms and shorten the course of the disease. 
If ophthalmic involvement is suspected, the patient should be eval-
uated by an ophthalmologist. The recent introduction of a vaccine 
to prevent herpes zoster in patients older than 60 years may have 
an impact on the incidence of herpes zoster ophthalmicus in the 
future.  (Reproduced with permission from American Academy of 
Ophthalmology.)

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Ocular Motor Cranial Nerve Disorders

31

tumors, lymphoma, squamous cell carcinoma, or distant solid 
organ tumors (breast, lung, melanoma, and prostate) may also 
invade the orbital system.24

Presenting Symptoms and Signs
Diplopia, ophthalmoplegia, proptosis, and visual loss are the 
predominant symptoms in OAS.25

Clinical Decisions
Diagnosis
High-resolution MRI of the brain and orbit with contrast 
and fat suppression sequences is indicated for diagnosis of 
lesions in the orbit and contiguous anatomical locations. 
Surgical biopsy is typically a requisite for confirmation of the 
diagnosis.25

Current Treatment
Symptoms in neoplastic OAS may initially respond to cortico-
steroids.25 Management of the underlying neoplastic process is 
of central concern in these cases; consider consulting with 
neurosurgery and oncology.

4.5  Inflammatory/Autoimmune
4.5.1  Thyroid Eye Disease
Etiology and Pathophysiology
Although thyroid eye disease (TED) causes a restrictive extra-
ocular myopathy and not an ocular motor cranial neuropathy, it 

can mimic CN palsy. TED is the most common cause of orbital 
disease in adults, most commonly occurring in patients with 
Grave’s disease but also in those with Hashimoto’s thyroiditis 
or even euthyroid state. It is an autoimmune, inflammatory, 
noninfectious orbitopathy that is six times more likely to affect 
women than men.26

Presenting Symptoms and Signs
TED may produce an ophthalmoplegia that mimics a third, 
fourth, or sixth CN palsy. Enlargement of EOMs and adipose tis-
sue hypertrophy are responsible for many of the clinical signs 
and symptoms of TED. EOM involvement typically occurs in the 
following order: inferior rectus, medial rectus, superior rectus, 
lateral rectus, and finally the obliques.27 Eyelid retraction and 
proptosis commonly occur along with dry eyes, pain, cornea 
irritation, or ulceration (▶Fig. 4.8).28

Clinical Decisions
Diagnosis
Thyroid laboratory screening may be a useful diagnostic 
tool; free T4, free or total T3, and thyroid-stimulating hor-
mone  (TSH) may be targeted for initial screening.27 However, 
TED may present in euthyroid patients who harbor thyroid 
autoantibodies. These autoantibodies include those against 
thyrotropin receptor (TRAb), thyroglobulin (TgAb), thyroid per-
oxidase (TPOAb), TSH (TSHAb), and thyrotropin-binding inhibi-
tory immunoglobulins (TBII).29

CT without contrast is preferred in order to visualize the 
EOMs and orbital content.27 Imaging modalities such as MRI, 
and ultrasound, may also be useful to confirm the TED diagnosis 
while excluding others in the differential.

Current Treatment
Consider referral to endocrinology to assist in medical man-
agement. Corticosteroids may be considered; selenium 

Cost considerations

Not recommended –

Recommended MRI brain and orbit

Practice option Biopsy, steroids, neurosurgery, 
and oncology

Fig. 4.7  Leptomeningeal carcinomatosis in a patient with metastatic breast cancer. (a) Axial T2-weighted (T2w) fluid-attenuated inversion 
recovery (FLAIR) image demonstrates abnormal hyperintensity focally along the medial right temporal lobe and along the bilateral cerebellar 
folia. (b) Axial T1W postcontrast image demonstrates marked smooth, predominantly linear enhancement in regions of FLAIR signal abnormal-
ity confirming the presence of leptomeningeal disease.  (Adapted from: Tsiouris A, Sanelli P, Comunale J, ed. Case-Based Brain Imaging. 2nd ed. 
New York, NY: Thieme; 2013.)
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supplementation has also improved symptoms in some stud-
ies, although further research is needed. In refractory cases, 
orbital radiation or surgical rehabilitation may be considered.27 
Radioactive iodine and thyroidectomy may also be considered 
in cases necessitating long-term hyperthyroidism control.28 
Procedures to consider include eyelid surgery to correct eye-
lid retraction, eye muscle surgery to correct diplopia and dys-
function of EOMs, and orbital decompression surgery to relieve 
orbital pressure especially if vision is compromised.26 Consider 
referral to an oculoplastic surgeon.

Cost considerations

Not recommended Iodinated contrast CT scan may 
worsen uncontrolled systemic 
thyroid disease

Recommended Thyroid function studies and 
thyroid antibodies

Practice option Orbital CT/MRI/ultrasound and 
endocrinology

4.5.2  Myasthenia Gravis
Etiology and Pathophysiology
Myasthenia gravis  (MG) is the most common neuromuscular 
disease in which antibodies target acetylcholine receptor (AChR) 
in the neuromuscular junction. It is an acquired autoimmune 
condition that typically presents in the 20 to 30s for females 
and late 60s to 80s for males. Approximately 50% of ocular MG 
patients are seropositive for the AChR or may be seronegative. 
Seronegative cases of MG (especially with bulbar involvement) 
might be positive for other antibodies for MG including muscle
specific receptor tyrosine kinase (MuSK). Ten to 15% of MG 
cases may coincide with an underlying thymoma.30 MG may be 

exacerbated by a variety of medications, including antibiotics, 
calcium channel blockers, beta blockers, and sedatives, among 
others.31

Presenting Symptoms and Signs
The symptoms of MG may include fatigability and variability.30 
Patients typically experience fluctuating muscle weakness 
worsening throughout the day. Fatigable ptosis and external 
ophthalmoplegia may be seen, mimicking CN III, CN IV, and/
or CN VI palsies. Pupillary reactions are never compromised 
in MG.31 Other ocular signs may include Cogan’s lid twitch and 
orbicularis oculi weakness. Bulbar involvement, such as dysar-
thria, dysphagia, and dyspnea should be considered. Systemic 
symptoms may develop including proximal muscle weakness 
and respiratory muscle fatigability.

Clinical Decisions
Diagnosis
Classically, the ice pack test and IV edrophonium have been 
used to aid in the diagnosis; however, they are associated with 
false-positive and false-negative results. Therefore, it may be 
recommended that physicians obtain serological testing against 
antibodies for AChR, and in seronegative cases, additional test-
ing may be needed (e.g., MuSK). Electrophysiologic studies may 
also be recommended for confirmation, via either repeat repet-
itive nerve stimulation (RNS) studies or single-fiber electromy-
ography (SFEMG). A chest CT or MRI is also recommended to 
rule out a thymoma in patients suspected of having MG.32

Current Treatment
The first line of treatment recommended is acetylcholinester-
ase blockers, among which pyridostigmine is commonly used 

Fig. 4.8  (a-c) Thyroid-related orbitopathy. (Reproduced with permission from American Academy of Ophthalmology.)
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for symptomatic relief. Further immunotherapy may be pre-
scribed such as glucocorticoids  (slowly tapering upward to 
avoid adverse events) or other long-term immunosuppressants 
such as azathioprine or mycophenolate. Plasmapheresis and IV 
immunoglobulin (IVIG) are fast- but short-acting solutions that 
are also sometimes used. Thymectomy may be recommended 
for some patients; therefore, consultation with thoracic surgery 
is recommended.33

Cost considerations

Not recommended –

Recommended MG antibody panel and CT chest

Practice option RNS, SFEMG, immunosuppression, 
thymectomy, and neurology

4.5.3  Miller Fisher’s Syndrome
Etiology and Pathophysiology
Miller Fisher’s syndrome  (MFS) is considered a variant of the 
Guillain–Barré syndrome (GBS). The disease is an autoimmune 
antibody-mediated peripheral neuropathy.34 MFS often devel-
ops after upper respiratory infection or, less commonly, after 
gastrointestinal disorders. Asians and males tend to have a 
higher risk for developing MFS.35

Presenting Symptoms and Signs
MFS is characterized by the classic triad symptoms of external 
ophthalmoplegia, ataxia, and areflexia.36 MFS can mimic one or 
more, unilateral or bilateral CN palsies.

Clinical Decisions
Diagnosis
Testing for anti-GQ1b antibodies may help narrow the differ-
ential, since antibody titers are thought to correlate with the 
severity of MFS. CSF studies may show high protein with nor-
mal white blood cell count  (albuminocytologic dissociation), 
which is a nonspecific finding.35

Current Treatment
MFS may often be self-resolving with overall good prognosis 
and low recurrence and mortality rates. Supportive therapy is 
generally sufficient so long as respiratory function is spared. 
Medical therapies exist, but unlike GBS, randomized controlled 
trials have not been conducted. Preliminary data show that 
treatments like IVIG and plasmapheresis used for GBS treat-
ment are minimally effective for MFS.35

Cost considerations

Not recommended –

Recommended Ganglioside serology
MRI brain and orbit

Practice option LP for albuminocytologic 
dissociation

4.5.4  Tolosa–Hunt Syndrome
Etiology and Pathophysiology
The Tolosa–Hunt syndrome (THS) is an idiopathic granuloma-
tous inflammation of the cavernous sinus that can affect CN 
III, CN IV, and CN VI, and produce a steroid-responsive, painful 
ophthalmoplegia. THS, however, should be considered a diag-
nosis of exclusion.22

Presenting Symptoms and Signs
THS is a painful ophthalmoplegia that presents with recur-
rent unilateral orbital pain and ipsilateral oculomotor 
paralysis.24

Clinical Decisions
Diagnosis
MRI is the most useful imaging modality for diagnosis of THS,  
as it provides better resolution of the cavernous sinus soft 
tissue than CT  (▶Fig.  4.9). Diagnostic criteria for THS include 
prompt response  (within 72 h) of the paresis and pain to  
corticosteroid treatment.22

Current Treatment
THS typically resolves quickly and completely with cortico-
steroid treatment. If steroid-induced complications arise or 
in the case of recurrent attacks, focal radiotherapy may be 
effective.24

Cost considerations

Not recommended CT alone

Recommended MRI brain and orbit, and steroids

Practice option LP and laboratory testing

4.5.5  Demyelinating Disease:  
MS-Related INO
Etiology and Pathophysiology
Multiple sclerosis  (MS) is a disease that causes inflammation, 
demyelination, and degeneration of axons, with an unknown 
etiology.37 One of the most common ophthalmic presentations 
of MS is internuclear ophthalmoplegia (INO), a finding present 
in 17 to 41% of MS patients resulting from a lesion in the medial 
longitudinal fasciculus (MLF).38 The INO can be mistaken for a 
“partial third nerve palsy,” especially in the setting of concom-
itant skew deviation.

Presenting Symptoms and Signs
Patients with MS-induced INO may often complain of horizon-
tal diplopia on lateral gaze  (▶Fig.  4.10).38 For other potential 
ophthalmic signs of MS, refer to Chapter 3, section 3.6.1.
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Fig. 4.10  Illustration of gaze findings with a left 
internuclear ophthalmoplegia. Convergence may be 
intact (lower panel) if the lesion producing the INO is 
in the pons rather than the midbrain. INO, internuclear 
ophthalmoplegia. (Adapted from Greenberg M, ed. 
Handbook of Neurosurgery. 8th ed. New York, NY: 
Thieme; 2016.)

Fig. 4.9  Tolosa–Hunt syndrome. (a) Axial and (b) coronal fat-suppressed T1-weighted images show poorly defined gadolinium contrast 
enhancement in the left orbital apex extending posteriorly into the left superior orbital fissure and left cavernous sinus (arrows).  (Adapted from 
Meyers S, ed. Differential Diagnosis in Neuroimaging: Head and Neck. 1st ed. New York, NY: Thieme; 2016.)
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Clinical Decisions
Diagnosis
MRI with and without contrast in the MLF region of the brain-
stem is recommended for confirmation of diagnosis, but many 
cases have negative imaging.38 For other diagnostic criteria of 
MS, refer to Chapter 3. Evaluation for a pseudo-INO (e.g., myas-
thenia gravis) should also be performed, especially with a neg-
ative cranial MRI.

Current Treatment
INO typically resolves on its own over a period of several weeks 
to months, during which an eye patch may be worn to aid with 
diplopia.38 Steroids may be employed.

Cost considerations

Not recommended –

Recommended MRI and neurology

Practice option Eye patch, steroids, and MG 
evaluation for pseudo-INO

4.5.6  Vasculitides
Autoimmune vasculitides, many of which were mentioned 
in Chapter 3, may produce an oculomotor disorder. The most 
important of these to consider is giant cell arteritis  (GCA; also 
known as temporal arteritis), a systemic vasculitis affecting 
medium- to large-caliber arteries that presents in patients older 
than 50 years.39 While visual loss is overwhelmingly the most 
common ophthalmic manifestation of GCA  (appearing in 98% 
of patients), diplopia may also occur in approximately 6 to 21% 
of patients. Diplopia may precede visual loss in some cases and 
serve as the only ophthalmic manifestation of GCA in others.40 
Refer to Chapter 3 (Cranial Nerve II: Visual Disorders) for a more 
detailed discussion of diagnostic and management considerations 
in GCA.

4.6  Congenital
4.6.1  Congenital Fourth Nerve Palsy
Etiology and Pathophysiology
Congenital palsy of CN IV is the most common CN palsy, as well 
as the most common pediatric cause of ocular torticollis (head 
tilt). The most typical variety of this congenital palsy involves 
complete absence of the trochlear nerve, leading to a congenital 
cranial dysinnervation disorder (CCDD).41 Congenital CN IV pal-
sies, in some cases, may be hereditary.42

Presenting Symptoms and Signs
Patients with CN IV palsy may present with head tilt, diplopia, 
HT, and diminished binocular vision.41 There may be evidence 
of a long-standing head tilt when looking at old photographs of 
the patient.43

Clinical Decisions
Diagnosis
Clinical diagnosis of a CN IV palsy is most frequently done using 
the Parks–Bielschowsky three-step test; the sensitivity of this 
clinical three-step test is 70%.41

Current Treatment
Any symptom of congenital CN IV palsy, particularly a signif-
icant head tilt, may serve as an indication for surgery. If the 
head tilt is severe, surgery becomes a more pressing consid-
eration because unresolved torticollis may result in progres-
sive asymmetry of the face. Surgical intervention carries the 
risk of inducing a secondary acquired Brown syndrome.41

Cost considerations

Not recommended –

Recommended Old photographs and strabismus 
specialist

Practice option Surgical intervention

4.6.2  Brown Syndrome
Etiology and Pathophysiology
Brown syndrome is a disorder characterized by impaired ele-
vation of the eye that is most apparent in adduction. It can be 
attributed to abnormalities in the superior oblique muscle or 
tendon, either congenital or acquired via trauma, surgery, or an 
inflammatory etiology.43

Presenting Symptoms and Signs
Limited elevation of the eye, particularly during adduc-
tion, is the most important clinical sign of Brown syndrome. 
Other findings may include exotropia in up-gaze, hypotropia 
in primary gaze, and palpebral fissure widening on adduc-
tion (▶Fig. 4.11).43,​44

Clinical Decisions
Diagnosis
Diagnosis of Brown syndrome is a clinical diagnosis based on the 
above signs. All three criteria in the three-step test used for con-
genital CN IV palsy should be negative in Brown syndrome.45

Current Treatment
While Brown syndrome may spontaneously resolve in some 
cases, surgical intervention may be considered.45

Cost considerations

Not recommended –

Recommended Strabismus specialist

Practice option –
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4.6.3  CPEO and KSS
Etiology and Pathophysiology
Chronic progressive external ophthalmoplegia (CPEO) is a mito-
chondrial disease that involves ophthalmoplegia and progres-
sive, bilateral ptosis. Kearns–Sayre syndrome (KSS) is a related 
disorder involving multiple systems, featuring progressive 
external ophthalmoplegia  (PEO) alongside cardiac block and 
pigmentary retinopathy.46

Presenting Symptoms and Signs
Patients with CPEO may present with blurred vision, increasing 
difficulty in opening both eyes, and possible weakness of the 
proximal limbs. As symptoms worsen, patients may become 
unstable and ultimately become unable to walk.46 Dysarthria 
and dysphagia are other symptoms that may afflict patients 
with CPEO.46,​47

Clinical Decisions
Diagnosis
Diagnostic modalities to consider include MRI to look for CNS 
atrophy, muscle biopsy, histological analysis, and genetic test-
ing for mitochondrial mutations. Mutation screening may also 
help elucidate whether the CPEO phenotype is heritable or 
sporadic.46

Current Treatment
There are currently no treatments for CPEO that have demon-
strated widespread effectiveness in patients. Proposed treat-
ments, albeit with little to no supportive evidence, include 
CoQ10, vitamin cocktails, dichloroacetate, carnitine, and 
creatine.46

Cost considerations

Not recommended –

Recommended –

Practice option MRI, muscle biopsy, genetic test-
ing, and mitochondrial cocktail

4.7  Trauma
4.7.1  Trauma-Induced Palsies
Etiology and Pathophysiology
Head trauma is a major cause of isolated or combined palsies of 
CN III, CN IV, and CN VI.1

Traumatic CN IV palsy is the most common nonidiopathic 
etiology of CN IV palsy, owing to its unique dorsal exit from 
the brainstem.48 Traumatic CN VI palsy and, less frequently, 
traumatic CN III palsy may also occur.

Presenting Symptoms and Signs
The classical presentations for isolated ocular motility CN pal-
sies are discussed in the “Abstract”.

Clinical Decisions
Diagnosis
Consider that any combination of cranial neuropathies may be 
present in cases of head or facial trauma. CT of the head and 
orbit may be considered in the acute setting. High-resolution 
MRI may be considered for conclusive diagnosis and potential 
localization of traumatic cranial neuropathies.

Fig. 4.11  A congenital Brown syndrome, showing the eyes in various gazing positions. Note the markedly limited elevation of the right eye in 
the upward midline position (top middle), which is even more pronounced on adduction of the right eye (top right).  (Adapted from Valvassori 
G, Mafee M, Becker M, ed. Imaging of the Head and Neck. 2nd ed. New York, NY: Thieme; 2004.)
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Current Treatment
Traumatic ocular motor neuropathies may first be managed 
with such temporary measures as observation, occlusion, 
or prisms, with spontaneous recovery being the hoped-for 
result.48 In accordance with the CRASH trial, steroids may be 
employed if the Glasgow Coma Scale is not ≤14.49 In refrac-
tory cases, typically after 6 months of injury, surgery may be 
considered.50

Cost considerations

Not recommended –

Recommended CT

Practice option MRI, observation, occlusion, 
prism, and surgery

4.8  Metabolic/Toxic
4.8.1  Diabetes
Etiology and Pathophysiology
Diabetes-induced cranial neuropathy typically occurs in older 
patients with long-standing diabetes. The pathophysiology is 
likely due to microvascular ischemia-induced focal demyelin-
ation of the nerves.51 The involvement of CN VI is most preva-
lent, followed by CN III and lastly CN IV.52

Presenting Symptoms and Signs
Patients with CN VI palsy typically present with abrupt, pain-
less diplopia.53 CN III palsy typically presents with ipsilateral 
pain in addition to acute-onset ptosis and diplopia. Pupils are 
generally spared.51

Clinical Decisions
Diagnosis
Diagnosis is based on the previously mentioned clinical symp-
toms and signs. However, neuroimaging may be recommended 
if aneurysm-induced CN III palsy is suspected.53

Current Treatment
No specific treatment is indicated for diabetic cranial neurop-
athy. Prismatic help may be indicated for diplopia and patients 
should maintain optimal glycemic levels to lower risk factors 
for further ischemic events. Recovery typically occurs over a 
span of 3 to 6 months.51,​53

Cost considerations

Not recommended

Recommended CT/CTA, followed by MR/MRA for CN III palsy

Practice option Prism and eye patch

4.8.2  Wernicke Encephalopathy
Etiology and Pathophysiology
Wernicke encephalopathy is a neurological disorder caused 
by thiamine, or vitamin B1, deficiency; it is the most com-
mon encephalopathy resulting from a single deficient vita-
min. It is traditionally associated with alcoholism, although 
nonalcoholic cases involving excessive vomiting or postba-
riatric surgery have been reported.54 Korsakoff’s syndrome 
represents the chronic irreversible sequelae of Wernicke 
encephalopathy.

Presenting Symptoms and Signs
Wernicke encephalopathy features a classic triad of symptoms 
including ophthalmoplegia, ataxia, and altered mental status.55 
Other diseases may manifest as a result of thiamine defi-
ciency, including wet or dry beriberi and Marchiafava–Bignami 
syndrome.54

Clinical Decisions
Diagnosis
Total blood thiamine and transketolase  (may not be uni-
versally available) may be obtained, but high-dose thia-
mine treatment should be initiated without waiting for 
these test results.54 MRI is the standard for radioimaging in 
patients with suspected Wernicke encephalopathy, as it may 
reveal characteristic features, but the MRI may be normal. 
These features may include hyperintensity in the mammil-
lary bodies, medial thalami, periaqueductal gray, and tec-
tum (▶Fig. 4.12). The sensitivity of CT was found to be low. 
The final diagnosis of Wernicke encephalopathy may also be 
confirmed by neurological response after treatment with thi-
amine supplementation.55

Current Treatment
Urgent, high-dose, parenteral thiamine supplementation forms 
the crux of therapy for acute Wernicke encephalopathy. Thiamine 
has demonstrated good overall safety via any administration 
route and should be administered as quickly as possible in sus-
pected cases. In countries or populations at risk of thiamine 
deficiency, prophylactic supplementation of food with thiamine 
may be considered.54 Concomitant magnesium replacement may  
also be helpful.

Cost considerations

Not recommended CT alone

Recommended Urgent, high-dose, parenteral 
thiamine supplementation

Practice option Thiamine level and MRI
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4.8.3  Medication, Toxin, Vitamin 
Deficiency–Induced Ophthalmoparesis
A variety of medication-induced, toxin-induced, and vitamin 
deficiency–related etiologies exist for patients with ophthal-
moplegia. High concentrations of the antiepileptic drug phe-
nytoin have been associated with ophthalmoplegia.56 Other 
drugs found to be associated with ophthalmoplegia in larger 
doses include phenobarbital, carbamazepine, primidone, and 
amitriptyline.57 Anti–tumor necrosis factor-α (anti-TNF-α) 
drugs  (such as adalimumab),58 in addition to Tiratricol or 
dexfenfluramine  (anti-obesity drugs),59 have been reported 
as causes of INO. Ophthalmoplegia may be a presenting sign 
of botulism60 or heavy metal poisoning, and rarely due to 
snake-bite injuries.61 Many other drugs or toxins are possi-
ble etiologies of ocular motility disorders, as this list is not 
exhaustive. Vitamin E62 and, in rare cases, Vitamin B12 defi-
ciency63 can also result in ophthalmoplegia. Giving special 
attention to diet, drug/toxin exposure, and social history 
during history taking can help elucidate a toxic- or metab-
olite-induced etiology of ophthalmoplegia. Management 
for toxic- or medication-induced ocular motility disorders 

is dependent on the offending substance, whereas vitamin 
supplementation can be considered in etiologies of vitamin 
deficiency.

4.9  Idiopathic
4.9.1  Idiopathic Intracranial 
Hypertension
Etiology and Pathophysiology
The etiology and pathophysiology of idiopathic intracranial 
hypertension  (IIH) have been discussed in Chapter 3  (Cranial 
Nerve II: Visual Disorders).

Presenting Symptoms and Signs
Abducens nerve palsy may occur in around 20% of IIH cases as a 
nonlocalizing sign of increased intracranial pressure. Palsies of 
CNs other than the abducens nerve (including CN III and CN IV) 
are considered atypical findings that may be more common in 
pediatric cases or suggest secondary etiologies of the disease.64 

Fig. 4.12  Wernicke encephalopathy. (a, b) Axial fluid-attenuated inversion recovery (FLAIR) images show bilateral symmetric hyperintensity in 
the medial aspect of the thalami (arrows; a). Edema and hyperintensity are also seen in the mammillary bodies (fat arrow; b).  (Adapted from 
Kanekar S, ed. Imaging of Neurodegenerative Disorders. 1st ed. New York, NY: Thieme; 2015.)
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Other presenting symptoms and signs of IIH, including head-
ache, pulsatile tinnitus, and vision loss, are discussed in Chapter 
3 (Cranial Nerve II: Visual Disorders).

Clinical Decisions
Diagnosis
Diagnosis of IIH may involve MRI, MR venography (MRV), and 
lumbar puncture to fulfill the modified Dandy criteria.

Current Treatment
Weight loss and diuretics (particularly carbonic anhydrase 
inhibitors such as acetazolamide) form the first-line treatment 
for IIH. Surgical intervention with optic nerve sheath fenes-
tration (ONSF) or VP shunt may be considered in cases of IIH 
refractory to medical management or involving vision loss. For 
more details, refer to Chapter 3, section 3.11.1.

4.10  Conclusion
A number of various etiologies of ocular motility disorders due 
to ocular motor cranial neuropathies or CN palsy mimics (e.g., 
giant cell arteritis, TED, MG, MFS, Wernicke encephalopathy) 
have been explored over the course of this chapter. The dif-
ferential diagnosis of diplopia and ophthalmoplegia is wide, 
and clinical evaluation is made difficult by the presentation 
of CN palsies not always in isolation but often in combination. 
Consultation with a number of different specialties may often 
be required for management of these diseases. Referral sugges-
tions, recommendations for preferred diagnostic modalities or 
tests, presentations of management options, and indications to 
pursue invasive interventions found in the chapter may be used 
to guide cost-effective patient care.
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5  Cranial Nerve V: Trigeminal Nerve
Wissam Elfallal and Jeff Jacob

Abstract
Trigeminal neuralgia is the most common pathology of cranial 
nerve V encountered in clinical practice. It is a clinical diagno-
sis characterized by severe, paroxysmal stabbing facial pains. 
It was given the name “tic douloureux,” which translates as 
“painful tic,” due to the characteristic painful facial spasms that 
occur during attacks. This disease entity can be devastating 
to patients, causing severe debilitation of daily activities and 
earning it the label the “suicide disease.” Trigeminal neuralgia 
tends to peak in the 50s to 60s, with a female-to-male ratio of 
2:1. The overall prevalence is 10 to 300/100,000 worldwide. The 
relatively high prevalence of trigeminal neuralgia contributes 
to high costs of care on the medical system. The diagnosis and 
evaluation of trigeminal neuralgia is based on clinical features 
and history. Imaging may be obtained to rule out other etiolo-
gies or in cases of atypical facial pain and is considered a level C 
recommendation by the American Academy of Neurology. The 
treatment and surgical management accounts for the majority 
of the health care cost for trigeminal neuralgia. For instance, 
many patients with trigeminal neuralgia are referred to den-
tal offices for root canals and dental extraction from inaccurate 
diagnosis, leading to unnecessary treatment and costs. There 
are many modalities in the treatment of trigeminal neuralgia 
including pharmacologic, interventional procedures, such as 
percutaneous radiofrequency, Gamma Knife stereotactic sur-
gery, and microvascular decompression. Careful, individual-
ized care of each patient can allow for cost-effective options 
along with providing good clinical outcomes and high patient 
satisfaction.

Keywords: trigeminal neuralgia, facial pain syndrome, suicide 
disease, tic douloureux

5.1  Introduction
The trigeminal nerve has two primary physiologic functions, 
the first being sensation to the face, anterior two-thirds of 
tongue, and to the dura of the anterior and middle cranial fossa. 
Sensory modalities include light touch, pain/temperature per-
ception, and proprioception. The second component of the 
nerve is motor innervation to the muscles of mastication, that 
is, the masseter, temporalis, medial/lateral pterygoids, mylohy-
oid, and anterior belly of the digastric.1 A multitude of disease 
pathologies can affect the trigeminal nerve including basilar 
skull fractures, dental trauma, metastatic tumors, aneurysms, 
lupus, scleroderma, sarcoidosis, and arterial ectasia. These 
pathologies affect the peripheral component of cranial nerve V 
after it has left the brainstem. The gasserian ganglion may be 
also affected by herpes zoster, as well as by primary and met-
astatic tumors.1 Like trigeminal neuralgia, all these conditions 
generally present with facial pain, which can be unilateral, 
paroxysmal, and stabbing in nature. However, unlike classic tri-
geminal neuralgia, neurologic deficits such as loss of sensation 
of varying degrees may be present.

The pathophysiology of trigeminal neuralgia is complex and 
not fully understood. Trigeminal neuralgia may be due to injury 
or compression of the afferent fibers at the nerve root or due to 
injury of the trigeminal ganglion in Meckel’s cave. Injury to the 
trigeminal nerve can lead to over-activation and a low thresh-
old for nerve root firing. The touch sensation A-beta fibers lie in 
close proximity to the pain C-fibers, leading to cross-activation 
of these fibers.2

Overall, a low stimulus is needed to activate the nerve, 
which may explain why relatively light stimuli can be a trigger 
for significant facial pain.

5.2  Anatomy
The trigeminal nerve begins in the upper pons, exiting the 
brainstem as the portio major sensory branch and portio minor 
motor branch. As the nerve exits the brainstem and travels into 
the prepontine cistern, it transitions from central myelination 
by oligodendrocytes to peripheral myelination by Schwann 
cells, an area of change known as the “transition zone.”3 Once 
in the prepontine cistern, the nerve courses toward the skull 
base into Meckel’s cave, where it forms the gasserian ganglion. 
At the gasserian ganglion, the nerve diverges into its three 
peripheral segments: ophthalmic  (V1), maxillary  (V2), and 
mandibular (V3) branches. The upper segment V1 exits out of 
the orbit via the superior orbital fissure, the maxillary or V2 
segment exits out of the foramen rotundum after leaving the 
pterygopalatine fossa, and the mandibular segment V3 exits the 
cranium via the foramen ovale. The various sensory afferents 
and the motor efferent of cranial nerve V are carried in sepa-
rate tracts, with a total of three sensory and one motor nuclei. 
The nucleus of the spinal trigeminal tract contains three parts 
known as the pars oralis, pars caudalis, and pars interpolaris. 
These subnuclei transmit pain and temperature sensation. The 
principal sensory nucleus integrates tactile sensation and light 
touch. The final sensory nucleus is the mesencephalic, which 
transmits proprioception of the face. These nuclei all project to 
the ventral posteromedial nucleus of the thalamus where they 
synapse, and project to the primary somatosensory nucleus of 
the parietal lobe. The motor nuclei innervate muscles of the 
first brachial arch, which includes muscles of mastication as 
previously described.1,​3,​4,​5 Critical understanding of trigeminal 
anatomy is key in localization of the lesion and initiating the 
appropriate management.

5.3  Clinical Evaluation
Trigeminal neuralgia is a disease entity characterized by sud-
den, unilateral, severe episodes of stabbing pain in the trigemi-
nal nerve distribution, involving one or more of the peripheral 
nerve segments, as defined by the International Association for 
the Study of Pain.6 The initial approach to trigeminal neural-
gia begins with a proper history to assure an accurate clinical 
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diagnosis. In order to properly evaluate trigeminal neuralgia, 
history should include inquiring about pain patterns, location, 
the presence of triggers, the duration of symptoms, and looking 
for possible causalgia. Many people suffering from trigeminal 
neuralgia may become aware of specific triggers that elicit their 
pain such as light sensation to face, cold air, brushing of teeth, 
drinking from a straw, stroking the hair on their face, shav-
ing, stress, fatigue, smiling, laughing, or even kissing. It is also 
important to ask about the conditions that have an increased 
prevalence and association in developing trigeminal neuralgia, 
such as multiple sclerosis, stroke, hypertension, and Charcot–
Marie–Tooth disease. These conditions may initially present 
like trigeminal neuralgia or be the causative agent.2,​4 Physical 
examination must include a full neurologic examination, with 
special attention to the head and neck, with high suspicion 
for secondary etiologies including mass lesions or orofacial 
conditions.

Classification of trigeminal neuralgia can be made on the 
basis of history and physical examination and, if needed, using 
advanced imaging such as MRI. ▶Table 5.1 lists seven differ-
ent types of trigeminal neuralgia and their distinct features 
as well as complex grading scheme that is useful in standard-
izing the diagnosis into specific categories.7 However, a more 
simplified categorization that can be used by primary care 
physicians is to organize trigeminal neuralgia into one of two 
groups: classic trigeminal neuralgia  (CTN) and symptomatic 
trigeminal neuralgia  (STN). CTN refers to a typical presenta-
tion of paroxysmal pain described as intense, sharp, or stab-
bing in nature with an associated trigger, lasting no more than 
a few seconds to 2 minutes. CTN does not involve neurologic 
deficits on physical examination and may be idiopathic or due 
to vascular compression with no other underlying etiology.2,​6,​7  
A clinical picture suggestive of CTN does not require further 
neuroimaging for confirmation of the disease, but an MRI is 
still important to obtain to rule out other pathologies. STN, on 
the other hand, is trigeminal neuralgia secondary to an under-
lying pathology other than vascular compression that may 
be causing injury or mass effect on the trigeminal nerve.6,​8 
Atypical presentation includes those with bilateral symptoms, 
neurologic deficit on examination, or pain lasting more than  
2 minutes, all of which should prompt suspicion of STN.  
A comprehensive medical history and physical examination, 
along with neuroimaging, can help categorize and diagnose 
other underlying disease pathologies. 

5.4  Differential Diagnosis
The differential diagnosis is broad and involves a multitude of 
disorders arising from the head and neck. Part of the differen-
tial includes headache disorders such as cluster headache and 
trigeminal autonomic cephalalgias; dental pain such as tooth 
fracture, tooth infection, and temporomandibular joint disor-
ders (TMJ); sinusitis; and cerebellopontine angle (CPA) tumors 
such as a schwannoma and meningioma.8 Other neuralgias with 
features that may mimic trigeminal neuralgia include occipital 
neuralgia, glossopharyngeal neuralgia, postherpetic neuralgia, 
and atypical facial pain.7 After clinical diagnosis is established, 
health care providers may classify trigeminal neuralgia and 
other facial pain–related syndromes.

5.5  Diagnostic Evaluation and 
Challenges
Diagnostic modalities are limited to a few useful studies. Workup 
may initially involve basic laboratory studies including a com-
plete blood count (CBC) with differential and a basic metabolic 
profile. If there is high suspicion of an underlying condition, 
one may consider obtaining a lumbar puncture, angiotensin-
converting enzyme (ACE) levels, and/ or erythrocyte sedimen-
tation rate  (ESR)/C-reactive protein  (CRP). These laboratory 
investigations are generally not productive in eliciting a diag-
nosis in the workup of trigeminal nerve pathology. Further 
workup may include electromyographic  (EMG) testing for tri-
geminal nerve reflexes, specifically the blink reflex. EMG of the 
blink reflex evaluates the latency and amplitude of facial muscle 
activation after stimulation of the first division of the trigem-
inal nerve. Multiple studies have shown that EMG blink reflex 
tests were useful in differentiating CTN from STN; the diagnostic 
accuracy of identifying STN with an abnormal blink reflex test 
had a pooled sensitivity of 94% and a pooled specificity of 87%.2,​6,​

8 Neuroimaging in the form of CT and MRI may identify second-
ary causes of trigeminal neuralgia including multiple sclerosis 
or mass lesions. In patients initially presenting with clinically 
painful trigeminal neuralgia with normal neurologic examina-
tions, neuroimaging may still identify abnormalities in up to 
10 to 18% of patients. A pooled analysis found that the overall 
yield of imaging is 15% in patients presenting as CTN; this was 
supported by class III studies.2,​6,​8,​9 The majority of these patients 
tend to present to primary care providers for initial evaluation 
and care. In this setting, even without neurologic deficit, it 
is reasonable to begin with a brain MRI. This imaging modal-
ity is the preferred study to rule out other causes and guide 
patients early on to the appropriate specialist such as a neu-
rologist or a neurosurgeon if an abnormality is found. ▶Fig. 5.1 
demonstrates an MRI with the normal course of the trigeminal 
nerve exiting the brainstem entering into Meckel’s cave. Other  
imaging modalities such ultrasound, fluorodeoxyglucose pos-
itron emission tomography  (FDG-PET)/CT, diffusion tensor 
imaging, fractional anisotropy, and virtual endoscopy have been 
investigated but generally not used for the evaluation of cra-
nial nerve V disorders. MR and CT scan imaging have become 
essential for advanced practitioners and necessary due to the 
advent of radiosurgery therapy and for preoperative surgical 
planning. However, repeat imaging is not routinely performed 

 Table 5.1  Classification scheme for trigeminal neuralgia (TN) and 
distinctions 

TN 1 Idiopathic spontaneous facial pain episodic in nature

TN 2 Similar to type 1 but pain is constant

TN 3 TN pain but secondary to unintended trauma or 
surgery to the trigeminal nerve

TN 4 Deafferentation pain after peripheral nerve ablation 
in treatment of TN or facial pain

TN 5 TN due to multiple sclerosis

TN 6 Postherpetic neuralgia manifesting as TN

TN 7 Atypical facial pain, due to somatoform 
manifestation from psychiatric illness
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or recommended unless a new neurologic deficit is found or a 
significant change in the disease is encountered. In general, MR 
imaging without contrast is the best initial diagnostic test, due 
to its high imaging quality, lack of radiation exposure, and excel-
lent detection of soft-tissue lesions.6 If an abnormality is found, 
further imaging may be obtained such as contrasted MRI stud-
ies, constructive interference in steady state  (CISS), and/or CT 
scan to delineate seen pathology. However, to maintain a cost-
effective workup, these studies are unnecessary in the primary 
care setting and it is advised to refer to a specialist to decide the 
best imaging needed and for surgical planning if needed. In this 
paradigm, unnecessary tests are not ordered and cost-effective 
efficient care is provided by a highly specialized team.

5.6  Medical Management
A multitude of pharmacological treatments have been used in 
the management of trigeminal neuralgia. The initial group of 
drugs used are anticonvulsants. It is recommended to begin 
with oral monotherapy. The most effective medication rec-
ognized in the treatment of CTN is carbamazepine, which is 
supported by multiple class I and II studies.6 Other treatment 
options used in the management of CTN include oxcarbaze-
pine, which is supported by class II studies.6 Other effective 
but less commonly used modalities include baclofen, lam-
otrigine, and pimozide as oral agents.6 Topical anesthetics 
on the other hand have been found to be ineffective toward 
pain relief or prevention of attacks. In STN, some studies have 
shown better pain relief using medications such as lamo-
trigine, gabapentin, topiramate, and misoprostol.6 First-line 
treatment with carbamazepine starts with 200 to 1,200 mg/d 
split into two doses generally starting with 100 mg twice a 
day, and dose may be escalated by a 100 mg every other day 
until symptoms are relieved or side effects are intolerable.10 
It is reasonable to begin with oxcarbazepine as it is generally 

better tolerated with less side effects, but it is generally less 
effective. The cost of each medication can vary year by year 
and from different companies. Generic carbamazepine is cov-
ered by most Medicare and insurance plans. The price may 
vary from $27.50 to an average retail price of $65.63 for 60 
200-mg tablets (GoodRx. https://www.goodrx.com/). In com-
parison, oxcarbazepine’s lowest price was found to be $9.00 
with an average retail cost of $112.88 for 60 300-mg tablets. 
These costs can vary year by year and are dependent on insur-
ance coverage. Though these medications are efficacious in 
over 80% of patients, dose escalation is required over time 
due to medication autoinduction and reduced plasma dose 
with only 50% efficacy rate.10 Second-line agents such as lam-
otrigine, baclofen, and pimozide may be added alongside or as 
solo agents if patients are unable to tolerate first-line medica-
tions. Failure rates vary; for instance, baclofen followed over 
a 1- to 5-year period was found to be only effective in 30% 
of patients.6,​10 Individual circumstances, side effects, changing 
costs over time, and most importantly patient response will 
help guide cost-effective treatment. Medical management is 
considered a failure when patient symptomatology is no lon-
ger controlled by medications, side effects are intolerable, or 
patients may request surgery in fear of pain returning despite 
control with medications. In these situations, three primary 
treatments exist, which can be broken up into two catego-
ries, either ablative in the form of percutaneous procedures 
and stereotactic radiosurgery or nonablative microvascular 
decompression for CTN. If patients suffer from STN caused 
by a secondary process such as multiple sclerosis or tumor, 
then treatment would be targeted at the underlying cause. In 
certain situations, however, STN may be managed with the 
above-mentioned treatments.

5.7  Surgical Management
It is estimated that annually over 8,000 patients undergo sur-
gical intervention for trigeminal neuralgia, Annually, this cost 
amounts to over $100 million in health care costs.9 In the 
current climate of health care, medical costs and utilization 
are under great scrutiny. Along with implementation of the 
Affordable Care Act, many clinicians have become very mindful 
of treatment costs and burden on the system. There has been a 
great push for cost-effective methods for treatment of diseases. 
After failure of pharmacologic therapy, three primary treat-
ment modalities are used. Microvascular decompression (MVD) 
is nonablative and has the longest lasting effect but has the 
highest cost and risk of all treatment modalities. An MVD is 
completed by a neurosurgeon, in which a craniotomy, or open-
ing into the skull, allows the surgeon to explore and expose the 
fifth nerve throughout its entire course from the brainstem to 
Meckel’s cave. This is a delicate procedure requiring endotra-
cheal anesthesia and microsurgical techniques. Postoperatively, 
the patient is admitted in the intensive care unit but usually 
discharged on the second or third day after surgery.11 Ablative 
procedures that are less invasive include percutaneous stereo-
tactic rhizotomy (PSR) and stereotactic radiosurgery (SRS). Both 
have lower overall costs and morbidity associated with treat-
ment, but pain does reoccur more often.12 PSR is a less inva-
sive procedure in which a microelectrode is inserted through 
the cheek entering the skull through foramen ovale to access  

Fig. 5.1  MRI axial brain constructive interference in steady state 
imaging demonstrating the trigeminal nerve exiting the pons and 
entering into Meckel’s cave, as indicated by the right and left arrows.
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the trigeminal nerve. Then, using an electric current to heat the 
electrode, a portion of the nerve is destroyed by thermal injury, 
in order to alleviate pain. This procedure can be done in an out-
patient setting with discharge the same day without admission 
into the hospital.9 SRS is an outpatient procedure where a frame 
is fixated to the head with pins by a neurosurgeon, assisted by 
a radiation oncologist, and highly focused radiation is used to 
destroy trigeminal nerve fibers to alleviate pain, requiring no 
inpatient stay.13

An investigation by Mazur et al took a unique approach by 
evaluating the quality-adjusted life-year known as the QALY 
calculation. This score reviewed pain relief over a 10-year 
period comparing the aforementioned treatment modalities. 
Retrospective analysis of data was obtained from Medicare 
claims. Overall, it was found that MVD was the number one 
utilized treatment modality of the three in over 51% of cases 
reviewed. In addition, it had the most satisfactory outcome, but 
it did have the highest cost. MVD QALY score was 8.22, with the 
total cost of the procedure being $40,435. PSR was used in 7% 
of cases, with a QALY score of 6.53 and overall cost of $3,911, 
and finally SRS therapy was used 42% of the time with a QALY 
score of 4.92 and a cost of $38,062. Interestingly, it was found 
that PSR is 11.5 time more cost-effective than MVD and SRS.12,​14  
Although it was found that PSR was the most cost-effective 
treatment strategy, this only evaluated the direct cost of the 
procedure. The study did not include outpatient and in-patient 
services, medication use and status, need for additional proce-
dures, out-of-pocket costs, and days lost of working. No specific 
study has evaluated these individual factors and the overall cost 
of each treatment modality. Even though PSR is the most cost 
appealing, it did have the highest retreatment rate, which is an 
important factor when considering long-term management. In 
the long term, MVD in fact may be the best option in carefully 
selected patients, taking into account durability of treatment, 
less need for retreatment, and overall patient satisfaction, with 
minimal morbidity when done by an experienced team in 
high-volume centers.

Treatment modalities had great variability due to age, 
patient’s ability to tolerate certain treatments, and symptom-
atology making a prospective study difficult to perform. MVD 
was most likely to be performed on younger and healthier 
patients and was of highest cost, but did have the longest last-
ing effect, which is preferable for patients who can tolerate sur-
gery. SRS was utilized on more elderly patients. Tarricone et al 
found that pain recurrence of SRS-treated patients was similar 
to that of MVD patients.12 This retrospective study was com-
pleted between 2003 and 2013 reviewing 89 patients. Overall, 
looking at both fee and outcome, radiofrequency ablation was 
considered the most practical, then microvascular decompres-
sion, followed by SRS.12,​15,​16 Advanced age is not considered a 
contraindication to surgery, but is a factor in decision making. 
Pollock et al evaluated the cost per quality-adjusted pain-free 
year and found that PSR was $6,342, MVD was $8,174, and 
SRS was $8269.9 This study reinforced the usefulness of SRS 
for elderly patients, but MVD was projected to be more cost- 
effective in the long term and is recommended as the ideal 
treatment if surgical risk is satisfactory. A case-by-case sce-
nario of each patient’s presenting symptoms, severity, age, prior  
treatments, and expectations is needed to help guide the best 
treatment options in a cost-effective manner.

5.8  Outcomes
CTN consisting of sharp short-lived lancinating painful episodes 
in the trigeminal nerve distribution tends to respond better to 
surgical treatment. Patients with STN tend to have atypical 
symptoms and present with constant aching pain or bilateral 
symptoms and may have some features of CTN, leading to a 
mixed clinical presentation. Patients with CTN have a good clin-
ical response, but patients with atypical features tend to have 
poorer response and the benefit of surgical treatment in this 
group is unclear. It was found that patients who suffered from 
atypical trigeminal neuralgia had a 91.8% relief following MVD 
and those with CTN had a 93% relief in pain during the imme-
diate postoperative period. However, the recurrence rate of 
symptoms was 60.3% in atypical versus 19.9% in CTN patients.11 
Clinical features are very key in helping decide which patients 
are best suited for MVD. In our clinical practice, we generally 
offer MVD in CTN and in a select few scenarios for patients with 
atypical features.

Gamma Knife radiosurgery is also a reasonable treat-
ment modality. The success rate reported varies, but ther-
apy is known to delay pain relief response. Patients treated 
with SRS found pain relief 80.5% of time after treatment, 
but the average time to relief was 1.6 months. Karam et al 
treated patients with median radiation dose of 45 Gy with 
a single 4-mm isocenter. At 3 years, only 67% of patients 
were pain free, but 75% still reported good, satisfactory 
outcomes. At 69 months, only 32% were pain free and 63% 
were free from severe discomfort. Patients older than 70 
years appeared to have a better propensity of response to 
SRS therapy.13 Trigeminal neuralgia is also known as the 
“suicide disease” and takes a great toll on an individual’s 
life and mental health. Kotecha et al reviewed the quality 
of life  (QOL) and depression rates after treatment of SRS. 
In this study, 92% of patients were found to be pain free at  
12 months. The average time to improvement of QOL score 
was noted at 9 months. Lower rates of depression in these 
groups were also noted.17 It is of utmost importance to have 
thorough dialogue of patient expectations to each surgi-
cal treatment and associated costs. In addition, discussion 
regarding acceptable complications, such as facial numbness, 
as well as the need for possible retreatment must occur.

5.9  Conclusion
Trigeminal neuralgia is a painful neuropathic facial pain syn-
drome with debilitating symptoms leaving patients in a great 
deal of suffering. The gold standard of diagnosis is clinical diag-
nosis along with history to determine whether symptoms fit 
a CTN pattern versus STN from other causes. MRI is used to 
determine secondary causes including possible vascular ecta-
sia causing trigeminal nerve compression. Secondary tests such 
as EMG can help differentiate CTN from STN, but they are gen-
erally not used in primary evaluation. First-line treatment is  
pharmacologic oral therapy. Failure of symptom control or 
inability to tolerate medication regimen generally requires sur-
gical intervention. Surgical treatments include percutaneous 
procedures, SRS, and microvascular decompression. Each treat-
ment has different risks, costs, benefits, and outcomes. Overall, 
PSR is the most cost-effective measurement, but not the most 

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Cranial Nerve V: Trigeminal Nerve

45

durable. MVD has the highest upfront cost, but it provides the 
best long-term pain relief. No specific time line of when surgical 
intervention should be implemented is recommended, but two 
class IV studies found that patients who completed surgery in 
retrospect would have preferred to have had surgery earlier.
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6  Cranial Nerve VII: Facial Nerve Disorders
Matthew Kircher, Abigail Thomas, and John Leonetti

Abstract
A cost-effective approach to facial nerve disorders starts with a 
complete history and physical examination. The routine use of 
imaging, laboratory, and/or electrophysiologic studies is typi-
cally not warranted in the most common case of facial paralysis, 
Bell’s palsy. The cost of addressing Bell’s palsy can be significant, 
and the routine use of ancillary testing in a situation where the 
result is unlikely to alter diagnosis or treatment is not cost- 
effective. However, other causes of facial paralysis need con-
sideration, and this analysis begins once again with the history 
and physical examination. Selective testing is therefore war-
ranted on an individual basis with sufficient clinical suspicion.

Keywords: Bell’s palsy, facial paralysis, facial paresis

6.1  Introduction
The facial nerve is responsible for a myriad of head and neck 
functions: innervating motor fibers to the muscles of facial 
expression and middle ear, taste receptors from the anterior 
two-thirds of the tongue, parasympathetic fibers to salivary 
glands, and somatic afferents from the external auditory canal 
and pinna. This nerve takes a long anatomic course through 
the cerebellopontine angle, temporal bone, and parotid gland, 
and may be at risk of injury due to inflammatory, infectious, 
neoplastic, traumatic, and congenital disorders. Facial nerve 
disorders result in life-changing functional and social deficits 
for many patients. About one-half of 22,594 patients surveyed 
at the Edinburgh facial palsy clinic demonstrated a consider-
able degree of psychological distress and restriction in social 
activities as a consequence of their facial palsy.1 The workup 
of this disorder requires an in-depth understanding of anatomy 
and pathophysiology in order to provide efficient, cost-effective 
diagnoses and treatment.

6.2  Anatomy
The facial nerve exits the pontomedullary junction as a motor 
root and a mixed visceral root known as the nervus interme-
dius. The nerve traverses the cerebellopontine angle and enters 
the internal auditory canal along with the branches of the ves-
tibulocochlear nerve before traversing the meatal foramen. The 
fallopian canal extends from the meatal foramen down to the 
stylomastoid foramen and consists of the labyrinthine seg-
ment, geniculate ganglion, horizontal tympanic segment, sec-
ond genu, and vertical mastoid segment of the facial nerve. The 
meatal foramen is the narrowest segment of the fallopian canal 
with an average diameter of 0.68 mm, and it is in this region 
that the nerve can become compressed and dysfunction as a 
result of inflammation and/or trauma.

The greater petrosal nerve branches off the facial nerve at the 
geniculate ganglion and travels along the middle cranial fossa 
floor before exiting through the foramen lacerum toward the 

pterygopalatine ganglion to supply lacrimal and palatine glands. 
The nerve to the stapedius muscle branches at a point just distal 
to the second genu. The chorda tympani, carrying secretomotor 
fibers to salivary glands and taste fibers from the tongue, branches 
from the mastoid segment, passes under the tympanic membrane, 
and continues anterior to join the lingual nerve. The remaining 
facial nerve fibers emerge at the stylomastoid foramen to supply 
motor function to the muscles of facial expression (▶Fig. 6.1).2

6.3  Clinical Assessment
History and physical examination are the most important step 
in evaluating facial paralysis. Timing of onset, degree of weak-
ness  (partial vs. complete), duration, and associated signs and 
symptoms should dictate the diagnostic workup. Patients will 
commonly present to an emergency department (ED) or primary 
care physician. The cost-effective evaluation of these patients 
begins with these front-line care providers to assess the patient 
and exclude identifiable causes of facial paresis or paralysis.

Comprehensive history and physical examination are the 
most readily available, informative, and cost-effective method 
of determining etiology of facial nerve disorder. This includes 
a complete head and neck examination with special attention 
to regional facial movement, facial resting tone, and parotid 
palpation. The patient may complain of dry eye secondary 
to incomplete eye closure  (lagophthalmos) and decreased 
tearing ability due to loss of parasympathetic innervation of 
lacrimal gland by the greater superficial petrosal nerve. The 
efferent aspect of the corneal reflex may be absent or reduced 
if the motor branches to the orbicularis oculi are involved. 
Associated facial or auricular congenital or traumatic defects 
should also be noted. Sensation in the posterior auricular 
region can be painful or diminished, and patients may com-
plain of hyperacusis due to stapedius muscle involvement 
and taste disturbance due to chorda tympani involvement. An 
otologic examination should document any periauricular ves-
icle eruption or middle ear lesions, and a neurologic exami-
nation should also be performed. The House–Brackmann (HB) 
scale  (▶Table 6.1) may be used to classify and communicate 
the degree of facial paralysis.

6.4  Peripheral versus Central 
Lesions
An upper motor neuron lesion causing facial nerve weakness 
will spare the forehead muscles and leave the corneal reflex 
intact on the affected side because of bilateral innervation to 
this area. Patients presenting with isolated lower facial weak-
ness with or without other focal neurologic findings require 
acute evaluation for an intracranial event. However, not all iso-
lated lower facial weakness is due to an upper motor neuron 
lesion. An intraparotid lesion involving the lower division of 
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the facial nerve and sparing the superior division can present 
in a similar manner. A peripheral or lower motor neuron lesion 
involves disruption of the nerve at any point from the facial 
nucleus to the parotid gland and will cause upper and lower 
face paresis or paralysis of the ipsilateral affected side with an 
impaired corneal reflex.

6.5  Diagnostic Studies
Diagnostic studies available to evaluate facial paralysis include 
computed tomography  (CT), magnetic resonance imag-
ing  (MRI), electrophysiology, and lab studies. The fallopian 
canal is well defined on high-resolution CT, making this test 
useful in cases of suspected temporal bone pathology such as 

cholesteatoma, trauma, and neoplasm. MRI can be useful in 
patients with suspected retrocochlear pathology or parotid 
gland lesions. Electrophysiologic studies such as electroneuro-
nography (ENoG) and electromyography (EMG) may have a role 
in selected cases of facial nerve injury offering prognostic infor-
mation in patients with complete facial paralysis. Lab studies 
including Lyme titers and lumbar puncture can also be consid-
ered in cases of suspected infectious or inflammatory processes.

6.6  Differential Diagnosis
▶Table 6.2 provides a list of potential causes for facial paralysis. 
This chapter will focus on a cost-effective approach to some of 
the more common presenting facial nerve disorders.

Fig. 6.1  Facial nerve anatomy  (Adapted from Carter HV, Gray H. Anatomy of the Human Body; 1918. Bartleby.com: Gray’s Anatomy, Plate 788.)
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Table 6.1  House–Brackmann scale 

Grade Function

I Normal Normal facial function in all areas.

II Mild dysfunction Slight weakness noticeable on close inspection.
At rest: normal symmetry of forehead; able to completely close eye with minimal effort.
No to slight synkinesis.

IIIa Moderate dysfunction Obvious, but not disfiguring difference between sides; noticeable but not severe synkinesis, 
contracture, and/or hemifacial spasm.
At rest: normal symmetry and tone.
Motion: slight to no forehead movement, able to completely close eye with maximal effort 
and obvious asymmetry, and able to move corners of mouth with maximal effort and obvious 
asymmetry.

IVb Moderately severe  
dysfunction

Obvious weakness and/or disfiguring asymmetry.
At rest: normal symmetry and tone.
Motion: no forehead movement; incomplete eye closure with maximal effort.

V Severe dysfunction Only barely perceptible motion.
At rest: asymmetry.
Motion: no forehead movement; incomplete eye closure and only slight lid movement with 
maximal effort; slight corner of mouth movement.
Synkinesis, contracture, and hemifacial spasm usually absent.

VI Total paralysis Loss of tone; asymmetry; no motion; no synkinesis, contracture, or hemifacial spasm.
aObvious but no disfiguring synkinesis, contracture, and/or hemifacial spasm are grade III regardless of motor ability.
bPatients with synkinesis, mass action, and/or hemifacial spasm severe enough to interfere with function are grade IV regardless of motor ability.

or complete, is usually unilateral, and without another identified 
inciting event. Bell’s palsy is by definition idiopathic; however, 
evidence suggests that herpes simplex virus (HSV) activation and 
inflammation plays a role.4 The viral hypothesis posits that HSV 
reactivation leads to inflammation, edema, and subsequent nerve 
compression. Nerve compression at the meatal foramen and lab-
yrinthine segment of the peripheral facial nerve leads to ischemia 
and nerve dysfunction. While HSV is implicated in the onset of 
Bell’s palsy, there is no direct association. Studies of specimens in 
unaffected control and Bell’s palsy patients have shown the pres-
ence of HSV-1 in facial nerve ganglia in both populations.5

Risk factors for developing Bell’s palsy include diabetes, 
pregnancy, preeclampsia, obesity, and hypertension. The prog-
nosis for return of function is very good with 70% of patients 
achieving complete resolution even without treatment.6

6.7.1  Clinical Features
The presentation of a patient with Bell’s palsy includes sudden- 
onset unilateral facial paresis or paralysis. Decreased tearing, 
hyperacusis, and/or change in taste may also be evident. Bell’s 
palsy is a diagnosis of exclusion requiring the careful elimina-
tion of other causes of facial paresis or paralysis with weakness. 
Presence of other focal neurological deficits is a strong indicator 
of intracranial event and should exclude Bell’s palsy. Bilateral 
symptoms would also indicate alternate etiologies, such as 
Lyme disease or Guillain–Barré syndrome. Bell’s palsy onset 
occurs rapidly over 1 to 2 days and reaches maximal clinical 
weakness within 3 weeks. Recovery of some degree of func-
tion within 6 months is expected with diagnosis of Bell’s palsy 
in doubt if some degree of function has not returned within 3 
months.7,​8 Risk factors for incomplete recovery include diabetes, 
pregnancy, development of postauricular pain, and age older 
than 60 years.

Table 6.2  Differential diagnosis of facial paralysis

Acute paralysis Chronic or progressive paralysis

Polyneurities
•	 Bell' s palsy
•	 Herpes zoster
•	 Guillain–Barre syndrome
•	 Autoimmune disease
•	 Lyme disease
•	 Human immunodeficiency virus 

infection
•	 Kawasaki's disease

Malignancies
•	 Primary parotid tumor
•	 Metastatic tumor
Benign tumor
•	 Schwannoma
•	 Glomus tumor Cholesteatoma

Trauma
•	 Temporal bone fracture
•	 Barotauma
•	 Birth trauma

Otitis media
•	 Acute bacterial
•	 Chronic bacterial
•	 Cholesteatoma

Sarcoidosis 
•	 Melkersson-Rosenthal syn-

drome
•	 Neurologic disorders
•	 Human immunodeficiency virus 

infection
•	 Cerebrovascular disorder– 

central or peripheral

Source: Reproduced with permission from Mattox D. Clinical disorders 
of the facial nerve. In: Flint PW, Haughey BH, Lund VJ, et al. Cummings 
Otolaryngology–Head and Neck Surgery. Philadelphia, PA: Elsevier; 
2010:2391–2402. 

6.7  Bell’s Palsy
The most common form of facial nerve disorder is Bell’s palsy.3 
The condition is named for Sir Charles Bell, a 19th-century 
Scottish surgeon. Facial paralysis is acute in onset, may be partial 
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6.7.2  Electrodiagnostic Studies
Electrophysiologic testing may be considered to provide 
prognostic information on return of function only in patients 
with complete paralysis and has no role in partial paralysis. 
Electroneurography  (ENOG) is an evoked compound muscle 
action potential derived from the muscles of facial expression. 
EMG measures action potentials during voluntary muscle con-
traction with fibrillation potentials indicative of denervated 
muscle and polyphasic potentials indicative of recovery.9

These tests are performed only on patients with complete 
paralysis to provide prognostic information on functional 
recovery. ENOG degeneration greater than 90% has been shown 
to predict poor recovery,10 and EMG has been found to be up 
to 92% accurate in predicting recovery and up to 80% accurate 
in predicting poor outcomes.11 Downsides to the test include 
patient discomfort from facial needle electrode placement/
stimulation and cost. Per the 2017 and 2018 Medicare Fee 
schedules, ENOG and EMG costs range from $100 to $140, 
respectively.12

6.7.3  Medical Treatment
The mainstay of treatment for Bell’s palsy is oral corticoste-
roid within 72 hours of onset. Several double-blind, placebo-
controlled, randomized trials have looked at the efficacy of 
various steroid-dosing regimens and found no evidence to 
support one regimen over another,13,​14,​15,​16,​17,​18 Our practice 
involves administration of a 12-day oral prednisone taper of  
60 mg for 4 days, 40 mg for 4 days, and 20 mg for 4 days.

Eye protection should be implemented in those with 
impaired eye closure. Eye protection is inexpensive, imperative 
to the prevention of long-term deficits, and includes the use of 
Lacri-Lube, artificial tear drops, taping eyes closed at night, and/
or use of goggles for protection.

Antivirals may be added to the regimen, although there is 
mixed evidence for their use. Two large clinical trials by Sullivan 
et al and Engström et al found no significant differences in 
recovery between antivirals and placebo or between steroids 

only and steroids and antivirals.16,​17 However, both of these 
studies included patients with all degrees of facial weakness, so 
there is the question of whether beneficial antiviral response in 
patients with severe or complete paralysis was masked by those 
patients with mild paresis that would have recovered without 
any treatment.

6.7.4  Surgical Decompression
Despite medical therapy, some patients may still achieve poor 
functional recovery. Gantz et al demonstrated that patients 
with poor prognosis for recovery on electrophysiologic testing 
can benefit from middle fossa facial nerve decompression in 
the acute setting.10 In this study, ENOG and EMG were per-
formed within 2 weeks’ onset of Bell’s palsy with complete 
paralysis. All patients with less than 90% ENOG degenera-
tion (n = 54) returned to HB I to II. Those patients with greater 
than 90% degeneration on ENOG and no EMG recovery poten-
tials were offered middle fossa facial nerve decompression 
versus medical treatment alone. Thirty-four patients elected 
surgery and 36 elected medical treatment alone. In the medi-
cal treatment group, 42% achieved HB I to II and 58% achieved 
HB III to IV. In the surgical group, 91% achieved HB I to II and 
9% achieved HB III to IV. In this study, surgical decompression 
significantly improved facial function.

6.7.5  Bell’s Palsy Clinical Guidelines
In 2013, the American Academy of Otolaryngology–Head and 
Neck Surgery released clinical practice guidelines for Bell’s 
palsy based on best available evidence  (▶Table  6.3).19 The 
expert panel made strong recommendations that clinicians 
should perform history and physical examination to exclude 
identifiable causes of facial paresis or paralysis, start oral ste-
roids within 72 hours of symptom onset, and implement dry 
eye precautions in patients with impaired eye closure. These 
recommendations also happen to be a cost-effective approach.

The panel also made recommendations that routine labo-
ratory testing and diagnostic imaging should not be obtained. 

Table 6.3  AAO clinical practice guidelines: Bell’s palsy 

Strong recommendation Recommendation Option No recommendation

Assess patient using history and 
physical examination (AEQ: Grade 
C; Confidence: high)

AGAINST obtaining routine lab 
testing (AEQ: Grade C; Confidence: 
high)

Offer antiviral therapy in addition 
to oral steroids within 72 h of 
symptom onset (AEC: Grade B; 
Confidence: medium)

Surgical decompression (AEC: 
Grade D; Confidence: low)

Prescribe oral steroids within 72 h of 
symptom onset for patients ≥ 16 y 
(AEC: Grade A; Confidence: high)

AGAINST routinely performing 
diagnostic imaging (AEC: Grade C; 
Confidence: high)

Offer electrodiagnostic test-
ing to patients with complete 
facial paralysis (AEC: Grade C; 
Confidence: medium)

Acupuncture (AEC: Grade B; 
Confidence: low)

AGAINST prescribing oral antiviral 
therapy alone (AEC: Grade A; 
Confidence: high)

AGAINST performing electrodi-
agnostic testing in patients with 
incomplete paralysis (AEC: Grade C; 
Confidence: high)

Physical therapy (AEC: Grade D; 
Confidence: low)

Implement eye protection for 
patients with impaired eye 
closure (AEC: Grade X; Confidence: 
high)

Reassess/refer to facial nerve 
specialist patients with: new/
worsening neuro finding, ocular 
symptoms, incomplete recovery 3 
mo after initial onset (AEC: Grade 
C; Confidence: high)

Abbreviations: AEQ: aggregate evidence quality (based on evidence, benefit vs. harm and diagnosis); Confidence: level of confidence in evidence.
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Routine diagnostic imaging was discouraged, as history and 
physical examination have been shown to be the most inform-
ative investigation, and acute facial paresis/paralysis in the 
absence of explanatory history or physical findings is idi-
opathic in the vast majority of cases.20,​21 CT of the temporal 
bone is not indicated in cases of suspected Bell’s palsy, and 
MRI studies may show enhancement along the involved facial 
nerve (▶Fig. 6.2); however, this finding often does not influ-
ence the course of therapy and may in fact be mistaken for 
a primary facial nerve neoplasm.22 Imaging may be indicated 
in the event of suggestive history or physical findings, such 
as temporal bone trauma, paralysis of isolated facial nerve 
branches, recurrent or progressive paralysis, concern for neo-
plasm, and no sign of recovery after 3 months (▶Fig. 6.3). In 
addition, the panel made no recommendation regarding the 
role of surgical decompression in Bell’s palsy, citing low-qual-
ity, nonrandomized trials and equilibrium of benefit and 
harm. Additional panel recommendations, options, or no rec-
ommendations statements are detailed in ▶Table 6.3.

6.8  Herpes Zoster Oticus
Herpes zoster oticus or Ramsey–Hunt syndrome is the second 
most common viral infection associated with facial palsy. In 
a large series of 1,701 cases of acute peripheral facial nerve 
palsy, 116 had herpes zoster.6 These patients present with 
acute facial paralysis coinciding with the herpetiform periau-
ricular vesicles of a shingles outbreak and often vestibuloco-
chlear dysfunction  (see ▶Fig.  6.1). The vesicles cause severe 
pain involving the external auditory canal and pinna, and can 
be evident prior to facial paralysis, serving as a herald sign. 
Patients ailed with Ramsey–Hunt syndrome can exhibit con-
current vertigo and balance issues. Prognosis for return of 
function is not as favorable as Bell’s palsy, with only about half 
of patients with HB grade V to VI function returning to HB 
grade I to II.23

Diagnostic imaging is rarely indicated with classic presenta-
tion of herpes zoster oticus. Should MRI be acquired, high signal 
enhancement of the nerve will show up on contrast-enhanced 
scans. Audiologic and/or vestibular testing may be pursued in 
those cases with complaint. Treatment includes steroids, anal-
gesics, anticonvulsants, and antiviral agents.

Fig. 6.2  MRI with facial nerve enhancement.

6.9  Trauma
Obvious trauma or basal skull fracture would indicate trau-
matic facial nerve palsy ▶Fig.  6.4. Timing of facial paralysis 
after trauma can give clue to mechanism of injury, with delayed 
paralysis suggesting nerve edema, while immediate paralysis is 
indicative of complete nerve disruption. Delayed-onset paraly-
sis after temporal bone fracture should be treated with steroids 
with good prognosis for recovery expected and surgery rarely 
indicated. Immediate-onset paralysis often warrants facial 
nerve exploration, decompression, and repair, as described in 
▶Fig. 6.5.

6.10  Acute Otitis Media
Acute otitis media is a rare cause of facial paralysis due to the 
introduction of antibiotics. Prior to the antibiotic era, infection 

Fig. 6.3  CT scan of temporal bone fracture involving fallopian canal.
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extension into the nerve sheath caused an incidence in up to 
0.5% of cases.2 Imaging is usually unnecessary, as obvious signs 
of infection are evident in the initial workup, except in rare 
cases of intracranial complication. Most cases are managed 
effectively with systemic antibiotics with or without myringot-
omy and tube insertion (▶Fig. 6.5).

6.11  Chronic Otitis Media
Chronic otitis media with or without cholesteatoma can 
put patients at risk for facial paralysis secondary to facial 

nerve compression, chronic inflammation, and/or erosion. 
Audiometry, CT temporal bone imaging, and surgery would be 
indicated in this scenario.

6.12  Lyme Disease
Indications of Lyme disease include recent tick bites or travel 
to endemic areas, along with the classic bull’s eye rash, fatigue, 
and joint pain and swelling. Facial paralysis can occur in 6 to 11% 
of patients and can be unilateral or bilateral. Symptoms often 
appear in the early disseminated phase of illness.2 Diagnosis is 
often clinical but can be supported by Lyme disease serology.

Fig. 6.4  Management of temporal bone trauma (Reproduced with permission from Brodie H. Management of facial nerve trauma, In: Flint PW, 
Haughey BH, Lund VJ, et al.  Cummings Otolaryngology–Head and Neck Surgery. Philadelphia, PA: Elsevier; 2010:2036–2048.)
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6.13  Facial Nerve Tumors or 
Neoplasm
Slow, progressive onset of facial paralysis is a red flag for neo-
plastic activity. Symptoms lasting beyond 3 weeks and/or no 
return of function by 3 months would indicate further workup 
and imaging. Patients presenting with facial weakness, pain, 
and associated lymphadenopathy should be considered for 
malignancy and worked up accordingly.

6.14  Cost Discussion
Costs associated with the evaluation of facial paralysis can be 
attributed to visits to the emergency room, urgent care, pri-
mary care, specialists, and diagnostic testing as previously 
discussed. The cost of addressing Bell’s palsy is no doubt sig-
nificant with 35,000 to 100,000 cases annually in the United 
States.19 In California EDs between 2005 and 2011, there were 
43,979 total patients discharged with a diagnosis of Bell’s palsy. 
A total of 6,224  (14.2%) underwent neuroimaging as part of 

Fig. 6.5  Cost-effective treatment algorithm for unilateral facial palsy.
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their ED evaluation; 5,763  (13.2%) had CT alone, 238  (0.6%) 
had MRI alone, and 223 (0.5%) had both. On 90-day follow-up, 
356 patients  (0.8%) received an alternative diagnosis such as 
stroke, intracranial hemorrhage, subarachnoid hemorrhage, 
brain tumor, central nervous system infection, Guillain–Barré 
syndrome, Lyme disease, otitis media/mastoiditis, and herpes 
zoster.24 This study demonstrates the rare occurrence of alter-
native diagnoses when Bell’s palsy is suspected and argues for a 
complete history and physical examination and against routine 
diagnostic testing. Selective testing is warranted when alterna-
tive pathology is considered and should be directed with clini-
cal suspicion and cost considerations in mind.

6.14.1  Cost-Effective Treatment 
Algorithm
The cost-effective treatment algorithm is shown in detail in 
▶Fig. 6.5.

6.15  Long-Term Sequelae of Facial 
Paralysis
Some patients suffering a facial nerve injury will develop per-
manent dysfunction and may benefit from a variety of static 
and dynamic facial reanimation procedures. Depending on the 
type and degree of injury, facial nerve recovery can range from 
mild facial asymmetry to complete paralysis. In those patients 
with partial recovery, synkinesis may be evident and routine 
outpatient Botox facial chemodenervation can be used in relax-
ing synkinesis and improving facial symmetry. Protection of the 
cornea from drying is paramount in these patients and so eyelid 
weight placement with or without lid-tightening procedures is 
often employed. Improvement in lower facial tone and move-
ment may include static sling procedures, nerve grafting, and 
regional and free muscle tissue transfer.
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7  Cranial Nerve VIII: Hearing Disorders
Eric N. Appelbaum and Daniel H. Coelho

Abstract
Cost-effective evaluation of audiovestibular disorders relies 
on a detailed and directed history and physical examination. 
Audiologic evaluation is the primary ancillary examination 
for auditory and vestibular disorders. Laboratory testing and 
imaging of the inner ear and brain should be guided by spe-
cific findings on history, physical examination, and audiologi-
cal evaluation. Hearing loss is common, especially in patients 
older than 60 years. Patients with a complaint of hearing loss 
should undergo audiological evaluation. Patients with asym-
metric sensorineural hearing loss (SNHL) noted on audiogram, 
including sudden SNHL (SSNHL), should undergo MRI to eval-
uate for retrocochlear pathology  (most commonly vestibular 
schwannoma). Patients with conductive hearing loss  (other 
than cerumen impaction that can be resolved by the primary 
care physician) should be referred to an otolaryngologist for 
further evaluation. Treatment options for conductive hearing 
loss include observation, hearing aid, and surgery. SNHL is 
common in older adults but can occur at any age. Treatment 
options for SNHL include observation, hearing aids, and 
cochlear implants. All newborns should be screened for hear-
ing loss. Newborns with abnormalities on hearing screening 
should be further evaluated until hearing loss is definitively 
ruled in or out. Loss of follow-up is a major concern in this 
population. Stepwise, algorithmic evaluation of congenital 
hearing loss is critical to perform a thorough evaluation in a 
cost-effective manner.

Keywords: audiovestibular disorders, hearing loss, presbycusis, 
dizziness, vertigo, otosclerosis, vestibular schwannoma,  
Meniere’s disease, vestibular neuritis, superior canal 
dehiscence syndrome

7.1  Introduction
Hearing and vestibular sensation are functions of the ears. 
While there are disorders that affect both hearing and vestib-
ular function  (Meniere’s disease, vestibular schwannoma [VS] 
tumors, labyrinthitis), most disorders affect only one system. 
Therefore, hearing and balance disorders will be addressed sep-
arately. Most of the content applies to patients of all ages. There 
are, however, special sections dedicated to newborn hearing 
evaluation and cochlear implantation. These are divided into 
separate sections in this chapter.

7.2  Hearing Loss
7.2.1  Auditory Anatomy and 
Physiology
The ear can be thought of comprising three components: the 
outer ear  (pinna and external auditory canal), the middle 
ear  (from the tympanic membrane [TM] to the stapes foot-
plate), and the inner ear  (the cochlea and the semicircular 
canals). In a healthy ear, sound first arrives at the outer ear, 

transmitted as air vibrations. Sound then travels past the pinna 
through the external auditory canal (ear canal) to the TM. Air 
vibrations are transformed into mechanical vibrations, first of 
the TM and then of the ossicular chain (malleus, incus, stapes 
bones) in the middle ear. The energy of the oscillating stapes 
is transferred through the oval window of the cochlea. Within 
the cochlea, the sound energy is transmitted as inner ear fluid 
waves. These waves cause the movement of hair cells within the 
cochlea. Hair cell movement leads to excitation of the cochlear 
nerve. The signal from the cochlear nerve travels through the 
internal auditory canal  (IAC) to the cochlear nucleus in the 
brainstem (retrocochlear pathway). The central auditory path-
way then carries the neural input onto appropriate regions of 
the brain.

7.2.2  Epidemiology and Economic 
Impact of Hearing Loss
Hearing loss is one of the most common and debilitating cra-
nial neuropathies worldwide. In the United States alone, it is 
estimated that 68% of adults older than 70 years experience 
hearing loss but that only approximately 20% seek treatment.1,​2 
The economic burden related to hearing loss is enormous in the 
billions of dollars in the United States.3 Medical expenses alone 
related hearing loss are estimated to be $12.8 billion.4 This fig-
ure includes indirectly related medical expenses as individuals 
with hearing loss are at increased risk for falls, hospitalizations, 
and cognitive decline.5,​6,​7

In addition to simply not being able to hear the surround-
ing environment, hearing loss can lead to a reduction in overall 
quality of life (QOL) and reduced ability to engage with others 
and can predispose to development of depression.8 A study of 
individuals with severe hearing loss prior to cochlear implanta-
tion showed an average health utility index (HUI; a measure of 
disability with 1 being perfect health and 0 being dead) score of 
0.49 to 0.54, similar to stroke survivors or those with end-stage 
renal disease.9

Beyond the direct and indirect medical costs are estimated 
losses in productivity. Kochkin estimated that the amount of 
lost income attributable to hearing loss in the United States 
may be as high as $176 billion with an additional $26 billion 
of unrealized federal taxes.10 Treatment of hearing loss is of 
paramount importance and potentially will prevent billions 
of dollars’ worth of disability and, more importantly, restore a 
fundamental ability to interact with one’s environment.

7.2.3  Clinical Approach of Hearing Loss
Hearing loss can be conductive, sensorineural, or mixed. 
Conductive hearing loss  (CHL) is caused by a problem with 
transference of sound energy from the air to the cochlea. CHL 
generally relates to a problem of the external or middle ear. 
Sensorineural hearing loss (SNHL) is caused by a problem within 
the cochlea  (inner ear), the cochlear nerve, or the auditory 
pathway  (the latter two of which comprise the retrocochlear 
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pathway). There can be simultaneous conductive and SNHL, 
which is considered a mixed hearing loss.

Hearing loss can be caused by a myriad of conditions. Some 
causes are easily diagnosed and treated such as cerumen impac-
tion, a mechanical obstruction of the external auditory canal by 
wax build-up. Other pathologies, such as VS, are rare causes of 
hearing loss that present diagnostic challenges to the physician. 
In order to choose appropriate ancillary tests and to arrive at an 
accurate diagnosis of the underlying etiology of hearing loss, a 
pertinent history and physical examination must be performed. 
In addition, an audiological evaluation is an essential tool for 
the evaluation of hearing loss.

7.2.4  History
Essential elements of a history for a patient with hearing loss 
include description of hearing loss onset (sudden vs. gradual), 
duration, severity, unilateral versus bilateral, progressive versus 
stable, and stable versus fluctuating. Additionally, the patient 
should be asked about otalgia, tinnitus, drainage from the ear 
canals (otorrhea), aural fullness, and dizziness. History related 
to head trauma, barotrauma, noise exposure, exposure to oto-
toxic medications, previous ear infections, previous otologic 
surgery, and family history of otologic problems should also be 
ascertained. A full history including current medications, past 
medical and surgical history, social background, and family his-
tory should be performed.

7.2.5  Physical Examination
A complete head and neck examination should be performed 
on patients complaining of hearing loss, including an exam-
ination of the cranial nerves, face, scalp, eyes, nose, oral cavity, 
neck, pinna, external auditory canals, and TMs. Examination 
of the external auditory canals and TMs should be performed 
with a microscope as opposed to a handheld otoscope when-
ever possible. Pneumatic otoscopy should be performed to 
test for TM mobility. A tuning fork examination should be 
performed, typically with a 512-Hz tuning fork. In the Weber 
test, the tuning fork is placed on the center of the forehead. 
The sound of the tuning fork lateralizes away from the side 
with a SNHL and toward the side with a CHL. In the Rinne test, 
the sound intensity is compared between air conduction and 
bone conduction by placing the tuning fork in front of the 
ear and directly onto the mastoid bone behind the ear to see 
which is subjectively louder to the patient. If the air conduc-
tion condition is considered louder, the result is positive. If the 
bone conduction condition is considered louder, the result is  
negative and typically reflects at least a 25-dB CHL on  
that side.

7.2.6  Audiological Evaluation
An audiological evaluation should routinely be performed 
for those complaining of hearing loss, except in the case 
where the hearing loss can be resolved by removing cerumen 
from the external auditory canals.11 Audiometric evaluation 
includes pure-tone audiometry, tympanometry, and speech 
audiometry.

7.2.7  Pure-Tone Audiometry
Pure-tone audiometry is a behavioral test in which the patient 
responds to pure-tone stimuli. Pure-tone audiometry allows 
for determination of the type of hearing loss  (SNHL, CHL, 
or mixed), the pattern, and the severity of the hearing loss. 
In pure-tone audiometry, thresholds are obtained from the 
patient at a sequence of pure-tone frequencies. Thresholds are 
typically assessed at 250, 500, 1,000, 2,000, 4,000, and 8,000 
Hz. A threshold is defined as the lowest intensity at which the 
patient is able to respond to the pure-tone stimulus at least 
50% of the time. Pure-tone thresholds are obtained for both air 
conduction (through earphones or ear inserts) and bone con-
duction  (through vibration of the mastoid bone). Pure-tone 
average (PTA) is a measure of hearing loss and is defined as the 
average of the 500-, 1,000-, and 2,000-Hz thresholds.

7.2.8  Speech Audiometry
Speech reception threshold (SRT) is the quietest level at which 
the patient can correctly recognize two-syllable words at least 
50% of the time. Word recognition score (WRS) is the percentage 
of words correctly identified by the patient from a standard pho-
netically balanced word list presented about 40 dB above the PTA. 
WRS is routinely tested on the Central Institute for the Deaf (CID) 
Auditory Test W-22. WRSs are considered excellent (90–100%), 
good (80–90%), fair (70–80%), or poor (<70%). WRSs are expected 
to increase to a maximum accuracy as the intensity level that 
they are presented at increase from the PTA with the exception 
for patients with eighth cranial nerve pathology (such as a VS), 
where increasing the sound intensity above a certain point can 
lead to a decrease in WRS (also known as rollover).

7.2.9  Acoustic Immittance Testing
Acoustic immittance testing is generally composed of tympa-
nometry and acoustic reflex testing.

Tympanometry
Tympanometry is a test by which energy is transmitted 
through the ear canal and the reflection of the energy back to 
the probe is measured. Tympanometry provides information 
about middle ear function by giving an estimate of admit-
tance, which can be thought of as the compliance of the TM 
as well as an estimate of the ear canal volume. Low compli-
ance (e.g., flat tympanogram) with a large estimated ear canal 
volume can be seen in a TM perforation. Low compliance with 
a normal ear canal volume can be seen in patients with mid-
dle ear effusion.

Acoustic Reflex Testing
The acoustic reflex, also known as the stapedial reflex, is 
the contraction of the stapedius muscle in response to high-
intensity sound. The acoustic reflex is triggered bilaterally 
when high-intensity sound is presented to either ear. The 
reflex can be detected by a change in compliance of the TM. The 
acoustic reflex threshold is the lowest intensity level at which 
a change in TM compliance can be measured. In a patient with 
bilateral CHL, acoustic reflexes are generally absent bilaterally. 
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In a patient with unilateral CHL, stimulation of the unaffected 
ear will result in an ipsilateral acoustic reflex, while stimu-
lation of the affected ear may or may not lead to an acoustic 
reflex depending on the severity of the CHL. In a patient with 
sensory  (cochlear) hearing loss greater than 80 dB, acous-
tic reflexes are generally absent. In a patient with sensory  
hearing loss less than 80 dB, acoustic reflexes are generally 
present at higher intensity thresholds. Acoustic reflexes will 
be diminished or absent in patients with facial nerve dis-
orders proximal to the branch of the nerve to the stapedius  
muscle.

7.2.10  Otoacoustic Emissions
Cochlear outer hair cell movements generate sounds called oto-
acoustic emissions (OAEs). The presence of OAEs therefore gives 
objective evidence to the presence of outer hair cells in the 
cochlea. OAEs can be measured by placing a microphone in the 
ear canal. Transient-evoked otoacoustic emissions (TEOAEs) are 
evoked by use of a broadband click. TEOAEs are generally used 
for newborn hearing screening (▶Fig. 7.1). TEOAEs are present 
in most normal hearing ears. The presence of TEOAEs suggests 
hearing thresholds of at least 20-dB hearing level. Distortion 
product otoacoustic emissions (DPOAEs) are evoked by simul-
taneous application of two pure-tone frequencies. DPOAEs are 
able to assess higher frequencies than TEOAEs. DPOAEs are used 
for hearing screening for patients with concern for ototoxicity 
and noise-induced hearing loss.

7.2.11  Auditory Evoked Potentials
Auditory evoked potentials are neuroelectrical events that can 
be measured in response to auditory stimulus that reflects 
transmission of signal in the auditory system. Both electroco-
chleography (ECochG) and auditory brainstem response (ABR) 
are tests that rely on auditory evoked potentials.

Electrocochleography
During the first 2 to 3 milliseconds after an auditory stimulus is 
delivered to the ear canal, it will result in the ECOG response that 

can be measured with electrodes placed onto or near the TM. 
The summating potential (SP) and the compound action poten-
tial (AP) are measured. An elevated SP/AP ratio greater than 0.45 
is generally considered abnormal and suggests increased laby-
rinthine pressure, although institutions may have a higher or 
lower limit of normal. This can be used to aid in the diagnosis 
and monitoring of Meniere’s disease and superior semicircular 
canal dehiscence syndrome.

Auditory Brainstem Response
Auditory stimulus delivered to the ear canal will result in 
an ABR during the first 10 milliseconds after delivery of the 
stimulus. The response is measured by multiple electrodes 
placed on the scalp. The response is characterized by five 
waves approximating different locations along the auditory 
pathway: (1) wave I corresponds to the distal portion of CN VIII;  
(2) wave II to the proximal portion of CN VIII;  (3) wave to III 
the cochlear nucleus, (4) wave IV to the superior olivary com-
plex, and  (5) wave V the inferior colliculus. ABR can be used 
for hearing screening and pure-tone threshold estimation in all 
ages (including newborns) by determining the lowest threshold 
at which wave V of the ABR is present. ABR can also be used to 
monitor hearing during neurotologic procedures  (e.g., middle 
cranial fossa VS resection).

7.2.12  Imaging
Computed Tomography Scan of the Temporal 
Bone
High-resolution computed tomography (HRCT) of the temporal 
bones without intravenous contrast provides excellent struc-
tural detail of the bony anatomy of the auditory pathway.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) with attention to the IACs 
with and without intravenous contrast such as gadolinium pro-
vides detailed soft-tissue evaluation of the auditory pathway.

Fig. 7.1  A newborn undergoing otoacoustic 
emission (OAE) for hearing screening on the 
second day of life prior to discharge home.
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7.3  Cost-Effective Clinical 
Approach to Specific Hearing Loss 
Disorders
7.3.1  Presbycusis
Progressive hearing loss with age is common, affecting greater 
than 50% of individuals older than 60 years.3,​12 The majority 
of cases are thought to be caused by degeneration of hair cells 
within the cochlea due to age and cumulative noise exposure. 
While there is limited evidence to support the cost-effectiveness 
of routine audiometric hearing screen in adults older than 50 
years, any older adult who complains of hearing loss should be 
referred for audiometric evaluation.4,​13 Patients who are found 
to have symmetric down-sloping SNHL should be referred to 
an otolaryngologist for evaluation (▶Fig. 7.2). Further workup 
including imaging is not needed in cases of gradual, symmetric 
down-sloping hearing loss in older adults as this is the pattern 
associated with age-related hearing loss. However, a sudden 
decline in hearing bilaterally should be investigated as this is 
not typical of aging. Treatment options include observation, 
hearing aid amplification, and cochlear implants in bilateral 
severe hearing loss.

Hearing Aids
For those who are suffering from mild to severe forms of 
hearing loss, hearing aids are often the best and most cost- 
effective option. A hearing aid is defined by the U.S. Food and 
Drug Administration  (FDA) as “any wearable instrument or 
device designed for, offered for the purpose of, or represented as 
aiding persons with or compensating for, impaired hearing.”11,​14 
Essentially, hearing aids consist of a directional microphone, 
amplifier, microprocessor, and speaker. Over the last approxi-
mately four decades, the efficacy of hearing aids has increased, 
while their size has decreased. Starting with the digitization 
of signal in the 1980s and 1990s, hearing aid technology has 
advanced greatly with recent advances in battery capability, 
noise reduction, signal compression, and device compatibility 
via Bluetooth.12,​15 The FDA has established requirements regu-
lating hearing aid including technical standards, device capa-
bility, as well as the requirement of preintervention medical 
clearance in certain circumstances.

Unfortunately, hearing aid use in the United States can 
be expensive, with estimates of average cost for a pair of  
hearing aids in 2013 being approximately $4,700  (range: 
$3,300–6,000).3,​16 This estimate includes a package of profes-
sional consultation with a licensed audiologist, device selec-
tion, fitting, and ongoing adjustments. Approximately 3 million 
hearing aids are dispensed every year in the United States with 
the largest single provider being the Department of Veteran’s 
Affairs  (VA) Medical System, responsible for about 20% of the 
total volume of hearing aids dispensed.3,​16 The VA’s bulk pur-
chasing power allows it to negotiate much lower prices for each 
aid compared to what is sold privately. In 2014, for example, the 
VA reported it paid an average of $369 per device, up to $1,900 
cheaper than comparable pricing for aids sold in the surround-
ing area.4,​17 This pricing is separate from the services bundle 
provided by VA audiologist and otolaryngologists, however, and 

thus gives the best “real-world” example of at-cost device pric-
ing. Indeed, much of the criticism leveled at the cost of hearing 
aids involves the lack of clarity in pricing structure. An inabil-
ity to separate the actual technology from the service bundle, 
vertical integration of hearing aid companies with vendors, and 
changing insurance coverage structures with insurance plans 
all contribute.

Hearing aids are specifically not covered by Medicare Part A 
or B in the original language of the statute: “Notwithstanding 
any other provision of this title, no payment may be made 
under Part A or B for any expenses incurred for items or ser-
vices … where such expenses are for … hearing aids or exam-
inations therefore.”13,​18 Starting at age 65, U.S. citizens covered 
by Medicare are eligible for an Annual Wellness Check per-
formed by a qualified medical provider which can include 
screening for hearing or vestibular disorders and testing 
thereof.14,​19 Audiologists can be reimbursed for performance of 
testing (audiogram) as directed by a physician or other medi-
cal provider. Hearing aids must then be paid for out-of-pocket 
or with private insurance. An increasingly popular option is 
Medicare Part C (Medicare Advantage) programs, which allow 
for recipients to opt out of traditional Medicare coverage and 
instead have those funds directed toward a private insurer.

Private insurances, however, have only marginally better 
rates of coverage for hearing health and vary widely in total 
dollar amount covered often with omission of key services for 
fitting, support, and continued service. Employer-sponsored 
health plans, covered by the Employee Retirement Income 
Security Act of 1974, are similarly variable in their cover-
age of hearing services and often vary widely between states. 
Currently, only three states, Arkansas, New Hampshire, and 
Rhode Island, mandate coverage of hearing aids and hearing 
services for adults.4,​17 Some federal employees, such as mem-
bers of Congress, covered by Federal Employee Health Benefits 
Program have coverage for hearing aids. Members of the mili-
tary and their families who are covered by TRICARE have access 
to hearing aid coverage for qualifying hearing loss. These bene-
fits are often accessed through the VA system.

The VA continues to be one of the largest and most important 
disbursers of hearing aids in the United States, and audiological 
services are one of the highest- demand services within the VA 
itself.15,​20 The VA covers audiological services and hearing aids 
if hearing loss is determined to be related to military service 
and is the single largest reason for service-connected coverage 
within the VA system.4,​17

A cost-effective alternative for those with mild, minimally 
bothersome hearing loss are personal sound amplification 
products  (PSAPs). The FDA differentiates a PSAP from a hear-
ing aid as a “wearable electronic product that is not intended 
to compensate for impaired hearing, but rather is intended for 
non-hearing impaired consumers to amplify sounds in certain 
environments.”16​ Classically, these have included devices used 
for bird-watching, hunting, sports watching, and others. They 
often consist of a simple directional microphone and an ampli-
fier. PSAPs are not subject to FDA regulation as medical devices 
and thus are available essentially as over-the-counter  (OTC) 
options for amplification. Costs of these devices generally 
range from approximately $25 to $300. For those with mini-
mally bothersome hearing loss, mild hearing loss, or inability 
to afford more expensive options for treatment of SNHL, PSAPs 
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may represent a viable alternative for therapy in certain situa-
tions. In 2017, the Over the Counter Hearing Aid Act was signed 
into law, designed to provide greater public accessibility and 
affordability with OTC hearing aids. The impact of this on access 
to amplification will surely be substantial, but difficult to quan-
tify this early on.

Despite their high initial cost and continuing cost of mainte-
nance, hearing aids have been shown to mitigate the economic 
effects of hearing loss, when controlled for demographic data. A 
2010 study of the income from 48,000 households showed clear 
gap in income between normal hearing individuals and those 
with hearing loss. This gap widened with increasing severity of 
hearing loss. The authors also questioned whether using hear-
ing aids would help to close the income gap. While the income 
differential for hearing loss households starts at $2,000 for indi-
viduals with mild loss, it increases to $31,000 for profound loss. 

When treated with a hearing aid, there is no income differential 
for people with mild to moderate hearing loss, meaning com-
plete salary equity. After that, it increases to a loss of $1,000 
a year to only $11,000 for those with profound loss, a $20,000 
salary gain per year from use of hearing aids.10 This indicates 
that, while hearing aids may be expensive, they may be cost- 
effective on both microeconomic and macroeconomic levels 
compared to the cost of nonintervention.

7.3.2  Asymmetric Sensorineural 
Hearing Loss
Individuals complaining of long-standing or gradually occur-
ring unilateral hearing loss should undergo audiological eval-
uation. Asymmetrical sensorineural hearing loss  (ASNHL) is 
often defined as  (1) a 10-dB difference at three continuous 
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frequencies, (2) 15-dB difference at two continuous frequencies,  
(3) 15-dB difference a 3,000 Hz,  (4) 15% difference between 
ears in WRSs, or (5) greater than 10-dB difference between ears 
across the average of multiple frequencies.21 Patients found to 
have ASNHL should be referred to an otolaryngologist for fur-
ther evaluation (▶Fig. 7.3).

While in most cases of ASNHL an underlying etiology is 
never found, about 2% of patients will have an IAC and/or cer-
ebellopontine angle  (CPA) tumor and thus require thorough 
evaluation. The most common IAC/CPA tumor  (92%) is VS  
(see the following text), which is benign but could cause tinni-
tus, imbalance, or even facial nerve weakness, hydrocephalus, 
or even life-threatening brainstem compression.

MRI imaging is considered standard of care to evaluate for 
IAC/CPA pathology in patients with ASNHL and has been shown 

to be cost-effective in some studies (▶Fig. 7.4).21,​22 The standard 
protocol for MRI includes pre- and postcontrast T1-weighted 
images with submillimeter slices through the IAC and CPA.

However, although most patients with VS will have asym-
metric hearing, most patients who present with asymmetric 
hearing will not have VS. According to estimates, from less than 
0.1 to 3% of patients with asymmetric hearing loss will have 
evidence of VS by MRI.23,​24,​25 Therefore, the clinician must have 
a reasonable index of suspicion to warrant further workup of 
potential retrocochlear pathology.

Throughout the 1980s and 1990s, the ABR was the stand-
ard screening modality for detecting retrocochlear pathology. 
However, the sensitivity was relatively poor for tumors less 
than 1 cm. With the growing use of gadolinium-enhanced MRI 
in the 1990s, detection of even small tumors improved to nearly 

Frequency (Hz)
H

ea
rin

g 
le

ve
l i

n 
dB

 H
L 

(A
N

SI
 1

98
9)

–10

0

10

20

30

40

50

60

70

80

90

100

110

120

125 250 500 1000 2000 4000 8000

SRT Word recognition

dB Mask Mask% SL

Right

Left

a

b

PTA

L:

R:

Fig. 7.3  (a, b) Audiometric results for asym-
metric sensorineural hearing loss. This patient 
was found to have a vestibular schwanno-
ma (MRI corresponding to ▶Fig. 7.4).

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Cranial Nerve VIII: Hearing Disorders

60

100% and remains the gold standard method for the diagnosis 
of VS. Given improvements in resolution and decreased cost of 
MR, most neurotologists do not consider ABR a cost-effective 
screening tool for CPA pathology.26

Because of the relative frequency of ASNHL, the potential 
morbidity of VS tumors, and relatively low yield of costly MRI, 
investigators have sought a most cost-effective way to radio-
graphically evaluate these patients.

Gadolinium-enhanced MRI has been shown to be cost- 
effective, though high-resolution T2-weighted imaging 
may also be a reasonable and cost-effective alternative.21,​26 
While many otolaryngologists order gadolinium-enhanced 
MRI scans for initial testing, there is evidence to support 
T2-weighted MR as a more cost-effective initial screen for 
CPA pathology. Not only does this decrease cost, but also 
associated risks of gadolinium  (including allergy, nephro-
genic systemic fibrosis, and central nervous system deposi-
tion) can be avoided.

Many authors have also suggested strategies to more 
effectively screen patients.27,​28 Over 20 years ago, Fisher and 
colleagues, citing cost concerns of increasing usage of MRI 
screening for asymmetric hearing loss, suggested stratifying 
patients into categories based on risk, particularly in those with 
unexplained ASNHL.29 A similar study was published only a few 
years later by Astor et al adding unilateral low-frequency tinni-
tus and imbalance as potential risk factors for the presence of 
a tumor.27,​30 For the general population, Saliba et al described 
the “Rule of 3,000” where interaural threshold asymmetries 
on audiogram were found to be most sensitive at 3,000 Hz.28,​31 

These findings were corroborated by Ahsan and colleagues.29,​32  
In an effort to cut costs, or in situations where wait time for 
MRI is unacceptably high, ABR has re-emerged as a reasonable 
and cost-effective modality for patients with low to moderate 
suspicion of VS.30,​33

In our practice  (DHC and ENA), we stratify patients into 
“lower risk” and “higher risk” patients. This is largely based on 
history, age, and audiogram results. Patients with lower clini-
cal suspicion of retrocochlear pathology are offered a follow-up 
audiogram in 1 year to rule out atypical progression or an ABR. 
MRI is discussed, but with proper education most patients 
understand the likely low yield of imaging. Patients at higher 
risk are sent for MRI.

Ultimately, the burden of proof lies on the physician, 
and in a litigious society such as that found in United States, 
gadolinium-enhanced T1-weighted MRI remains the standard 
of care. However, with proper counseling as to the reasoning 
behind a rationale diagnostic algorithm, personal and anecdotal 
experience shows that the vast majority of patients will agree to  
alternative methods of investigation, including observation. 
This is especially true as patient out-of-pocket costs rise.

Treatment
Depending on the hearing status of both ears, treatment for 
ASNHL can include traditional hearing aid amplification, con-
tralateral routing of signal (CROS) hearing aids, bone-anchored 
hearing device  (BAHD), or, in some rare cases, a cochlear 
implant.

In situations of unilateral hearing loss, CROS aids are a pop-
ular option for treatment. CROS aids route signal from the 
hearing-impaired side to the hearing side to rehabilitate the 
users’ sound field. These systems are similar to slightly more 
expensive in price compared to regular hearing aids. Most CROS 
aids that previously relied on a hardware connection to route 
signal to the hearing side now use Bluetooth connection.

BAHD rehabilitation relies on bone conduction and direct 
stimulation of the cochlea fluid. When compared to CROS users, 
BAHD users showed increased ease of conversation, listening in 
reverberant conditions and background noise, and less aversion 
to noise.20,​34 While there are no studies directly comparing the 
cost efficacy of CROS devices to BAHD, their profile should be 
similar to that of conventional hearing aids as they are similar 
in price and are governed by the same regulations and patterns 
of disbursement.

7.3.3  Sudden Sensorineural Hearing Loss
SSNHL affects 5 to 20 adults per 100,000 population per year. 
SSNHL is defined as rapid-onset subjective hearing loss over 
3 days in one or both ears. The patient may experience asso-
ciated tinnitus in the affected ear(s). Patients with suspected 
SSNHL should be evaluated in a timely fashion by a physician. 
A history and physical examination, including tuning fork tests, 
should be performed. CHL (such as cerumen impaction) should 

Fig. 7.4  MRI T1 gadolinium enhanced axial image of an internal 
auditory canal and cerebellopontine angle vestibular schwannoma.
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be ruled out by inspection of the ear canals and with tuning 
fork testing. An audiological evaluation and urgent referral to an 
otolaryngologist is warranted in SSNHL for further evaluation 
and treatment. Although there is some controversy about the 
cost-effectiveness of MRI in SSNHL, MRI should be performed 
to evaluate for retrocochlear pathology. The incidence of VS 
detected by MRI in patients with SSNHL is approximately 4%.35 
CT imaging of the temporal bone and laboratory testing are not 
recommended routinely.36 Patients with rapidly progressive or 
fluctuating unilateral or bilateral SSNHL may have autoimmune 
hearing loss. The same general diagnostic algorithm can be fol-
lowed initially for these patients. Routine laboratory testing is 
not recommended in cases of SSNHL, though directed testing 
for Lyme disease titers and syphilis (rapid plasma regain [RPR]) 
may be cost-efffective.37 Laboratory testing for autoimmune 
hearing loss should be reserved for cases with high suspicion for 
AIED (autoimmune inner ear disease) such as younger patients 
with bilateral or recurrent disease or a known history of sys-
temic autoimmune disease.38 In cases of suspected autoimmune 
SSNHL, serologic tests such as antinuclear antibody (ANA), eryth-
rocyte sedimentation rate (ESR), Lyme titers, and RPR have low 
diagnostic yield, though, and are not currently recommended.

Treatment
Treatment of SSNHL includes oral or transtympanic steroids 
in the acute phase to potentially rescue or preserve inner ear 
function.

7.3.4  Conductive Hearing Loss
CHL can be caused by any condition that blocks sound from 
the ear canal to the inner ear. History, physical examination 
including tuning fork testing, and audiological evaluation are 
necessary. Patients with CHL from all causes except manageable 
cerumen impaction should be referred to an otolaryngologist. 
Several important causes of CHL such as middle ear effusion, 
cholesteatoma, and otosclerosis can usually be diagnosed by 
history, physical examination, and audiological evaluation 
alone  (both diseases are further described later). In the cases 
where a diagnosis is not apparent at this point, imaging can be 
considered. Noncontrast CT of the temporal bone is generally 
the imaging modality of choice in the cases where imaging is 
warranted.39

7.3.5  Otitis Media with Effusion
Otitis media with effusion (OME) is an infectious or inflamma-
tory condition of the middle ear with fluid behind an intact TM. 
Most patients with OME are young children, though OME can 
happen at any age. There is usually a proceeding upper respira-
tory infection, adenoid hypertrophy, or allergy flare-up causing 
mucosal inflammation that results in eustachian tube dysfunc-
tion. Acute OME is usually associated with signs of an acute ear 
infection. OME may also be chronic with the effusion lasting 

several months or longer. Patients may complain of hearing loss 
in the affected ear. The diagnosis is made on physical examina-
tion and should include evaluation with pneumatic otoscopy. 
A persistent unilateral middle ear effusion warrants referral 
to an otolaryngologist for evaluation for a nasopharyngeal or 
skull base mass obstructing ventilation of the middle ear via the 
eustachian tube. Evaluation should begin with directed history 
and physical examination including nasal endoscopy to evalu-
ate the nasopharynx. In the case of negative findings with per-
sistent effusion, CT or MRI may be considered.40

In children where the presence of middle ear effusion is 
uncertain, tympanometry should be performed. Age-appropriate 
audiogram should be performed if OME lasts for greater than 
3 months. A referral to an otolaryngologist is appropriate for 
OME that lasts greater than 3 months for evaluation for surgical 
intervention.41

7.3.6  Chronic Otitis Media
Chronic otitis media encompasses several conditions including 
a dry, long-standing TM perforation, a chronically draining ear, 
and cholesteatoma. History should include detailed questions 
of prior ear trauma  (which can cause a TM rupture), any ear 
surgery including pressure equalization tubes, recurrent child-
hood infections, foul smelling and/or bloody ear drainage, baro-
trauma, and hearing loss.

During the physical examination, particular attention should 
focus on the state of the TM, the presence of areas of retraction 
with or without keratin debris, and the health of the middle ear 
mucosa. A tuning fork examination should be done to evaluate 
for CHL, and if detected, an audiogram should be obtained.

Referral to an otolaryngologist is warranted in all cases of 
chronic otitis media. The decision to obtain a CT of the tempo-
ral bones to further evaluate the chronic otitis media should be 
left to the discretion of the otolaryngologist.42 In cases of TM 
perforation following barotrauma or acute otitis media (where 
the patient is not suffering from chronic drainage and oto-
microscopic evaluation reveals a dry healthy middle ear), no 
imaging is required. No further testing is generally warranted 
for chronic otitis media. ▶Fig. 7.5 demonstrates the audiogram 
of a patient with left-sided cholesteatoma and ▶Fig. 7.6 demon-
strates an axial non-contrast-enhanced CT scan demonstrating 
soft-tissue density material in the middle ear and mastoid with 
ossicular erosion.

Treatment for chronic otitis media includes observation, 
medical management with aural toilet and ototopical medi-
cations, and surgical removal of disease from middle ear and 
mastoid and usually reconstruction of the TM (tympanoplasty 
with mastoidectomy).

Bone-Anchored Hearing Devices
BAHDs were first introduced by Tjellstrom in 1977 and have 
gained popularity since then.16,​43 The device consists of a per-
cutaneous osseointegrated screw and abutment as well as an 
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external sound processor that sits just posterosuperior to the 
auricle, camouflaged within the hairline. By vibrating the skull 
through the implanted screw, the sound signal is able to bypass 
the malfunctioning or absent external or middle ear (in the case 
of CHL), and even traverse the skull to stimulate the contralateral 
cochlear (in the case of unilateral sensorineural deafness). Utility 
has been demonstrated in cases of unilateral deafness and an 
inability to tolerate conventional hearing aids due to recurrent 
otitis externa, cerumen impaction, or recurrent otitis media. 
Thus, the hearing rehabilitation provider must often decide 
whether to treat with conventional hearing aids or progress to 
using a BAHD. Whereas newer modifications of BAHDs have 
allowed for transcutaneous passive and active devices (ones that 
do not require an abutment that comes through the skin), eco-
nomic efficacy data for those devices are sparse.

Monksfield et al performed a cost-effectiveness study com-
paring a BAHD with use of a digital hearing aid in the United 
Kingdom.17,​44 Each subject served as his or her own control and 
were given a preoperative and postoperative questionnaire to 
establish an HUI. Seventy patients underwent placement of a 
BAHD. Total cost per patient for BAHD placement was $8,534 
with a recurring annual maintenance fee of $1,506. The total 
average cost to provide a BAHD with inclusion of maintenance 
fees over the average projected lifetime of the cohort was 
$32,145 (95% confidence interval [CI]: $30,395–33,803). In the 
control group, 39 of 70 patients (56%) were using hearing aids. 
Total cost of hearing aid placement with replacement every 5 
years was $1,241 (95% CI: $966–1,533). Mean incremental cost 
for obtaining a BAHD  (the cost of a BAHD minus the cost of 
hearing aids) was $30,906 (95% CI: $29,193–32,654). The mean 
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Fig. 7.5  (a, b) Audiometric results for left-sided 
cholesteatoma.
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quality-adjusted life years  (QALY) gain with BAHD was 1.89. 
A total accounting of costs and applying in incremental cost-
effectiveness ratio  (ICER) equation showed a cost of $26,415 
per QALY. This indicates that BAHD placement is cost-effective 
according to the standards put forth by the National Institute 
for Health and Care Excellence (NICE). Additionally, a number of 
different factors may increase the calculated cost-effectiveness  
when translated to the U.S. market. The study taking place 
though United Kingdom’s single-payer market shows a lower 
cost for hearing aids compared to the United States where the 
average cost for one hearing aid is $2,400 and up to 84% of 
individuals obtain two aids.18,​45 The authors admit that a pri-
vate provider may be able to drive down maintenance costs for 
BAHD over the life of the device as well. Colquitt et al performed 
a systematic review comparing the cost-effectiveness of BAHD 
versus hearing aids including 12 different studies.19,​46 This  
review was complicated by poor constitutive study quality 
and heterogeneity. The authors performed a cost-effectiveness  
analysis with cost of intervention and HUI. This showed an 
overall ICER of $75,491 to $161,949 and was deemed to not 
be cost-effective, in contrast to the Monksfield et al study. 
This may be due to a smaller computed QALY benefits and the 
assumption of more adverse outcomes requiring treatment in 
their calculation.

Recently, minimally invasive ponto surgery  (MIPS) has 
become much more popular for BAHD placement. This tech-
nique requires a skin punch with placement of the device 
abutment without incision, skin graft, or any other invasive 
technique. It can be done under local anesthetic only and has 
been described as being completed in a clinical setting without 

need for general anesthesia in the operating room. Sardiwalla 
et al compared cost in a Canadian setting among 18 patients 
undergoing MIPS or open approaches.17,​47 MIPS was on average 
$456.83 cheaper than an open BAHD placement. This also did 
not capture indirect costs saved by a less invasive approach, 
with less morbidity, requiring less expensive operating room 
(OR) time, equipment, and personnel. Such factors would 
undoubtedly improve costs compared to traditional techniques.

7.3.7  Otosclerosis
Otosclerosis is caused by abnormal bone remodeling most com-
monly centered on the fissula ante fenestram leading to stapes 
footplate fixation. This stapes fixation causes a predominantly 
low-frequency CHL. Otosclerosis is a hereditary disease with 
incomplete penetrance affecting mostly Caucasians. Estimates 
in a northern European population show prevalence to be about 
1.41/1,000 individuals with a strong female predilection.17,​48 
About 60% of affected individuals have a relative also affected 
by the disease.49

Patients usually present with a progressive CHL or mixed 
hearing loss beginning between the second and fourth decade. 
The hearing loss is usually unilateral, although it can be bilat-
eral  (as noted histologically or on radiologic imaging). Often, 
the patient will have family members who also developed 
hearing loss at a young age or have a diagnosis of otosclerosis. 
Pertinent physical examination findings include a normal TM 
with no middle ear effusion. Rarely, the promontory will appear 
reddish (known as Schwartz’s sign) indicating active otosclero-
sis, which is called otospongiosis. Tuning fork examination, in 
particular Rinne’s test at multiple frequencies (256, 512, 1,024 
Hz), should be performed and will classically reveal a negative 
Rinne  (bone conduction stronger than air conduction), which 
suggests about a 25-dB ABG (air–bone gap) with 512-Hz tuning 
fork. An audiogram should be performed to look for CHL, SSHL, 
or mixed hearing loss. Tympanometry will often reveal a type 
A tympanogram.

Of note, acoustic reflexes are usually absent  (▶Fig. 7.7). CT 
of the temporal bone can support a diagnosis of otosclerosis by 
demonstrating otosclerotic foci and by ruling out other causes 
of CHL, such as superior semicircular canal dehiscence, ossicu-
lar discontinuity, or tympanosclerosis. However, the diagnosis 
of otosclerosis can still be made clinically and does not require 
imaging. A referral should be placed to an otolaryngologist for 
further management.50,​51,​52

Surgical Intervention: Stapedotomy/
Stapedectomy
Treatment options include observation, hearing aid amplifica-
tion, and surgery. Surgery for otosclerosis involving a fixed sta-
pes footplate includes removing the fixed portion and replacing 
it with a prosthesis. John Shea popularized an inner ear fenes-
tration technique with removal of the stapes suprastructure and 
placement of a prosthesis, first performed in 1956.16,​53 Results 
are usually excellent, with the ability in experienced hands to 

Fig. 7.6  Axial non-contrast-enhanced CT of left-sided cholesteato-
ma corresponding to the audiometric results in ▶Fig. 7.5.
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completely resolve the conductive component of the hearing 
loss. This procedure is not without risks, however, and can 
result in a total hearing loss from trauma to the very sensitive 
inner ear environment. Because otosclerosis poses no health 
risk aside from hearing loss, surgical intervention is considered 
to be elective. This raises a dilemma concerning treatment strat-
egies: to treat their hearing loss noninvasively with lifetime use 
of hearing aids or intervene surgically and risk complications.

Savvas and Maurer examined the cost-effectiveness of stape-
dotomy to treat CHL from otosclerosis, comparing this to lifelong 
use of hearing aids.10,​54 They performed a retrospective analysis of 
164 cases of primary stapedectomy in a German population. In 
Germany, a lump sum is disbursed for patients undergoing stape-
dotomy, totaling €2128. This includes costs for surgery, anesthe-
sia (local or general), a 3- to 5-day inpatient hospital cost (typical 
in Germany), postoperative care, and audiological evaluation. The 
total cost of all 164 patients was €348,992. Need for revision sur-
gery occurred in 10% of patients totaling €34,048, which was added 
to the total cost, resulting in a total surgical cost of €383,040. Using 
an average cost of a hearing aid of €696 (average cost of most basic 

model), factoring need for replacement every 5 years as well as 
an average age of 50 years at the time of intervention and an esti-
mated lifespan of 80 to 85 years, the authors calculated the total 
cost of hearing aids to be €3,480 over the course of the patients 
lifetime. If the 164 patients who had surgery had chosen a hear-
ing aid instead, the total cost would have been €570,720, almost 
€200,000 more expensive. When calculated with average price of 
the more popular, more advanced hearing aids  (€6,800 lifetime 
cost), this difference climbs to €732,160.

In some cases of otosclerosis  (~10% of cases), the focus of 
disease can extend into the cochlea, termed retrofenestral 
otosclerosis, which then causes SNHL. This results in a mixed 
hearing loss that is termed advanced otosclerosis. In the cases 
in which the hearing loss is bilateral and severe with poor word 
discrimination, consideration should be given to placement of 
a cochlear implant. Merkus et al suggested an algorithm based 
on high-resolution CT scan findings, pure-tone average, and 
speech discrimination to decide whether cochlear implan-
tation, stapedotomy, or hearing aids use would be the more 
efficacious first-line approach.21,​55 While they did not perform 

Fig. 7.7  Audiometric results for left-sided 
otosclerosis. Pure-tone thresholds reveal a 
left-sided conductive hearing loss with absent 
left-sided acoustic reflexes.
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a direct cost analysis of this decision algorithm, choosing an 
appropriate initial intervention is more likely to prevent waste, 
revision approaches, and economic inefficiency. The differences 
in cost for stapedotomy versus cochlear implantation are signif-
icant. The economic considerations of cochlear implantation for 
SNHL are discussed separately at the end of this chapter.

7.4  Acoustic Neuroma/Vestibular 
Schwannoma
Vestibular Schwannomas (VS, also known as acoustic neuromas) 
are benign, generally slow-growing tumors along the cochle-
ovestibular nerve within the IAC and/or CPA. They typically arise 
from the Schwann cells of the vestibular nerves, and account for 
roughly 10% of all brain neoplasms and approximately 80% of all 
CPA tumors. Patients with VS classically present with unilateral 
otologic symptoms such as asymmetric hearing loss or unilateral 
tinnitus. Imbalance, and occasionally vertigo, frequently accom-
panies presentation and, in rare cases, patients may present with 
facial nerve weakness. In roughly 10% of patients, the hearing 
loss can be sudden. The vast majority of tumors are unilateral 
and sporadic.

Patients with bilateral VS have, by definition, neurofibroma-
tosis type 2  (NF2).  (Patients with NF2 present a unique and 
challenging management dilemma, which is beyond the scope 
of this chapter. Interested readers are referred to an excellent 
manuscript by Slattery.56)

7.4.1  Diagnosis
Patients are often diagnosed after presenting with unilateral 
hearing loss, tinnitus, or dizziness and being evaluated with MRI 
of the IACs. See the section 7.3.2 (Asymmetric Sensorineural 
Hearing Loss) for discussion of evaluation.

7.4.2  Treatment
Once diagnosed, many management options exist for patients, 
including observation (or “wait-and-scan”), stereotactic radio-
therapy, and microsurgical excision. The “best” modality is a 
source of great controversy, and must be tailored to the indi-
vidual while allowing for patient input in the decision-making 
process.

As we have learned more about the natural history of VS, 
observation has become an increasingly more popular pref-
erence for patients with small and medium-sized tumors. In 
2009, Verma and colleagues published their evaluation of cost- 
effectiveness comparison between observation and active man-
agement in Toronto, Canada.31,​57 Assuming no increase in active 
treatment complications arose from continued tumor growth 
during the period of observation (such as brainstem compres-
sion, hydrocephalus, facial nerve weakness), they found an 

economic advantage to observed tumors. In their model-based 
approach to cost-effectiveness, Gait and colleagues concluded 
that observation should be considered the optimal treatment 
for small and medium-sized tumors.32,​58 Overall, observation is 
generally considered to be the most cost-effective management 
of VS, though this may not be optimal medically for more than 
half of the patients. Moreover, younger patients diagnosed with 
VS may have decades of MRI ahead of them, the economic cost 
of which  (assuming no side effects from gadolinium) can be 
substantial.33,​59

Traditionally, microsurgery has been the mainstay and most 
common treatment modality for patients with VS. Although 
the number of patients undergoing surgery for VS has been 
decreasing in recent years, it remains an excellent option for the 
right patient. This is particularly true for patients with tumor 
extension into the CPA, younger patients, patients with brain-
stem compression, patients with intractable dizziness, or with 
patients with the potential to preserve hearing. With respect 
to surgical approach, Semaan et al found that patients under-
going the translabyrinthine approach had significantly shorter 
hospital length of stay and total adjusted costs than patients 
undergoing the retrosigmoid approach  (though patients with 
retrosigmoid approaches had larger tumors).60

Stereotactic radiotherapy  (i.e., Gamma Knife) is a relatively 
noninvasive, often single treatment modality that has shown 
great success (as defined by control of tumor growth) in the short- 
and long-term management of VS. In their 2014 study, Zygourakis  
et al found that observation was the most cost-effective treat-
ment, though for patients undergoing active treatment, radio-
therapy was more cost-effective in patients older than 45 years 
and less cost-effective in patients younger than 45 years.61

Many authors have found the cost of stereotactic radiother-
apy to be less than the total cost of open surgery for VS, though 
most did not account for long-term follow-up.62,​63 In one of the 
few studies that did look at long-term follow-up, Banerjee and 
colleagues found the cost of follow-up after radiosurgery to be 
greater than that of microsurgery, due to the cost of serial imag-
ing and clinical follow-up.38,​64

In one of the few studies to examine long-term socioeconomic 
impact of VS, Tos and colleagues investigated a consecutive 
cohort of 748 patients who underwent all three management 
modalities.65 Deterioration of vocational status, ability to handle 
daily chores, and several aspects of psychosocial well-being were 
reported both by patients operated on and by patients observed 
for VS, with deterioration being only slightly worse in the oper-
ated patients, especially when comparing observed patients with 
patients operated on for a small tumor.

Ultimately, the “best” management option for patients with 
VS relies on numerous factors including patient age, symptoms, 
general health, tumor size, personality, and experience of the 
providers. Whereas all clinicians should keep cost efficacy in 
mind when deciding the optimal treatment, it should not be at 
the expense of individual outcomes. This is clearly an area ripe 
for additional research.
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7.5  Newborn Hearing Evaluation
Congenital bilateral hearing loss occurs in 1 to 5 per 1,000 
live births. Universal newborn hearing screening significantly 
lowers the age of diagnosis of congenital hearing loss and 
improves auditory outcomes for children. Hearing screening 
in newborns has been shown to be cost-effective and is con-
sidered standard of care. All newborns should be screened by 
either OAE or ABR in the first few days of life prior to being 
discharged from the hospital after birth.66,​67 Patients with 
abnormal results on initial screening should be referred to 
audiological evaluation for repeat testing at 2 to 8 weeks of 
life. Patients with abnormal repeat testing results should be 
referred for prompt evaluation by an otolaryngologist. Early 
diagnosis and treatment of congenital hearing loss is crucial 
for hearing and speech development.68 Despite implemen-
tation of universal newborn hearing screening programs, 
unfortunately, many children are lost to follow-up with sub-
sequent delay in hearing loss diagnosis. History of children 
with concern for hearing loss should focus on prenatal, peri-
natal, and postnatal risk factors, including for risk factors for 
intrauterine cytomegalovirus  (CMV), rubella, toxoplasma or 
syphilis infection, prematurity, need for neonatal intensive 
care admission, need for extracorporeal membrane oxy-
genation  (ECMO) treatment, and administration of ototoxic 
medications (such as aminoglycoside antibiotics) and family 
history. Physical examination should seek to identify physical 
characteristics associated with syndromic causes of hearing 
loss. While newborn hearing screening has been shown to 
be cost-effective, further testing to determine the cause of 
hearing loss has not been evaluated for cost-effectiveness. 
A proposed sequence of testing for newborn hearing loss is 
outlined below. Children found to have bilateral SNHL should 
undergo testing for CMV, if possible. If CMV is not considered 
a cause of SNHL, they should then be referred for genetic 
counseling. Genetic screening may identify the cause of syn-
dromic and nonsyndromic SNHL. In patients with negative 
genetic testing, imaging with MRI or CT should be obtained. 
MRI is more costly and requires sedation in children, while 
CT may be associated with minimal increase in risk of brain 
and blood cancer. A proposed algorithm for imaging in chil-
dren with bilateral moderate to profound SNHL is to obtain a 
noncontrast fast spin-echo T2-weighted MRI. Directed labo-
ratory testing is controversial as the yield of each test is below 
1%. Laboratory testing, such as complete blood count, platelet 
count, ANA, ESR, rheumatoid factor, thyroid-stimulating hor-
mone, blood urea nitrogen, creatinine, urinalysis, blood glu-
cose, fluorescent treponemal antibody, rapid plasma reagent, 
and lipid panel, should be reserved when clinical suspicion 
of an associated cause of hearing loss is raised by medical or 
family history. Patients with SNHL should also be referred for 
ophthalmologic evaluation to correct any causes of decreased 
visual acuity and to search for findings associated with syn-
dromic SNHL.69 Electrocardiogram should be performed in 
cases of bilateral severe to profound SNHL without identified 
genetic cause to rule out prolonged QT syndrome as seen in 
Jervell Lange–Nielsen syndrome.39

7.6  Cochlear Implants for Profound 
Sensorineural Hearing Loss
David Young, Matthew M. Dedmon, Nicolas-George Katsantonis, and 
Marc L. Bennett

Cochlear implantation has become the standard of care for hear-
ing restoration in children and adults for whom traditional ampli-
fication has proven inadequate in restoring function. Despite this 
being the standard in developed countries, the literature sug-
gests that market penetrance of eligible patients hovers at 3 to 
4% of the nearly 12 million people worldwide who would meet 
criteria for implantation.70 Compared with traditional methods 
of amplification, cochlear implants have much higher material 
costs, as well as other direct costs associated with the surgical 
placement of the implant and pre- and postoperative care.

Given both the higher relative costs and the substantial 
unmet need worldwide, the costs associated with cochlear 
implantation in both children and adults have been the subject 
of much scrutiny from government and private payers, as well 
as from patients and physicians.

7.7  Cost–Utility Analysis 
While value in health care has traditionally been defined as 
outcome achieved per dollar spent, there is much nuance in 
how these factors are defined and measured.71 There have been 
numerous papers over the last 20 years examining cost–utility 
factors as they relate to cochlear implantation, and cost–utility 
analysis (CUA) in this area remains a subject of active investi-
gation.72 The concept of measuring cost is initially intuitive but 
can become increasingly convoluted as one tries to accurately 
describe the potential direct and indirect expenses related to 
an intervention. For cochlear implantation, direct costs include 
things such as the cost of the implant itself, the cost of the 
implantation surgery, as well as pre- and postoperative visits 
with audiologists and physicians. Most cost analyses also factor 
in additional direct costs such as surgical complications, device 
failures, need for upgrades, cost of reimplantation, and war-
ranty costs. Many of these factors have a strong correlation to 
the duration of cochlear implantation, and they may therefore 
be substantially higher in studies looking at children who may 
have a cochlear implant for 70+ years compared to older adults 
who would have a shorter duration of implantation. Figures 
also vary considerably by country where the study was per-
formed given the inherent variability in costs of devices and 
health care around the world. This leads to a wide variation in 
total direct costs with reported literature values ranging from 
$63,622 to $126,523 depending on the exact methods used.9,​73

While direct costs are more easily measured and typically 
included in CUA, indirect costs are more nebulous, but no less 
important when considering costs on a public health scale. 
One important point is that indirect costs also consider the 
costs to the patient and to society if they do not receive an 
implant. Indirect costs include things such as personal pro-
ductivity, income levels, and educational costs  (especially in 
children). While most cochlear implant studies do not include 
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a robust analysis of the indirect costs and savings resulting 
from implantation, some have attempted to do this, especially 
with evaluating pediatric implants. When considering a pedi-
atric cochlear implant recipient, estimates of lost wages and 
follow-up care alone totaled nearly $50,000, but when add-
ing in things like educational savings resulting from regular 
school placement versus a school for the deaf, a 2000 study by 
Cheng et al noted a lifetime net cost savings of over $175,000.74 
When considered along with all the other direct and indirect 
costs associated with a lifetime of implantation, studies con-
cluded that unilateral cochlear implantation in children actu-
ally provided a net savings of anywhere from $2,000 to greater 
than $50,000.73,​74

7.8   Outcome Measurements
Just as cost measures can vary widely between studies, the 
methods used for calculating patient outcomes are similarly 
variable. Generally speaking, studies use either a form of 
direct elicitation by surveying patients and families directly 
about their current health and how they value it, or a general 
preference-based method that calculates utility indirectly. 
Directly eliciting responses from patients regarding their QOL is 
straightforward and ubiquitous in the medical literature.

Whether direct or indirect methods are used, they  
ultimately attempt to arrive at a measure of utility for the 
intervention in question on a scale from 0 to 1. This measure 
of utility is further translated into a measure known as QALY, 
derived simply by multiplying the measured utility by the 
remaining life expectancy. While other interventions may 
impact both the quality and duration of life, cochlear implan-
tation only impacts the QOL domain. Consider a 70-year-old 
patient with profound SNHL; if one estimates a remaining 
life expectancy of 20 years and current utility measures of 
0.5, then the patient has 10 QALYs remaining. If a cochlear 
implant is found to increase that utility factor from 0.5 to 
0.75, then that would yield 15 QALYs remaining, or an overall 
gain of 5 QALYs.75,​76

From all of this—the direct and indirect costs, the utility, and 
the ultimate QALYs of an intervention—one can calculate the 
cost per QALY. This begets the question: what is a given society 
willing to pay per QALY? In cost analysis literature, this con-
cept is known as the willingness-to-pay (WTP) threshold and 
is contingent upon the values and available resources in any 
given society. Within the United States and much of the west-
ern world, the generally accepted value has been suggested to 
be at or near $50,000 per QALY gained. This cost per QALY is 
one of the key values that large payers look at when determin-
ing whether a given intervention will be covered. While this 
number has been the paradigm for many years, some authors 
are advocating to change this threshold or establish a range of 
acceptable levels.77,​78,​79

The cost–utility literature surrounding cochlear implanta-
tion not only must contain the inherent variability of meas-
uring costs and outcomes but also must further take into 
account a wide variety of implantation candidates. Eligible 

patients range from prelingually deaf children to profoundly 
deaf older adults. In addition, patients can be candidates for 
cochlear implantation in both unilateral and bilateral situ-
ations. Given the significant variation in outcome and cost 
measures between these groups, they will be considered 
separately.

7.9  Unilateral Pediatric 
Implantation
The literature surrounding unilateral pediatric implantation 
is robust and includes a number of well-designed trials from 
multiple countries. All the pediatric QOL measures are mod-
ified to allow parents to respond by proxy for their children, 
but the measures employed are similar to their adult coun-
terparts. A key cost–utility study was performed in 2000 by 
Cheng et al in which they evaluated utility by using pre- and 
postimplantation questionnaires for parents of 160 children 
undergoing unilateral implantation. Average age at implan-
tation was just under 6 years and the postoperative surveys 
were done 2 years after implantation using three different 
measures: a visual analog scale, time trade-off, and the HUI3. 
The life expectancy for these pediatric patients was high  
(78 years), and the costs are therefore buffered by a high life-
time savings primarily attributed to educational savings and 
increased earning potential. Depending on the utility calcu-
lation from the three instruments, the overall cost per QALY 
ranged from $5,197 to $9,029 per QALY, a number well below 
the WTP threshold.74

A 2006 paper by Barton et al from the United Kingdom used 
larger sample sizes to compare 406 implanted children with 
1,823 nonimplanted children.80 The study was powered not 
only to look at cochlear implant versus traditional amplifica-
tion, but also to compare utility for different levels of hearing 
loss. Baseline utility values decreased with worsening levels of 
hearing loss, and between-group comparisons showed overall 
utility values for implanted children fell in the range of nonim-
planted children with severe to profound hearing loss. When 
analyzing cost, the authors considered some various scenarios: 
15 years versus lifetime of cochlear implant use, implantation 
at age 3 versus age 6, and hearing loss levels of 105, 115, and 
125 dB. In all possible arrangements, these variables showed 
a cost-effectiveness value less than the $50,000 per QALY WTP 
threshold, ranging from $15,000  (125-dB hearing loss, life-
time use, implanted at age 3) to $48,000 (105-dB hearing loss, 
implanted at age 6 with 15 years of use). Compared to the Cheng 
et al study, these numbers are higher across the board, likely 
relating to different underlying measures of direct and indirect 
costs and educational savings.80

Another important study is the 2013 paper by Semenov  
et al. This was a prospective study following 175 patients 
using the HUI questionnaire at various time points. This trial 
was further stratified by age at implantation and found signifi-
cantly increased gains in utility with earlier implantation. Their 
results showed cochlear implant cost-effectiveness values rang-
ing from $14,000 to $19,000 per QALY.73 This demonstrated a 
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net cost savings for pediatric cochlear implantation, with costs 
well below the established WTP threshold of $50,000, even 
when indirect cost savings were eliminated.

7.10  Bilateral Pediatric 
Implantation
Bilateral implantation has been more controversial in terms of 
its cost-effectiveness. The gain in utility going from nonhear-
ing to unilateral implantation is impressive, but measuring the 
improvement after the addition of a second implant is more 
challenging. The costs involved can also vary depending on 
whether measurements are derived from sequential implan-
tation situations  (two different operations) or simultaneous, 
bilateral implantation situations. A 2011 systematic review 
found a range of values for bilateral pediatric implantation, 
ranging from $31,000 to $94,000 per QALY, although this 
review was limited by the overall quality of the evidence avail-
able. The largest of the included studies used nonimplanted 
volunteers made up of clinicians and students and other vol-
unteers who were asked a number of questions regarding per-
ceived QOL in various scenarios. They found a CUA value of 
approximately $35,000 per QALY, but also performed a prob-
ability analysis and found low probability that this number  
was true.81

More recent population-based studies, one from 2016 in 
Australia by Foteff et al and another from Spain by Pérez-Martín 
et al in 2017, compared cost–utility differences between groups 
of nonimplanted patients, unilateral cochlear implant patients, 
and bilateral implant patients. The Australian group found val-
ues for unilateral pediatric cochlear implantation of $16,341 per 
QALY compared with hearing aids alone, consistent with other 
studies mentioned earlier. For bilateral pediatric implantation, 
they found a level of $27,000 per QALY compared to hearing 
aids. They did not report numbers comparing unilateral with 
bilateral cochlear implantation.82,​83

7.11  Unilateral Adult Implantation
The literature has consistently found unilateral implantation 
in adults to be a cost-effective intervention.84,​85,​86 Almost uni-
versally, these studies compare unilateral implantation to 
traditional bilateral hearing aids. Much of this work has been 
done in European nations. Studies from the United Kingdom 
from the 1990s until the present have found a range of val-
ues, with the earliest papers showing a lower cost at $15,000 
per QALY. More recent data from the United Kingdom was 
more than twice that amount at $36,000, but still well below 
accepted WTP thresholds.72,​85,​87 The most recent data come 
from Australia in a 2016 study by Foteff et al where they 
showed a much lower cost–utility at just under $9,000 per 
QALY when considering their entire cochlear implant cohort 
that included unilateral implantation as well as simultane-
ous bilateral implantation. The values ranged from $7,000 per 
QALY among unilateral implants to just under $20,000 per 
QALY for the bilateral implant group. All of these numbers 
represent the relative cost-effectiveness compared with tra-
ditional hearing aids.82

As noted earlier, all these papers suffer from a heterogeneity 
not only of population but also of measures of both costs and 
outcomes. An element that becomes increasingly important 
in the adult literature is the question of remaining life expec-
tancy. A paper from the Netherlands by Smulders et al looked 
at incremental costs depending on life remaining and found an 
exponential drop from more than $300,000 per QALY assum-
ing 2 years of life remaining to levels below WTP thresholds 
at just 5 years of life remaining (~$20,000–50,000 per QALY)\, 
with gradually decreasing incremental costs as life expectancy 
increases.88

Another issue that is particularly pertinent to adult coch-
lear implantation is the duration of deafness. The U.K. Cochlear 
Implant Study Group in 2004 looked at cost-effectiveness and 
what criteria would predict better outcomes in terms of speech 
perception and overall QOL. They found that postlingually deaf-
ened adults who had been profoundly deaf for less than 30 years 
showed improvements in speech perception and QOL  (meas-
ured by the HUI3) that would meet standard WTP thresholds 
with costs just under $30,000 per QALY. This changed substan-
tially when looking at adults who had been profoundly deaf for 
more than 40 years as their net benefit greatly exceeded the 
WTP levels with total costs approaching $70,000 per QALY.89

Overall, the current data presented in the literature strongly 
suggest that unilateral implantation in adults is cost-effective. 
Notable exceptions include older adults with very limited life 
expectancy as well as those who have had profound deafness 
for greater than 40 years.

7.12  Bilateral Adult Implantation
The cost-effectiveness of bilateral adult implantation remains 
a hotly debated topic. Broadly speaking, the literature has often 
studied unilateral or bilateral implantation compared to no 
intervention, or alternatively compared to traditional amplifi-
cation. These studies almost universally find the interventions 
to be cost-effective, but few studies have examined the incre-
mental cost-effectiveness for bilateral cochlear implantation 
compared with unilateral cochlear implantation. Studies that 
directly compare bilateral versus unilateral cochlear implan-
tation typically find that the bulk of the benefit comes from 
placing of the first implant.

Again, the data primarily come from the United Kingdom in a 
2002 study by Quentin et al90 and a 2006 study by Summerfield 
et al.91 Cost-effectiveness of bilateral cochlear implantation 
compared to no intervention was measured at approximately 
$24,000 per QALY assuming a life expectancy of 22 years. When 
compared to unilateral implantation, the cost-effectiveness of 
the second implant was measured at $57,000 per QALY in 2002. 
In the 2006 study, the same Summerfield et al looked at cost-
effectiveness of bilateral versus unilateral cochlear implan-
tation by placing a second device in adult patients who had 
previously undergone implantation and comparing their util-
ity measures. In this study, the cost-to-utility ratio exceeded 
$100,000 per QALY with the addition of the second implant. 
The authors noted some issues with their chosen survey instru-
ments, namely, increased tinnitus in two subjects significantly 
altered the result given that hearing is only one part of the 
instruments used.90 
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The heterogeneity in outcomes is a lingering problem and 
many may not be adequately designed to detect the bene-
fits derived from a second implant. A 2016 study from the 
Netherlands used five different survey instruments and found 
a range of values. For three instruments, they found the second 
implant became cost-effective after 5 years. The remaining two 
instruments suggested that cost-effectiveness was not achieved 
within the patients’ lifetime. This further underscores the dif-
ficulty in evaluating more nuanced outcomes such as sound 
localization and improved hearing in noise using the currently 
validated survey instruments.

Based on results from the most recent literature, and 
accounting for the heterogeneity of results, it is difficult at this 
time to draw reliable conclusions on the incremental value of 
adding a second cochlear implant. The potential cost–utility 
benefits of bilateral cochlear implantation remain an ongoing 
area of research.

7.13  Conclusion
In an era where health care expenditures are coming under 
increasing levels of scrutiny, clinicians must become more 
aware of which interventions will truly provide value to 
patients and are also sustainable from a cost perspective. The 
literature overwhelmingly supports unilateral cochlear implan-
tation in both children and adults as a highly cost-effective 
intervention. In children, the personal and societal savings may 
even provide a net gain over the child’s lifetime. The value of 
bilateral implantation when compared to unilateral implanta-
tion remains controversial. While the literature strongly sug-
gests this is a cost-effective intervention in children, it remains 
an open question in the adult population.
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8  Cranial Nerve VIII: Vestibular Disorders
Gavriel D. Kohlberg and Ravi N. Samy 

Abstract
Dizziness is a common patient complaint and may be challeng-
ing to diagnose a definitive cause. Only a fraction of vertigo or 
imbalance cases are attributable to peripheral  (i.e., vestibular 
nerve and inner ear) pathology. It is critical to consider and 
evaluate for central, cardiogenic, ophthalmologic, and pro-
prioceptive causes of dizziness. A history focusing on nature of 
dizziness, its duration, and associated symptoms is essential. 
Examination includes complete head and neck examination, 
neurologic examination, and neurotologic maneuvers such as 
head-impulse test, Dix–Hallpike test, and the head shake test. 
There are many inner ear function tests available for evaluation 
of the dizzy patient and can be used to evaluate for specific ves-
tibular disorders. Imaging including CT of the temporal bones 
and MRI of the internal auditory canals and brain may be useful 
for ruling out pathology.

Keywords: benign paroxysmal positional vertigo, meniere's 
disease, vestibular neuronitis, superior semicircular canal 
dehiscence, superior semicircular canal dehiscence,  
central vertigo

8.1  Vestibular Anatomy and 
Physiology
The vestibular system is comprised of three semicircular canals, 
the utricle, the saccule, and the superior and inferior vestibu-
lar nerves, which join together with the cochlear nerve to form 
the eighth vestibulocochlear cranial nerve. The superior, pos-
terior, and lateral semicircular canals are three orthogonally 
positioned canals that sense rotational acceleration. The utricle 
senses horizontal acceleration, while the saccule senses vertical 
acceleration. Each of the vestibular organs contains a gelatinous 
material that deflects hair cells during acceleration or deceler-
ation, resulting in transmission of an electrical signal through 
the vestibular nerve. Impulses from the superior semicircular 
canal (SCC), lateral SCC, and utricle travel through the superior 
vestibular nerve, while impulses from the posterior SCC and 
saccule travel through the inferior vestibular nerve.

8.2  Overview of Dizziness
The body’s sense of position and balance relies on the accurate 
integration of multiple sensory signal inputs within the brain. 
Information on body position and movement is conveyed through 
the vestibular system as well as through vision and propriocep-
tion. In addition, the sensation of dizziness can be induced as a 
self-preservation technique—a brain that is not sufficiently per-
fused will trigger a sense of faintness in order to induce sitting 
down or lying down in order to increase brain perfusion.

Dizziness is a common patient complaint without a spe-
cific definition. As common as dizziness is, it is a fairly impre-
cise symptom. The differential diagnosis is broad with even 
the most common etiologies accounting for less than 10% of 

cases.1 Dizziness can encapsulate vertigo, disequilibrium, vision 
changes  (e.g., nystagmus), and lightheadedness. Vertigo refers 
to a sensation of rotational motion. Disequilibrium is a feeling 
of instability or imbalance. Lightheadedness is the sense of 
impending faintness.

There are many etiologies for dizziness, and dizziness can 
be multifactorial as well. Therefore, it is crucial to consider 
causes of dizziness beyond the vestibular system including 
neurologic, ophthalmologic, cardiogenic, psychogenic, and 
proprioceptive  (such as peripheral neuropathy from diabetes  
mellitus).

Vestibular causes of dizziness are usually the result of dys-
function of the semicircular canals or the vestibular nerve.

8.3  Epidemiology and Economic 
Impact of Dizziness
Dizziness and balance disorders are common conditions that 
result in a substantial number of visits to health care provid-
ers. Dizziness accounts for an estimated 5% of all primary care 
clinic visits and 3% of all emergency room visits.2,​3 This is par-
ticularly true in older adults, where up 30% of patients age 60 
years and up to 50% of community-dwelling adults older than 
80 years have some degree of dizziness.4 The total cost of evalu-
ation and management of these patients is enormous. In 2008, 
Saber Terhani and colleagues reported the estimated national 
cost of patients presenting with dizziness to the emergency 
department alone exceeded $4 billion.5 These costs have almost 
certainly increased since that publication. Individuals with 
symptomatic balance dysfunction have a 12-fold increase in the 
odds of falling, with one in three community-dwelling adults 
older than 65 years falling each year. Ten years of falls result 
in major injuries with a cost of over $20 billion annually.6 In 
general, dizziness and vertigo have a huge negative impact not 
only on health care resource use but also on work productivity.7

8.4  History
A general approach should focus on obtaining a thorough 
history. Timing  (onset, duration, evolution, etc.), sever-
ity, frequency, triggers, and associated symptoms are 
likely to clue the clinician as to whether the problem area 
is central  (brain, vestibular nuclei in brainstem, cerebel-
lum, etc.), peripheral  (inner ear, cochleovestibular nerve), 
or nonvestibular  (cardiovascular insufficiency, peripheral  
neuropathy, etc.).

Patients with peripheral inner ear sources of their dizzi-
ness tend to have vertigo, or a subjective illusion of movement. 
Lightheadedness, imbalance and unsteadiness, nausea, and 
blackouts are generally not seen with peripheral vestibulopa-
thies. Vertigo may be accompanied by hearing loss and is more 
commonly episodic (rather than constant) when compared to 
central nervous system causes. For an excellent review of how 
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to differentiate the source  (central, peripheral, or nonvestib-
ular), the reader is encouraged to see Muncie et al.8  (For the 
purpose of this discussion, disorders of the vestibular branch of 
vestibulocochlear nerve [CN VIII] are considered peripheral [or 
inner ear] causes of dizziness.)

A complete history of a patient presenting with dizzi-
ness must focus on the duration of the dizziness as well as 
a detailed description of the dizziness. Does the dizziness 
last for seconds, minutes, hours, or days? Is it intermittent 
or constant? What is the frequency of each dizziness episode 
and when did they first begin? Is the dizziness vertigolike or 
is it a sense of imbalance or of feeling faint? Is the dizziness 
associated with headaches  (e.g., vestibular migraine), hear-
ing loss, aural fullness, or tinnitus? Is the dizziness associated 
with changes in vision? Is the dizziness positional? Has there 
been recent barotrauma? A detailed past medical history, 
medication history, and family and social history should be  
obtained.

For the smaller percentage of patients with suspected inner 
ear disorders, their workup and management can be both 
incredibly challenging and rewarding. Fortunately, duration of 
symptoms can point toward the likely diagnosis (▶Table 8.1). 
In addition to history, some simple, targeted “bedside” test-
ing such as the Dix–Hallpike maneuver and head shake test 
can aid in establishing the correct diagnosis. When available, 
pure-tone audiometry with speech comprehension testing 
can be helpful, and may even identify the suspected affected 
side as the inner ear functions of hearing and balance can be 
affected in disorders such as Meniere’s disease and labyrinthi-
tis. Taken in aggregate, history, limited physical examination, 
and audiometry can frequently result in the correct diagno-
sis or at least suggest if the dizziness is central, peripheral, or 
nonvestibular.

8.5  Physical Examination
In addition to the physical examination described earlier for the 
patient with hearing loss, specific tests help elucidate the diag-
nosis in dizzy patients.

Testing can be performed in the office for orthostatic hypo-
tension using commonly available sphygmomanometers. 
During examination of the tympanic membranes (TMs), a fis-
tula test should be performed to examine for pressure-induced 
vertigo or nystagmus.

Nystagmus should be evaluated with a neutral gaze with 
and without fixation. Evaluation for gaze-evoked nystagmus to 

the right, left, up, and down should also be performed. Ocular 
alignment, saccades, and smooth pursuit should be tested.

The vestibulo-ocular reflex (VOR) moves the eyes contrary 
to the head in order to maintain steady vision during head 
motion. Bilateral vestibular weakness or poorly compensated 
unilateral vestibular weakness can result in loss of the VOR 
and lead to symptoms of oscillopsia. Several physical examina-
tion maneuvers can test the integrity of the VOR. In the head 
impulse test  (HIT), the examiner rapidly turns the patient’s 
head 30 degrees while the patient attempts to maintain their 
gaze on a target. In a patient with bilateral vestibular weak-
ness, the patient’s eyes do not remain on the target with the 
test done in either direction. In a patient with a unilateral ves-
tibular weakness, the eyes will lag in returning to the target 
when head motion is rotated toward the side with vestibular 
weakness. The post-head-shake nystagmus test can be used to 
assess for unilateral vestibular weakness. The patient’s head 
is shaken from side to side for 20 seconds at 2 Hz. The head 
shake is then stopped. In a patient with symmetric vestibular 
function, there should be no nystagmus. If there is unilateral 
weakness, there will be fast-phase beating nystagmus away 
from the weaker side.

The Dix–Hallpike maneuver test is used for posterior 
canal benign paroxysmal positional vertigo  (BPPV). Starting 
in a sitting position, the patient’s head is rotated 45 degrees 
to one side. The patient is then laid supine with the neck 
slightly extended. The Dix–Hallpike test is considered posi-
tive when it elicits up-beating and torsional nystagmus when 
the head is tilted toward the affected ear. Nystagmus typi-
cally starts at least 1 second after positioning and reaches a 
maximum at about 10 seconds before fatiguing in less than  
60 seconds.

The Romberg test assesses proprioception. The patient first 
stands in a neutral position with feet slightly apart and arms 
at the side or folded across the chest. The patient starts with 
eyes open for 30 seconds and then with eyes closed for 30 sec-
onds. The Romberg test is considered positive if the patient is 
stable with eyes open and then loses balance with eyes closed. 
A positive Romberg test occurs in patients with proprioceptive 
deficits.

The Fukuda stepping test assesses for unilateral peripheral 
vestibular hypofunction. The patient marches in place with 
their eyes closed. A rotation to one side may signify an ipsilat-
eral vestibular weakness.

When available, pure-tone audiometry with speech compre-
hension testing can be helpful, and may even identify the sus-
pected affected side as the inner ear functions of hearing and 
balance can be affected in disorders such as Meniere’s disease 
and labyrinthitis. Taken in aggregate, history, limited physi-
cal examination, and audiometry can frequently result in the 
correct diagnosis or at least suggest if the dizziness is central, 
peripheral, or nonvestibular.

If doubt as to the correct diagnosis persists, a variety of 
tests  (behavioral, electrophysiologic, and radiographic) are 
available to the clinician. Yet judicious use of these tests should 
be employed. The “shotgun” approach of ordering every test for 
every patient may only prove to obfuscate the actual diagnosis 
while only increasing cost.

Table 8.1  Timing of common peripheral vestibular disorders 

Duration Disorder

s–min Benign paroxysmal positional vertigo

min–h Meniere’s disease
Vestibular migraine

d–mo Vestibular neuronitis
Labyrinthitis
Perilymph fistula

mo–y Superior semicircular canal dehiscence
Vestibular schwannoma
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8.6  Laboratory Testing
8.6.1  Cost-Effectiveness of Laboratory 
Testing for Peripheral Vestibular 
Disorders
There is no clear evidence in the literature pertaining to the 
cost-effectiveness of the laboratory tests for vestibular disor-
ders described below. The below tests rely on expensive special-
ized equipment and highly trained operators. Many diagnoses 
can be made without laboratory testing. Clinicians typically do 
obtain laboratory testing such as videonystagmography (VNG) 
prior to performing an ablative procedure on the inner ear (e.g., 
labyrinthectomy or transtympanic gentamycin injection) in 
order to confirm the side of vestibulopathy.

8.6.2  Videonystagmography/
Electronystagmography
VNG and electronystagmography  (ENG) are techniques of 
tracking eye movement in order to assess for nystagmus. VNG 
and ENG can be used interchangeably. VNG relies on video to 
capture eye movement, whereas ENG assesses changes in the 
corneoretinal potentials, which can be translated into eye 
movements.

VNG generally refers to a series of vestibular tests that rely 
on quantified measurement of nystagmus: caloric testing, gaze 
test, Dix–Hallpike maneuver, saccades, positional testing, and 
smooth pursuit.

8.6.3  Caloric Testing
Caloric testing, first described by Barany in 1906, has long been 
considered the standard method of evaluating the function of 
an individual’s inner ear. The caloric test allows for the assess-
ment of a unilateral vestibulopathy as peripheral or central and 
for identification of the side of the vestibulopathy. In the caloric 
test, heated or cooled air or water into the external auditory 
canal is used to generate endolymphatic flow in the lateral 
semicircular canal. Each ear is irrigated while the patient lies 
supine with the head tilted up 30 degrees, placing the lateral 
SCC in the vertical plane. Cold irrigation causes slow-phase nys-
tagmus toward the irrigated ear, while warm irrigation causes 
nystagmus away from the irrigated ear. The velocities of irriga-
tion-induced nystagmus with hot and cold stimulus are com-
pared between ears in order to assess for asymmetry between 
sides. The canal paresis  (CP) index is used to quantify asym-
metry and is calculated according to the following formula: 

where slow-phase velocities are measured for RW = right warm, 
RC = right cool, LW = left warm, and LC = left cool. Unilateral 
weakness is considered significant when CP is greater than 20%.

Caloric testing is advantageous as it can localize a lesion to 
the right or left side. However, as it relies on stimulating the lat-
eral SCC, it is a test of the superior vestibular nerve (innervates 

the lateral SCC) and not the inferior vestibular nerve. As it relies 
on comparing the right to the left side, it is not a good test for 
symmetric bilateral vestibular weakness.

VNG/ENG testing only assesses the lateral semicircular 
canal and only at low-frequency stimulation. Some have even 
asserted that caloric testing and ENG/VNG add little value to 
diagnosis other than to identify central versus peripheral etiol-
ogy, and laterality when peripheral.9,​10 Such testing can be use-
ful prior to ablative therapy in which the entire malfunctioning 
vestibular labyrinth is deafferented (chemically or surgically). 
In their study of cost-effectiveness of workup of unilateral ves-
tibular weakness found on ENG, Gandolfi and colleagues con-
cluded that further workup (MRI) is high cost and low yielding 
in patients with one isolated abnormality and no other risk 
factors.11

8.6.4  Gaze Test
The eyes are assessed for nystagmus as the patient gazes 30 
degrees to the right, to the left, up, and down with and without 
fixation suppression. Nystagmus on gaze test is an abnormal 
finding that may be of vestibular or central origin. Generally, 
in an acute unilateral vestibular weakness, there will be nys-
tagmus with the fast phase directed toward the unaffected ear, 
which will be accentuated with gaze toward the healthy ear 
and suppressed with gaze toward the affected ear. With any 
other type of nystagmus on gaze test, a central cause must be 
considered.12

8.6.5  Dix–Hallpike Maneuver
The Dix–Hallpike maneuver  (described earlier in the Physical 
Examination section) can be performed with VNG in order to 
quantify any associated nystagmus.

8.6.6  Saccades
A saccade is a rapid movement of the eye between fixation 
points. Saccades allow for the rapid capture of an image in 
the peripheral vision onto the fovea of the retina. Saccades 
are tested in the horizontal and vertical planes by presenting 
a series of targets that the patient must fixate on. Each saccade 
is analyzed for eye movement latency, amplitude, velocity, and 
accuracy. Abnormalities in saccades are generally attributed to 
a central cause.

8.6.7  Positional Test
The patient is monitored for nystagmus with gaze suppres-
sion in the sitting, supine, and right and left ear down posi-
tions. Nystagmus is an abnormal finding that may be central 
or peripheral.

8.6.8  Smooth Pursuit
With the patient’s head fixed, the patient follows a target mov-
ing at about 0.5 Hz and amplitude of 15 degrees from side to 
side. The patient should be able to smoothly track the target.  

CP (right) (RW + RC)
(RW + RC)

(LW + LC)
(LW + LC) ×

−
+= 100
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Patients with deficiency in smooth pursuit will exhibit cor-
rective saccades in order to recapture the image on the fovea. 
Impairment of smooth pursuit is generally the result of central 
causes.

8.6.9  Rotary Chair Testing
In rotary chair testing, the patient sits with head tilted 30 
degrees forward to place the lateral SCC in the horizontal 
plane. Chair rotation causes head acceleration, which acti-
vates the VOR, inducing nystagmus. The test is performed in 
the dark to suppress gaze fixation. The rotary chair can rotate 
at a fluctuating velocity or step from one constant velocity 
to another. VOR gain is measured as eye velocity/chair veloc-
ity. The VOR phase is the difference between time of peak 
eye velocity and peak chair velocity. Rotational chair testing 
is advantageous in patients with otologic pathology  (such 
as TM perforation), which can limit caloric testing. It is also 
superior to caloric testing for assessing for bilateral vestibular 
weakness as it does not rely on comparison between sides to 
quantify vestibular function. Like caloric testing, rotational 
chair testing tests the lateral SCC and, therefore, the supe-
rior vestibular nerve. Because both right and left vestibular 
functions are tested simultaneously, rotational chair testing is 
not as accurate in diagnosing small unilateral weakness com-
pared to caloric testing. However, the rotational chair test is 
more physiological and can test response at higher frequency 
stimulation compared to caloric testing. A study comparing 
VNG to rotary chair testing found them to have very similar 
sensitivity and specificity for identifying individuals with 
peripheral vestibular disorder.13 Of note, rotary chair equip-
ment is currently expensive  ($70,000) compared to VNG 
equipment ($32,000).14

8.6.10  Video Head Impulse Test
In the video head impulse test  (vHIT), the patient wears a 
head-mounted device that tracks eye movement as well 
as head velocity. The clinician then performs the HIT. The 
output of the device allows for assessment of the VOR 
through the comparison of head velocity stimulus and eye 
velocity response. Further study is needed of this rela-
tively new technology to assess for clinical utility and cost- 
effectiveness compared to VNG and rotary chair. Of note, vHIT 
is a shorter examination compared to VNG and rotary chair 
and that does not typically induce nausea, so it may be a more 
comfortable evaluation compared to VNG and rotary chair  
testing.13,​15

8.6.11  Electrocochleography
Electrocochleography  (ECoG) gained popularity through 
the later decades of the 20th century as a more reliable 
method of diagnosing Meniere’s disease. However, the clini-
cal utility is limited as potentially more than 50% of patients 
with Meniere’s disease will have normal ECoG.16 As such, 
the American Academy of Otolaryngology–Head and Neck 
Surgery does not even consider ECoG as necessary for the  
diagnosis.17

8.6.12  Vestibular Evoked Myogenic 
Potential Testing
Vestibular evoked myogenic potential  (VEMP) testing has 
recently been a useful addition to the vestibular diagnostic bat-
tery. VEMP testing relies on sound-induced activation of sac-
cular and utricular afferents. By measuring the vestibulospinal 
reflex, a VEMP can be useful in evaluating the integrity of the 
otolithic and utricular systems. For diagnostic purposes in the 
evaluation of SCC dehiscence syndrome (SSCDS), thresholds are 
decreased and amplitudes increased when compared to the 
normative values. Beyond diagnosis, VEMP can be helpful in 
monitoring efficacy of intratympanic gentamicin when ablat-
ing the vestibular sensors in a faulty inner ear or detecting sub-
clinical contralateral disease in patients with Meniere’s disease.

8.6.13  Cervical Vestibular Evoked 
Myogenic Potential
Sound-induced activation of the saccule leads to a reflexive 
activation of the sternocleidomastoid  (SCM) muscles. This 
reflex turns one’s head toward a loud sound presented to a par-
ticular ear and is mediated by the inferior vestibular nerve. The 
reflex is measured by surface electrodes placed onto the SCM. 
Cervical vestibular evoked myogenic potential (cVEMP) is a test 
of the inferior vestibular nerve.

8.6.14  Ocular Vestibular Evoked 
Myogenic Potential
Sound-induced activation of the utricle leads to a reflexive acti-
vation of the ocular muscles to turn the eyes in the direction of 
a sound stimulus. This reflex is mediated by the superior ves-
tibular nerve and therefore is a test of superior nerve function.

8.6.15  Computerized Dynamic 
Posturography
Computerized dynamic posturography  (CDP) can provide a 
quantitative assessment of the sensory and motor compo-
nents of postural control, though its use as a first-line diagnos-
tic tool may be limited. It may be helpful in atypical patients 
with potentially many causes of their dizziness, or in ruling out 
malingering or exaggeration in medicolegal cases. Likewise, 
rotary chairs are similarly expensive and of limited widespread 
diagnostic use other than determining degree of bilateral 
vestibulopathy.

8.6.16  Radiology
Though frequently employed, imaging such as CT and MRI of 
the head and temporal bones plays a very limited role in the 
diagnosis of peripheral vestibular disease. As the vast major-
ity of vestibular dysfunctions are limited to the membranous 
labyrinth, current technologies are limited in their resolution 
and ability to detect disease. Ahsan and colleagues found the 
diagnostic yield of brain CT for dizziness in the emergency room 
to be 0.74% for clinically significant pathology requiring inter-
vention.18 The same study found a 12.2% yield for MRI. There is 
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a role for imaging for patients with acute dizziness, but imag-
ing should be limited to patients with acute dizziness and other 
neurological signs or symptoms of stroke. Moreover, imaging is 
not 100% sensitive and some serious or life-threatening pathol-
ogy can be missed. A high index of suspicion by history must 
guide the decision to obtain imaging emergently. Until then, 
unnecessary imaging will continue to account for a substantial 
portion of emergency room budgets.

In the setting of chronic dizziness, imaging may be even less 
useful than in acute setting. Nonetheless, imaging can be useful 
and even necessary to rule in or rule out important conditions. 
As mentioned earlier, T1 gadolinium-enhanced MRI remains 
the gold standard for identifying vestibular schwannoma or 
other retrocochlear pathology. It can also help identify any 
mass lesions involving the labyrinth roughly 1 mm or bigger. In 
addition, recent studies have shown MRI-detectable endolym-
phatic hydrops in patients with suspected Meniere’s disease.19 
Nonetheless, the decision to image should be based on focused 
clinical suspicion.

8.7  Treatment
In the acute phase, supportive care and vestibular-suppressant 
medication can be helpful. However, no medication has been 
found to be effective for long-term management of vestibu-
lar dysfunction.20 Ultimately, maximizing both outcome and 
cost-effectiveness is completely dependent on identifying the 
correct diagnosis. Once an individual diagnosis is established, 
or at least highly suspected, proper therapeutic interventions 
can be initiated.

8.7.1  Benign Paroxysmal Positional 
Vertigo
Benign paroxysmal positional vertigo  (BPPV) is characterized 
by several seconds of spinning dizziness brought on by spe-
cific head movements such as rolling over in bed. BPPV can 
occur at any age, though most commonly it presents in the 
fourth decade of life. BPPV is more common in women than 
in men. The sensation of vertigo should not last more than 1 
minute. Episodes may occur frequently, followed by a quies-
cent period.21 This condition may represent 8% of all patients 
with dizziness, and likely represents the most common form of 
peripheral vestibulopathy.

BPPV is believed to be due to free-floating otoconia within 
the labyrinth, most commonly within the posterior semicircu-
lar canal. It is easily diagnosed through a Dix–Hallpike maneu-
ver (posterior canal BPPV) or supine roll test (lateral canal BPPV) 
in which the clinician observes the patients’ eyes and the patient 
is asked to endorse or deny vertigo. If present, the nystagmus 
associated with BPPV is latent (occurring after a few seconds) 
and fatigable  (in <60 seconds and with repeated maneuvers). 
Patients with symptoms concerning for BPPV should undergo 
a Dix–Hallpike maneuver to confirm the diagnosis. No further 
testing or referrals are needed for the evaluation of BPPV. BPPV 
can be treated by the Epley maneuver, which can be performed 
in the clinic, by the patient themselves, and during vestibular 
rehabilitation.22 Recurrent BPPV or BPPV unresponsive to stand-
ard therapy should be referred to an otolaryngologist for fur-
ther evaluation.

In very rare cases of refractory BPPV, surgical options have 
been described (e.g., singular neurectomy, posterior semicircu-
lar canal occlusion) with varying degrees of success and hearing 
preservation.

8.7.2  Meniere’s Disease
Meniere’s disease is characterized by episodes or “attacks” of 
vertigo, hearing loss, and tinnitus. Vertigo generally lasts for 
about 20 minutes to several hours followed by a longer period 
of malaise. Patients are largely asymptomatic between epi-
sodes. Otologic symptoms are generally unilateral fluctuating 
low-frequency hearing loss, nonpulsatile tinnitus, and aural 
fullness. Patients may also complain of gait and postural insta-
bility, sudden drop attacks (crisis of Tumarkin), and nausea.19 
The exact incidence is not known, though it is estimated to be 
approximately 15.3 per 100,000 population.23 Little data exist 
regarding the cost of treating Meniere’s disease, though one 
recent study estimated the cost at roughly $900 million per 
year, with substantial indirect costs.24 While some patients 
present with classic symptoms of Meniere’s disease with no 
other complaints, often symptoms are not classic. In all cases, 
especially those with atypical complaints, other vestibular 
and neurologic diagnoses must be considered. A detailed his-
tory concerning dizziness, hearing loss, and otologic symp-
toms should be ascertained. In addition, history related to 
vestibular migraine, transient ischemic attack or stroke, 
retrocochlear lesions  (e.g., vestibular schwannoma), and 
autoimmune inner ear disease should be obtained. Physical 
examination may reveal a unilateral vestibular weakness with 
HIT. Neurologic examination is mandatory to look for signs of 
central pathology.

An audiological evaluation should be performed. While a 
gadolinium-enhanced MRI of the brain is not always considered 
mandatory, there should be a low threshold to obtain an MRI to 
rule out central pathology including vestibular schwannoma or 
other retrocochlear pathology (e.g., endolymphatic sac tumor) 
and stroke. Though advances in 3-T MRI with gadolinium have 
allowed for visualization of endolymphatic hydrops, at this 
time this is not part of the routine diagnostic evaluation.

Likewise, ENG or VNG to demonstrate unilateral vestibular 
weakness is not necessary for diagnosis, though procurement of 
such testing is imperative prior to surgical intervention.25

ECoG may demonstrate elevated summating potential (SP)/
action potential  (AP) ratios in patients with Meniere’s dis-
ease, though this is not a necessary test and has been shown 
to have low accuracy.16,​26 Patients with suspected Meniere’s 
disease should be referred to an otolaryngologist for further 
management.

Because there is no definitive test for Meniere’s disease, the 
diagnosis may not always be certain prior to treatment. If clin-
ical suspicion is high based on history of fluctuating unilateral 
hearing loss, tinnitus, aural fullness, and vertigo episodes along 
with ipsilateral low-frequency sensorineural hearing loss, some 
clinicians may proceed with first-line treatments  (e.g., low- 
sodium diet, use of diuretic, and possibly steroids) and reevalu-
ate the patient in 6 to 8 weeks for improvement. If the diagnosis 
is not certain, further testing such as VNG, ECOG, and MRI may 
be helpful to confirm laterality, to rule in Meniere’s disease, and 
to rule out retrocochlear masses.
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The treatment of Meniere’s disease is controversial, though 
the vast majority of patients can be successfully managed med-
ically with a sodium-restricted diet with or without a diuretic.27 
In refractory cases, intratympanic or open surgical procedures 
can provide relief of vestibular symptoms, though no interven-
tion as of yet has shown to successfully prevent the hearing loss 
associated with Meniere’s disease.

8.7.3  Vestibular Neuronitis
Vestibular neuritis stems from an imbalance in tonic vestib-
ular activity thought to be caused by a viral inflammation of 
the vestibular nerve. Patients presenting with acute-onset 
vertigo lasting hours to days should be evaluated for vestibu-
lar neuritis, labyrinthitis, as well as life-threatening causes of 
acute vestibular syndrome such as posterior circulation stroke. 
History, physical examination, and additional testing are aimed 
at confirming the diagnosis of vestibular neuritis while ruling 
out central causes of dizziness, such as cerebellar hemorrhage 
and infarction. Patients with vestibular neuritis often will have 
associated nausea, vomiting, sweating, and malaise. Symptoms 
usually develop over hours, last for several days, and then sub-
side over weeks.28

Physical examination during the acute event should demon-
strate spontaneous nystagmus that is horizontal and torsional. 
The direction of the nystagmus should not change with gaze 
direction. In nystagmus that changes direction with change in 
gaze direction, or in vertical nystagmus, a central cause should 
be considered. Inability to stand, dysarthria, incoordination, 
numbness, and weakness are all suggestive of a central cause 
rather than vestibular neuritis. The HIT should be performed 
to demonstrate a unilateral vestibular weakness. The diagno-
sis of vestibular neuritis can be made on the basis of history 
and physical examination alone. Viral studies are not indicated. 
While caloric testing will demonstrate a unilateral vestibular 
weakness, ENG or VNG is not required. MRI of the brain should 
be performed in the cases where there are associated neurolog-
ical signs or symptoms suggestive of a possible central cause, 
or in patients with risk factors for stroke.29 Clinicians should 
exclude brainstem and cerebellar strokes as they may present 
similarly initially, but with dire consequences. Patients with 
symptoms or signs of hearing loss should undergo audiological 
evaluation. Patients with associated hearing loss are consid-
ered to have labyrinthitis rather than vestibular neuritis. These 
patients should undergo MRI of the brain in order to rule out 
vestibular schwannoma or other retrocochlear pathology.30

Patients with vestibular neuronitis (vestibular neuritis) expe-
rience a single severe attack of vertigo without hearing loss that 
lasts days with slow, nonlinear improvement over the course of 
weeks to months. These patients should be administered ster-
oids, vestibular suppressants, and/or antiemetics in the acute 
phase, but should discontinue their vestibular suppressants as 
soon as possible to allow for central compensation.31 Beside a 
limited course of vestibular physical therapy to expedite central 
compensation, no other intervention is indicated.

8.7.4  Labyrinthitis
Labyrinthitis is similar to vestibular neuronitis, except patients 
will also have hearing loss. It is usually thought to be serous or 
aseptic, though suppurative labyrinthitis can be seen as a rare 

sequela of acute otitis media. For nonbacterial labyrinthitis, 
the workup and treatment are similar to vestibular neuronitis 
(steroids, supportive care), with the exception of possibly more 
aggressive treatment of the hearing loss. When hearing loss 
occurs without vestibular symptoms, it is referred to as idio-
pathic sudden sensorineural hearing loss.

8.7.5  Vestibular Schwannoma
See section 7.4 (Acoustic Neuroma/Vestibular Schwannoma). 

8.7.6 Perilymph Fistula
Perilymph fistula is a very rare condition that occurs when 
perilymph of the inner ear escapes into the middle ear. Almost 
exclusively a sequelae of head trauma or barotrauma (including 
valsalva induced), the unusual constellation of symptoms can 
make diagnosis difficult as it may mimic other peripheral or cen-
tral pathologies including traumatic brain injury. It may present 
with fluctuating imbalance, fluctuating hearing loss, and even 
memory issues with word recall difficulties. Conservative man-
agement includes bed rest and steroids, though in rare cases 
operative exploration and repair of the round and oval windows 
may be necessary.

8.7.7  Superior Semicircular Canal Dehiscence
Patients with a dehiscence in the bone overlying the SCC may 
experience a constellation of symptoms termed superior semi-
circular canal dehiscence syndrome  (SSCDS), or Minor’s syn-
drome. The most common cochlear symptoms experienced 
by patients are hyperacusis, autophony, pulsatile tinnitus, and 
aural fullness. Patients may also experience disequilibrium or 
sound-/pressure-induced vertigo. Symptoms are caused by the 
ability of bone-conducted sound to access the inner ear via 
the dehiscent area of the SCC (considered a mobile third win-
dow). History should focus on hearing and dizziness symptoms. 
Patients should have at least one of the following symptoms to 
be considered for SSCDS: bone conduction hyperacusis in the 
form of autophony  (audible eye movements, footsteps, etc.), 
sound-induced vertigo, pressure-induced vertigo (while cough-
ing, sneezing, bearing down during a bowel movement), or pul-
satile tinnitus. During the physical examination, eye movements 
can be elicited by loud noise or pneumatic otoscopy. Patients 
with suspicion for SSCD should undergo audiological evalua-
tion. Audiogram will often demonstrate a large air–bone gap 
in the low frequencies with bone conduction normal or better 
than normal (negative). Unlike otosclerosis, however, acoustic 
reflexes will be present. Patients with suspected SSCDS based 
on history should be referred to an otolaryngologist for further 
evaluation. VEMP testing should be performed. Patients with 
SSCDS have lower-than-normal thresholds for cVEMP thresh-
olds and higher-than-normal oVEMP response amplitudes.

Patients with suspicion for SSCD should undergo high- 
resolution CT that is reformatted in the plane of the  
superior SCC in order to evaluate for radiographic dehiscence of 
the superior SCC (▶Fig. 8.1). ECoG may also be performed and 
should demonstrate elevated SP/AP ratio in SSCDS. A proposed 
diagnostic criteria for SSCDS requires  (1) high-resolution CT 
demonstrating SCC dehiscence;  (2) at least one of the follow-
ing symptoms: bone conduction hyperacusis, sound-induced 
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vertigo, pressure-induced vertigo, and pulsatile tinnitus;  (3) 
at least one of the following demonstrations of a mobile third 
window: negative bone conduction thresholds on audiogram, 
low cVEMP thresholds or high ocular vestibular evoked myo-
genic potential (oVEMP) amplitudes, or elevated SP/AP ratio in 
the absence of sensorineural hearing loss.32

Of note, the rate of radiographic SCCD is 9%.33 However, the 
rate of histological SCCD is 0.5%.34 The rate of SSCDS is there-
fore no higher than 0.5% and vastly lower than the radiographic 
rate. Therefore, incidental finding of superior SCCD on CT with 
no clinical symptoms does not warrant further evaluation, but 
patients should be educated on the potential for cochlear or 
vestibular symptoms to develop over time.

SCCD results from fistulous connection formed between the 
dura of the temporal lobe and the membranous SCC. Once diag-
nosed, the current standard treatment involves surgical repair 
of the dehiscence with marked improvement or resolution of 
their symptoms and improvement in health-related quality of 
life compared with nonoperated patients with SCCD.35 Recent 
evidence has suggested that transmastoid repair may offer sig-
nificant advantages  (decreased pain, lower complication rate, 
shorter hospital stay, lower revision rate) over the traditional 
subtemporal craniotomy approach.36

8.8  Vestibular Physical Therapy
For many dizzy patients, irrespective of the specific cause of 
peripheral disease, physical therapy can be both extremely 
helpful and cost-effective. This specialized treatment, known 
as vestibular physical therapy, is a broad concept that incorpo-
rates both postural training and central compensation and can 
be effective for many causes of vertigo, generalized dizziness, or 
even unsteadiness. Vestibular therapy is able to be effective by 
using central nervous system adaptation to sensory loss or mis-
match. Also known as “balance retraining,” vestibular therapy 
is a program of guided exercises consisting of head, body, and 
eye movement designed to stimulate the vestibular system in 
different ways. It can be useful as either a primary or an adjunct 

treatment not only for all of the above-listed conditions, but 
also for multifactorial dizziness, presbystasis (age-related global 
balance impairment), and post-head injury. However, few 
patients with these treatable conditions are actually referred 
for therapy.37,​38 Vestibular rehabilitation is simple, relatively 
inexpensive, and simple for all patients to perform, including 
elderly patients. Following initial assessment and plan creation 
by a physical therapist, most therapy is done by the patient 
themselves at their own home with periodic interval reassess-
ment. In some cases, locating a suitably trained and available 
therapist may prove difficult, in which case home exercises (by 
booklet) or even web-based home instruction is beginning to 
show promise.39,​40,​41,​42

8.9  Central Vertigo
The sensation of vertigo can be caused by central pathology 
as well as peripheral pathology. Therefore, consideration of 
central causes of vertigo is essential. Causes of central vertigo 
include vestibular migraine, vascular disorders, stroke, neo-
plasms, disorders of the craniovertebral junction, multiple 
sclerosis, seizure, cerebellar ataxia, and normal-pressure hydro-
cephalus. It is paramount that history and physical examination 
evaluate for central causes of vertigo. Referral to neurologist or 
other specialist should be performed if the above symptoms are 
identified.

8.10  Conclusion
Disorders of the peripheral vestibular system can be chal-
lenging to diagnose and to manage. However, there certainly 
remains a close association between how well a condition is 
defined and understood and the therapeutic options for that 
condition. Poorly understood vestibular disorders lack effec-
tive and cost-effective models, and therefore research should 
focus on better elucidating the underlying mechanisms of a 
disease. Much has changed over the past decades in the under-
standing of vestibular disorders, but what has not changed, as 

Fig. 8.1  (a) Coronal non-contrast enhanced CT of left sided superior semicircular canal dehiscence. (b) Poschl view of same dehiscence.
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Fife explains, “is the necessity of obtaining a basic history.”43 
In the end, the most cost-effective mechanism is education.44 
As we increase efforts to inform and educate physicians on the 
intricacies that differentiate causes of dizziness, we may see 
an improvement in the timeliness, quality, and cost of care for 
these patients.
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9  Cranial Nerves IX, X, XII: Dysphagia
Erica E. Jackson and Anna M. Pou

Abstract
Intact motor and sensory function of cranial nerves IX (glosso-
pharyngeal), X (vagus), and XII (hypoglossal) are paramount to a 
normal voice and swallow. Paralysis of one or all of these cranial 
nerves can lead to hoarseness, taste and sensory disturbances, 
and dysphagia/aspiration, affecting all phases of swallowing to 
varying degrees. Pain in the head, neck, face, and oral cavity 
can be another symptom. Multiple cranial neuropathies such as 
these can be life-threatening and difficult to treat. History and 
physical examination typically confirm the diagnosis of paraly-
sis of these nerves with the etiology typically due to pathology 
in the lower brainstem, skull base, or extracranial course of the 
nerves. Workup includes imaging of the brain, brainstem, skull 
base, and neck in addition to swallowing studies. Treatment 
is based on etiology and severity of symptoms. Regardless of 
treatment, all of these patients will require speech and swal-
lowing therapy and some will possibly require a percutaneous 
gastrostomy and/or tracheostomy.

Keywords: dysphagia, aspiration, high vagal lesion, vocal cord 
medialization, cricopharyngeal dysfunction, laryngeal closure

9.1  Normal Swallowing 
Mechanism
The act of swallowing is a complex coordination of events that 
relies on intact sensory and motor input and intact structures. 
Cranial nerves V, VII, IX, X, and XII are involved in a normal 
swallow. There are four phases of swallowing: oral preparatory, 
oral, pharyngeal, and esophageal. The oral preparatory and oral 
phases are voluntary and the pharyngeal and esophageal phases 
are involuntary. In the oral preparatory phase of swallowing, 
the food is mixed with saliva and chewed, using the lips, cheeks, 
muscles of mastication, and tongue. The bolus is prepared and 
voluntarily moved by the tongue posteriorly to the pharynx. 
The pharyngeal phase is initiated when the bolus reaches the 
faucial arches and is triggered by the superior laryngeal nerve. 
The following occurs during the pharyngeal phase: respiration 
stops, the soft palate elevates to contact the posterior pha-
ryngeal wall preventing material from entering the nasal cav-
ity, the larynx elevates and glottic closure occurs at all three 
sphincters (epiglottis/aryepiglottic folds, false vocal cords, and 
true vocal cords), contraction of the constrictor muscles occur 
moving the bolus forward, and relaxation of the cricopharyn-
geus muscle allowing the bolus to enter into the esophagus and 
finally the stomach.

9.2  Initial Workup
Most patients with swallowing disorders typically pres-
ent to their primary care physician complaining of choking 
with foods. The first test for suspected dysphagia should be a 

modified barium swallow ($220). If aspiration is suspected with 
signs of fever and cough, a posteroanterior (PA) and lateral chest 
X-ray may also be obtained ($30) prior to the swallow study to 
evaluate for aspiration pneumonia or pneumonitis. Following 
the initial evaluation, the patient should be referred to an oto-
laryngologist. If a devastating neurologic disorder or neoplasm 
is suspected, referral should be made immediately.

9.2.1  Symptoms
Patients presenting with paralysis of cranial nerves IX, X, and XII 
typically report change in taste, severe dysphagia to both solids 
and liquids including difficulty forming and moving the food 
bolus toward the pharynx, aspiration with liquids with possible 
history of pneumonia, and nasal regurgitation. Changes in ver-
bal speech include breathy dysphonia (change in voice quality) 
and dysarthria (speech not well articulated). These symptoms 
are due to lack of both motor and sensory inputs with decrease 
sensation palate, pharynx, larynx, and esophagus. Dyspnea on 
exertion and weakened cough due to loss of positive end expi-
ratory pressure (CN X palsy) can contribute to the poor overall 
status of these patients, including weight loss.1

9.2.2  History
Evaluation of every patient should begin with a thorough his-
tory. The physician needs to ascertain the following: the dura-
tion and progression of symptoms; any precipitating event; 
recent history of head and neck trauma or surgery; personal or 
family history of genetic, neuromuscular, or connective tissue 
disorders; history of muscle weakness; history of head and neck 
cancer, and history of tobacco and alcohol use. The most com-
mon causes of multiple lower cranial nerve palsies are trauma 
to the skull base, tumors of the skull base, and neuromuscular 
disorders.1 While interviewing the patient, attention is paid to 
the quality of his or her voice and speech. The voice may be 
breathy, particularly with a high vagal lesion, and difficult to 
project. It may sound “wet” due to pooling of secretions in 
the larynx and hypopharynx (▶Fig. 9.1). Dysarthria, including 
slurred speech, may also be present due to hypoglossal nerve 
palsy unless the patient has compensated for it already.

9.2.3  Examination
A complete head and neck examination is performed on every 
patient. Special attention should be given to any mass or lesion 
found that is suspicious for a neoplasm.

A complete cranial nerve examination is to be done with 
special attention paid to cranial nerves IX, X, and XII. The 
glossopharyngeal nerve plays an important role in the phar-
yngeal phase of swallowing. Glossopharyngeal nerve palsy is 
best demonstrated with asking the patient to say “ahh” and 
observing for palate rise. Also, the gag reflex can be tested by 
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touching the palate with a tongue blade. The patient with CN 
IX palsy will display a decrease gag reflex due to decreased 
palatal sensation and decreased palatal elevation. Decreased 
contact of the palate to posterior pharyngeal wall can lead to 
an incomplete velopharyngeal seal, which leads to nasal regur-
gitation of foods. The patient can also present with poor phar-
yngeal constrictor muscle contraction. This can be assessed on 
flexible fiberoptic laryngoscopy  (FFL) in which a small flexi-
ble endoscope is passed through the nose and used to view 
the throat from above. The patient is instructed to carry out 
a forceful “eee” while watching the pharyngeal walls for con-
traction (pharyngeal squeeze). This can be graded as normal 
or abnormal, and when poorly functioning, it can indicate an 
aspiration risk.

The hypoglossal nerve innervates the tongue muscles and 
therefore plays a vital role in the oral preparatory and oral 
phases of swallowing where it facilitates formation of and 
movement of the bolus. The hypoglossal nerve is examined by 
asking the patient to protrude his or her tongue and move it 
side to side. Patients with CN XII palsy will have deviation of 
the tongue to the weak side as well as muscle wasting and fas-
ciculations. One can also ask the patient to push their tongue 
against their cheek to check strength.

The vagus nerve plays an important role in the pharyngeal 
phase of swallowing, of which glottic closure is the hallmark. 
Vagal lesions above the nodose ganglion result in deficits of 
both the recurrent and superior laryngeal nerves, which leads 
to unilateral vocal fold paralysis and decreased sensation to 
the supraglottic larynx, respectively. This may lead to “silent” 
aspiration in which aspiration occurs asymptomatically due to 
loss of cough reflex. Loss of the vagal contribution to the phar-
yngeal plexus may also cause incoordination of the pharyngeal 
constrictors and incomplete relaxation of the cricopharyngeus 

muscle during swallowing. Similar to CN IX injury with subse-
quent pharyngeal plexus injury, patients with CN X injury will 
show decreased gag reflex and the uvula may be deviated to the 
side of the lesion. The voice is assessed for breathiness, pitch, 
and projection.

The larynx is best evaluated using FFL ($115), which can be 
performed in the office or at the bedside. It should be part of 
every dysphagia and dysphonia workup done by an otolaryn-
gologist. When testing laryngeal movement and sensation, an 
anesthetizing agent should not be sprayed through the nostril 
as this could show a false-positive loss of sensation; the agent 
should be placed on a pledget and placed in the nasal cavity 
only in order to prevent anesthetizing the pharynx and larynx.

Injury to the recurrent laryngeal nerve typically presents 
with voice complaints and a paralyzed vocal cord being visual-
ized in the paramedian position leading to an incomplete glot-
tic closure. Over time, this can lead to atrophy, which will cause 
bowing and flaccidity of the vocal fold. The fold will typically be 
shortened with anterior displacement of the arytenoid. Many 
can accommodate to this deficit, but when there is also a loss of 
sensation as in a high vagal injury mentioned earlier, this often 
leads to significant aspiration.

The tip of the scope should be used to test laryngeal sen-
sation. If the patient is insensate when touching the pharyn-
geal wall and supraglottis, it suggests superior laryngeal nerve 
involvement. Pooling of secretions in the ipsilateral pyriform 
sinus and post cricoid areas can be seen, indicating pharyngeal 
weakness. If severe, this can result in a suboptimal laryngeal 
examination. Frank “silent” aspiration of saliva can also be 
detected when it is freely aspirated into the tracheobronchial 
tree. Again, pharyngeal squeeze is useful in assessing pharyn-
geal muscular contraction and when absent signifies a higher 
risk of aspiration.

Fig. 9.1  Bilateral vocal cord paralysis. (a) Pooling of secretions in the vallecula. (b) Fixed cords in the paramedian position.
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9.3  Differential Diagnosis
Lesions/palsies of lower cranial nerves have many causes: 
genetic, vascular, traumatic, iatrogenic, infectious, immuno-
logic, metabolic, nutritional, degenerative, or neoplastic. Some 
of the causes include motor neuron disorders, amyotrophic lat-
eral sclerosis (ALS), ischemic stroke, aneurysm, vasculitis, skull 
base fracture, carotid surgery and neck dissection, varicella 
zoster, Guillain–Barré syndrome, multiple sclerosis  (MS), dia-
betes, vitamin B deficiency, and skull base neoplasms such as 
paraganglioma tumors (▶Fig. 9.2). The work up described in the 
following section will be helpful in determining the exact cause 
and subsequent treatment.

9.4  Workup
9.4.1  Imaging
Imaging is essential in the evaluation of dysphagia. The first test 
is a modified barium swallow study (MBSS), which is a “live” 
fluoroscopic view of bolus passing through the throat (see the 
following text) to determine the degree of dysphagia/aspiration 
and where the abnormality lies. Both CT and MR imaging of the 
skull base and neck may be used to assess for intracranial, skull 
base, or neck pathology.

9.4.2  Modified Barium Swallow Study
If an MBSS has not been previously done by the referring phy-
sician, one must be ordered as the initial test. MBSS is the gold 
standard for diagnosing and treating dysphagia  (▶Fig.  9.3). A 
speech pathologist and a radiologist perform this test jointly 
in the radiology suite. This is a dynamic study that tests three 
consistencies of food: thin  (liquid), thick  (puree), and solid 
foods. All phases of swallowing are evaluated. Each phase of 
swallowing is closely analyzed and therapeutic maneuvers are 
taught to the patient during the test and their effectiveness is 

determined. A diet is then recommended to the patient and 
dysphagia exercises are taught. If the patient aspirates all con-
sistencies, particularly if silent aspiration is present, a percu-
taneous gastrostomy or jejunostomy tube is recommended for 
nutrition while the patient is undergoing rehabilitation or sur-
gical treatment for dysphagia. The disadvantages of the MBSS 
include the need to travel to the radiology suite, the need for 
specialized personnel, and its inability to always provide infor-
mation about the subtle abnormalities of the palate, vocal folds, 
pharyngeal musculature, and sensation.

9.4.3  Fiberoptic Endoscopic Evaluation 
of Swallowing
Fiberoptic endoscopic evaluation of swallowing  (FEES) is also 
used to evaluate dysphagia, but it is limited to the pharyngeal 
phase of swallowing. It is complimentary to the MBSS. The 
examination includes a standard FFL examination. The patient 
ingests dyed foods of varying consistencies. Retention of sub-
stances in the valleculae and hypopharynx is noted as well as 
aspiration of dyed foods. Sensory testing can also be added by 
producing pulsed air stimuli via the fiberoptic scope, referred to 
as fiberoptic endoscopic evaluation of swallowing and sensory 
testing (FEESST). This test is sensitive in providing information 
about structural abnormalities of the palate, pharyngeal wall, 
and vocal folds. It can also be performed in the office or at the 
bedside when patients are unable to travel to the radiology 
suite or when other resources are not available. It is also useful 
in following effectiveness of treatment.

9.4.4  Imaging of Brain
MRI of the brain with and without gadolinium ($235) may be 
used to evaluate for central nervous system pathology such as 
demyelinating diseases and tumors.

Fig. 9.2  (a, b) Neck lipoma stretching cranial nerves X, XI, and XII.
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9.4.5  Imaging Skull Base
In order to determine the etiology of lower cranial nerve palsies, 
imaging of the brainstem, skull base, and neck may be necessary. 
Imaging should be multiplanar, using thin sections (0.5–0.6 mm). 
If the etiology is suspected to come from a skull base lesion, both 
CT ($205) and MRI  ($325) should be obtained as these images 
are complimentary.2 A noncontrast CT of the mastoids, temporal 
bone, and entire skull base is recommended (▶Fig. 9.4). MRI with 
and without gadolinium will provide soft-tissue detail. If there 
is a contradiction to MRI, then the imaging required is a CT scan 
with contrast. In this case, a noncontrast CT is not necessary.2

High-resolution CT is the modality of choice in defining bony 
anatomy of the skull base and is the gold standard for evaluation 

of skull base fractures. MRI should include axial and coronal 
images using fast-spin echo T1- and T2-weighted images with fat 
suppression, postcontrast images with a slice thickness of 3 mm 
or less. In addition, short tau inversion recovery  (STIR) images 
should be obtained as they have better fat suppression. MRI is 
better for diagnosing inflammatory lesions because they have 
higher water content and higher T2-weighted intensity signal.3

9.4.6  Imaging of Neck
CT scan with contrast of the neck ($205) is first done, followed 
by an MRI with and without gadolinium if needed. Close atten-
tion is paid to the oral cavity, pharynx, larynx, and trachea  

Fig. 9.3  (a–d) Modified barium swallow study of a 50-year-old patient with cranial nerve X and XII palsies due to a parapharyngeal space sarcoma.
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passages as well as the cartilaginous framework of the lar-
ynx. Any mass lesions that could cause mass effect or dys-
function of any nerves or muscles of swallowing should be  
excluded.

9.5  Nonsurgical Treatment
9.5.1  Dysphagia and Voice Therapy
Following assessment by MBSS and speech therapy, a program 
can be individualized based on each patient’s swallowing defi-
cits. The goal of therapy is to prevent aspiration and create a 
safe and effective mechanism to swallow by overcoming the 
effects of each cranial neuropathy. Therapists use a variety of 
techniques including changes in diet consistency, postures 
when swallowing, and different maneuvers elicited during each 
swallow.

In patients with hypoglossal nerve paralysis and dysfunc-
tion of the oral phase of swallowing, a “head back posture” can 
be employed. This posture uses gravity to push the bolus into 
the pharyngeal phase.4 Others with poor pharyngeal phase can 
benefit from smaller volume feeds at a slower pace with mul-
tiple dry swallows after each bite, thus preventing aspiration.5 
Oftentimes, patients with CN X deficits will lack laryngeal sen-
sation affecting the patient’s ability to sense the bolus and acti-
vate the swallow. Techniques to enhance sensation have been 
employed such as the downward pressure on the tongue with 
a spoon or the use of carbonated boluses.6 Overall there are 
numerous techniques utilized by speech therapists to maximize 
a patient’s ability to safely swallow. Success requires patient 
participation in therapy and dedication to home exercises.

9.6  Surgical Management

9.6.1  Tracheostomy
The surgical management of aspiration should be as simple 
as possible because many patients are in poor medical con-
dition. One should also remember that no single procedure 
is absolutely indicated in all patients. Although tracheostomy 
does not prevent aspiration (and in some patients may actu-
ally produce aspiration), it does facilitate pulmonary toilet 
for those who are actively aspirating. Initially, the patient 
may require a cuffed tracheostomy tube for mechanical 
ventilation and frequent suctioning, but upon recovery, the 
patient should be decannulated if possible to reduce aspi-
ration risk. In patients who are neurologically devastated, a 
gastrostomy or jejunostomy tube should be established for  
feeding.7

9.6.2  Passy–Muir Valve
In patients who cannot be decannulated, a Passy–Muir 
valve  (PMV) is a speaking valve that can be used to assist 
with voice and swallowing by increasing subglottic pressure. 
Studies have shown that aspiration during swallow of liquids 
was significantly less in adults with the PMV in place than 
in those without the PMV. The benefit of the PMV should be  
evaluated in selected patients who aspirate. A modified bar-
ium swallow can be done with and without the use of a PMV 
in order to determine if its use decreases aspiration. If so, it 
can be placed during meals.8,​9,​10

Fig. 9.4  (a, b) CT scan depicting a 55-year-old patient with parapharyngeal space mass causing cranial nerve X and XII palsies.
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9.6.3  Treatment of the 
Cricopharyngeus Muscle
Aspiration can be worsened when there is failure of the crico-
pharyngeus muscle (CPM) to relax during the pharyngeal phase 
of swallowing as seen in high vagal lesions. A cricopharyngeal 
myotomy may be performed as a primary procedure or in con-
junction with other procedures such as vocal cord medialization. 
A database search reviewing 567 articles from 1990 to 2013 com-
pared outcomes of cricopharyngeal dilation, botulinum toxin 
injections  (Botox), and myotomy in treating cricopharyngeal 
dysfunction.11 Logistic regression analysis of patient outcomes 
showed that there was a significantly higher success rate with 
myotomy than Botox injections and that dilatation had an inter-
mediate success rate not statistically different from either myot-
omy or Botox injections. In addition, endoscopic myotomy had a 
higher success rate compared to open (p = 0.0025).

The patient’s overall condition must be taken into consid-
eration when deciding the method in which the CPM will be 
addressed as Botox injections can be done in the office by an 
experienced clinician. A retrospective study of 36 patients was 
conducted to assess the effectiveness and safety of office-based 
injections of Botox in the CPM under electromyography guidance 
in patients with CPM dysfunction despite maximal swallowing 
therapy.12 MBSS, FEES, Disability Rating Scale, penetration–
aspiration score, and National Institutes of Health Swallowing 
Safety Scale were used in the evaluation of dysphagia. The total 
success rate was 63.9%, which was defined as patients no longer 
requiring gastrostomy tube feeds and those who demonstrated 
improvement in disability rating. Botox injections were more 
successful in patients with CN IX and X palsies (p = 0.006). The 
complication rate was very low, with only one patient showing 
temporary unilateral vocal fold paralysis.

9.6.4  Vocal Cord Medialization and 
Arytenoid Adduction
See Chapter 10, Cranial Nerve X: Dysphonia.

9.7  Treatment of Velopharyngeal 
Insufficiency
The velopharyngeal sphincter is formed from the muscles of 
the soft palate and lateral and posterior pharyngeal walls. Its 
function separates the nasal and oral cavities during speech 
and swallowing. Incomplete closure can result in hypernasal 
speech and or nasal regurgitation of foods. Nonsurgical treat-
ment includes speech therapy and a palatal lift obturator, but 
this more often requires surgical treatment. Procedures such as 
posterior pharyngeal flap and sphincter pharyngoplasty have 
been traditionally used successfully, but they carry significant 
perioperative morbidity. More recently, this has been treated 
with the injection of fat and biomaterials such as hyaluronic 
acid  (HA) and calcium hydroxyapatite into posterior velo-
pharynx to add bulk and decrease the velopharyngeal gap.13,​14 
A study in 2017 evaluated 25 consecutive patients who were 
injected with HA and dextranomer copolymer from 1 January,  
2011 to December, 2014. The amount injected ranged from  

2.5 to 4.1 mL for larger gaps. The procedures were performed 
in clinic using local anesthesia, monitored anesthesia care, and 
general anesthesia. Overall, 19/25 patients had improvement 
in their perceptual nasal resonance after their first injection. 
There was improvement in 6 of 12 patients complaining of 
nasal regurgitation, 2 did not improve, and there were no data 
on the remaining 4. Nineteen of 25 needed only one injection to 
reach the final result. Those with benign causes and good lateral 
wall motion had better outcomes than those whose velopha-
ryngeal insufficiency was due to malignancy. Complication rate 
was minimal and consisted of postoperative neck pain, ody-
nophagia, and retropharyngeal fluid collection in two patients 
requiring drainage. Histologic studies have demonstrated that 
HA acts as a transport medium and dissipates from the site of 
injection within several weeks and the tissue bulking effect is 
primarily driven by an immunologic response to the dextrano-
mer microsphere, which stimulates collagen and synthesis and 
influx of fibroblasts and myofibroblasts to create a consolidate 
bulking of tissue.15

9.8  Definitive Surgical Treatment
The patient who has intractable, life-threatening aspiration 
that does not respond to conservative treatment may be a 
candidate for one of several procedures designed to com-
pletely prevent soilage of the tracheobronchial tree. This often 
occurs in neurologically devastated patients resulting from 
cerebrovascular accidents, brainstem infarction, ALS, and MS 
or patients following extensive head and neck or skull base 
surgery.

9.8.1  Laryngeal Closure Procedures
Laryngeal closure procedures may be divided into glottic, 
supraglottic, and subglottic. All require a permanent tracheos-
tomy and have the potential for recurrence of aspiration. In the 
glottic closure, mucosa of the free edge of the true and false 
vocal cords is stripped and they are sutured to one another. 
Normal speech is sacrificed with glottic closure. The closure is 
potentially reversible. Closure at the glottic level has been unre-
liable in patients with mobile true vocal cords, likely due to per-
sistent laryngopharyngeal movement placing excessive tension 
on the closure.

Closure of the supraglottis is performed by stripping the 
mucosal edges of the epiglottis, arytenoids, and aryepiglottic 
folds and then suturing them together through an infrahyoid 
pharyngotomy. It should be noted that glottic and supraglot-
tic closures have a relatively high failure rate and recurrence of 
aspiration is not uncommon.

9.8.2  Partial Resection of the Cricoid 
Cartilage
Krespi et al described a technique of partial resection of the 
cricoid to reduce aspiration in patients undergoing extensive 
resections of the tongue base and pharynx many years ago. 
A permanent tracheostomy is required for airway. The tech-
nique consists of a submucosal dissection of and removal of 
the posterior lamina of the cricoid cartilage. The cricoarytenoid 
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joints and posterior cricoarytenoid muscle and its innerva-
tion are preserved. It is performed with a CPM. The result is a 
decreased anteroposterior laryngeal dimension and enlarged 
hypopharyngeal inlet. Phonation is preserved.16 Over time, addi-
tional methods of closing the larynx have been developed but 
are based on the above principles. In a recent study by Kimura  
et al, it was found that the quality of life of patients with severe 
dysphagia and vocal dysfunction was significantly improved fol-
lowing the Kano procedure (p < 0.05). The quality of life of fam-
ily caregivers was also significantly improved  (p < 0.05). Nine 
patients who underwent the Konno method were evaluated for 
oral intake and activities of daily living using the functional oral 
intake scale and the Barthel Index, respectively, as indices of qual-
ity of life. Other factors such as inflammation were also analyzed. 
Seven family caregivers were also queried regarding frequency 
of sputum suction, mood of family caregivers, and postoperative 
satisfaction. Postoperative satisfaction was very high.17

9.8.3  Laryngotracheal Separation
Laryngotracheal separation involves the division of the trachea 
just below the larynx with either closure of the proximal stump 
or diversion to the skin or esophagus. The classic Lindeman pro-
cedure, named for the author of its initial description, divides 
the trachea in its upper rings with the proximal stump diverted 
to the anterior esophagus.18

This procedure has largely been abandoned as the anasto-
mosis to the anterior esophagus is technically challenging, 
which leads to a high leakage rate. Tucker later described the  
“double-barrel” tracheostomy technique in which the proxi-
mal trachea is sutured to the skin of the neck as a controlled 
fistula.19

A variation of the Lindeman procedure that is widely used 
today is the laryngotracheal separation (LTS). The proximal tra-
cheal stump is closed on itself and may be reinforced with flaps 
created from the strap muscles. Secretions pool in the blind 
pouch and empty when the patient assumes a supine position. 
The closure prevents a high-tension anastomosis to the eso-
phagus that may result if the patient has had a previous high 
tracheostomy with a resulting short tracheal stump. The fistula 
rate for LTS is reported as greater than 33% and is even higher in 
patients with prior tracheostomy. The prevention of aspiration 
is near 100% with any of the procedures, and successful rever-
sals have been reported for each of the techniques.20,​21,​22

9.8.4  Total Laryngectomy
Total laryngectomy  (TL) clearly separates the respiratory and 
digestive tracts, and has for many years been regarded as the pro-
cedure of choice for the definitive treatment of the patient with 
life-threatening aspiration.23 Some authors feel that it remains 
the procedure of choice in patients with extremely poor prog-
noses, other associated medical conditions, or evidence of poor 
wound healing, as less radical procedures have more frequent 
complications. A narrow-field laryngectomy may be performed 
in which the larynx from the hyoid to the lower border of the 
cricoid is resected, and this spares the hyoid bone, mucosa of 
the arytenoids and postcricoid region, and strap muscles. The 
mucosal closure is reinforced using the strap muscles. While TL 
remains the most reliable and definitive way to achieve complete 

cessation of aspiration, it has no potential for reversal and has 
significant negative stigmata for the patient and family.

Some patients with severe complications of aspiration and 
poor neurologic function and prognosis may never regain the 
ability for oral intake. In such patients, a permanent feeding 
tube should be established with a gastrostomy or jejunostomy 
tube. The ligation of the parotid and submandibular ducts can 
effectively reduce salivary flow and decrease the aspiration of 
oral secretions in the vegetative patient.24

9.8.5  Laryngeal Stents
Laryngeal stents are completely reversible and their inser-
tion and removal is relatively simple.Multiple sizes are avail-
able. Perhaps the most widely used stent is that designed by 
Eliachar. It is a silicone tube designed to adhere to the con-
figuration of the larynx and upper trachea. Multiple sizes are 
available. A domelike projection from the superior portion of 
the tube can be incised to form a one-way valve, allowing air 
to escape from the airway while still preventing aspiration. 
Airflow through the valve allows for some functional phona-
tion in alert patients. Leakage around the stent can occur, but 
it may be rectified with the placement of a larger size. The 
stent may remain in place for as long as 9 to 12 months. Stent 
placement is a reasonable first choice to halt aspiration in a 
seriously ill patient, especially if their condition is potentially 
reversible.

9.9  Conclusion
Chronic aspiration can occur in patients with a wide vari-
ety of pathologic processes. The determination of etiology is 
paramount, as it will guide treatment and determines over-
all prognosis. Early diagnostic steps should include an MBSS 
and in-office fiberoptic laryngology by an otolaryngologist. 
Imaging is indicated for suspected malignancy or nerve palsy. 
For patients with confirmed dysphagia, options for interven-
tion range from conservative measurements such as speech 
and swallowing therapy to increasingly aggressive surgical 
procedures such as vocal cord injection, tracheostomy with/
without the use of a Passy–Muir valve, minimally invasive 
techniques, and definitive complete separation of the respira-
tory and digestive tracts (laryngeal closure procedures, laryn-
gectomy). The otolaryngologist is often called upon to evaluate 
these patients and should be thoroughly aware of methods of 
evaluation and treatment.

Maintaining an airway is essential for life, and some forms of 
dysphagia with aspiration can be life-threatening if untreated. 
While there are many diagnostic and treatment options for 
which a cost analysis could be performed, the paramount 
importance of the airway equates to fewer decisions about cost- 
effectiveness and more decisions about preservation of life.

Early intervention and treatment may prevent life-threatening  
complications and speed up recovery from the primary disease 
process. In the senior author’s experience, these early inter-
ventions should include speech and swallowing therapy, vocal 
cord medialization by injection of a biomaterial, followed with 
Botox to the CPM, all of which can be done in the outpatient set-
ting, which is coincidentally cost-effective compared to more  
aggressive procedures.
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10  Cranial Nerve X: Dysphonia
Lacey Adkins, Melda Kunduk, and Andrew J. McWhorter

Abstract
The recurrent laryngeal nerve is a branch of the vagus nerve 
whose paralysis frequently causes a breathy dysphonia and 
potentially dysphagia. Flexible laryngoscopy is used to make 
the initial diagnosis, while stroboscopy can provide better eval-
uation of mucosal wave and glottic closure. Laryngeal electro-
myography can be used to help confirm the diagnosis. Workup 
includes imaging along the course of the recurrent laryngeal 
nerve with serology reserved for select cases. Treatment 
options include observation while awaiting reinnervation or 
voice therapy. Injection augmentation can help medialize the 
vocal fold to provide better closure. Laryngeal framework sur-
gery may also be used if the paralysis fails to resolve. In addi-
tion to medialization thyroplasty, further improvement may 
be gained with arytenoid adduction, adduction arytenopexy, 
and/or cricothyroid subluxation. Laryngeal reinnervation is 
another treatment option, helping the vocal fold to regain bulk 
and tone.

Keywords: vocal fold paralysis, laryngeal electromyography, 
medialization thyroplasty, laryngeal reinnervation

10.1  Initial Presentation
Laryngeal innervation ultimately arises from the vagus nerve. 
The recurrent laryngeal nerve (RLN) and the superior laryngeal 
nerve  (SLN) are the branches of the vagus nerve that provide 
the motor and sensory innervation. When the mobility is com-
promised, this commonly results in dysphonia. A patient pre-
senting with dysphonia needs a thorough evaluation. Usually, 
the patient will initially present to their primary care physi-
cian, where the national Medicare nonfacility price is roughly 
$75.1 Current American Academy of Otolaryngology guidelines 
suggest that if dysphonia exists for greater than 4 weeks, they 
should be referred to an otolaryngologist  ($170) for a laryn-
geal examination.1,​2 The referral should take place even sooner 
should suspicion for a serious underlying cause exist, such as 
recent neck or chest surgery, recent intubation, neck mass, or 
history of tobacco use.2

10.1.1  Symptoms
When patients have a paralysis or paresis of the vagus nerve 
or its branches, the resulting dysphonia typically results in a 
breathy voice. Patients frequently complain of having diffi-
culty with projection or trouble talking over ambient noise. 
Phonatory dyspnea, vocal fatigue, and a higher pitched voice 
or paralytic falsetto are also common. They may note a weak-
ened cough or even dyspnea on exertion due to the loss of 
autopositive end-expiratory pressure. They frequently will 
have coinciding dysphagia complaints as well, ranging from 
aspiration with liquids to dysphagia with all consistencies to 
nasal regurgitation.3,​4

10.1.2  History
The initial otolaryngology assessment should start with a thor-
ough history. Was the dysphonia sudden or gradual? Did it start 
after a recent surgery? The most common etiology for vocal fold 
paralysis is iatrogenic, followed by malignancy and idiopathic.5,​6,​7  
A history of any other neurologic symptoms should also be  
elucidated. Any associated symptoms such as those previously 
discussed should also be reviewed.

10.1.3  Examination
Next, examine the voice. The clinician should closely listen to 
the quality of the patient’s voice. It should be assessed for any 
breathiness or evidence of paralytic falsetto. As the patient 
slowly ascends in pitch by lengthening the vocal folds and 
reducing their flaccidity, they will demonstrate less breathiness, 
which is why some patients adopt the paralytic falsetto. When 
asked to project, patients with paralysis will frequently demon-
strate a diplophonic voice (more than one tone is produced at 
the same time) that may not be present at quieter conversa-
tional volumes. The range is also frequently diminished, most 
commonly at the upper frequencies. The cough is frequently 
weak and the maximum phonation time is typically less than 
10 seconds.4 Occasionally, when the SLN is involved, innerva-
tion to the cricothyroid muscle is affected and the patient may 
note a lower pitch or monotone voice.3

A complete head and neck examination should also be 
performed, particularly looking for any neck masses or asso-
ciated cranial neuropathies. With a high vagal lesion that is 
more proximal along the course of the vagus before it begins 
to branch, the palate may be weak with a decreased palatal rise 
demonstrated on the paralyzed side as the pharyngeal branch 
of the vagus will be involved. Indirect mirror laryngoscopy can 
also be used to assess for the general mobility of the vocal folds 
or evidence of pooling of secretions.

Endoscopy ($115), whether flexible or rigid, can provide fur-
ther information.1 In addition to evaluating gross movement, 
a more thorough evaluation of vertical and horizontal move-
ments as well as evidence of vocal fold bowing or atrophy can 
be seen. With flexible laryngoscopy, the palatal movement and 
velopharyngeal seal can also be investigated as well as the lat-
eral pharyngeal wall movement. By having the patient hold a 
loud and high pitch, normal pharyngeal contracture should be 
evident along the lateral and posterior wall. However, when 
one side of the pharynx is paralyzed as you would expect with 
a higher vagal lesion, the muscular bulging is lacking and the 
posterior midline raphe will frequently be pulled toward the 
nonparalyzed side.4 In addition, secretions pooling within a 
unilateral pyriform also indicates pharyngeal weakness on that 
side. ▶Fig.  10.1 is an example of these findings; in the back-
ground, you can see an atrophied right vocal fold with bow-
ing as well as secretions within the pyriform sinus, suggestive 
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of a high vagal lesion. During the assessment, the tip of the 
scope can be used to test the laryngeal sensation. If sensation 
is absent, this points toward SLN involvement, which helps fur-
ther localize the lesion.

When examining the overall appearance of the vocal folds, 
note the resting position as well as the contour. Muscle atrophy 
may cause bowing of the vocal fold, flaccidity, or an enlarged 
ventricle. ▶Fig. 10.2 demonstrates this in a patient with a left 
vocal fold paralysis. The left vocal fold is atrophied and bowed 
with resulting ventricle enlargement. With the addition of 
stroboscopy  ($180), you can carefully evaluate glottic closure 
on phonation or mucosal wave asymmetry; however, when the 
immobile vocal fold is lateralized, it may be difficult to capture 
a signal.1 Flaccidity can also be evaluated by having the patient 
phonate at a low pitch; at a lower pitch, the vocal fold will begin 
to display lateral buckling and aperiodicity, which will resolve 
as the patient moves to a higher frequency. It is important to 
also note any vertical height mismatch that may be present as 
determined by the paralyzed vocal fold position and arytenoid 
rotation. While any position is possible, frequently the para-
lyzed vocal fold is shortened with anterior displacement of the 
arytenoid.8

If a patient has had synkinetic reinnervation or a paresis, the 
examination findings are more subtle. Symptoms are similar to 
those found with complete paralysis and rarely associated with 
swallowing issues. On endoscopy, there typically appears to be 
hypomobility or bowing of the vocal fold. During the exami-
nation, it may be helpful to have the patient perform repeated 
tasks in hopes of fatiguing the pathologic side and making a 
vocal fold lag more noticeable.3 Occasionally, the only examina-
tion finding may be asymmetry in vocal fold tension and supra-
glottic hyperfunction.

The SLN may also be involved, in either its sensory or its 
motor components. The sensory components are for supraglottic 
sensation and the motor function provides the innervation for 
the cricothyroid muscle. When the SLN is involved, the patient 
will frequently note a lowered pitch and more monotone speech. 
In addition, it can also cause vocal fatigue and breathiness. Due 
to the sensory component, patients may also experience choking 
and throat clearing. On examination, as the patient phonates at 
higher pitches, the posterior commissure will frequently rotate 
to the weaker side. With the flaccidity of the paralyzed side, this 
will cause it to appear shortened with bowing.3

10.2  Workup
10.2.1  Imaging
Once paralysis is identified, an attempt to ascertain the etiol-
ogy should be made. As malignancy remains one of the most 
common etiologies, this requires imaging along the course 
of the paralyzed nerve (from the skull base to the level of the 
xiphoid process). The etiology will also affect the treatment, 
as inflammation and compression may cause transient paraly-
sis, while trauma or malignancy may be more permanent. The 
most commonly used imaging includes chest X-ray (CXR), ultra-
sound, computed tomography  (CT), and magnetic resonance 
imaging (MRI).

Optimal imaging is debatable and not well supported by 
evidence. In a survey of members of the American Broncho-
Esophagological Association  (ABEA), most respondents  (70–
73%) stated that a CXR or neck/chest CT was always or often 
needed in paralysis workup. However, the majority also said 
that MRI was only sometimes required. Ultrasound usage was 
not surveyed.9

One study looked at contrast-enhanced head CT ($165), neck 
CT ($205), and chest CT ($200), for every patient who had an 
unknown clinical etiology  (or no recent head, neck, or chest 

Fig. 10.1  Right unilateral vocal fold paralysis with vocal fold bowing 
and pooling of secretions within the right pyriform sinus, suggesting 
a high vagal lesion.

Fig. 10.2  Left vocal fold paralysis with an atrophied vocal fold and 
ventricle enlargement.
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surgery that correlated with the onset).1 They looked at both 
paralysis and paresis. Routine imaging revealed lesions in 21% 
of the patients, with thyroid abnormalities being the most com-
mon finding. Ultimately, these lesions were thought to have 
contributed to the immobility in only 6% of the cases.10 Other 
studies have shown that CT can identify the cause in 23.5% of 
patients with an unknown clinical etiology, with lung disease 
and thyroid disease being the most common causes.11 Another 
study showed that a chest CT identified the responsible lesion 
in 30.9%, the neck CT in 24.5%, and the brain CT in 14.8% of 
patients.12 The utility of CT imaging for paresis is much lower, 
with studies indicating yields ranging from 0 to 2.9%.13,​14

In comparing CT to CXR  ($30), CXR was diagnostic in 59% 
of the chest lesions and 80% of the cardiovascular lesions. As 
expected, CXR did not identify mediastinal disease well or 
lesions involving the skull base or neck. However, all of the 
chest lesions noted on CXR required contrast-enhanced CT for 
further evaluation and staging. Since a negative CXR does not 
exclude a malignancy and positive CXR still requires a CT for 
workup, it appears to have low utility.11

In comparing neck ultrasound  ($120) to CT results, ultra-
sound was able to identify 100% of the cervical lesions and 12% 
of the chest lesions.1,​11 Another study showed comparable iden-
tification rates between a Neck CT and neck ultrasound, 24.5 
and 26.2% respectively.12

There are few studies regarding MRI. Brain, neck, and chest 
MRI cost $235, $325, and $465, respectively.1 In general, they 
seem to highlight that MRI is best for more “proximal” lesions 
as they provide better visualization of the skull base.15 However, 
they have a high false-positive rate, especially in low-suspicion 
cases.16

10.2.2  Serology
Occasionally, serology may be used in the workup. In the sur-
vey of ABEA members, most people stated that lab tests could be 
used; however, 80% stated these should be used occasionally or 
rarely.9 The most commonly ordered tests were Lyme titer ($20), 
rheumatoid factor  ($7), erythrocyte sedimentation rate  ($5), 
and antinuclear antibody ($15).1 Unfortunately, the evidence for 
these tests is weak, with most of the articles being case reports. 
The only cross-sectional study that appeared to show any rela-
tionship between vocal fold paralysis and a systemic disease 
found that it was more common in diabetics, 0.44% in nondia-
betics and 4 to 5.6% in diabetics.17 A blood glucose would cost $5 
and a hemoglobin A1c costs roughly $10.1 It is generally felt that 
given the low likelihood of these serologies being positive and 
the lack of evidence, they should only be ordered should there be 
suspicion for a particular disease.

10.2.3  Laryngeal Electromyography
Laryngeal electromyography (LEMG) may be performed by the 
otolaryngologist in conjunction with a neurophysiologist, to 
confirm vocal fold paralysis, postulate on the site of the lesion, 
and offer a view on recovery prognosis. According to a recent 
consensus statement, the optimal time to perform it is between 
4 weeks and 6 months after initial insult.18 Usually, the crico-
thyroid and thyroarytenoid muscles are tested to help deter-
mine SLN and RLN involvement. If both nerves are involved, this 
suggests a lesion proximal to their branching or a vagal injury.

In LEMG  ($150), the change in the negative resting poten-
tial of the muscle cells is what produces the electrical activity. 
The basic component studied is the motor unit action poten-
tial  (MUAP), which is the electrical summation of all muscle 
fiber potentials that are innervated by a single motor neuron 
and initially are bi- or triphasic waves. Immediately after a com-
plete nerve injury, there is electrical silence at rest as well as 
with attempted movement. However, if the injury is incomplete, 
some fibers are still intact causing an MUAP with decreased 
amplitude. As reinnervation occurs, low-amplitude polyphasic 
MUAPs appear due to disordered reinnervation and muscle fiber 
atrophy with the amplitude increasing with time.19  ▶Fig. 10.3 is 
an example of LEMG findings for a normally mobile thyroaryte-
noid (▶Fig. 10.3a) versus one with paralysis (▶Fig. 10.3b). Note 
that normally on contraction, there are multiple motor units 
firing and that a single MUAP can no longer be distinguished 
as the baseline is obscured  (▶Fig.  10.3a). This is contrasted 
to (▶Fig. 10.3b) where there is a less robust electrical response 
and a clearly distinguishable baseline.

When the needle is initially inserted, a few fibers will depo-
larize before quieting down. If this activity is prolonged, this 
could indicate muscle instability or persistent denervation. At 
rest, muscle fibers usually have some spontaneous activity and 
negative deflections that do not propagate but if they are per-
sistently firing and forming spike fibrillations or positive sharp 
waves, this is suggestive of denervation. Frequently, this can 
be seen starting 3 weeks after the initial injury, although some 
studies have indicated that this may happen even sooner.19

In LEMG, findings of positive sharp waves, polyphasic 
MUAPs, or fibrillations are evidence of neurologic impairment. 
However, when it is paresis as opposed to paralysis, the signal of 
the remaining muscle activity usually obscures these findings. 
What may be seen with paresis instead is decreased recruit-
ment, a finding that can also be mimicked by improper needle 
placement or incomplete muscle contraction.20 Also, striated 
muscle will still achieve a maximal interference pattern at only 
30% of its maximum contraction because multiple motor units 
are firing at a high frequency and obscuring the features of a sin-
gle MUAP, meaning paresis may not be even identified on EMG. 
With this in mind, LEMG may not be more accurate for diagnos-
ing paresis than physical examination. In fact, a recent survey of 
laryngologists showed that most of them, 89%, relied on exam-
ination alone. The laryngoscopic findings that they thought to 
have the highest predictive value were motion anomalies such 
as sluggish motion and decreased tone.21 However, it has also 
been shown that there is poor inter-rater agreement when pre-
sented with examinations suggestive of paresis, both on the 
diagnosis itself and on the lateralitiy.22 When trying to correlate 
stroboscopy findings with LEMG-confirmed paresis, the exam-
ination findings that had the strongest correlation appear to be 
ipsilateral axis deviation, shorter vocal fold, thinner vocal fold, 
vocal fold bowing, reduced kinesis, and phase lag.23

There are some studies that suggest that LEMG can be used to 
assess the potential for recovery after paralysis. Criteria that are 
typically used to define “excellent prognosis” include no fibril-
lations or positive sharp waves with good motor recruitment. 
However, even using these criteria there is varied success, with 
studies indicating recovery in these patients anywhere from 13 
to 90%.24,​25,​26,​27,​28,​29,​30 A recent meta-analysis did reveal that the 
presence of MUAPs increased the likelihood of recovery by 53% 
over their absence, while there was insufficient evidence for the 
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usefulness of fibrillation potentials and sharp waves. The absence 
of electrical synkinesis was also found to have a positive predic-
tive value for recovery of 68% and a sensitivity of 93%.18

10.2.4  Dysphagia Evaluation
When there is vocal fold paralysis, up to half of the patients 
may have accompanying dysphagia or aspiration.31,​32 This is the 
result of incomplete glottic closure as well as decreased pha-
ryngeal contracture and sensation. There are multiple ways to 
evaluate their swallow. Perhaps the most basic in performance 
and results is a bedside swallow  ($85).1 Theoretically, a wet 
dysphonic voice on a bedside swallow could indicate penetra-
tion or aspiration; however, this test is neither sensitive nor  
specific.33 A modified barium swallow  (MBS) and flexible  
fiberoptic endoscopic evaluation of swallowing (FEES) provide 
more information and are more accurate.

Modified Barium Swallow
An MBS ($220) allows real-time visualization of bolus trans-
portation by using fluoroscopy.1 Using this, the effectiveness 
of any compensatory strategy can also be identified and 
various consistencies may be trialed as well. In addition to 
showing aspiration or penetration, it provides further infor-
mation about pharyngeal movement and contraction, which 
may help further localize the lesion along the vagus nerve. 
Specifically, this is measured by the pharyngeal constric-
tion ratio, a measure of the pharyngeal area visible in lat-
eral radiograph when the bolus is held in oral cavity divided 
by pharyngeal area at the point of maximal contraction.34 
Patients with pharyngeal weakness are at an additional 
risk for aspiration as this may cause residue in the pharynx, 
leading to aspiration after swallow. ▶Fig. 10.4 is an example 
of an MBS in a patient with vocal fold paralysis. Before the 

onset of the swallow (▶Fig. 10.4a), note that there is no bar-
ium within the trachea. As the swallow progresses, one can 
start to see penetration (▶Fig. 10.4b) followed by evidence of  
aspiration (▶Fig. 10.4c)

Functional Endoscopic Evaluation of 
Swallowing
A FEES  ($235) allows direct visualization of the pharynx 
during swallowing.1 As with flexible laryngoscopy mentioned 
earlier, any palatal or pharyngeal motor deficits can also be 
identified. Signs of aspiration or penetration may be seen, 
but any information about aspiration/penetration during the 
actual swallow is limited due to the “white out” of the epiglot-
tis tilting. However, FEES is the only way to determine how the 
patient is handling their secretions and the presence/absence 
of transient aspiration with secretions. Sensory testing ($180) 
may be added to the FEES by blowing pulses of air onto the 
laryngeal mucosa to elicit the laryngeal adductor reflex, with 
the afferent limb being the internal branch of the SLN and the 
efferent limb being the RLN.1 The lowest pulse of air that can 
elicit the reflex is defined as the threshold, with normal sensa-
tion being 4.0 mm Hg and below.19,​20

10.3  Treatment
Once the diagnosis of paralysis is made, there are various treat-
ment options. Depending on the etiology, the nerve has vary-
ing potential for reinnervation. Those whose paralysis is due to 
neoplasm or iatrogenic injury are less likely to recover, while 
those with idiopathic paralysis are more likely to recover.35,​36  
While complete recovery is ideal, voice recovery is not always 
synonymous with recovery of motion.35 A recent literature 
review showed that on average, 39% will have some recovery 

Fig. 10.3  Laryngeal electromyography thyroarytenoid findings in a normal vocal fold (a) and one with paralysis (b) during contraction. (a) 
There are multiple motor units firing obscuring the baseline. (b) There is a less robust electrical response and a clearly distinguishable baseline.
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of motion. In regard to voice recovery, 52% will note a complete 
voice recovery and 61% will note some degree of recovery.35 
Historically, it had been felt that if there is any recovery, it gen-
erally happens within a year after the initial paralysis. In gen-
eral, about two-thirds of those that recover, recover within the 
first 6 months. With each additional month, the overall chance 
of recovery drops.37 Since the potential for recovery, whether in 
motion or in sound, is possible with time, some patients may 
initially choose observation.

10.3.1  Voice Therapy
In addition to observation, another noninvasive treatment 
option is voice therapy ($80 per session).1 Most commonly, this 
involves working on abdominal breathing, resonant voice, and 
hard glottal attacks where the vocal folds are brought together 
forcibly prior to sound production, all maneuvers that work 
to try to narrow the glottis while at the same time trying to 
avoid supraglottic hyperfunction. If there is any dysphagia or 

Fig. 10.4  A modified barium swallow study in a patient with unilateral vocal fold paralysis. Before the swallow onset (a), there is no barium 
within the laryngeal introitus or trachea. During the swallow (b), you begin to see laryngeal penetration as demonstrated by the star and finally 
aspiration (c), again demonstrated by the star highlighting the barium within the trachea.

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Cranial Nerve X: Dysphonia

93

aspiration, swallowing therapy techniques such as chin tuck, 
head turn, and supraglottic swallow can also be used. Patients 
undergoing voice therapy frequently note a subjective percep-
tual improvement as well as an improvement in acoustic mea-
surements. However, these results are clouded by coinciding 
neurological function return with further studies needed.38,​39,​40

10.3.2  Injection Medialization
Injection medialization is a more invasive way to provide tem-
porary, and occasionally permanent, improvement by using a 
paraglottic filler to push the paralyzed vocal fold toward the 
midline to improve glottal closure. These injections can be 
performed either under general anesthesia with a direct laryn-
goscopy  ($255 for the physician fee, not including anesthesia 
or operating room time) or awake in the office  ($1035), with 
both options producing nearly equivalent success (97 vs. 99%) 
and complications rates (2 vs. 3%).1,​41 There has been a recent 
growth in the number of injections performed in the office, 
performed either peroral or percutaneously (transcricothyroid, 
transthyrohyoid, or transthyroid cartilage).

For peroral injection, visualization can be obtained through 
flexible fiberoptic laryngoscopy performed by an assistant or 
through rigid transoral laryngoscopy by the surgeon’s non-
dominant hand. After appropriate anesthetic, with the tongue 
held, the peroral needle is inserted through the oropharynx 
into the lateral aspect of the true vocal fold, as demonstrated 
in ▶Fig. 10.5, with care being taken to avoid injection into the 
superficial lamina propria. Depending on the material, it may 
need to be overinjected so that the vocal fold remains well 
medialized once the carrier absorbs.

For the percutaneous techniques, flexible laryngoscopy is 
used simultaneously to allow for visualization. For the tran-
scricothyroid approach, after local anesthetic is applied, the 
cricothyroid membrane is identified and the needle is inserted 
inferior to the thyroid ala slightly off of midline toward the side 
of immobility. Once the needle is seen tenting the infraglot-
tis, it is directed superiorly into the membranous vocal fold. 
For the transthyroid cartilage approach, the needle is instead 
inserted through the thyroid cartilage at the level of the true 
vocal folds. For both techniques, the needle ideally does not 
enter the airway and instead endoscopic visualization of sub-
mucosal movement of the needle back and forth is used to help 
ascertain proper placement. For the thyrohyoid approach, the 
needle is inserted at the thyroid notch and directed inferiorly so 
that it enters the airway at the petiole and is then guided under 
direct visualization to the correct injection site.42 The material 
is then injected under visualization, allowing the vocal fold to 
swell and push toward the midline. ▶Fig. 10.6 is a patient with 
left vocal fold immobility, the same patient demonstrated in 
▶Fig. 10.2, who is undergoing transcutaneous injection medial-
ization with cadaveric acellular dermis with appropriate over-
injection as dictated by the type of filler.

Injection medialization may be either temporary or more 
permanent depending on the material used. Historically, Teflon 
was the favored material although this has now largely fallen 
out of favor due to its long-term complications including for-
eign body reactions with granuloma formation. Now, there are 
multiple materials that are regularly used. The most commonly 
used are carboxymethylcellulose, collagen, and calcium hydrox-
ylapatite in the clinic, and calcium hydroxylapatite and methyl-
cellulose in the operating room.41 Bovine gelatin is the shortest 
acting temporary filler, lasting 4 to 8 weeks, and requires a large 
bore needle with a pressurized injection device. Cadaveric acel-
lular dermis is in a powder form that is then reconstituted for 
injection and usually lasts for 3 to 6 months; however, some 
reports indicate an even longer effect. Carboxymethylcellulose 

Fig. 10.6  A patient with left vocal fold immobility undergoing 
transcutaneous injection medialization with acellular cadaveric 
dermis that requires over-injection as demonstrated here.

Fig. 10.5  Peroral injection medialization in a patient with right 
vocal fold immobility. Note the placement of the needle along the 
lateral vocal fold, allowing the filler to be injected into the paraglot-
tic space.
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is another temporary material that lasts 2 to 3 months and one 
that is actually Food and Drug Administration (FDA) approved 
for vocal fold augmentation. Hyaluronic acid gels are a naturally 
occurring glycosaminoglycan that typically lasts 4 to 6 months. 
Calcium hydroxylapatite is regarded as a long-term implant 
that lasts up to 12 months. When injected, fibrosis replaces 
the gel carrier and microspheres of calcium hydroxylapatite 
remain. However, due to the loss of the gel carrier, this still 
needs to be slightly overinjected. Finally, autologous fat, while 
easily obtained, does have an unpredictable rate and degree of 
resorption, making it somewhat unpredictable.42,​43

Temporary vocal fold medialization is done to lessen glottic 
insufficiency while awaiting return of mobility. Recently, there 
have been some data to suggest that early injection medializa-
tion, defined as anywhere from less than 3 months to less than 
6 months from initial paralysis, may reduce the need for future 
permanent medialization thyroplasty.44,​45,​46,​47 It is believed 
that an early injection may influence the final glottal config-
uration by altering reinnervation  (through the vibrotactile 
feedback caused by resulting glottic contact) or causing fibro-
sis. It is also thought that synkinetic reinnervation while the 
vocal fold is already in a favorable position from the injection 
helps reduce the requirement for further framework surgery.44 
Complications of injection medialization are rare, but include 
stridor/airway compromise, material migration, abscess forma-
tion, and dysphonia. As mentioned earlier, care must be taken 
to avoid superficial injection as this may cause dysphonia.8,​41

For permanent medialization, a more permanent injection 
material may be selected. There are only a few studies com-
paring the outcomes of “permanent” injection medialization 
versus the gold standard of medialization thyroplasty and most 
of them have a relatively short follow-up period. One study 
compares micronized acellular dermis and calcium hydroxy-
lapatite injection against medialization thyroplasty, with and 
without arytenoid adduction. At 3 months, the stroboscopy 
examination, perceptual analysis, and patients’ subjective 
voice assessments were comparable.48 A follow-up study with 
a larger cohort then confirmed similar results at 6 months.49 
Autologous fat injection versus medialization thyroplasty at  
2 years has comparable acoustic parameters; however, during 
this follow-up period 20% of the autologous fat cohort required 
revision with a repeat injection or a medialization thyroplasty.50

10.3.3  Laryngeal Framework Surgery
Medialization Thyroplasty
Medialization thyroplasty  ($1,065 for the surgeon’s fee), or 
thyroplasty type I, is the most common laryngeal framework 
surgery for vocal fold paralysis.1 It is done under sedation, so 
the patient can phonate during the procedure, and involves  
creating a window within the thyroid cartilage, incising the 
inner perichondrium, undermining the paraglottic space, and 
placing a permanent implant to medialize the vocal fold. An 
example is ▶Fig. 10.7, where you can clearly see the window in 
the thyroid cartilage with a Silastic implant in place. Popularized 

by Isshiki et al in the 1970s, it has undergone modifications 
since then with multiple implant materials being used.51 The 
most frequently reported implants are Silastic, titanium, and 
Gore-Tex, but there are only a handful of studies directly com-
paring the outcomes of the materials. One study of 57 patient 
who either underwent medialization with the Montgomery 
implant or Gore-Tex showed no difference in patient’s self- 
evaluation; however, there was an improvement in jitter, shim-
mer, and noise-to-harmonic ratio in those patients with the 
Montgomery implant.52 In comparing a hydroxyapatite implant 
versus titanium, another study of 26 patients showed better glot-
tal closure, maximal phonation time, and voice intensity in those 
with the titanium implant.53 A third study compared the tita-
nium implant to silicone, showing an improved Voice Handicap 
Index in the patients with the titanium implant and a trend 
toward improvement in their maximum phonation time.54

A survey among otolaryngologist showed an average com-
plication rate with medialization thyroplasty of 15%. Among 
these complications, intubation was required in 0.1% and a 
tracheostomy in 0.07%. Occasionally, the procedure had to be 
prematurely terminated  (2.2%) or the implant was found to 
extrude  (0.8%). Dysphonia persisted or worsened in 4% and 
there was a 6% implant revision rate.55 Other studies have 
reported overall complication rates varying from 14 to 29%.56,​57

Usually after this procedure is performed, patients are 
observed overnight in the hospital. While more research in this 
area is still required, recent studies have suggested that with 
appropriate risk stratification, this may be a same-day proce-
dure for some.58 Patients who may be at a higher risk for com-
plications, and therefore warrant overnight observation, are 
those on anticoagulation, those undergoing revision surgeries, 
and those with atrophic or absent laryngeal tissue.59

Fig. 10.7  A patient with a medialization thyroplasty. Notice the 
window within the anteroinferior aspect of the thyroid cartilage 
with the implant in place. This allows the implant to enter the para-
glottic space to help medialize the vocal fold.

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Cranial Nerve X: Dysphonia

95

Arytenoid Adduction
Another laryngeal framework procedure is arytenoid adduc-
tion  ($1005), where the motion of the action of the lateral 
cricoarytenoid is mimicked by a suture pulling the muscular 
process of the arytenoid anteriorly.1 This helps close the pos-
terior glottic gap. It is frequently performed in conjunction 
with medialization thyroplasty and indications include a large  
posterior glottic gap, shortened immobile vocal fold, height 
mismatch, and a maximum phonation time less than  
5 seconds.42 According to a recent systematic review, the reported 
outcomes have had mixed results.60 There appears to be a trend 
toward better acoustic parameters; however, it was not statis-
tically significant.61 When comparing laryngoscopy findings, 
Abraham et al showed that there was improved posterior glottic 
closure, while Li et al were unable to reproduce these results.57,​

62 The addition of arytenoid adduction also has no statistically 
significant increase in the associated complication rate.57

Adduction Arytenopexy
Adduction arytenopexy ($1005) is another method to close the 
posterior glottic gap.1 The cricoarytenoid joint is opened and 
the arytenoid is affixed in an optimal position along the cricoid 
facet. Theoretically, this helps avoid the exaggerated medial 
rotation that may be seen with arytenoid adduction. In a cadav-
eric study, it was shown to increase the length of the mem-
branous vocal fold in comparison to arytenoid adduction.63 
Patients who have this procedure demonstrate improvement 
in the mean maximum phonation time and mean intensity 
with a decrease in glottal airflow. However, this has not been 
compared to medialization thyroplasty alone or to arytenoid 
adduction.64 A cadaveric study did directly compare arytenoid 
adduction and adduction arytenopexy. While there were only 
five larynges tested, the adduction arytenopexy resulted in 
phonation threshold pressures that were 80% of those for aryte-
noid adduction. The arytenopexy cases also vibrated at a single 
dominant frequency with its harmonics, while the arytenoid 
adduction would vibrate at two dominant frequencies.65

Cricothyroid Subluxation
Cricothyroid subluxation is a method to address the short-
ened immobile vocal fold. The subluxation results in rotation 
of the anterior commissure away from the midline to the side 
opposite the paralysis, therefore lengthening the vocal fold. In 
the original article by Zeitels et al, all nine patients achieved 
a normal maximum frequency range of more than 2 octaves 
compared to 22% of patient who underwent medialization thy-
roplasty alone.66 However, direct comparison to other medial-
ization techniques is still needed.

10.3.4  Laryngeal Reinnervation
More recently, laryngeal reinnervation ($890) has been used to 
improve tone on the immobile side.1 It is this resulting increased 
muscle tone that causes the voice improvement as any functional 

return of mobility is typically limited by synkinesis. Multiple 
reinnervation techniques exist, from primary anastomosis, 
nerve–muscle pedicle transfer to thyroarytenoid, direct nerve 
transfer to the thyroarytenoid, and anastomosis between the 
RLN and the donor nerve. Commonly used donor nerves include 
the ansa cervicalis, phrenic, and hypoglossal. It is believed that 
reinnervation can help maintain thyroarytenoid muscle tone 
and bulk, alleviating the long-term vocal fold position changes 
that may be seen with medialization thyroplasty. Also, as 
there is no implant, there is less change in vocal fold pliability 
and mucosal wave.67 A systematic review comparing the out-
comes of the different techniques showed improved perceptual  
analysis and LEMG improvement for all reinnervation techniques. 
However, ansa-to-RLN resulted in the greatest improvement 
in glottal closure and ansa-to-thyroarytenoid neural implan-
tation had the greatest improvement in acoustical analysis for 
ansa-to-thyroarytenoid neural implantation.68

A randomized trial that directly compared laryngeal rein-
nervation to medialization thyroplasty showed equal percep-
tual ratings. However, a subgroup analysis showed that patients 
younger than 52 years who had undergone laryngeal reinner-
vation had better ratings than the comparable medialization 
thyroplasty group. In patients older than 52 years, the mediali-
zation thyroplasty provided better results. It is speculated that 
younger patients have better reinnervation results due to their 
better neuroregenerative potential. However, this was a small 
study, with 12 people in both arms.67

As it takes some time for reinnervation to improve mus-
cle tone, it is occasionally done in conjunction with laryngeal 
framework surgery. In comparing patients who had under-
gone nerve–muscle pedicle reinnervation with medialization 
thyroplasty to those who had a medialization without rein-
nervation, reinnervation allowed for better long-term voice 
preservation.69 Another study compared arytenoid adduction 
with neuromuscular pedicle to arytenoid adduction, with 
and without medialization thyroplasty. Both resulted in an 
improved mean phonation time, jitter, shimmer, harmon-
ics-to-noise ratio, and subjective perception initially. However, 
over the course of the 2-year follow-up, those who had a neu-
romuscular pedicle continued to improve, surpassing those 
values obtained without reinnervation.70 In fact, the amount 
of jitter, shimmer, overall grade, and breathiness actually had 
increased in the second year in those who had not undergone 
reinnervation. Chhetri et al compared arytenoid adduction 
alone to those who had also had ansa-to-RLN anastomosis and 
reported no significant difference in the amount of improve-
ment noted on glottal closure, mucosal wave, airflow, subglot-
tic pressure, and perception.71

Few studies specifically mention complications or lack 
thereof. Both Chhetri et al and Miyauchi et al note no com-
plications in their reinnervation series.71,​72 Blumin and Merati 
compared complication rates and demonstrated no statistical 
difference between major  (airway compromise, dysphagia, 
death) and minor complication  (wound problems or hemat-
oma) rates between framework surgery and those who under-
went reinnervation.73
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10.4  Conclusion
Vagal neuropathy, due to the paralysis of the RLN and/or 
the SLN, may cause dysphonia and true vocal fold paralysis. 
Endoscopy and LEMG may be used to confirm the diagnosis, 
while imaging along the course of the nerve, with selective 
use of serology, may be used to determine the etiology. There 
is the potential for spontaneous reinnervation within the first 
year, but even should mobility not return occasionally synki-
netic reinnervation provides enough tone that there is voice 
recovery. Voice therapy or temporary injection medialization 
may be used to help improve glottic closure. If the paralysis 
is deemed permanent, laryngeal framework surgery such as 
medialization thyroplasty can be performed to help medial-
ize the immobile vocal fold. Laryngeal reinnervation has also 
been used to provide bulk and tone to the vocal fold with good 
voice outcomes.
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11  Cranial Nerve XI: Spinal Accessory Neuropathy
Rizwan Aslam

Abstract
Cranial neuropathies can significantly impact a patient’s qual-
ity of life. Therefore, it is imperative for health care providers 
to understand the etiology and management of these injuries. 
In this chapter, we will discuss the clinical presentation and 
management of neuropathies involving the spinal accessory 
nerve (SAN), cranial nerve XI. SAN palsy may result in signifi-
cant pain and deficits in shoulder mobility.

Keywords: spinal accessory nerve palsy, spinal accessory nerve 
neuropathy, spinal accessory nerve paralysis

11.1  Introduction
The spinal accessory nerve  (SAN) is the main motor innerva-
tion of the trapezius and sternocleidomastoid (SCM) muscles. 
The SAN has a long course through the posterior neck, mak-
ing it vulnerable to injury. SAN injury has been related to iat-
rogenic, traumatic, neurologic, and inflammatory injury. Injury 
may result in shoulder pain (most common) and limited range 
of motion  (ROM). This could result in significant impairment 
in activities of daily living for patients. Iatrogenic injury during 
surgery may result in physician stress and management chal-
lenges. Early diagnosis and management may decrease these 
symptoms and reduce further costs. Comprehensive interven-
tion will decrease both physician and patient stress.

11.2  Anatomy
The SAN has a long course originating in the upper cervical 
portions of the spine and terminating in the neck. The SAN 
pathway begins with two separate parts. The spinal and motor 
portions include fibers that originate in the ventral horn, typi-
cally from the upper four cervical (C1–C4) segments of the spi-
nal cord. These fibers then ascend adjacent to the spinal cord 
and enter the skull via the foramen magnum. Following pas-
sage into the skull, the fibers then join the second or accessory 
component of the SAN that begins in the nucleus accumbens 
brain stem nucleus of the medulla in the posterior fossa. The 
joined components then exit the skull base through the jug-
ular foramen and with a level of variability separate into the 
two original components. The components are identified as the 
superior and inferior branches. The superior branch (accessory 
branch) joins the vagus directly or via the ganglion nodosum 
and then contributes to the pharyngeal, laryngeal, and cardiac 
sympathetic fibers. The inferior branch (spinal branch) is a pure 
motor nerve and innervates the SCM and trapezius muscles.1 
The SAN then travels deep to the posterior belly of the digas-
tric muscle and crosses the internal jugular vein (IJV) near the 
upper limit of the SCM. This relationship of the SAN and IJV is 
variable—most commonly the nerve passes over the vein, but it 
infrequently passes deep and rarely the nerve splits around the 
vein. The SAN joins the second cervical nerve prior to insertion 
into the SCM.2 The nerve then exits from the posterior aspect of 

the SCM, and takes an oblique path through the posterior trian-
gle of the neck downward and laterally where it inserts into the 
trapezius muscle.

11.3  Pathophysiology
SAN injury may result from multiple causes. Unfortunately, the 
most common source of neuropathy is tumor invasion or iatro-
genic injury related to surgical dissection in the region of the 
SAN. Because of the SAN’s lengthy course around other critical 
structures from the skull base to the shoulder, it is vulnerable 
to injury at different locations. If there is malignant invasion 
anywhere along the nerve, it must be sacrificed for oncologic 
margins. Additionally, the nerve must be identified, retracted, 
and sometimes completely skeletonized during a standard sur-
gery to remove cancer from the surrounding neck lymph nodes, 
referred to as a neck dissection.

Neck dissections can be categorized based on which com-
partments or “levels” undergo lymph node removal. These lev-
els represent lymph node drainage basins in the submuscular 
recess along the carotid sheath. Neck levels II to IV are along the 
IJV from superior near the mastoid tip to inferior at the clavicle. 
Level V is represented as an area between the posterior border 
of the SCM, trapezius, and the clavicle.

SAN injury rates following neck dissections vary depending 
on the extent of disease that requires resection. This decision is 
frequently made during the surgery based on extent of malig-
nant invasion and the need for oncologic margins.

Traditional radical neck dissection (RND) includes lymphad-
enectomy of levels II to V plus sacrifice of the SAN, IJV, and SCM 
in order to obtain oncologic resection of lymph nodes related 
to malignancies of the head and neck. Unsurprisingly, profound 
functional deficits have been reported in 60 to 80% of patients 
undergoing RND.3

Modified radical neck dissection (MRND) still involves cer-
vical lymphadenectomy of levels II to V, but aims to preserve 
at least one of the three critical structures if uninvolved by 
malignant lymphadenopathy. Reported rates of injury following 
MRND are about 42.5%.4

Furthermore, selective neck dissections of levels II to IV with 
the aim to preserve all three critical structures without nerve 
sacrifice still have reported rates of injury as high as 30%. This 
is likely related to nerve traction or revascularization due to 
skeletonization.5

Level II is an area of contention. This level is at the upper 
limit of the SCM, the posterior belly of the digastric muscle, 
and the IJV. The SAN creates a distinction between level IIa and 
level IIb. Level IIb is posterior to the nerve, and execution of the 
dissection may require extensive retraction on the nerve. Some 
experienced surgeons recommend avoiding level IIb unless 
clinically indicated as it may result in less morbidity. Frequency 
of postoperative morbidity following neck dissection decreases 
significantly from RND (46.7%) and MRND (42.5%) to selective 
neck dissection (25%).4
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The SAN is also vulnerable at the jugular foramen where it exits 
the skull base. Tumors such as jugular paraganglioma or menin-
gioma may cause direct damage to the lower cranial nerves, or 
injury may result from surgical resection or radiation to the area.

SAN injury has many other less common causes. Other sur-
gical procedures can lead to injury including excision of lymph 
nodes in the posterior triangle, neck mass excision, parotidec-
tomy, carotid surgery, jugular vein manipulation, and facelift.6

Traumatic insults can cause SAN. Penetrating and blunt 
trauma have been associated with SAN injury. Sports injury 
including hockey stick injury, wrestling, and whiplash can also 
cause SAN trauma. Neurologic disease processes such as Collet–
Sicard syndrome, Vernet’s syndrome, poliomyelitis, motor 
neuron disease, brachial neuritis, and syringomyelia have been 
associated with SAN injury. Rarely, spontaneous isolated nerve 
injury has been reported.7

During any of the events, the nerve could be transected, 
devascularized, or stretched. The nerve may become transected 
when exploring, devascularized when there is extensive skele-
tonization, or stretched during retraction. Ischemia may lead to 
segmental demyelinization resulting in loss of nerve function.8 
SAN injury leads to axonal degeneration resulting in muscle 
atrophy and contractures. This is evidenced by needle electro-
myography (EMG) and cicatrix formation.7

11.4  Clinical Presentation
Clinical presentation of patients with SAN injury may range 
from asymptomatic to significant motor weakness and pain of 
the shoulder. The type of injury usually defines the sequelae 
that follow. There is variability of motor contribution from cer-
vical and SAN branches.

Predicting outcomes from the type of nerve injury may be 
challenging. In 1961, Nahum described the syndrome of pain 
and shoulder dysfunction as “shoulder syndrome.” A majority 
of the signs and symptoms associated with shoulder syndrome 
stem from denervation of the trapezius muscle. Shoulder pain 
is the most common initial symptom. The pain may be radiating 
to the neck, upper back, and sometimes the ipsilateral arm. Pain 
can develop secondary to overcompensation of surrounding 
musculature and brachial plexus traction. Patients may develop 
weakness with loss of sustained abduction of the shoulder. 
This limited mobility is the most common initial sign of SAN 
injury. As a late sequelae, some patients may develop a “frozen  
shoulder” secondary to adhesive capsulitis with decreased 
ROM. The classic findings of winged scapula and internal rota-
tion of the humeral head may be seen as well.

11.5  Diagnostic Workup
A thorough history and physical examination is compulsory. 
A detailed history may allow the clinician to establish an early 
working diagnosis. Sometimes, a careful review of operative 
reports from neck or skull base surgery is critical to under-
standing the source of injury related to surgery. Physical exam-
ination including ROM and muscle strength is vital in assessing 
dysfunction. The constant shoulder scale is a validated test 
that assesses patient symptoms and objective findings on  

a scale of 0 to 100. A higher score indicates better function.9 
There are multiple quality of life surveys that can be utilized 
to assess shoulder function including shoulder disability ques-
tionnaire (SDQ), Neck Dissection Impairment Index, and The 
University of Washington QOL scale.

Objective testing may have a role in evaluation of suspected 
SAN palsy. While CT and MRI may be helpful for cases of idi-
opathic SAN weakness to evaluate for skull base or central 
nervous system pathology, they are typically not useful in post-
operative cases of suspected iatrogenic injury.

Alternatively, high-resolution ultrasound  (HRUS) and EMG 
may have a role in evaluating a damaged nerve. HRUS can 
be utilized to evaluate peripheral nerve complete or partial 
transection, nerve matter enlargement, laceration, epineural 
hematoma, and neuroma formation.10 In a prospective study 
conducted by Peer et al, HRUS was successful in demonstrating 
nerve swelling, scar tissue, neuroma, and insufficient surgical 
repair. These findings were consistent with operative inter-
ventions for nerve repair.11 It can also be utilized to assess for 
soft-tissue changes involving the muscle, scarring, inflamma-
tion, and infection.

Electrophysiological testing such as EMG is the most sensi-
tive test for nerve conduction impairment.5 It can be used for 
intraoperative nerve monitoring to minimize chance of injury. 
It can also be utilized to monitor trapezius recovery as well as 
for physical therapy (PT) planning.12

Following the patient closely with examination and EMG 
can tell the natural course of what to expect in terms of  
function.

In a study conducted by Lee et al, the authors examined 
prospectively the utility of intraoperative nerve monitoring 
during neck dissections. This study was conducted in order to 
examine the outcomes following neck dissection in a training 
environment and correlating those results to postoperative 
shoulder syndrome. They examined 25 patients undergoing 
neck dissection with intraoperative nerve monitoring. Testing 
was performed at the initial identification of the nerve and 
at the conclusion of the case. Functional shoulder status was 
also measured postoperatively at 1 month. Similarly, EMG was 
obtained 1 month postoperatively. EMG studies revealed fibril-
lation potentials at rest in 40% of patients and positive sharp 
waves in 64% of patients. They concluded even with nerve mon-
itoring, traction-related denervation still occurs; however, use 
of nerve monitor may result in less painful forms of shoulder 
syndrome.13 In our institution, we do not routinely perform 
nerve monitoring. Special attention to anatomical detail and 
meticulous dissection is given in order to preserve and main-
tain shoulder function.

All of the above diagnostic examinations represent afforda-
ble options. Outpatient workup including physical examina-
tion will be associated with office fees. Diagnostics HRUS is a 
simple outpatient procedure, limited mainly by expertise of 
interpreting physician. EMG testing according to Hospital for 
Special Surgery takes approximately 30 to 90 minutes. The test 
includes a nerve conduction study and a needle examination. 
EMG is typically covered by insurance, and may result in copays 
of $10 to $50, or coinsurance of 10 to 50% depending on cov-
erage. For those patients without insurance, an EMG may cost 
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anywhere between $150 and $500 depending on the number of 
sites. There is variability between health care providers, with 
estimates from Kaiser Permanente and On Site at $247 to $350 
per site, respectively.

11.6  Treatment
Treatment options range from conservative therapy to surgical 
interventions. Serial patient clinical and EMG examinations will 
drive the decision-making toward the appropriate treatment 
interventions. Conservative therapy can be utilized in the cases 
where there is minimal discomfort and minimal motor dys-
function. Non-steroidals anti-inflammatory diseases (NSAIDs), 
transcutaneous nerve stimulation, and regional nerve blocks 
are short-term solutions that will likely require repeated doses 
to maintain symptom symptomatic relief.

Patients may also undergo PT. The aim of PT is to improve 
ROM and achieve a reduction in pain. This is done by main-
taining or regaining passive ROM of the shoulder. We recom-
mend early PT consultation on all of our inpatients following 
neck dissection. A study by Salerno et al emphasized early and 
prolonged PT, beginning within 1 month of surgery and last-
ing, on average, 3 months.14 In this study, all patients had prior 
neck dissection; those in the PT group were able to obtain zero  

position or 165 degrees of flexion, the range necessary for activ-
ities of daily living.

Laska and Hannig reported a PT algorithm for a patient with 
SAN following carotid endarterectomy (▶Fig. 11.1). They rec-
ommended a 30-week protocol, with two sessions per week 
for 3 weeks, followed by appointments at 16, 18, 22, and 30 
weeks postoperatively for a total 10 sessions.15

Salerno et al recommended the following exercises14:
•	Passive forward elevation of the arm in the scapular plane in 

supine and half sitting positions.
•	Passive forward elevation with hands locked in supine and 

half sitting with subsequent stretching movements.
•	External rotation of the elbow at the side and flexed to 90 

degrees.
•	 Internal rotation with the hand behind the back.

Early mobility of the shoulder can help prevent the dreaded fro-
zen shoulder secondary to adhesive capsulitis. Patients can do 
the following cost-effective maneuvers at home to unload the 
affected arm: avoid heavy lifting on the affected side, hook the 
thumb of affected hand or place affected hand in pocket, and 
utilize an arm sling.16

The Akman–Sari orthosis can provide symptomatic relief and is 
an alternative to surgical intervention. The orthosis provides relief 
by aligning musculature and subsequently providing pain relief.

Fig. 11.1  Physical therapy algorithm for a patient with spinal accessory nerve following carotid endarterectomy.
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Indications for nonsurgical management include clinical 
improvement with serial physical examination, EMG find-
ings indicating electrical regeneration, and mild symptoms of 
minimal pain and shoulder dysfunction.17 Some patients may 
not receive any symptomatic improvement with conservative 
measures and require surgical intervention.

Indications for surgical management of SAN injury include 
iatrogenic intraoperative injury, delayed signs of shoul-
der syndrome, and lack of improvement with conservative 
therapy and EMG demonstrating degeneration.10,​13 Surgical 
options include nerve surgery, nerve grafting, and nerve 
regeneration.

At the initial awareness of injury, one should consider imme-
diate repair if feasible. Primary repair or cable grafting of known 
injury or planned sacrifice of the nerve may prevent pain and 
other symptoms in the future. Nerve repair with primary anas-
tomosis can be completed if the approximation is tension free. 
However, if nerve sacrifice is performed, the distance may not 
allow for primary repair requiring nerve grafting. Cable graft-
ing utilizing the greater auricular nerve has been described. In 
a study by Weisberger et al, outcomes of patients with nerve 
reconstruction were improved compared to those with no 
reconstruction.18

Alternative surgical options include tendon or muscle trans-
fer to stabilize the scapula, and this is employed for patients 
not responding to nerve repair. One of the widely used surgi-
cal techniques is scapulothoracic fusion. The most common 
technique is the Eden–Lange procedure, which stabilizes the 
scapula by securing the levator scapulae and rhomboid mus-
cles, which in turn mimic the function of the trapezius. It is 
indicated in patients with time interval since injury of greater 
than 20 months, failed surgical reconstruction of the nerve, and 
delayed diagnosis.

11.7  Conclusion
In conclusion, at our institution we feel a thorough understand-
ing of the surgical anatomy, preoperative assessment, and early 
therapy can help prevent some of the untoward consequences 
of SAN injury. The management of SAN injury can be achieved 
in a cost-efficient manner by understanding the pathology and 
providing early diagnostics and interventions.

References
[1]	 Shiozaki K, Abe S, Agematsu H, et al. Anatomical study of accessory nerve 

innervation relating to functional neck dissection. J Oral Maxillofac Surg 
2007;65(1):22–29

[2]	 Overland J, Hodge JC, Breik O, Krishnan S. Surgical anatomy of the spinal ac-
cessory nerve: review of the literature and case report of a rare anatomical 
variant. J Laryngol Otol 2016;130(10):969–972

[3]	 Leipzig B, Suen JY, English JL, Barnes J, Hooper M. Functional evaluation of the 
spinal accessory nerve after neck dissection. Am J Surg 1983;146(4):526–530

[4]	 Popovski V, Benedetti A, Popovic-Monevska D, Grcev A, Stamatoski A,  
Zhivadinovik J. Spinal accessory nerve preservation in modified neck dis-
sections: surgical and functional outcomes. Acta Otorhinolaryngol Ital 
2017;37(5):368–374

[5]	 Cappiello J, Piazza C, Giudice M, De Maria G, Nicolai P. Shoulder disability after 
different selective neck dissections (levels II–IV versus levels II–V): a compar-
ative study. Laryngoscope 2005;115(2):259–263

[6]	 Millett PJ, Romero A, Braun S. Spinal accessory nerve injury after rhytidecto-
my (face lift): a case report. J Shoulder Elbow Surg 2009;18(5):e15–e17

[7]	 Ozdemir O, Kurne A, Temuçin C, Varli K. Spontaneous unilateral accesso-
ry nerve palsy: a case report and review of the literature. Clin Rheumatol 
2007;26(9):1581–1583

[8]	 Kierner AC, Burian M, Bentzien S, Gstoettner W. Intraoperative electromyog-
raphy for identification of the trapezius muscle innervation: clinical proof of a 
new anatomical concept. Laryngoscope 2002;112(10):1853–1856

[9]	 Rogers SN, Scott B, Lowe D. An evaluation of the shoulder domain of the 
University of Washington quality of life scale. Br J Oral Maxillofac Surg 
2007;45(1):5–10

[10]	 Chiou H-J, Chou Y-H, Chiou S-Y, Liu J-B, Chang C-Y. Peripheral nerve lesions: 
role of high-resolution US. Radiographics 2003;23(6):e15

[11]	 Peer S, Bodner G, Meirer R, Willeit J, Piza-Katzer H. Examination of postop-
erative peripheral nerve lesions with high-resolution sonography. AJR Am J 
Roentgenol 2001;177(2):415–419

[12]	 Erisen L, Basel B, Irdesel J, et al. Shoulder function after accessory nerve- 
sparing neck dissections. Head Neck 2004;26(11):967–971

[13]	 Lee CH, Huang NC, Chen HC, Chen MK. Minimizing shoulder syndrome with 
intra-operative spinal accessory nerve monitoring for neck dissection. Acta 
Otorhinolaryngol Ital 2013;33(2):93–96

[14]	 Salerno G, Cavaliere M, Foglia A, et al. The 11th nerve syndrome in functional 
neck dissection. Laryngoscope 2002;112(7, Pt 1):1299–1307

[15]	 Laska T, Hannig K. Physical therapy for spinal accessory nerve injury compli-
cated by adhesive capsulitis Phys Ther 2001;81(3):936–944

[16]	 Bodack MP, Tunkel RS, Marini SG, Nagler W. Spinal accessory nerve palsy as 
a cause of pain after whiplash injury: case report. J Pain Symptom Manage 
1998;15(5):321–328

[17]	 Chandawarkar RY, Cervino AL, Pennington GA. Management of iatrogenic in-
jury to the spinal accessory nerve. Plast Reconstr Surg 2003;111(2):611–617, 
discussion 618–619

[18]	 Weisberger EC, Kincaid J, Riteris J. Cable grafting of the spinal accessory  
nerve after radical neck dissection. Arch Otolaryngol Head Neck Surg 
1998;124(4):377–380

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



102

12  Radiology in Cranial Neuropathy
Richard K. Gurgel, Vanessa Torrecillas, and Richard H. Wiggins, III

Abstract
When patients present with cranial neuropathies, imaging is 
often a valuable adjunct to the history and clinical examination. 
Each cranial nerve has a unique relationship to surrounding 
vascular, bony, and soft-tissue landmarks, and an understand-
ing of the normal anatomy of cranial nerves is essential to 
interpreting radiographic images. The clinician must choose 
an appropriate imaging modality for the study of single or  
multiple cranial neuropathies and possible associated regional 
anatomy. The cranial nerve in its entirety is often best depicted 
with magnetic resonance imaging. Computed tomography is 
frequently a complementary adjunct to depict foramina and 
surrounding bony structures. This chapter will review com-
mon clinical presentations of cranial neuropathies, associated  
cranial nerve anatomy in brief, relevant radiographic studies, 
and important imaging findings.

Keywords: cranial nerve, cranial neuropathy, magnetic resonance 
imaging, computed tomography, imaging

12.1  Introduction
The skull base is an anatomically complex region encompass-
ing the brain, orbits, cranial nerves (CNs), vessels, soft tissues, 
and multiple distinct bones. Many parts of this region are not 
directly accessible for clinical evaluation; thus, imaging plays 
an critical role in diagnosis and management. While a variety 
of imaging modalities are available, magnetic resonance  (MR) 
imaging and computed tomography  (CT) are the most com-
monly used studies to evaluate the skull base and CNs. These 
studies are complementary to each other and often are used in 
conjunction.1,​2,​3,​4

MR imaging with contrast is helpful for the evaluation of 
the soft tissues surrounding the skull base, central nervous sys-
tem (CNS), and CNs. MR imaging better characterizes soft tissues 
and is particularly sensitive in its depiction of intracranial, peri-
neural, and perivascular spread of tumors. In addition, MR images 
can be acquired in any plane, allowing the examiner to tailor the 
study to the specific structure in question. For discussion pur-
poses of this chapter, MR is the best modality for evaluation of the 
CNs themselves. On the other hand, CT is the imaging modality 
of choice for evaluating bony architecture and CN foramina. It is 
more sensitive in detecting calcifications within lesions and eval-
uating bony anatomy and pathology including fractures, erosion/
dehiscence, sclerosis, and/or hyperostosis. Because these studies 
are complementary to each other, both MR and CT are often per-
formed in the evaluation of lesions of the skull base and CNs.3,​4,​5,​6

While imaging is often an important and necessary adjunct 
to the history and physical examination, the physician must be 
conscious of associated costs to patients. Price varies greatly 
among different examination types  (CT vs. MRI), insurance 
groups  (public vs. private), regional geography, and practice 
settings  (academic vs. private). See ▶Table  12.1 for an exam-
ple of cost comparison between different imaging modalities 
adapted from the Healthcare Bluebook website. Cost discrep-
ancies also exist between practice types, as seen in a study 
comparing upper-tier academic hospitals to private radiology 
practices where the cost of a noncontrast head CT could range 
from $211 to $2,015 with the cost at academic centers signifi-
cantly on the higher end of the spectrum.7

In addition, the physician should consider the potential 
safety issues associated with imaging studies. Measuring 
radiation exposure is complex, but the most widely accepted 
mechanism is for measuring effective dose of partial body  
irradiations.8 Effective dose is reported in millisieverts  (mSv) 
and is used to compare different types of radiation and imaging 
studies.9 For reference, citizens of the United States are exposed 
to about 3 mSv (range 1–10 mSv) per year from ubiquitous back-
ground radiation. In comparison, a noncontrast brain CT may 
deliver 2 mSv and contrasted brain CT 4 mSv (range 1–10 mSv). 
This relatively low radiation dose is not thought to dramatically 
increase cancer risk. However, it should be kept in mind that 
multiple examinations over short periods of time may cause 
DNA damage that could lead to increased cancer risk.10,​11

Similarly, there are concerns currently about the possi-
ble effects of gadolinium-based contrast material used in MR 
imaging studies. Concerns include deposition, impaired clear-
ance from the body, and acute physiologic and hypersensi-
tivity reactions. Deposition has been found to occur in skin,  
brain, bones, and liver. Elevated gadolinium presence in tissues 
theoretically can cause toxicity, but gadolinium deposition, even 
within the perivascular spaces of the brain, has not been associ-
ated with any known symptoms, and this is not currently well 
studied.12 The only clinical entity that is definitively linked to gad-
olinium deposition is nephrogenic systemic fibrosis that occurs 
in some patients with renal dysfunction.12,​13,​14 Acute adverse 
reactions range from mild to severe and include pruritus, edema, 
nausea/vomiting, chest pain, laryngeal edema, anaphylactic 
shock, hypotension, and/or seizures. The average acute adverse 
reaction rate is 0.06 to 0.3% of patients, which is similar or lower 
than with iodinated contrast agents.12 Therefore, unintended 
patient safety outcomes from imaging studies must always be 
weighed with the clinical usefulness of the examination.

12.2  Cranial Nerve I: Olfactory 
Nerve
The anatomy of the olfactory nerve is unique. It is the shortest 
CN and does not arise from the brainstem. Instead, the cell bod-
ies of the olfactory neurons are in the olfactory neuroepithe-
lium, which is located in the upper part of the nasal cavity, the 
nasal septum, and the inner aspect of the superior nasal concha. 

Table 12.1  Cost of imaging techniques 

Study Fair price ($) Low end ($) High end ($)

Noncontrast brain CT 425 203 1,856

Contrast brain CT 503 329 2,099

Noncontrast brain MRI 808 414 3,456

Contrast brain MRI 921 465 4,474
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The cell bodies transmit odor signals to the olfactory nerves, 
which pass through the cribriform plate of the ethmoid bone 
to reach the cranial cavity (▶Fig. 12.1). Nerve bundles form the 
olfactory bulbs and signals are then transmitted through the 
olfactory tract to the brain.15,​16,​17

MR imaging is the imaging modality best suited for visu-
alizing the olfactory nerve. A standard examination protocol 
often includes thin-section T2-weighted images in the fast-spin 
echo mode in the coronal plane. This view allows for assess-
ment of the anatomy of the olfactory apparatus, visualization 
of parenchymal lesions, and volumetry of the olfactory bulbs. 
CT is often a helpful clinical tool for evaluating the bony struc-
ture of the cribriform plate. It is most useful for the evaluation 
of craniofacial trauma in the acute setting. It also can be used 
to characterize bone disruption in chronic settings such as in 

cerebral spinal fluid (CSF) leak. Other modalities and imaging 
techniques, such as X-ray, angiography, and positron emission 
tomography/CT (PET-CT), are often low yielding in assessing the 
olfactory nerve and are not often used.2,​4,​16,​17,​18,​19

The clinical importance of the olfactory nerve is exhibited 
in cases of anosmia. The best first study for the evaluation of 
isolated anosmia is a sinus CT scan, including coronal plane 
reconstructions, because it can identify most lesions of the 
nasal vault and cribriform plate. In more complex cases of 
anosmia, MR of the brain with close attention to the anterior 
cranial fossa and sinonasal region can be used. The etiology 
for anosmia is broad and can include trauma, which transects 
the cribriform plate  (▶Fig.  12.2), congenital disorders like 
Kallmann’s syndrome in which the olfactory bulb is hypoplastic 
or absent  (▶Fig. 12.3 and ▶Fig. 12.4), inflammatory disorders 

Fig. 12.1  Coronal thin-section bone algorithm (maximum edge en-
hancement) CT through the anterior paranasal sinuses demonstrates 
the complex anatomy surrounding the olfactory bulbs, including the 
midline crista galli, cribriform plate, lateral lamella, fovea ethmoidalis, 
and the orbital process (labeled arrows).

Fig. 12.2  Axial (a) and coronal (b) thin-section bone algorithm CT images demonstrate complex orbito-nasal-ethmoid bilateral fractures (arrows).

Fig. 12.3  Coronal thin-section T2-weighted image demonstrates 
normal bilateral olfactory bulbs (arrows).
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like sarcoidosis or granulomatosis, and neoplastic disorders, 
such as meningioma or esthesioneuroblastoma (▶Fig. 12.5 and 
▶Fig. 12.6).

12.3  Cranial Nerve II: Optic Nerve
The optic nerve is an extension of the CNS and thus is surrounded 
by CSF and the meninges. Visual information is received by the 
rod and cone cells, which transmit signals to the retinal ganglion 
cells in the back of the globe. Retinal ganglion cells coalesce to 

form the optic nerve, which then passes posteriorly and medially 
in the orbital cavity to travel through the optic canal. The nerve 
then assumes a posteromedial direction to reach the optic chi-
asm where the optic nerves from each eye come together. In the 
chiasm, the temporal fibers of each optic nerve pass posteriorly 
and the nasal fibers of each optic nerve cross the midline to join 
the contralateral optic tract. Nerve fibers in each optic tract then 
pass visual signals along to the primary visual cortex of the brain 
through the optic radiations.15,​16,​17

MR is uniquely suited to image the entirety of the visual 
pathway from the globe to the visual cortex of the brain. 

Fig. 12.4  Coronal thin-section T2-weighted image demonstrates 
absence of the bilateral olfactory bulbs (arrows).

Fig. 12.5  Coronal thin-section T2-weighted image demonstrates 
the olfactory sulcus, with medial gyrus rectus, and lateral medial 
orbital gyrus (labeled arrows).

Fig. 12.6  Contrasted MRI coronal images of an esthesioneuroblastoma with T1 postcontrasted (a) and coronal T2-weighted (b) images 
demonstrate an enhancing lesions (a) with superior vasculature (arrow) centered at the cribriform plate, with peripheral cysts (b; arrow)  
between the lesion and brain parenchyma.
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A standard protocol for imaging the optic nerve, optic chiasm, 
and surrounding CSF involves T1-weighted axial and coronal 
images, and heavily T2-weighted images and short-tau inver-
sion recovery (STIR) images. Intracranial portions of the optic 
nerve can be imaged using standard T1- and T2-weighted 
images (▶Fig. 12.7).2,​4,​16,​17,​20 Complementary information can be 
provided by CT, which is a particularly sensitive modality for 
identifying fractures of the orbit and skull base that may affect 
the nerve. CT may also be used to evaluate the extraocular mus-
cles, detect conal mass lesions, and characterize edema.21 Other 
less common but useful imaging studies include optic coher-
ence tomography (OCT) and orbital B-scan ultrasound. OCT can 
be used to distinguish retinal pathology versus optic neurop-
athy. Orbital B-scan ultrasound can be valuable in assessing 
abnormalities in which the optic nerve is thickened.21

In cases of suspected trauma, CT is the most appropriate first 
choice for imaging. CT allows for assessment of orbital and/or 
skull base fractures, orbital hematomas, intracranial injuries, 

and possible radiopaque foreign bodies  (▶Fig.  12.8). If there 
is no evidence of a metallic foreign body, MR may be useful to 
assess avulsion of the optic nerve, optic nerve sheath hemat-
oma, axonal injury, or nerve ischemia.20,​21

Patients with diseases of the visual pathway or surround-
ing structures will often present clinically with vision loss. The 
overall differential diagnosis for visual loss is broad, and the 
type of visual field defect (monocular loss, bitemporal hemian-
opia, homonymous hemianopia, quadrantanopia, etc.) may help 
the physician narrow the differential. This section will provide 
a brief glimpse of optic nerve pathology, specifically demyeli-
nating disorders and neoplasms.

Multiple sclerosis  (MS) is a commonly recognized demyeli-
nating disease that is known for lesions that are disseminated in 
space and time. Many patients with MS suffer visual disabilities 
at some point in their disease. Specifically, the initial diagnosis 
of MS may result from the workup for optic neuritis that is seen 
on MRI as edema and avid optic nerve enhancement (▶Fig. 12.9). 
Various other autoimmune and infectious processes can also 
cause an optic neuropathy. Ophthalmic manifestations can be 
seen in cases of sarcoidosis, and rarely systemic lupus erythema-
tosus. In all the above-listed circumstances, MRI in itself is often 
not diagnostic of the disease and further serologic studies, neu-
roimaging, and/or body imaging may need to be performed.21,​22,​23

There are many neoplasms that can involve the visual appa-
ratus either directly or indirectly by compression. For patients 
with a suspected neoplasm, MR is the imaging modality of 
choice because it allows for the most complete evaluation of 
the optic nerve, optic chiasm, and extent of intraorbital and 
intracranial involvement. However, in many cases, CT is also 
necessary for differentiating between tumor types as it may 
reveal findings that are not detected on MR.20,​21,​22 For example, 
MR in conjunction with CT is useful for differentiating between 
optic nerve gliomas  (ONGs) and optic nerve sheath meningi-
omas (ONSMs). On MRI, ONGs often have a fusiform appearance 
and the optic nerve may appear kinked at the midorbit. ONGs 
are typically isointense on T1-weighted images and isointense 

Fig. 12.7  Coronal thin-section T2-weighted MR image through 
the orbit, posterior to the globe demonstrating larger anatomic 
structures (labeled arrows). Fig. 12.8  Axial thin-section bone algorithm CT through the level 

of the central skull base, demonstrating an acute fracture in the 
sagittal plane extending through the optic canal (labeled arrows).

Fig. 12.9  Axial thin-section T1-weighted postcontrasted image 
with fat saturation through the orbits demonstrates avid enhance-
ment of the right optic nerve (arrow), consistent with optic neuritis.
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to hyperintense on T2-weighted images (▶Fig. 12.10). In con-
trast, ONSMs may be tubular, globular, fusiform, or focal on MR. 
They are hypointense to isointense on T1-weighted images and 
slightly hyperintense on T2-weighted images. CT is particularly 
valuable in assessment of ONSMs, as it may show dural tail, 
CSF cleft, bony erosion, and/or hyperostosis in the region sur-
rounding the lesion. ONSMs also characteristically exhibit tram 
track or bull’s eye signs, which are hyperdense enhancement of 
meninges surrounding a hypodense nerve, and this can be seen 
on both MR and CT (▶Fig. 12.11).20,​21,​22

12.4  Cranial Nerves III, IV, and 
VI: Oculomotor, Trochlear, and 
Abducens Nerves
For the purposes of this chapter, these three ocular nerves will 
be discussed together. High-yield anatomy of the oculomotor, 
trochlear, and abducens nerves is reviewed briefly in this sec-
tion. The oculomotor nerve arises from the anterior surface 
of the midbrain and extends anteriorly and laterally, passing 
between the posterior cerebral artery (PCA) and superior cere-
bral artery (SCA) vessels (▶Fig. 12.12). The nerve then enters 
the oculomotor cistern within the superior and lateral wall of 
the cavernous sinus, and then continues superiorly and lat-
erally through the superior orbital fissure. It passes through 
the annular tendon, and then branches into a superior and 
inferior division, which then supply a majority of the extraoc-
ular muscles including the medial, lateral, dorsal rectus, and 

ventral oblique muscles as well as the levator palpebrae supe-
rioris muscle.15,​16,​17

The trochlear nerve has the longest intracranial cisternal 
course and is the only nerve to arise from the dorsal aspect of 
the midbrain, and it then crosses midline to the contralateral 
side, traveling lateral to the midbrain  (▶Fig. 12.13). The nerve 
then passes through the lateral wall of the cavernous sinus, exits 
through the superior orbital fissure, passes superior to the annu-
lar tendon, and terminates in the superior oblique muscle.15,​16,​17

The abducens nerve arises from the pontomedullary junc-
tion off midline, then extends superiorly to enter the abducens 
cistern  (▶Fig.  12.14). The nerve then passes through the cav-
ernous sinus, then the superior orbital fissure, and ends in the 
lateral rectus muscle.15,​16,​17

The oculomotor, trochlear, and abducens nerves can be 
divided into segments. Each nerve has four segments: intra- 
axial, cisternal, cavernous, and extracranial or intraorbital. The 
abducens nerve also has a fifth segment, which is intradural. 
MR is the best imaging modality for visualization of each one of 
the ocular nerves. Additionally, there are specific MR imaging 
sequences (thin-section T2-weighted or CSF bright) that can be 
reconstructed in oblique planes tailored to imaging each nerve 
segment (▶Fig. 12.2, ▶Fig. 12.3, and ▶Fig. 12.14). Complementary 
CT can assist to better examine the skull base, osseous borders of 
the CN foramina, and the orbital walls.24,​25,​26,​27

Patients with lesions involving the ocular nerves often will 
present clinically with diplopia. It is important to note that 
patients are much less likely to present with an isolated ocular 
nerve palsy. More often, ocular nerve palsies present in con-
junction with multiple other cranial neuropathies, and this 

Fig. 12.10  Axial thin-section standard algorithm CT (a) and correlating axial thin-section T1-weighted postcontrasted MR image with fat satu-
ration (b) show linear “tram-tracking” calcifications (a, arrow) along the optic nerve and avid enhancement (b; arrow) tracking along the optic 
nerve, consistent with an optic nerve meningioma.
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constellation of symptoms may lead the clinician to a more  
specific diagnosis, and more focused imaging evaluations.

A complete oculomotor nerve palsy causes the eye to stay 
locked in a “down and out” position. Thirty percent of iso-
lated oculomotor nerve palsies are caused by aneurysms, and 

these often arise from the origin of the posterior communi-
cating artery  (PCOM; ▶Fig.  12.15). Pupillary involvement is 
classic in these patients. In the cases where an aneurysm is 
highly suspected, with this clinical presentation, the best first 
imaging study remains MRI, which can demonstrate a variety 

Fig. 12.12  Axial (a) and coronal (b) thin-section T2-weighted images demonstrate the origins of the bilateral oculomotor nerves (a; arrows) 
arising from the anterior midbrain, and extending between the posterior cerebral artery vessels superiorly and the superior cerebral artery 
vessels inferiorly in the coronal plane (b; arrows).

Fig. 12.11  Axial thin-section T2-weighted (a) and correlating axial T1-weighted postcontrasted MR image (b), both with fat saturation, demon-
strate well-circumscribed enlargement of the optic nerve with enhancement (b), without surrounding aggressive changes, consistent with an 
optic nerve glioma.
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of lesions, with an MR angiogram. A CT angiogram and/or a 
catheter angiogram can also assist with vascular evaluation. 
Additional causes of an isolated third nerve palsy include 
lesions near the brainstem. These lesions may include arteri-
ovenous malformations and cavernous hemangiomas, which 
can bleed and cause palsy, infarctions, brainstem gliomas, 
schwannomas, demyelinating lesions, or traumatic shearing 
injuries.4,​24,​25,​27

Isolated trochlear nerve palsy is uncommon. However, if it 
were to occur, the patient would present with an oblique diplo-
pia that worsens when the affected eye looks nasally. Because 
this nerve has the longest cisternal segment, it is most likely 
to be affected by shearing or stretching forces as the result of 
trauma, and head trauma is the commonest cause of injury.25 
Conventional MR imaging may demonstrate atrophy of the 
superior oblique muscle with prolonged injury, but high-
resolution MR imaging is needed to visualize the nerve itself. 
Rarely, the nerve palsy may be the result of congenital absence or 
affected by infection, infarction, hemorrhage, or demyelinating  
lesions.4,​24,​25,​27,​28

Isolated abducens nerve palsy causes a horizontal diplopia. 
Syndromes that cause elevated intracranial pressures may cause 
abducens palsy with compression of the nerve as it travels over 
sharp ridges of the clivus and petrous temporal bone. Similarly 
to the other oculomotor nerves, isolated abducens palsy may be 
caused by infection, infarction, hemorrhage, tumors, or demy-
elinating lesions.4,​24,​25,​27

Patients who present with multiple CN palsies, specifically 
CNs III, IV, V, and VI should draw high suspicion for involvement 
of the cavernous sinus. Lesions in this region may affect any 
one of these ocular nerves but commonly involve all three. The 
differential for cavernous sinus lesion is broad and may include 
carotid aneurysms, carotid dissection, carotid-cavernous  
fistula, cavernous sinus thrombosis, infarction, infection, 
tumor, and idiopathic orbital inflammatory disease  (IOID). 
Less commonly, patients may have pituitary adenoma or 
lesions from the paranasal sinuses or nasopharynx that may 
invade the cavernous sinus.4,​24,​25,​27 Patients with cavernous 
sinus thrombosis typically exhibit symptoms of eyelid edema, 
conjunctival injection, orbital pain, and proptosis. With high 
clinical suspicion, the best initial imaging study is contrasted 

Fig. 12.13  Axial thin-section T2-weighted MR image demonstrates 
the bilateral small trochlear nerves (arrows) arising from the posterior 
midbrain.

Fig. 12.14  Axial steep oblique thin-section T2-weighted section (a) and sagittal off-midline MR images demonstrate the abducens nerves, 
arising from the anterior off-midline pontomedullary junction (a; arrows) and extending superiorly through the prepontine cistern (b; arrow) to 
enter the cavernous sinus.
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MR with MR venogram as it will show absence of enhancement 
within the cavernous sinus (▶Fig. 12.16).4,​24,​25,​27 A rare but often 
cited cause of cavernous sinus lesion is IOID (or Tolosa–Hunt 
syndrome). Patients characteristically present with severe 
unilateral headaches, orbital pain, and ophthalmoplegia. The 

classic imaging finding in this syndrome is asymmetric cav-
ernous sinus enhancement from inflammation of the cavern-
ous sinus. Patients exhibit characteristic MR imaging findings 
and often require serial imaging to assess for response to 
steroids (▶Fig. 12.17).24,​25,​27,​29

Fig. 12.16  Axial thin-section T1-weighted postcontrasted fat-saturated image (a) demonstrates abnormal lack of contrast enhancement within 
the left cavernous sinus (arrow), consistent with cavernous sinus thrombosis. Axial T1-weighted postcontrasted image (b) shows abnormal 
enlargement of the left superior ophthalmic vein (arrow).

Fig. 12.15  Axial thin-section T2-weighted MR image (a) demonstrates a left posterior communicating artery (PCOM) aneurysm (arrow)  
at the left anterior circle of Willis. Sagittal reconstruction (b) image from a CT angiography study shows the PCOM aneurysm arising from the 
posterior left internal carotid artery (arrow).
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12.5  Cranial Nerve V: Trigeminal 
Nerve
The trigeminal nerve is the primary sensory nerve of the face 
and provides motor innervation to the muscles of mastication. 
It is the largest of all the CNs and has three divisions: ophthal-
mic (CN V1), maxillary (CN V2), and mandibular (CN V3). Briefly, 

Fig. 12.17  Axial T1-weighted postcontrasted fat saturated MR image (a) in a patient with abnormal enhancement within the right cavernous 
sinus (arrow), consistent with orbital inflammatory disease (IOID) or Tolosa-Hunt syndrome. (b) Follow-up similar axial thin-section postcon-
trasted T1-weighted MR image with fat saturation a year later demonstrated resolution of the prior right cavernous sinus enhancement (arrow).

Fig. 12.18  Axial thin-section T2-weighted MR image (a) through the mid-pons demonstrates the large nerve bundle fibers of the bilateral trigemi-
nal nerves (arrows). Coronal thin-section T2-weighted image (b) demonstrates the large nerve bundles in cross-section (arrows) lateral to the pons.

the trigeminal nerve arises from the lateral pons, enters the 
trigeminal cistern  (Meckel’s cave) in the middle cranial fossa 
and forms the trigeminal ganglion, and splits into three divi-
sions  (▶Fig.  12.18). The ophthalmic division passes through 
cavernous sinus and then the superior orbital fissure to exit 
at the supraorbital foramen, and receives sensory information 
from the tip of the nose and the skin of the face above the orbit. 
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It also supplies sensory information from the cornea, parana-
sal sinuses, and nasal mucosa. The maxillary division passes 
through the cavernous sinus, then through foramen rotundum, 
into the pterygopalatine fossa. It then extends laterally through 
the pterygomaxillary fissure, into the retromaxillary fat pad, 
and turns anteriorly in the sagittal plane to exit at the infra-
orbital foramen. It receives sensory information from the skin 
between the inferior eyelid and the superior lip, maxillary teeth, 
paranasal sinuses, and nasal mucosa. The mandibular division 
passes inferiorly from the trigeminal cistern through the fora-
men ovale. It receives sensory information from the skin of the 
mandible, mandibular teeth, oral mucous membranes, and the 
anterior two-thirds of the tongue. It also supplies motor inner-
vation to the muscles of mastication including the medial and 
lateral pterygoids, temporalis, and masseter.15,​16,​17

MR imaging is the best modality for evaluating the trigem-
inal nerve due to its superior tissue contrast and multiplanar 
capability. Often the entire nerve must be imaged, and MR 
captures the distal and proximal nerve divisions as well as the 
trigeminal ganglion most accurately. MR or CT angiography 
may be obtained to evaluate neurovascular pathology. CT is 
often required in conjunction to MRI to provide a detailed map 
of the bony anatomy of the skull base and foramina. In cases of 
trauma, CT should be the first-choice modality.30,​31,​32,​33,​34

Clinically, patients with trigeminal nerve dysfunction will 
present with facial pain or numbness, or disorders of the muscles 
of mastication. In patients with idiopathic trigeminal neuralgia, 
electrophysiological studies should be normal. When abnormal, 
this should make the clinician question if there may be some 
underlying anatomic pathology, and the patient should undergo 
MR imaging evaluation. The most common cause of trigeminal 
neuralgia is due to compression by a vascular loop displacing 
the root entry zone of the trigeminal nerve. Criteria for confir-
mation of neurovascular compression include contact of a ves-
sel with the nerve, perpendicular course to the nerve axis, and 
subsequent indentation, deviation, atrophy and/or encasement 
of the nerve. The relationship between nerve and blood vessel 
is best demonstrated by thin-section T2-weighted or CSF bright 

MR sequences and MR angiography (▶Fig. 12.19). Similar to the 
other CNs, the trigeminal nerve may be affected by infarcts, hem-
orrhages, demyelinating diseases, tumors, or metastasis, and 
these pathologies are best investigated by MR imaging.4,​30,​32,​35,​36,​37

12.6  Cranial Nerve VII: Facial Nerve
The facial nerve is the primary motor nerve of the voluntary 
and involuntary muscles of facial expression. It arises from the 
inferolateral pons and passes with the vestibulocochlear nerve 
through the cerebellopontine angle  (CPA) cistern and internal 
auditory canal (IAC). It then takes a serpiginous course through 
temporal bone and exits the skull in the stylomastoid foramen. 
The nerve then pierces the parotid gland and sends terminal 
branches to the facial muscles.4,​15,​16,​17

In contrast to the other CNs, a variety of settings exist in 
which CT is the primary imaging modality of the facial nerve. For 
example, CT is preferred for lesions of the labyrinthine, temporal, 
and mastoid segment osseous borders. It is favored in osseous 
abnormalities that may affect the nerve such as fibrous dysplasia, 
Paget’s disease, or osteoporosis. More specifically, CT temporal 
bone is the most appropriate modality in the setting of congeni-
tal malformation, temporal bone fracture, and middle ear pathol-
ogies. On the other hand, lesions of the intracanalicular, cisternal, 
or intra-axial segments are best imaged on MR. It is normal with 
modern thin-section MR imaging to see segmental enhancement 
along the intratemporal facial nerve, especially at the tympanic 
segment  (▶Fig. 12.20). MR imaging is also preferred for evalu-
ation of perineural tumor spread, hemifacial spasm, and her-
petic (Bell’s) palsy (though routine imaging is not recommended 
for a typical herpetic palsy).38 CT and MR imaging are compli-
mentary for evaluation of facial nerve tumors (▶Fig. 12.21).39,​40,​41

Clinically, patients with facial nerve dysfunction typically 
present with facial paralysis. While the etiology is broad, there 
are a variety of common conditions that are most appropriately 
diagnosed clinically rather than by imaging. Selected topics for 
discussion will include herpetic palsy, otitis media, and herpes 
zoster oticus (Ramsay–Hunt syndrome).

Herpetic palsy is the most common cause of peripheral 
facial nerve injury. Given that the diagnosis is straightforward, 

Fig. 12.19  Axial thin-section T2-weighted MR image through the 
mid-pons shows a left-sided vascular loop (arrow) significantly 
displacing the left trigeminal nerve root entry zone, in a patient 
with left-sided trigeminal neuralgia, consistent with a trigeminal 
vascular loop syndrome.

Fig. 12.20  Axial thin-section T1-weighted postcontrasted MR image 
with fat saturation demonstrates bilateral normal enhancement 
along the facial nerves (arrows), with the left geniculate ganglion and 
slight enhancement along the left greater superficial petrosal nerve.

 EBSCOhost - printed on 2/11/2023 4:03 AM via . All use subject to https://www.ebsco.com/terms-of-use



Radiology in Cranial Neuropathy

112

imaging is rarely recommended. MR imaging may be recom-
mended in selected atypical cases in which paralysis persists for 
a prolonged period of time (>3 months), the palsy is slowly pro-
gressive, there is a clinical history suggesting a specific etiology, 
for example, a cutaneous malignancy, or if there is recurrent 
palsy. In these cases, MR imaging may show abnormal enhance-
ment of the entire intratemporal segments of the facial nerve, 
as well as a tuft of nodular enhancement within the lateral IAC 
at the opening of the labyrinthine segment of the facial nerve.

Herpes zoster oticus is another well-known inflammatory 
disorder of the facial nerve that is caused by the varicella-zoster 
virus. There is a clinical triad of otalgia, vesicles in the external 
auditory canal, and ipsilateral facial paralysis. The clinical diag-
nosis is straightforward and imaging is reserved for unusual 
cases. Herpes zoster oticus will often involve the inner ear. In 
the cases present with asymmetric sensorineural hearing loss, 
imaging may be indicated to rule out retrocochlear pathology. 
Similarly to a herpetic palsy, MR imaging demonstrates abnor-
mal enhancement of the facial nerve segments within the tem-
poral bone, but with linear enhancement along the facial nerve 
in the IAC.

Otitis media is another cause of facial nerve dysfunction 
that is more appropriately diagnosed clinically than by imag-
ing. The signs and symptoms of otitis media are generally 
obvious to the clinician. In addition, it is known that approx-
imately 50% of patients have a congenital dehiscence of the 
inferior wall of the tympanic segment of the facial nerve, 
making it particularly susceptible to infection and inflamma-
tion that may extend into the otic capsule. In equivocal cases, 
CT may demonstrate middle ear opacification that abuts the 
facial nerve canal. MR imaging may be useful to determine the 
extent of infectious spread.39,​40,​42

Other conditions in which imaging of the facial nerve is 
appropriate and often necessary for diagnosis include neo-
plasms, vascular, congenital, and traumatic etiologies. Overall, 
primary tumors of the facial nerve are rare with facial nerve 
schwannoma being the most common type. Patients with 
schwannoma typically have some element of facial paraly-
sis combined with hearing loss. MR imaging demonstrates an 
enhancing lesion usually involving multiple segments of the 
nerve. Characteristically, facial nerve schwannomas are often 
dumbbell shaped with extension from the IAC to the genicu-
late ganglion. They are typically isointense to hypointense 
on T1-weighted images prior to contrast administration and 
hyperintense on T2-weighted images, with avid enhance-
ment following contrast. CT is complimentary and commonly 
demonstrates smooth osseous expansion without bony erosion 
or destruction. There may be evidence of destruction of the 
ossicular chain if the schwannoma arises from the mastoid or 
tympanic segment (▶Fig. 12.21).39,​41,​43,​44

As in other traumatic cases, imaging is often needed to 
assess facial nerve injury, and a thin-section bone algo-
rithm (maximum edge enhancement algorithm) CT is the best 
modality for evaluation of the intratemporal bone segments. 
Specifically, temporal bone CT with submillimeter cuts is 
used to evaluate possible temporal bone fractures that may 
extend into the facial nerve canal and/or otic capsule. While 
most temporal bone fractures are longitudinal, transverse 
fractures are more likely to result in facial paralysis. Imaging 
is often important in cases of trauma because facial paraly-
sis is often delayed and incomplete. High suspicion for nerve 
involvement based on imaging studies may tailor the clini-
cian’s use of serial monitoring or steroids  (▶Fig.  12.22 and  
▶Fig. 12.23).39,​40,​41

Fig. 12.21  Axial thin-section bone algorithm CT (a) and correlating axial thin-section T1-weighted postcontrasted MR image (b) demonstrate 
enlargement of the right internal auditory canal (a; arrow) with avid enhancement (b; arrow) extending along the labyrinthine segment of the 
facial nerve anteriorly and laterally to the geniculate ganglion, consistent with a facial nerve schwannoma.
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12.7  Cranial Nerve VIII: 
Vestibulocochlear Nerve
The vestibulocochlear nerve is a special sensory nerve involved 
in hearing and balance. It arises from the inferolateral pons, 
and transverses the CPA and IAC parallel to the facial nerve. At 
the midportion of the IAC, it divides into the vestibular nerve 
and the cochlear nerve (▶Fig. 12.24). The vestibular nerve then 

Fig. 12.24  Axial thin-section T2-weighted MR image (a) demonstrates the normal larger vestibulocochlear nerve (arrow) posterior to the facial 
nerve within the cerebellopontine angle and the internal auditory canal (IAC). Thin-section oblique sagittal T2-weighted MR image (b) obtained 
perpendicular to the long axis of the IAC demonstrates the nerves within the midportion of the IAC (labeled arrows), with the anterior and  
superior facial nerves, anterior and inferior cochlear nerves, and the posterior combined superior and inferior vestibular nerves.

Fig. 12.23  Axial thin-section bone algorithm CT of the left tempo-
ral bone shows a longitudinal fracture (arrow) extending toward the 
middle ear cavity with separation of the malleus and incus.Fig. 12.22  Axial thin-section bone algorithm CT of the right tem-

poral bone demonstrates a transverse fracture (arrows) extending 
through the right labyrinthine segment of the facial nerve anteriorly 
and superior vestibular canal and medial vestibule posteriorly.

divides into a superior and inferior division within the lateral 
IAC and receives sensory information from the vestibule (sac-
cule and utricle) and three semicircular canals. The superior 
vestibular nerve extends through the superior vestibular canal 
posterior to the labyrinthine segment of the facial nerve, divid-
ing into the utricular nerve, the superior ampullary nerve, 
and the lateral ampullary nerve. The inferior vestibular nerve 
divides into the posterior ampullary nerve, which courses 
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through the singular canal to the posterior semicircular canal 
ampulla, and the saccular nerve, which passes through the 
inferior vestibular canal to the saccule. Fibers from the spiral 
ganglia populating the modiolus coalesce to form the cochlear 
nerve and receive sensory information from the basilar mem-
brane; the cochlear nerve then leaves the posterior modiolus 
and extends through the cochlear nerve canal into the IAC to 
reach the CPA and pons.15,​16,​17

Like most other CNs, the vestibulocochlear nerve is best vis-
ualized on MR imaging. MR is used to evaluate the CPA, IAC, 
and brain. MR is particularly sensitive for identifying the lab-
yrinthine and cochlear structures, and potentially enlarged 
endolymphatic duct and sac, and perilymphatic fluid. CT is 
complementary to better visualize the osseous structures of 
the dense otic capsule. Likewise, CT is important in evaluation 
of the middle ear bones and in cases of trauma.

Lesions of the vestibulocochlear nerve often present clin-
ically with hearing loss, tinnitus, or vertigo. The vestibulo-
cochlear nerve and important ear structures may be afflicted 
by infection, inflammation, vasculopathies, demyelinating dis-
eases, tumors, and metastasis. One of the more common pres-
entations of audiovestibular neuropathy is vestibular neuritis. 
Patients generally present with an acute onset of severe vertigo 
with associated nausea, vomiting, and balance issues. In most 
cases, a diagnosis can be reached with a complete history and 
physical examination. However, CT of the temporal bone may 
be indicated in patients who are suspected to have intracra-
nial pathology of otologic origin in patients who have known 
chronic ear disease. Likewise, MR imaging may be indicated to 
identify a central cause in patients who display other neurolog-
ical abnormalities.45,​46

Imaging is particularly helpful in defining retrocochlear 
pathology, such as acoustic neuromas. Patients with an acoustic 

neuroma most often present with unilateral hearing loss, and 
MR imaging is a key component of the workup. Acoustic neuro-
mas are rounded masses that almost always arise from within 
the IAC. These tumors exhibit mass effect on surrounding 
structures including erosion and widening of the IAC. They are 
most commonly hypointense on T1-weighted images before 
contrast and hypointense on T2-weighted images, presenting 
as a filling defect on CSF bright sequences. Smaller tumors are 
most often homogenously enhancing, but larger tumors may 
enhance heterogeneously with cystic regions and/or areas 
of hemorrhage  (▶Fig.  12.25).47,​48,​49,​50 There is much debate 
among clinicians about the role of surgical management, radi-
ation, or observation with serial imaging of acoustic neuro-
mas. Suggested growth rate per year of acoustic neuromas is 
about 1 to 2 mm. While a faster rate of tumor growth often 
predicts accelerated hearing loss, there currently are no reli-
able indicators for which patients are more at risk for rapid 
growth of their tumors. Given the variable pattern in growth 
behavior, there is no definitive recommendation for frequency 
of follow-up visits or length of observation periods. However, 
it is generally recommended that if the chosen management 
strategy is observation, the first follow-up MR imaging should 
occur at 6 to 12 months. If no growth is detected at that point, 
future visits can be scheduled at yearly intervals, until a his-
tory of dormancy is established. It is important to note that 
tumor growth of 2.5 mm per year or greater has been associ-
ated with higher rates of hearing loss.51 Treatment of patients 
with acoustic neuromas is very individualized. In general, 
younger patients with large tumors are often treated surgically. 
Older patients with small tumors tend to be recommended 
for stereotactic radiation. Hearing preservation has been 
described in the surgical management of patients with small  
tumors.52,​53,​54,​55​

Fig. 12.25  Axial thin-section T2-weighted MR image (a) and correlating axial thin-section T1-weighted postcontrasted fat-saturated image  
(b) demonstrates a T2 filling defect within the mid-IAC (a; arrow), with avid enhancement following contrast administration (b; arrow), most 
likely representing a vestibulocochlear schwannoma.
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12.8  Cranial Nerves IX, X, and XI: 
Glossopharyngeal, Vagus, and 
Spinal Accessory Nerves
For the purposes of this chapter, the glossopharyngeal, vagus, 
and spinal accessory nerves will be discussed together. While 
these lower CNs do have their own intrinsic pathologies, often 
these nerves are affected together where they pass through the 
jugular foramen (▶Fig. 12.26).

The glossopharyngeal nerve provides motor and sen-
sory innervation to the pharynx and parasympathetic fibers 
for taste and salivation. This nerve arises from the medulla 
oblongata, runs through the jugular foramen pars nervosa, 
and then passes through vasculature and musculature before 
diving into branches.4,​15,​17 The vagus nerve likewise supplies 
motor and sensory innervation to the pharynx as well as the 
larynx, parasympathetic fibers for taste and salivation, and 
parasympathetic innervation to the gastrointestinal tract. It 
arises from the medulla, passes through the jugular foramen 
pars vascularis, and then descends into the suprahyoid neck 
carotid space. The right vagus nerve gives off the recurrent 
laryngeal nerve branch, which wraps around the subclavian 
artery. The left vagus nerve gives off branches to the esopha-
gus, lungs, and heart, and then the recurrent laryngeal nerve 
branch wraps around the aorta. Both nerve branches innervate 
the intrinsic muscles of the larynx.4,​15,​17 The spinal accessory 
nerve is an interesting CN in that it has both a cranial root and 
a spinal root. The cranial component arises from the vagus 
nerve, and the spinal component arises from the first five to six 
cervical spinal nerves. These spinal branches come together to 
form a nerve root, ascend through the foramen magnum, and 

join with the cranial root. After joining, the nerve then passes 
through the jugular foramen pars vascularis with the vagus 
nerve. It then splits to send branches along with the vagus 
nerve and branches to supply the sternocleidomastoid and tra-
pezius muscles.4,​15,​17

The mainstay for assessing these nerves is MR imaging 
of the skull base and neck. MR imaging has the capability 
to demonstrate pathologies of the brainstem and cervical 
spinal cord, skull base, carotid sheath, neck, and mediasti-
num. The multiplanar capabilities of MR imaging allow for 
visualization of the nerves throughout their length and in 
cross-section. MR imaging also can assess end-organ dener-
vation, which can manifest as atrophy and fatty infiltration 
of pharyngeal, soft palate, sternocleidomastoid, and trape-
zius muscles. CT is commonly the first imaging modality to 
assess neck and chest pathologies. Otherwise, it is comple-
mentary to demonstrate changes in bony anatomy, especially 
when imaging the jugular foramen. Ultrasound is less com-
monly used to evaluate gross lesions along the course of the 
nerves through the neck but may be helpful in guiding biopsy  
procedures.56,​57,​58,​59

Clinically, disorders affecting the glossopharyngeal and vagus 
nerves present with dysphagia and hoarseness. Neurofibromas 
and schwannomas may affect these nerves; however, lesions 
intrinsic to the nerves are rare. More often, they are injured 
iatrogenically as with cardiac procedures near the carotid arter-
ies. However, the recurrent laryngeal nerve branch of the vagus 
nerve may suffer consequences of inflammation or viral illness, 
and patients will present with unilateral vocal fold paralysis. 
The recurrent laryngeal nerve likewise may be injured iatro-
genically or may be involved in apical lung tumors or thyroid 
neoplasms.4,​56,​57

Fig. 12.26  Thin-section bone algorithm CT (a) and correlating coronal thin-section postcontrasted T1-weighted MR image (b) demonstrate the 
jugular foramen (arrows) containing the internal jugular vein and cranial nerves IX, X, and XI.
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Disorders affecting the spinal accessory nerve present with 
shoulder dysfunction, specifically winging of the scapula and 
weakness in shoulder shrug. Patients may also have weak head 
turn to the affected side. Most often, this nerve is injured iatro-
genically in procedures like neck dissections, those which involve 
the branchial plexus, or lymph node biopsies in the posterior 
neck.15,​56

Lesions at the jugular foramen may affect all three of these 
nerves. The differential predominantly includes paraganglio-
mas and nerve sheath tumors, trauma at the skull base, infec-
tions, or vascular compression. Paragangliomas  (historically 
glomus tumors) typically compress the glossopharyngeal, 
vagus, and spinal accessory nerves within the jugular fora-
men. On MR imaging, jugular paragangliomas that are highly 
vascular usually display contrast enhancement, flow voids, and 
a salt-and-pepper appearance  (▶Fig.  12.27). On CT, they may 
demonstrate bony infiltration or destruction like moth-eaten 
permeative destructive erosion of the jugular foramen and loss 
of the caroticojugular spine (▶Fig. 12.28). Angiography may be 
useful to assess vascularity of these tumors and to perform pre-
operative embolization.56,​57,​59

12.9  Cranial Nerve XII: Hypoglossal 
Nerve
The hypoglossal nerve is the primary motor nerve of the tongue. 
It arises from the medulla and passes through the hypoglossal 
canal. The nerve receives some somatic and motor sensory 
fibers from C1 and C2 and then takes a somewhat tumultu-
ous course through the face and neck, traversing between and 

Fig. 12.27  Axial T1-weighted postcontrasted fat-saturated images through the level of the jugular foramen (a) demonstrate a large left  
jugular foramen mass (arrow) with multiple flow voids (“pepper”) often described with a jugular foramen paraganglioma. The second image (b) 
demonstrates the inferior extension of the mass into the suprahyoid neck carotid space (arrow).

Fig. 12.28  Axial thin-section bone algorithm CT image through the 
jugular foramen demonstrates the permeative destructive osseous 
changes (arrow) consistent with a left jugular paraganglioma.

around other important neurovascular structures, then sends 
off branches to the tongue and suprahyoid muscles.4,​15,​17

Like most other CNs, the hypoglossal nerve is best imaged 
with MR studies. MR can be used to evaluate the nerve at the 
skull base and along its cisternal length with thin T2-weighted 
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or CSF bright MRI sequences (▶Fig. 12.29). CT is a useful com-
plementary study to evaluate related bony structures and the 
hypoglossal canal and foramina and is often used to evaluate 
the suprahyoid neck and oral cavity as the hypoglossal nerve 
fibers extend through the sublingual spaces (▶Fig. 12.30).60,​61

Clinically, peripheral lesions of the hypoglossal nerve pres-
ent with tongue weakness, dysarthria, and/or difficulty eating. 

On examination, the tongue will deviate toward the side of the 
lesion and may exhibit atrophy. Injury to the hypoglossal nerve 
at the skull base may be caused by fractures, anatomic variabil-
ities of nearby blood vessels, dissection of the internal carotid 
artery, paragangliomas, neural sheath tumors, metastases, or 
extension of extracranial neoplasms (▶Fig. 12.31). In the sub-
lingual space, injury to the hypoglossal nerve may be caused 
by local malignancies, for example, oral cavity squamous cell 
carcinomas or salivary gland malignancies (▶Fig. 12.32). Other 
etiologies include infections and iatrogenic complications such 
as following neckdissection.60,​61

12.10  Multiple Cranial Neuropathies
Rather than presenting with isolated nerve dysfunction, many 
patients exhibit multiple cranial neuropathies. This can be dis-
tressing to both the patient and the clinician. However, there 
is an intimate association among many CNs as they course 
through the skull base and throughout the head and neck. If the 
clinician has a solid foundation of CN anatomy, specific patterns 
of CN injury may be useful in guiding diagnosis and treatment 
planning. As mentioned throughout this chapter, MR is often 
the most useful imaging study for evaluating cranial neurop-
athies. Depending on the scenario, CT, angiography, and ultra-
sound may be additional useful diagnostic tools.62,​63

12.11  Conclusion
Imaging plays a critical role in defining CN anatomy and pathol-
ogy related to the CNs. MRI and CT imaging provide comple-
mentary imaging information. A discerning clinician will know 
when to order appropriate imaging to aid in the clinical evalua-
tion and treatment of patients with cranial neuropathies.

Fig. 12.29  Axial thin-section T2-weighted MR image through the 
level of the hypoglossal canals demonstrates the normal linear 
hypoglossal nerves (arrows), extending from the medulla laterally 
and anteriorly toward the hypoglossal canals, immediately lateral to 
the vertebral artery flow voids.

Fig. 12.30  Axial T2-weighted (a) and coronal T1-weighted precontrasted (b) MR images demonstrate the normal bright T1 and T2 signal in-
tensity of the fat of the sublingual spaces (arrows), medial to the mylohyoid muscle and lateral to the root of the tongue, containing the lingual 
and hypoglossal nerves laterally and the glossopharyngeal nerves medially.
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13  Conclusion and Discussion Points
Seilesh C. Babu and Neal M. Jackson

As the previous chapters have demonstrated, cranial nerve dis-
orders can be very complex to diagnose and treat. While there 
are dozens of diagnostic modalities available, the best approach 
to diagnosis begins with a detailed history and physical exam-
ination. A correct diagnosis is paramount and may require 
extensive testing. Oftentimes, a specialist with specific testing or 
tools (e.g., laryngeal endoscopy, audiogram, electroneuronogra-
phy) is called upon to carry out the next steps in the diagnostic 
evaluation. Radiologic imaging plays a large role in many situ-
ations to confirm the diagnosis or to rule out life-threatening  
pathology such as intracranial masses or malignancy.

Treatment options also range from observation to surgery. For 
some self-limited benign conditions for which a spontaneous 
recovery is anticipated (e.g., a unilateral acute facial nerve paral-
ysis), the medically appropriate decision to observe for recovery 

is also cost-effective. However, for certain conditions that man-
ifest as a cranial neuropathy (e.g., slow-onset, progressive facial 
nerve weakness from a growing tumor in the cerebellopontine 
angle), the medically appropriate decision is surgical resection, 
which is costly. In this example, both situations involve unilat-
eral facial nerve weakness. The details and time course of the 
clinical history are key differentiating factors that ultimately 
lead to correct diagnosis and appropriate treatment.

Obviously, an accurate diagnosis is necessary for cost-effective 
management decisions. The opposite is true: the least cost-
effective action is a wrong treatment due to misdiagnosis. This is 
both costly and potentially harmful to the patient.

Finally, as discussed previously, despite the increased focus 
on minimizing cost, one must remain vigilant of being too cost 
conscientious when human lives are at risk.
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